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Clinical Effects of a Parasynbiotic Combining 1-Kestose and Lactiplantibacillus plantarum FM8 on Feline Atopic Skin Syndrome: A Pilot Study 
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ABSTRACT

	Aims: Feline atopic skin syndrome (FASS) is a chronic inflammatory skin disease characterized by pruritus and typical lesions such as erythema, papules, excoriations, and lichenification. Although the relationship between gut microbiota and atopic dermatitis is well-documented in humans and dogs, research exploring gut-targeted therapies for FASS remains limited, and the role of gut microbiota in this condition is unclear. This study aimed to conduct a pilot investigation into the effects of a parasynbiotic containing 1-kestose and heat-killed Lactobacillus plantarum FM8 on clinical symptoms and gut microbiota in cats with FASS.
Methodology: Eleven cats with FASS were orally administered the parasynbiotic, composed of 1-kestose (400 mg/day) and heat-killed FM8 (2.0 × 1010 CFU/day), for 8 weeks. Clinical symptoms were assessed using the SCORing Feline Allergic Dermatitis (SCORFAD), investigator pruritus score (IPS), and rating of global assessment of improvement (GAI) approaches.
Results: Parasynbiotic intervention significantly reduced SCORFAD and IPS scores (p = 0.0224 and p = 0.0018, respectively), and improvement in GAI scores was observed in 10 of 11 cats. Additionally, fecal microbiota composition was analyzed through 16S rRNA sequencing, with fecal samples from 16 healthy cats used as controls. While β-diversity analysis did not reveal significant difference between baseline and post-intervention samples within the FASS group, a trend toward distinction from healthy controls was observed. Microbial analysis revealed that Collinsella stercoris was significantly enriched in FASS cats compared with healthy controls, whereas its abundance decreased significantly after parasynbiotic intervention.
Conclusion: These findings suggested that improvements in clinical symptoms may be linked to alterations in gut microbiota, specifically through the reduction of C. stercoris, which was initially enriched in FASS cats. Overall, this study underscores the potential of parasynbiotic administration as a promising therapeutic strategy for FASS, offering new possibilities for innovative interventions aimed at the gut–skin axis.
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1. INTRODUCTION 
Atopic dermatitis (AD) is a chronic and recurrent inflammatory disease that is prevalent not only in humans but also in companion animals such as dogs and cats (Ambily 2024, Hobi 2011, Paller 2019). Characterized by intense pruritus and skin inflammation, AD significantly impacts the quality of life of both patients and their owners, necessitating the development of effective and safe therapeutic strategies. Current treatments such as glucocorticoids and other immunosuppressants are widely used but are associated with risks of adverse effects and limitations in long-term use, highlighting the need for alternative approaches (Olivry 2010, Ortalda 2015, Roberts 2016). Although many aspects of the pathophysiology of feline atopic skin syndrome (FASS) remain unclear, some mechanisms have been reported, including the activation of Th2 cells that promotes the secretion of inflammatory cytokines such as interleukin (IL)-4, resulting in skin inflammation and severe pruritus (Roosje 2002). In contrast, substantial progress has been achieved in elucidating the mechanisms and developing management strategies for canine atopic dermatitis (CAD) (Saridomichelakis 2016, Paterson 2019, Mueller 2023, Santoro 2021), highlighting the knowledge gap that persists in feline disease.
