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Abstract: The aim of this study was to evaluate the effect of the administration of Saccharomyces 17 
boulardii on the nutritional, immunological, inflammatory and stress status, and on the composition 18 
of the gut microbiota and mycobiota in healthy adult dogs. A total of 25 American Staffordshire 19 
Terrier dogs were selected and randomly assigned to two groups: control (CTR, n = 12) and treated 20 
(TRT, n = 13) groups. No significant differences were found between the two groups regarding body 21 
weight, body condition score and faecal score. No significant differences in microbiota/mycobiota, 22 
short chain fatty acids, indole/skatole, histamine, zonulin, or lactoferrin were detected. Indeed, sup- 23 
plementation with S. boulardii significantly decreased fecal calprotectin Immunoglobulin A, indicat- 24 
ing an improvement in the gut well-being. Interestingly, fecal cortisol significantly decreased in 25 
dogs belonging to the TRT group compared to the CTR, suggesting both an improvement of the 26 
intestinal status and a reduction of stress, a common condition affecting animals managed in a 27 
breeding environment. 28 
Keywords: supplement, alternative medicine, pet, Italy  29 
 30 

1. Introduction 31 
Gut microbiota has several roles in maintaining the animal health status including 32 

defense against pathogens, development of a healthy intestinal epithelium and immune 33 
system, absorption, and metabolism of ingested nutrients [1, 2]. The "healthy gut" is linked 34 
to the well-being of the host. For example, the gut microbiota is essential for maintaining 35 
the homeostasis of the host by affecting the functions of the brain, liver, heart, kidney, 36 
immune system, and the metabolism of adipose tissue [3-5]. Dysbiosis is sued by mi- 37 
crobes’ unbalance in the gastrointestinal (GI) tract inducing a negative impact on health. 38 
Dysbiosis in healthy adult dogs is often associated with aging but can also be observed in 39 
animals living in stabled conditions. Dogs that live in breeding conditions can be much 40 
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more exposed than companion dogs to chronic stress related to confined environments 41 
with spatial restrictions, lack of environmental stimuli and imposed social interactions [6]. 42 
Therefore, due to the well-known link between gut and brain, chronic stress can result in 43 
dysbiotic conditions (i.e. diarrhea) and greater susceptibility to GI disorders. Treatments 44 
commonly include the use of antibiotics increasing the risk of antimicrobial resistance [7- 45 
9]. Optimizing intestinal eubiosis is essential for the well-being and psycho-physical bal- 46 
ance of animals. Probiotics are largely used to maintain gastrointestinal health. Probiotics 47 
are defined as “live microorganisms”, which confer positive effects on the host's health 48 
when administered at the correct dosage [10]. They can promote the GI health and miti- 49 
gate dysbiosis due to stress stimuli in farm animals [11]. Studies reported the benefits of 50 
using Saccharomyces boulardii [12, 13] as a probiotic. Specifically, it supports the barrier 51 
function and the regeneration of intestinal tissue; it is a valid alternative to the use of an- 52 
timicrobial molecules in counteracting dysbiosis [14, 15].  53 

The aim of this study is to show the effects of S. boulardii in breeding dogs on selected 54 
nutritional parameters and on regulation of inflammatory, immunological and stress in- 55 
dicators. In addition, the composition of the intestinal microbiota and mycobiota was eval- 56 
uated. 57 

2. Materials and Methods 58 

3.1. Animals and study design 59 
 60 
In this study, American Staffordshire Terrier dogs were selected from an ENCI (Ente 61 

Nazionale Cinofilia Italiana) registered breeder located in the north of Italy. The dog 62 
breeder was informed of the purpose and design of the study and signed a written in- 63 
formed consent. The study was conducted in compliance with the guidelines of the Min- 64 
istry of Health for the care and use of animals (DL 4 March 2014 n.26 and DL 27 January 65 
1992 n.116) and EU (Directive 86/609 / EEC), the use of supplements was governed by 66 
Regulation (EC) no. 767/2009. The study was approved by the University of Turin with 67 
protocol number 156895, 14.04.2020.      68 

