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Abstract: Given the role of the interaction between gut microbiome with dermatological diseases, namely “gut-skin axis”, the
present author proved that gut restoration should alleviate canine atopic dermatitis (CAD), which was the purpose of the study. A 4-
week, open-label, non-controlled case series involved 8 -owned dogs with CAD which had received no previous treatment. Evaluations
included Canine Atopic Dermatitis Extent and Severity Index version 4 (CADESI-04 scores), Visual Analog Scale (VAS) pruritus
scores and Polycheck in vitro allergen specific tests. Faecal samples were analysed by dual indexing one-step PCR and 16S rRNA
targeted metagenomics for detecting gut microbiota alterations before and after fecal microbiota transplantation (FMT) capsule
treatment twice daily for 4 weeks. All cases were presenting pruritus and all of those dogs showed elevated IgE levels. CADESI scores
decreased on days 28 (4-21) compared to day 0 initial values (50-128). Similarly, decreased VAS scores were detected on days 28 (0-
2) in contrast to prior values (6-10). Regarding epidermal barrier functioning epidermal hydration (55-100 vs. 4-24) and pH (6.-7.8 vs.
4.2-5.7) values were elevated after FMT treatment in contrast to prior ranges, respectively. Alpha diversity revaled both richness and
diversity of gut microbiota were improved for all cases on day 28. Furthermore at the end of trial Firmicutes: Bacteroidetes ratio was
<8, the benchmark detected for healthy dogs. The present study supports a potential benefit of FMT capsule treatment against CAD.
This safe and tolerant treatment modality directed against CAD shifted the gut microbiome composition towards a healthy state for all
8 dogs enrolled.
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Kopeklerde atopik dermatitisle miicadelede oral yolla fekal mikrobiyota transplantasyon kapsiil
sagaltim

Ozet: Bagirsak mikrobiyomu ile dermatolojik bozukluklar arasindaki iliski gz 6niinde bulunduruldugunda, sinonim “bagirsak-
deri ekseni”, bu makalenin yazari ¢alismanin amaci dogrultusunda bagirsak restorasyonu sayesinde kanin atopik dermatitis (KAD)
hastaliginin hafifletilecegini 6ne siirmektedir. Dort haftalik, acik uglu, kontrol grubu bulunmayan c¢aligmaya daha 6nceden sagaltim
gormemis KAD’li ve sahipli 8 képek dahil edildi. Degerlendirmede Képeklerde Atopik Dermatitis Yayginligi ve Siddetine ait indeks
4. Versiyonu (CADESI-04) skorlari, gézlemsel analog skalasi (GAS) ve Polycheck in vitro alerjen spesifik testler kullanildi. Disk1
ornekleri, 4 hafta boyunca giinde 2’ser kez uygulanan fekal mikrobiyota transplantasyon (FMT) kapsiil sagaltimi 6ncesi ve sonrasi
bagirsak mikrobiyotasinda meydana gelen degisimleri degerlendirmek iizere ¢ift indeksli tek-asamali PZR ve 16S rRNA hedefli
metagenomik analizlerine dayandirildi. Her olguda kasint1 saptanirken, bu kopeklerin tamaminda artan IgE seviyeleri mevcuttu.
CADESI skorlarinin 28. giinde (4-21), 0. gilindeki (50-128) ¢ikis degerlerine oranla azaldig: tespit edildi. Benzer olarak 28. giinde
belirlenen GAS skorlarmin (0-2), 6nceki degerlere (6-10) gore azaldigi belirlendi. Epidermal bariyer fonksiyonlarina iligkin olarak
epidermal hidrasyon (55-100’¢ karsilik 4-24) ve pH (6-7,8’¢ karsilik 4,2-5,7) degerleri sirasi ile FMT sagaltimi sonrasi, ncesine oranla
artmist. Alfa dagilimi mikrobiyotada hem zenginligin hem de ¢esitliligin tim olgularda 28. giinde gelistigini gosterdi. Bunun da
Otesinde saglikli kopeklerde referans noktasi kabul edilen Firmicutes: Bacteroidetes <8 oranlari tespit edildi. Bu ¢alisma KAD
sagaltiminda FMT kapsiillerinin potansiyel yararini destekleyici 6zelliktedir. Bu KAD’e yonelik giivenilir ve tolere edilebilen sagaltim
modeli, bagirsak mikrobiyomunun kompozisyonunu, dahil edilen 8 kdpekte de saglik durumuna gore kaydirarak degistirmistir.