Recent studies have revealed that the gut microbiota interacts closely with the immune system and plays a crucial role in the onset and progression of immune-mediated diseases, including AD in humans (Kim 2019). Among such strategies, the use of prebiotics has garnered attention. Prebiotics are defined as “a selectively fermented ingredient that results in specific changes in the composition and/or activity of the gastrointestinal microbiota, thus conferring benefit(s) upon host health” (Gibson 2017). They enhance the growth of beneficial gut bacteria, thereby improving host health. One such prebiotic, 1-kestose (Kes) that is a type of fructooligosaccharide, promotes the growth of beneficial bacteria, including Bifidobacterium and Faecalibacterium, in humans (Tochio 2018). By enhancing the abundance of these bacteria, Kes supports gut microbiota balance and confers beneficial effects in AD mice models and humans (Kim 2021, Koga 2016, Shibata 2009). We have previously reported that Kes exerts food allergy-suppressing effects in mice that can be further enhanced by another fructan, inulin (Takahashi 2023). Furthermore, Kes administration in healthy cats increases Bifidobacterium populations (Shinohara 2020). 
In parallel, the concept of paraprobiotics has emerged as a promising avenue for modulating gut and immune health. Paraprobiotics are defined as “non-viable microbial cells (either intact or broken) or crude cell extracts that, when administered (orally or topically) in adequate amounts, confer a benefit on the human or animal consumer” (Siciliano 2021). Unlike live probiotics, paraprobiotics exert their effects without the risk of colonization or overgrowth. For example, heat-treated Lactobacillus plantarum FM8 exerts anti-inflammatory effects by promoting IL-10 production via dendritic cells (Fujii 2024). IL-10 alleviates AD symptoms  (Lee 2024), suggesting that paraprobiotics also hold therapeutic potential for FASS. However, their effects in this specific condition remain unexplored.
[bookmark: _Hlk188879414][bookmark: _Hlk188879374]Building on the complementary mechanisms of prebiotics and paraprobiotics, a combined approach termed “parasynbiotics” has gained traction. Parasynbiotics are expected to exert synergistic effects by modulating gut health and improving immune responses. Indeed, parasynbiotics can alleviate symptoms of CAD (Kawano 2023). A study utilizing penguins determined that a parasynbiotic administration combining Kes with heat-killed FM8 reduces the growth of harmful gut bacteria such as Clostridium perfringens, increases the growth of beneficial bacteria such as Lactobacillaceae, significantly increases the concentrations of minerals (calcium and magnesium), and attenuates inflammatory responses, as reflected by a marked decrease in alpha-globulin levels (Fujii 2024). This trial underscores the promise of parasynbiotics in modulating gut health. Despite growing interest in parasynbiotic strategies, the role of the gut microbiota in Feline FASS and the development of microbiota-targeted interventions for this condition remain underexplored. Drawing on insights from human and canine allergy studies and other animal models, we therefore propose a novel, non-invasive parasynbiotic pilot intervention combining 1-kestose (Kes) with heat-killed Lactobacillus plantarum FM8. This trial aims to lay the groundwork for microbiome-targeted therapies in the management of FASS.