At the beginning of the study, the veterinarian checked the health status of the ani- 69 
mals through a general physical examination and a copromicroscopic examination of the 70 
feces. All the recruited animals were healthy with no underlined conditions. A total of 25 71 
dogs were randomly assigned to two groups: control (CTR, n = 12) and treated (TRT, n = 72 
13) groups. Both groups were fed with a commercial diet (Royal Canin) from at least 7 73 
days before the beginning of the study. The amount of daily food was calculated based on 74 
the equation:          75 

ME (kcal / day) = 110 × kg BW 0.75 [16]. 76 
 77 
A placebo (maltodestrin powder) or a supplement containing S. boulardii (1 x 10 9 78 

CFU di / kg of feed) was added to the food of dogs belonging to the CTR or TRT group 79 
respectively, once a day for 35 consecutive days. 80 

3.2. Nutritional Parameters 81 
 82 
Body weight (BW) was recorded at T0 and after 35 days (T5) days by the same veter- 83 

inarian. Body condition score (BCS) is an effective assessment of body fat, scores between 84 
1 and 9 were assigned by the same trained veterinarian by visual examination and palpa- 85 
tion of the animal at TO and T5. A score of 4 or 5 represents the ideal score. Feces were 86 
subjected to direct examination and fecal score ranging from 1-7 (FS) was assigned at T0 87 
and T35. 88 

 89 

3.3. Laboratory Analysis 90 
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Fresh faeces were collected by the breeder in the morning by using a sterile spatula 91 
and stored in a sterile plastic bag (box / dog code), then kept and transported at 4 °C to 92 
the laboratory. At the beginning of the study (T0) and after 7 (T1), 14 (T2), 21 (T3), 28 (T4) 93 
and 35 (T5) days, the following parameters on the faecal samples were calculated as re- 94 
ported in the Supplementary material: calprotectin, lactoferrin, zonulin, histamine, corti- 95 
sol, IgA, SCFA, indole/skatole. The same technician performed the analysis following a 96 
blinded sample identification protocol. The DNA Extraction and Amplicon Target Se- 97 
quencing procedures on fecal samples to determine the microbiota and mycobiota are re- 98 
ported in details in the Supplementary material. 99 

3.4. Statistical Analysis 100 
The statistical analysis for the nutritional data and the laboratory data on faecal sam- 101 

ples was performed using IBM SPSS Statistics V27.0.0 software. In relation to the nutri- 102 
tional parameters, a paired T-test was performed to see differences between the beginning 103 
and the end of the study for each treatment group. 104 

The laboratory data were tested by fitting a generalized linear mixed model (GLM) 105 
that allowed the analytes to depend on linear predictors such as diet, time, and their in- 106 
teraction through a gamma probability distribution with a nonlinear link function (log). 107 
The animal was also included as a random effect to account for repeated measurements. 108 
A hybrid method for parameter estimation was used for both the GLMs and a type III 109 
analysis with Wald chi-square test was applied to assess the model effects. All the ob- 110 
tained results were expressed as least squares means and standard error of the mean 111 
(SEM) and the interactions between the factor levels were evaluated by pairwise contrasts. 112 
P values < 0.05 were considered statistically significant. 113 

Sequencing data were analyzed by the Quantitative Insights into Microbial Ecology 114 
(QIIME) 2 [17]. Cutadapter was used for primers and adapters filtering. Sequencing de- 115 
noising was performed by the DADA2 algorithm [18], removing low-quality bases, chi- 116 
meric sequences, and sequences shorter than 300 bp by using the DADA2 denoise-paired 117 
plugin of QIIME2. Amplicon sequence variants (ASVs) were then used for taxonomic as- 118 
signment using the QIIME feature-classifier plugin against the Greengenes 16S rRNA 119 
gene database for the microbiota and the manually build database for the mycobiota [19]. 120 
Taxonomy assignment for 16S and 26S was double checked on BLAST suite tools. QIIME2 121 
diversity script was used to perform alpha and beta diversity analysis. Non-normally dis- 122 
tributed variables were calculated as median (range interquartile). Metataxonomic varia- 123 
bles were compared by the pairwise Kruskal test. 124 