Anahtar sozciikler: Atopik dermatit, fekal mikrobiyota transplantasyonu, kopek.
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Introduction

The gastrointestinal system of dogs has long been
known to be colonized by complex members of
microorganisms, namely microbiome (26). Gut
microbiota is beneficial for the host, pivotal as a defensive
barrier against enteropathogens, modulating the immune
system along with other relevant advantages (15, 27), in
which alterations in its composition have been associated
with acute/ and chronic gastrointestinal disorders in dogs
(14, 20). As atopic dermatitis (AD) has been linked with
gut microbiota; in which alteration in AD microbiota
composition with the absence/depletion of selected
bacterial species (24), or diminished biodiversity of the
gut microbiome in one-month-old infants caused AD (1).
Antibacterial therapy has been linked to elevated risk of
AD in humans (28), probably associated with intestinal
microbiota alterations. Given those data, briefly reflect
participation of the gut microbiome within the
pathogenesis of AD, through stimulation and drilling of
immune cells (11).

Given changes regarding gut microbiota linked to
several diorders, manoeuvre for restoration or
optimization of the microbiota might involve fecal
microbiota transplantation (FMT), briefly denoted fecal
material obtained from a healthy donor (age matched,
preferably) to those of administered to diseased case. The
latter FMT procedure paid attention in selected study in
dogs (5, 7). Satisfactory results were deemed available for
gastrointestinal diseases among dogs after FMT treatment
(21, 32).

The microbiome, with a pivotal role, is deemed one
of the major actor for immune system homeostasis.
Dysbiosis, denoted as altered composition and functions
in gut microbiome, existing in gut and/or skin, posessess
intimate association among “gut-skin axis” could act as a
factor for development of AD. Therefore it should not be
unwise to claim the association of AD with gut
microbiota (GM) composition. Given the limited
treatment options reported previously for CAD, it should
not be unwise to state for the known facts, long-term risks
of immunosuppressive treatment widely preferred
elsewhere. There is an unmet need for a safe and
efficacious long term and  probably  non-
immunosuppressive treatment option for canine atopic
dermatitis (CAD). The aim of this open-label, non-
controlled study was to elucidate the probable efficacy of
a commercially available FMT capsule containing gut
restoration system (obtained from healthy subjects with a
known microbiota composition) in CAD. The present
author’s interest was aroused for FMT capsules solely
might effectively mitigate inflammation in dogs suffering
from CAD. It was further suggested that the FMT
mediated anti-infectious, anti-inflammatory, anti-allergic

effects might account for the observed pruritus alleviation
and relevant clinical signs to those of affected dogs of
various ages.

Materials and Methods

Prior to conduction of the study, the design was
clearly detected and detailed, permitting future
(warranted) studies. As AD is a compeller (coercive)
disease, owners deny/refuse control cases, which resulted
in baseline (prior to treatment; like controls)-therapeutical
applications (after FMT treatment) matching. This could
allow the present author to compare initial values,
thereafter post-treatment data, which could be dedicated
as self-control cases. The open-label, non-controlled study
- enrolled with written owner consent according to
standard clinical practice and compared to mean
quantified biomarkers with values on two subsequent re-
evaluations at day O and at the end of week 4, after
therapeutical intervention.

Research period / Inclusion criteria: The present
study was conducted at the Aydin Adnan Menderes
University, Faculty of Veterinary Medicine, Department
of Internal Medicine. A total of eight dogs with a history
of frequent itching sensation were initially diagnosed with
a presumed CAD based on history, clinical findings,
cytology, and necessary dermatological examinations. At
the beginning of the present research, all dogs were
subjected to a food trial with hydrolyzed proteins for at
least 2 months. No prior drug administration was evident,
which was one of the inclusion criteria. Dogs were
excluded if bacterial or fungal infections (based on
laboratory diagnostic); ectoparasites (based on, for
example; a flea comb, cytology, dermatoscopy, or skin
scraping); flea allergy, metabolic or other nonallergic
disorders were diagnosed. Complete blood count, routine
serum biochemistry panels and endocrine panels were
available on days 0 and 28 for all dogs.

Entire physical analysis were performed on days 0,
and 28. The Canine Atopic Dermatitis Extent and Severity
Index version 4 (CADESI-04) was used to score the
clinical findings [for acute (i.e. erythema) and chronic (i.e.
lichenification) and other relevant findings such as
alopecia, excoriations, and pruritus]. The animal owners
were asked to make interpretation for pruritus via a 10 cm
Visual Analog Scale (VAS) involving descriptors similar
to another study (9, 13). History involved small samples
of quesiton aroused for prior interventions.

In vitro allergen detection: Polycheck Canine
Allergy Test (Polycheck, Allergy test, Gmbh, Miinster,
Germany), an vitro test which detects allergen-specific
IgE in dog serum) was used (30) to detect underlying
etiology as previously described (3).

Treatment protocol: Commercially available
(Animal Biome Gut Restoration System FMT capsules,
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Animal Biome, Oakland, California, USA) oral FMT
capsules were prescribed orally every 12 hours for 1
month.

Microbiome testing: This procedure briefly included
i) sample collection (stool sample was collected and stored
at 4-8° at initial referral prior to treatment application into
70% ethanol tubes achieved within the test kits provided
by the company (Animal Biome Gut Restoration System
FMT capsules, Animal Biome, Oakland, California,
USA), ii) fecal material isolation, DNA extraction and
concentration measurement, iii) 16S rRNA gene (505F/816
R) generation using one step PCR (8, 22) , iv) alpha and
beta diversity analysis (6) involving 100% OTUs
classified against SILVA reference database (23). All of
the procedures were completed at Animal Biome
Laboratory at Oakland, USA by experted and specialized
researchers.