2. material and methods
2.1.	Ethics
This study was conducted in compliance with Good Clinical Practice guidelines and the Japanese National Guidelines for the Humane Treatment of Animals (Ordinance of the Ministry of Health, Labour and Welfare, 2022). Written informed consent was obtained from all participating cat owners. Ethical approval for this study as a clinical research project was granted by 1sec. Co., Ltd. (approval No. 24006).

2.2.	Clinical study
This study included cats diagnosed with FASS (Baseline and Post- intervention [Post] groups; n = 11; age: 3–15 years) and healthy control cats (Ctrl group; n = 14; age: 7–17 years). The baseline characteristics of the cats, including age and medication status, are summarized in Table 1. Cats with FASS received daily administration of heat-killed FM8 (Minori Co., Ltd., Okayama, Japan; paraprobiotic; 2.0 × 1010 CFU, 1 capsule/day) and Kes (Wellneo Sugar Co., Ltd., Tokyo, Japan; >97% purity, 400 mg, 1 tablet/day) for 8 weeks, whereas the cats in the Ctrl group did not receive these interventions. The primary outcome was the clinical severity of FASS, and the secondary outcome was changes in gut microbiota.
Following the procedures described in previous studies (Steffan 2012), we used the SCORing Feline Allergic Dermatitis (SCORFAD), investigator pruritus score (IPS), and rating of global assessment of improvement (GAI) for assessment. Clinical severity of FASS was evaluated using SCORFAD at baseline and again at 8 weeks after the intervention (post-intervention). The IPS was also measured at both time points. Additionally, the GAI was used to evaluate intervention outcomes at post-intervention. Fecal samples were collected at baseline and post-intervention for microbiota analysis.
Inclusion criteria were the presence of clinical features consistent with FASS, including self-induced alopecia, eosinophilic plaques, miliary dermatitis, or localized pruritus (face, head, or neck). Exclusion criteria included the presence of external parasitic infections, bacterial or fungal infections, and the use of antibiotics, probiotics, or prebiotics within 30 days prior to the study or during the study period.
2.4.	Bioinformatics analysis
The 16S rRNA gene sequence analysis was performed as previously described (Takahashi 2023) using QIIME2 (v2023.5) (Bolyen 2019). Quality filtering and denoising of sequence data were performed using the DADA2 pipeline (parameters: p-trunc-len-f 240 and p-trunc-len-r 240) (Callahan 2016). The filtered output sequences were assigned to taxa using the “qiime feature-classifier classify-sklearn” command, employing default parameters (Bokulich 2018). Greengenes2 (v2022.10) was used as the reference database for taxonomic assignments (McDonald 2022). Alpha diversity was calculated, and the principal coordinate analysis (PCoA) of variance with weighted UniFrac distances was performed using the “qiime diversity core-metrics-phylogenetic” command. Beta diversity was assessed with weighted UniFrac distances and the “qiime diversity beta-group-significance” command.
2.5.	Statistical analysis
Clinical data are presented as mean ± standard deviation (SD). Statistical analyses were performed using Prism 10.4.1 software (GraphPad Software, San Diego, CA, USA). Unpaired t test was employed for comparisons of clinical data. The gut microbiota data at baseline between the Ctrl and FASS groups were analyzed using the Mann–Whitney U test, whereas comparisons between baseline and post-intervention data were conducted using the one-tailed Wilcoxon matched-pairs signed-rank test. Statistical significance was defined as p < 0.05.


3. results 
3.1.	Effects of parasynbiotic administration on clinical symptoms 
We investigated the effects of a parasynbiotic containing Kes and FM8 on clinical symptoms in cats with FASS. No significant difference in sex distribution (p = 0.5084) was observed between the FASS and Ctrl groups, while a slight trend was observed in age (p = 0.0928). Moreover, significantly more cats in the FASS group were receiving concomitant medication compared to that of controls (p = 0.0408) (Table 1).