3. Results 125 
All dogs remained healthy during the study and no side effects (eg. vomiting/diar- 126 

rhea) were recorded. No food waste was found in any of the stalls throughout the period. 127 
There was no change in food consumption.    128 

The age of the dogs ranged from 2 to 8 years (mean 5.69 ± 1.8 SD TRT group and 129 
mean 3.67 ± 1.83 SD CTR group). A total of 8 dogs were males (n=4 TRT and n=4 CTR) and 130 
17 females (n=9 TRT and n=8 CTR). No difference in BW, BCS, and FS was recorded be- 131 
tween T0 and T5 (p>0.05) in each group.  132 

At the beginning of the study (T0), the animals showed no significant differences (P> 133 
0.05) for any of the faecal parameters analyzed (Table 1). S. boulardii supplementation had 134 
a significant effect on zonulin and indole/skatole (P < 0.05 and P < 0.001, respectively; Ta- 135 
ble 1). In particular, the TRT dogs showed lower concentration of faecal zonulin and in- 136 
dole/skatole when compared to the CTR group (P < 0.05 and P < 0.001, respectively; Table 137 
1). However, a decrease in indole/skatole concentrations was observed at T1, T2 and T4 138 
only (P < 0.05, Figure 1). Similarly, a significant diet*time interaction was identified for the 139 
faecal cortisol (P < 0.001, Table 1), with its concentrations decreasing at T3, T4 and T5 after 140 
the supplementation of S. boulardii (P < 0.05, Table 1). On the contrary, calprotectin was 141 
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affected by time only (P < 0.001), with the lowest concentration at T5 (P < 0.001, Table 1). 142 
The other faecal parameters were not influenced by either of the considered variables (P 143 
> 0.05, Table 1). 144 

 145 
Table 1. Nutritional parameters and laboratory analytes of the dogs depending on the group (G) 146 
they belong to (CRT=control, TRT=treated), time (T), and their interaction (G*T). 147 

Means with superscript letters (a, b, c, d) identify significant differences among the sampling times (P < 0.05). 148 
 149 
 150 

Figure 1. Concentration of cortisol (pg/mg) and Indole/skatole (μmol/g) in the control (CRT) and 151 

treated (TRT) groups at each time point (T0 to T5) Graph bars with asterisks indicate significant 152 

differences between the dietary treatments within each sampling time. * = P < 0.05; *** = P < 0.001. 153 

                  154 
Figure 2. Relative frequency of the main bacterial ASVs in faecal samples of dogs fed with control or 155 

treated with probiotic during the trial. Graph bar indicate the 15 replicates per each sampling point. 156 

 Group (G) Time (T) SEM P-value 

CTR TRT T0 T1 T2 T3 T4 T5 G T G T G × T 

Laboratory 

analytes (unit) 

 

pH 6.51 6.50 6.50 6.54 6.50 6.52 6.46 6.50 0.06 0.05 0.982 0.152 0.161 

Calprotectin 

(µg/g) 

5.95 5.57 5.99ab 6.04a 5.94b 5.63cd 5.64c 5.32d 0.85 0.60 0.753 <0.001 0.108 

Lactoferrin 

(µg/g) 

1.53 1.32 1.45 1.45 1.31 1.38 1.49 1.44 0.22 0.16 0.489 0.260 0.330 

Zonulin (ng/ml) 52.51 50.36 49.58 52.35 49.84 53.79 50.18 52.96 0.77 1.16 0.046 0.250 0.710 

Cortisol (pg/mg) 0.61 0.55 0.60 0.65 0.57 0.60 0.53 0.54 0.02 0.02 0.090 0.100 <0.001 

Immunoglobulin 

A (mg/g) 

47.71 48.17 48.87 48.68 48.33 47.40 47.66 46.75 1.70 1.23 0.849 0.100 0.116 

Short chain fatty 

acids (µmol/g) 

143.56 146.96 148.11 145.94 139.55 146.24 145.04 146.77 21.39 15.54 0.912 0.112 0.180 

Indole/skatole 

(µmol/g) 

1.76 1.60 1.67 1.73 1.63 1.66 1.69 1.68 0.04 0.06 <0.001 0.937 0.001 
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   157 

Figure 3. Relative frequency of differentially abundant bacterial ASVs in faecal samples of dogs dur- 158 

ing the experimental trial. Pairwise Kruskal-Wallis test, FDR < 0.05 159 

 160 

Figure 4. Relative frequency of differentially abundant fungal ASVs in faecal samples of dogs during 161 

the experimental trial. Pairwise Kruskal-Wallis test, FDR < 0.05. 162 
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Figure 5. Relative frequency of the main fungal ASVs in faecal samples of dogs fed with control (C) or probiotic 164 

during the trial. Graph bar indicate the average of 15 faecal samples of dogs as replicate per each sampling point.     165 

 166 
Alpha diversity of microbiota and mycrobiota did not show any significant differ- 167 

ence between CRT and TRT groups (data not shown).  168 
CRT samples were dominated by Pseudomonas (35% and 40% respectively at T0 and 169 

T5), Fusobacterium remained constant across time (13%), Clostridiaceae decreased over time 170 
(12% and 1% respectively), and Prevotella increased (from 5% to 12%, Fig. 3). Dogs fed 171 
with the tested probiotic showed the presence of Pseudomonas at a relative frequency in- 172 
creasing from 28% at T0 to 46% at T5, Clostridiaceae decreasing from 11% at T0 to 1% at T5, 173 
finally Prevotella increased from 7% to 13% at the end of the trial Fig. 3). Comparing the 174 
gut microbiota between T0 and T5 we observed that Allobaculum, Blautia, Clostridiaceae, 175 
Dorea, Erysipelotrichaceae, Lachnospiraceae, Ralstonia, Ruminococcus and Slackia were more 176 
abundant at T0 compared to T5 in both groups (Fig. 4).  177 

By comparing the relative frequency between CRT and TRT groups, we did not ob- 178 
serve any significant differences in the microbiota composition. However, we found that 179 
Dorea was the only one significantly affected by the probiotic administration at the end of 180 
the trial (FDR < 0.05) when data were compared to the CTR’s. 181 

Regarding the mycobiota composition, Clyniclomyces was the most abundant in all 182 
samples (45% and 54% relative frequency in the CTR group, and 32% and 58% in the TRT 183 
at T0 and T5, respectively). Saccharomyces was more abundant in samples from the TRT 184 
dogs (about 35%) compared to the CRT (about 17%) at T0. At the end of the trial the rela- 185 
tive frequency decreased to 15% in both groups. Penicillium was found in the CTR group 186 
with a frequency of 6% at T0 and 7% at T5. Its presence in the TRT group was less than 187 
1% at both time points. Cladosporium was mostly present in probiotic samples at T5 reach- 188 
ing 17% (Fig.5). By comparing CTR and TRT, Magnusiomyces capitatus and Malassezia pach- 189 
ydermatis were the only two ASVs signifincantly associated with probiotic samples (Fig 5 190 
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FDR <0.05). By comparing the relative frequency of fungi across time in both animal 191 
groups, we observed that T0 was characterized by the highest presence of Alternaria, As- 192 
pergillus fumigatus, Cladosporium ramotenellum, Cyphellophora europaea, Cystobasidium mini- 193 
tum, Fusarium, Galactomyces, Hannaella luteola and Yamadazyma membranicaciens (Fig 6 FDR 194 
<0.05). 195 