Table 1. Profiles of participating cats.
	ID No
	Breeds
	Group
	Sex
	Age
	
Medication

	1
	Mixed-breed
	FASS
	Female
	13
	Prednisolone/Apoquel

	2
	Japanese cat
	FASS
	Male
	8
	Oclacitinib

	3
	Mixed-breed
	FASS
	Male
	4
	Prednisolone/Apoquel

	4
	American Shorthair
	FASS
	Female
	7
	Oclacitinib

	5
	Japanese cat
	FASS
	Female
	3
	None

	6
	Japanese cat
	FASS
	Female
	14
	None

	7
	American Shorthair
	FASS
	Male
	8
	Prednisone

	8
	Mixed-breed
	FASS
	Male
	4
	Prednisone

	9
	Japanese cat
	FASS
	Male
	4
	Steroid

	10
	Mixed-breed
	FASS
	Female
	15
	Prednisolone/Apoquel

	11
	Mixed-breed
	FASS
	Female
	4
	Prednisolone/Apoquel

	12
	Mixed-breed
	Ctrl
	Female
	10
	None

	13
	Mixed-breed
	Ctrl
	Male
	12
	None

	14
	Mixed-breed
	Ctrl
	Male
	16
	None

	15
	Mixed-breed
	Ctrl
	Female
	10
	None

	16
	Mixed-breed
	Ctrl
	Male
	17
	None

	17
	Mixed-breed
	Ctrl
	Male
	7
	None

	18
	Mixed-breed
	Ctrl
	Male
	9
	None

	19
	Mixed-breed
	Ctrl
	Female
	11
	None

	20
	Mixed-breed
	Ctrl
	Female
	8
	None

	21
	Mixed-breed
	Ctrl
	Male
	8
	None

	22
	Mixed-breed
	Ctrl
	Female
	7
	None

	23
	Mixed-breed
	Ctrl
	Male
	12
	None

	24
	Mixed-breed
	Ctrl
	Male
	8
	None

	25
	Mixed-breed
	Ctrl
	Female
	9
	None

	p-value
	
	
	p = 0.5084
	p = 0.0928
	p = 0.408*


FASS: Feline atopic skin syndrome, Ctrl: healthy control cat group.



The parasynbiotic intervention significantly reduced the SCORFAD scores (mean ± SEM: 7.18 ± 1.86 to 3.09 ± 0.49; p = 0.0224) and IPS scores (3.09 ± 0.21 to 1.55 ± 0.25 p = 0.0018) (Fig. 1a,b). Furthermore, the GAI that evaluates symptom improvement after intervention indicated that 10 out of 11 cats achieved a clinically improved score of ≤2, with a mean GAI score of 1.45 ± 0.25 (Fig. 1c). Even the cat with the most severe symptoms prior to intervention maintained a score of 3, without any observed worsening.
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Figure 1. Changes in clinical indices of the FASS group. 
Pre- and post-intervention changes in the SCORing Feline Allergic Dermatitis (SCORFAD) (a), investigator pruritus scale (IPS) (b), and global assessment of improvement (GAI) scores (c). Statistical analysis was performed using the paired t-test. Data are presented as means ± standard deviation. For (c), the numbers within the pie chart indicate the number of FASS cases. Each point represents an individual sample. *p < 0.05, **p < 0.01. FASS: Feline atopic skin syndrome, Baseline: baseline group of feline atopic skin syndrome, Post: post-intervention group of feline atopic skin syndrome



3.2.	Effects of parasynbiotics on gut microbiota
To evaluate the potential effects of the parasynbiotic intervention on the gut microbiota and host immunity, we compared the gut microbiome of the cats in the FASS group at baseline to that of the cats in the Ctrl group and further assessed the differences between the baseline and post-intervention data.
An average of 18,872 ± 1,175 reads was obtained for the Ctrl group, 20,750 ± 765 reads for the baseline group, and 18,557 ± 542 reads for the post group (mean ± standard error of the mean). The NGS datasets were deposited in the NCBI Sequence Read Archive under accession PRJNA1219342. The compositions of the fecal microbiota at the genus and species levels are presented in Supplementary Fig. 1.
PCoA of β-diversity revealed that the Ctrl and FASS baseline groups exhibited different trends in microbial distributions (p = 0.065; Fig. 2). Similarly, the post group continued to exhibit a marginally significant difference in microbiome composition compared to that of the healthy Ctrl group (p = 0.061). However, within-group analysis of the FASS cats indicated no significant difference in microbiome composition between baseline and post-intervention samples (p = 0.940), indicating that the intervention did not substantially alter the overall microbiome structure. 

[image: ]
Figure 2. Beta diversity of the gut microbiota in each group.
Beta diversity was assessed using principal coordinate analysis (PCoA) based on weighted UniFrac distances. The PCoA plot displays the first principal component (PC1) on the horizontal axis and the second principal component (PC2) on the vertical axis. Each point represents an individual sample.
Ctrl: healthy control cat group, Baseline: baseline group of feline atopic skin syndrome, Post: post-intervention group of feline atopic skin syndrome.