4. Discussion 196 
In recent years, changes in the gut microbiota have been found to be a critical deter- 197 

minant of host health [20]. The condition of intestinal eubiosis is very relevant for the psy- 198 
cho-physical well-being of an animal and can be put at risk by critical physiological status 199 
(weaning, aging) or life conditions such as confined environment in farm or kennel. Re- 200 
cent literature shows probiotics as promising molecules to preserve intestinal health and 201 
to maintain the well-being of the organism. The use of probiotics has become promising 202 
for treatment and prevention of various diseases in companion animals preventing dis- 203 
eases [1]. The aim of this study was to evaluate the efficacy of a diet supplemented with 204 
S. boulardii evaluating the general health and the nutritional conditions of the animals. At 205 
the beginning of the experiment, all animals involved in our study were healthy and there 206 
were no significant differences in all the parameters considered. Administration of S. bou- 207 
lardii did not cause any short-term adverse effects, as already reported by other authors 208 
[21]. There were no differences in BW and BCS in dogs treated with S. boulardii compared 209 
to CTR group suggesting that S. boulardii did not adversely affect these parameters and 210 
that animals ate the correct amount of food during the study. 211 

Regarding the analysis of faecal parameters, lactoferrin is an iron-binding glycopro- 212 
tein and it is an important component of neutrophilic granulocytes, its concentration in 213 
the stool increases during intestinal inflammation caused by mucosal infiltration of leu- 214 
kocytes. In our study, lactoferrin did not vary in the two groups of dogs, which means 215 
that there is no serious pathological state [22]. 216 

Zonulin is a 47 k Da protein released by several cell lines in the body, including epi- 217 
thelial cells lining the small intestine that act on the intestinal tight junction [23]. In our 218 
study, we did not find significant differences between groups, therefore the subjects did 219 
not show an increase in intestinal permeability. Short-chain fatty acids (SCFAs) mainly 220 
acetate, propionate and butyrate, are primary end products of bacterial fermentation of 221 
non-digestible fiber foods. They have a regulatory effect on gastrointestinal motility, and 222 
several beneficial effects on host health, including immunomodulatory effects in the in- 223 
testine [24].  224 

Indole/skatole and histamine have direct toxic effects on the intestinal mucosa. Pu- 225 
trefactive compounds also contribute to the nauseating smell typically associated with 226 
faeces [25]. N - Methylhistamine (NMH), a product of histamine metabolism, is a proin- 227 
flammatory biomarker of mast cell activation and degranulation. It can be measured in 228 
serum, urine and stool samples [26]. Indole/skatole and N - Methylhistamine (NMH) anal- 229 
ysis did not show significant differences in the two groups indicating no negative effect 230 
of the supplement.  231 

On the other hand, the supplementation with S. boulardii has produced positive ef- 232 
fects on inflammatory markers (calprotectin), on the decrease of the immune response 233 
(IgA) and on psycho-physical stress (cortisol). Calprotectin and IgA have been suggested 234 
to be the non-invasive markers of canine intestinal health [27, 28]. Our results showed that 235 
at the end of the experiment, a significant reduction of calprotectin, cortisol and IgA was 236 
found in the TRT group. These fecal biomarkers are relevant for the assessment of intesti- 237 
nal immunity or inflammation in dogs [28]. 238 

Calprotectin contributes to about 60% of the protein content of the neutrophil cytosol. 239 
Any disturbance of the mucosal architecture due to the inflammatory process causes the 240 
escape of neutrophils, and therefore of calprotectin, into the intestinal lumen and its sub- 241 
sequent excretion in the faeces [29]. Other studies have reported a significant correlation 242 
between calprotectin levels and inflammatory states such as Inflammatory bowel disease 243 



Vet. Sci. 2022, 9, x FOR PEER REVIEW 9 of 15 
 

 

[30, 31] or chronic inflammatory enteropathies [27, 32]. Therefore, the decrease in fecal 244 
calprotectin levels assessed in dogs treated in our study could indicate a reduction in in- 245 
flammation and a more stable intestinal environment, as also reported by Heilmann and 246 
colleagues (2018). 247 

Secretory IgA is the most important humoral protective immune factor in the intes- 248 
tine. It inhibits adhesion, colonization and microbial penetration, as well as the absorption 249 
of food antigen [33]. Our results showed an adjuvant effect on the mucosa of orally ad- 250 
ministered yeast. The gut microbiota and microbial metabolites are important for main- 251 
taining gut homeostasis. The decrease in IgA levels evaluated after the administration of 252 
S. boulardii indicates a lower immune reaction in the gut and this can suggest a lower in- 253 
flammatory status.     254 

A wide range of stressors can induce the activation of the hypothalamus-pituitary- 255 
adrenal (HPA) axis with increased levels of glucocorticoids in the blood stream [34]. 256 
Among these molecules, cortisol is essential not only to cope with stressful conditions, but 257 
also for the proper functioning of the body and brain. It regulates numerous basal pro- 258 
cesses such as fat and glucose metabolism, blood pressure, inflammatory and immune 259 
responses and helps adaptation to environmental stress [35]. A recent research has shown 260 
that the intestinal microbiota influences the physiological and cognitive functions of the 261 
brain and that, conversely, psychological stress negatively affects the GI function. Com- 262 
munication between intestinal bacteria and the central nervous system occurs through the 263 
enteric nervous system (ENS) and the endocrine, immune and metabolic pathways [36, 264 
37]. Cortisol was found in several matrices such as blood, saliva, hair, urine and feces [38]. 265 
On farm animals, the use of fecal cortisol to assess stress levels over long-term in high- 266 
volume commercial breeding conditions was suggested by several authors [39]. In line 267 
with these studies, a lower production of cortisol could be correlated to a better ability of 268 
the animals to cope with the breeding environment [40, 41]. Cortisol analysis performed 269 
on feces offer the advantage to collect samples in a non-invasive way, decreasing possible 270 
bias in the interpretation of the results due to the method of sampling [42]. According to 271 
several reports on human responses related to the use of probiotics and fecal cortisol con- 272 
centrations [43-48]. our results showed a decrease in cortisol in this substrate and we can 273 
suppose an improvement in adaptive responses to the environment and a decrease in 274 
stress levels in animals that received the integrated diet. Currently, a few studies regard- 275 
ing fecal cortisol concentrations in healthy dogs managed in domestic condition by own- 276 
ers were published [49-51]. On the other hand, studies suggest that dogs in commercial 277 
breeding establishments or shelters showed increased incidence of behavioral and emo- 278 
tional problems compared with dogs from other sources, especially noncommercial 279 
breeders. Literature shows that dogs’ cortisol levels in the high volume commercial envi- 280 
ronment are still lacking. The possible causes of abnormal behaviors could be associated 281 
to distress [52, 53]. In confined conditions, the environment limits the expression of dog 282 
species-specific behaviors. The potential sources of stress are related to inadequate social- 283 
ization due to isolation or limited positive interactions with conspecifics and humans, 284 
confined environments with spatial restriction combined with lack of environmental stim- 285 
uli, overcrowding of the boxes, competition for resources (food, resting area, etc), imbal- 286 
ances in hierarchies related to group revision in the same area [7-9].In dogs, the persistent 287 
condition of stressful stimuli cause physical and psychological health problems with 288 
greater susceptibility to disease [6]. 289 