To further investigate subtle microbiota changes, we compared the abundance of individual bacterial taxa between the Ctrl and FASS baseline groups. This analysis revealed distinct taxonomic differences. Bifidobacterium pullorum_B_388330 (p = 0.0052), Collinsella stercoris (p = 0.0152), Bifidobacterium longum (p = 0.0261), and Anaerostipes caccae (p = 0.0261) were significantly enriched in the baseline group. In contrast, Merdicola sp900552655 (p = 0.0106), Fusobacterium_B unclassified (p = 0.0129), Lachnospira unclassified (p = 0.0243), Desulfovibrio_R_446353 piger_A (p = 0.0366), Peptacetobacter hiranonis (p = 0.0395), Fusobacterium_A unclassified (p = 0.0464), and Anaerobutyricum faecale (p = 0.0464) were significantly depleted compared to the Ctrl group (Fig. 3).

[image: ] Figure 3. Changes in microbial species composition between the Ctrl and baseline groups.
Comparison of microbial species composition between the Ctrl and FASS baseline groups, indicating species with significant changes according to the Mann–Whitney U test. *p < 0.05, **p < 0.01.
Ctrl: healthy control cat group, Baseline: baseline group of feline atopic skin syndrome.

Then, we assessed changes between baseline and post-intervention. Four species, including Parabacteroides_B_862066 merdae (p = 0.0273), Clostridium_P perfringens (p = 0.0312), Phocea unclassified (p = 0.0312), and Collinsella stercoris (p = 0.0415), were significantly reduced after intervention (Fig. 4). Notably, C. stercoris was the only taxon that exhibited significant differences in both comparisons (Ctrl vs baseline and baseline vs post-intervention), and it underwent the largest reduction (Supplementary Table. 1).
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Figure 4. Changes in microbial species composition between the baseline and post-intervention groups.
Comparison of microbial species composition between the baseline and post-intervention groups, indicating species with significant changes according to the Wilcoxon matched-pairs signed-rank test. Species marked with a "#" exhibited similar changes between the Ctrl and baseline groups. *p < 0.05.
Baseline: baseline group of feline atopic skin syndrome, Post: post-intervention group of feline atopic skin syndrome.