Dietary probiotic administration did not remarkably influence the gut microbiota of 290 
dogs in the present study, with the only exception of an increased abundance of Dorea 291 
being detected at the end of the trial [54]. This may be considered a positive finding as 292 
Dorea usually manifests a reduced abundance in dogs with inflammatory bowel disease 293 
and other enteropathies [55]. The absence of a clear, probiotic-related impact on the gut 294 
microbiota is partially in agreement with a recent study performed by [56], where the in- 295 
clusion of the probiotic alone (Lactobacillus acidophilus) had a minimal influence on most 296 
gut health outcomes, but more effects when administered along with prebiotics. Both CTR 297 
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and TRT dogs displayed Pseudomonas, Fusobacterium, Clostridiaceae and Prevotella as pre- 298 
dominant members of their gut microbiota. As Fusobacterium is a commensal bacterium 299 
living in gut of healthy humans and dogs [57] and either Clostridium or Prevotella genera 300 
encounter SCFA-producing bacteria [5] this scenario suggests the identification of a 301 
healthy intestinal microbiota. However, increased abundance of Pseudomonas has fre- 302 
quently been observed in dogs with chronic intestinal inflammation [55] thus representing 303 
a potential negative finding. But, Pseudomonas ability to produce GABA from glutamate 304 
has recently made this taxon an interesting marker to differentiate healthy and epileptic 305 
dogs, as the latter are characterized by a significantly reduced abundance of Pseudomonas 306 
in their gut microbiota [58] Finally, several taxa resulted to be increased in both groups at 307 
the end of the experiment, thus confirming the role of the dog age as one of the most 308 
important intrinsic factors affecting the intestinal microbiota [59]. 309 

Gut mycobiota is not often studied in humans or animals since represent 1-2% of the 310 
total microbiome and often fungi are transient commensal of the GI tract. However, gut 311 
fungi can play beneficial effects in the host due to their ability to modulate metabolism 312 
such as nutrient extraction, vitamin production as well as defense against pathogens [60- 313 
62]. Dog’s gut mycobiota is not often studied and it was already reported that the class 314 
Saccharomycetes is the core taxa identified in healthy and diseased animals followed by 315 
Wickerhamomycetaceae, Pleosporaceae, Schizothyriaceae and Trichocomaceae [63]. At the genus 316 
level, the most commonly observed taxa belong to Pichia, Cryptococcus, Candida, and Tri- 317 
chosporon [64]. 318 

Here, we observed the predominance of Clyniclomyces. This taxon is usually associ- 319 
ated with the GI of rabbits where it is unclear if this organism causes or is a co-cause of 320 
diarrhea [65]. Studies inferred a potential correlation between Clyniclomyces and disease 321 
status of dogs, however, its predominance can be considered a clinically non-significant 322 
finding [65]. Saccharomyces was associated with dogs belonging to the TRT group and it is 323 
a common constituent of the human and animal mycobiota with several anti-inflamma- 324 
tory proprieties [66, 67]. It has to be pointed out that sequences of the D1/D2 domain of 325 
the 26S rDNA is identical in both species [68]. Penicillium and Cladosporium ara also com- 326 
ponent of the dog’s gut [69]. Penicillium is often associated with mice fed with a high-fat 327 
diet [70]. while Cladosporium is most commonly identified in healthy dogs [64]. Malassezia 328 
is the major component of the fungal skin microbiota of mammals, however its role in 329 
maintaining gut health is still not clear [71].  330 

We observed a shift of several fungi across time but not related to the administration 331 
of the tested probiotic. In particular, we observed a reduction of several taxa that are a 332 
common constituent of the gut mycobiota across time. 333 

5. Conclusions 334 
This research confirms the beneficial effects of S. boulardii on dog gut health. The admin- 335 
istration of probiotics was well tolerated by the animals and showed positive effects on 336 
some fecal parameters. The interest of the scientific community in S. boulardii is rela- 337 
tively recent in both human and veterinary medicine. The results of this study showed 338 
that S. boulardii could be used to counter intestinal inflammation and psycho-physical 339 
stress in animals. Further studies are needed to understand the effects on animal health 340 
over a longer period of time and on different age groups and breeds 341 

Supplementary Materials: Information on Fecal parameters and DNA Extraction and 342 
Amplicon Target Sequencing are available in the Supplementary material. 343 
 344 
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