4.discussion
In this pilot study, we investigated the clinical and microbiological effects of a parasynbiotic comprising Kes and heat-killed FM8 in cats with FASS. Notable improvements in clinical symptoms were observed, with significant reductions in the SCORFAD (p = 0.0224) and IPS scores (p = 0.0018). Additionally, 10 out of 11 cats achieved a GAI score of ≤2, indicating clinical improvement, whereas the most severely affected cat maintained a score of 3, reflecting no further deterioration despite the severity of its initial condition (Fig. 1).
We conducted 16S rRNA amplicon sequencing to assess the effects of the parasynbiotic intervention on the gut microbiota. β-diversity analysis revealed a marginal difference between the Ctrl and FASS groups at baseline (p = 0.065), and a similar marginal difference persisted between the Ctrl and post-intervention groups (p = 0.061) (Fig. 2). However, no significant differences were observed within the FASS group between baseline and post-intervention samples (p = 0.940). These findings suggest that the gut microbiota composition of FASS cats slightly differed from healthy controls at baseline and that the intervention did not dramatically alter this overall microbiome structure. This subtle microbiome distinction between FASS and healthy cats provides foundational insight supporting the exploration of microbiome-targeted therapeutic approaches, including parasynbiotics, as potential interventions for FASS.
Detailed taxonomic analyses identified key shifts in microbial populations. Compared to the Ctrl group, the FASS group at baseline exhibited significant increases in B. pullorum and B. longum. Bifidobacterium species, including B. pullorum and B. longum, produce short-chain fatty acids (O’Callaghan 2016) that play critical roles in linking gut microbiota and the immune system (Verstegen 2021). Notably, oral SCFA administration alleviates symptoms in atopic mouse models (Trompette 2022). However, the overgrowth of Bifidobacterium species has been associated with Crohn’s disease (Wang 2020), suggesting that their increase is not universally beneficial. Further studies are required to elucidate the specific roles of these species in FASS pathogenesis.
Our results revealed that stercoris was significantly enriched in FASS cats compared with healthy controls, whereas its abundance decreased significantly after parasynbiotic intervention. C. stercoris is associated with inflammatory conditions and linked to chronic kidney disease (Wu 2020) and cardiovascular disease (Prins 2024). Similarly, Xu et al. (Xu 2019) reported that probiotic administration in healthy dogs reduces C. stercoris levels and observed negative correlations between Collinsella species and feed intake, body weight, SIgA, and IgG, as well as a positive correlation with the pro-inflammatory cytokine tumor necrosis factor-α. Although speculative, a similar inflammatory association might exist in FASS, as observed in other conditions; however, this remains unclear and warrants further investigation. These findings suggest that the reduction in C. stercoris abundance after the parasynbiotic intervention reflects improvements in gut health and reduced inflammation, and this possibly contributes to the significant reductions in SCORFAD and IPS scores.
Cl. perfringens also exhibited a declining abundance after the intervention. Huang et al. (Huang 2023) reported that Cl. perfringens colonization increases the risk of allergic diseases in pediatric patients potentially due to enterotoxins that disrupt tight junctions, damage epithelia, alter the microbiota, and provoke abnormal host immune responses. In the present study, the reduction in Cl. perfringens may have contributed to symptom alleviation in FASS through potential improvements in gut barrier integrity and inflammation. However, given the exploratory nature of this pilot study, further research specifically evaluating gut barrier function and inflammatory markers is required to confirm this hypothesis.
This study possesses several limitations inherent to its design as an open-label, non-randomized pilot trial with a small sample size. The lack of a placebo-controlled group and short treatment duration may have introduced potential biases in clinical assessment. Additionally, heterogeneity in factors such as age, diet, and medical history among enrolled cats may have influenced the outcomes. While we focused primarily on gut microbiota composition, functional aspects such as microbial metabolites and host immune responses were not assessed. Moreover, many microbial taxa identified remain functionally uncharacterized. These limitations underscore the need for larger, controlled studies to validate and extend the present findings.
Overall, these preliminary findings suggest that parasynbiotics may selectively modulate certain aspects of the gut microbiota, potentially contributing to symptom improvement in FASS. Further research is necessary to clarify the precise relationship between microbiota changes and FASS pathogenesis and to evaluate whether these changes might inform future therapeutic strategies.


4. Conclusion
This pilot study represents the first paraprobiotic intervention for FASS, addressing the scarcity of gut microbiota-targeted approaches in this condition. Administration of a parasynbiotic combining Kes and heat-killed FM8 significantly improved clinical symptoms and partially normalized the gut microbiota, including reductions in C. stercoris and Cl. perfringens. These findings suggest that modulating the gut microbiota holds promise as a novel therapeutic strategy for FASS. Further research is needed to deepen our understanding of the interplay between gut microbiota, FASS pathogenesis, and therapeutic potential.
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ABBREVIATIONS
CAI: clinical activity index
FASS: Feline atopic skin syndrome 
GAI: rating of global assessment of improvement
IPS: investigator pruritus score
PCoA: principalcoordinate analysis
SCORFAD: scoring feline allergic dermatitis
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APPENDIX
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Supplementary Fig. 1 Characteristics of the gut microbiome in each group. 
A comparison of the genus (a) and species (b) composition of the microbiome in the feces of the Ctrl, baseline, and post-intervention groups is shown. 
"Others" represents taxa that constitute less than 1% of the total microbiome composition.
Ctrl: healthy control cat group, Baseline: baseline group of feline atopic skin syndrome, Post-intervention: Post-intervention group of feline atopic skin syndrome.

Supplementary Table. 1 Changes in bacterial taxa before and after intervention.

	Taxon
	Change (mean ± SEM, %)

	Collinsella stercoris
	-0.95
	±
	0.51

	Parabacteroides merdae
	-0.26
	±
	0.15

	Phocea unclassified
	-0.05
	±
	0.03

	Clostridium perfringens
	-0.7
	±
	0.67
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