Corneometric analysis of skin barrier function:
Callegari Soft Plus corneometric device (Castello Dei
Diritti, Parma, Italy) was used for skin pH (by use of
double cell electrode able to determine 2-12 pH ranges)
and epidermal hydration (measurement principle:
capacitive method by use o special probes detecting 0-100
c.u.) status before and after the treatment. Operating
conditions involved room temperature in which dogs were
kept there 30 minutes prior to examination.

Statistical analysis: Obtained (interpretation) data
were deemed available for descriptive statistics, there
afterwards median, standart deviation, minimum-
maximum values were forwarded to tables. Wilcoxon test
was chosen for interpretation of statistical alterations
among enrolled parameters and P<0.05 was set as
significant. Entire analysis were performed by use of
SPSS 21.0 (IBM, Chicago, USA) programme.

Results

Demographic data: Eight dogs at the age of 24 to
119 months, were involved. All dogs were participated,
completed the study without any observable side effects
related to therapy. History deemed no prior drug
application. Endocrine profile were within reference
ranges (total t4 values ranged between 1.1-3.7 pg/dL,
plasma cortisol levels 2.2-5.4 pg/dL).

CADESI-04 and VAS pruritus scores: Both
CADESI-04 and VAS pruritus scores were declined in all
8 dogs enrolled. The day 0 scores (50-128) belonging to 7
severe and 1 moderate CAD cases, were significantly
higher than scores on day 28 (4-21) switching the severity
of the disease to mild status. Day 0 VAS pruritus scores
were ranging between 5 to 10, whereas owner VAS
pruritus score had decreased, which corresponds to a
reduction from “severe itching” to “absent (0) or normal
(2)” on day 28 (after completion of treatment) (Figure 1).
Six out of 8 FMT capsule treated dogs were not presenting
pruritus at second referall, as detected by the present
author. No adverse events attributable to the FMT capsule
treatment were reported in any of the dogs. All cases were
monitored for 18 months after completion of treatment in
which no recurrence was observed. Clinical photographs
of three selected cases were shown in Figures 2-4,
describing before and after treatment records along with
gut microbiota changes. CADESI-04 scores to those of
classification of atopic dermatitis along with allergen
specific Ig E analysis were shown in Table 1. Six out of 8
dogs with AD presented strong IgE response against
Dermatophagoides farinae. Statistical analysis deemed
available in Table 2, as shown, presented that there were
significant alterations (P=0.012) for CADESI-04 and VAS
scores along with corneometric analysis before and after
treatment.
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Figure 1. Linear graphic regarding VAS Pruritus Scores for 8 dogs with CAD enrolled in this study (prior to treatment day 0 and after

FMT capsule treatment on day 28).



214 Kerem Ural

s-:terla Banerla in Bacteria in
Found i Thor's
uealthy dugs Ml(roblome Microbiome

See Appendix”
Sutterella 3.2%
Collinsella 3.29
Alloprevotella 3.2%
Peptoclostridium 3.9%
Blautia5.5% |
Megamonas 10.3%
Bacteroides 11.5%
Prevotella 12.5%

| See Appendix”

Lo seea

Bacteroides 6.0%

See Appendix”

Bifidobacterium 4.2%
Megasphaera type 2 6.6%
Megamonas 7.1%

Fusobacterium 9.7%

_ Fusobacterium 14.0%

Prevotella 19.7%

_Streptococcus 15.1%

Collinsella 16.2%

Enterococcus 44.8%

Blautia 25.5%
Fusobacterium 19.29

Figure 2. Relative abundaces of gut microbiota belonging to case I, a) before, and b) after completion of FMT capsule treatment. Case
1 before and after treatment showing clinical picture and lesional view along with microbiota analysis. Bar graphic on the left side
comperatively showed bacteria found in healthy dogs, to those of on the middle and rigth, before and after treatment, respectively.
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Figure 3. (Case 2) Before and after treatment along with bar graphics showing gut microbiota alterations comperatively (first bar
graphic comperatively presents healthy dog microbiota).
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Figure 4. (Case 5) Atopic dog presenting severe pruritus a) prior to treatment, and therafter b, ¢ and d) weeks 2-4, respectively,
following fecal microbiota transplantation. Bottom photographs showing gut microbiota alterations comperatively (first bar graphic
comperatively presents healthy dog microbiota).

Table 1. Classification, CADESI-04 scores, allergen detection and cornerometric analysis involved within this study apart from
microbiota analysis.

Case Classification of CADESI-04 scores Allergen specific in Epidermal hydration  Epidermal pH

no CAD bt aFMT vitro analysis bt aFMT bt aFMT
| Severe 99 12 D.f,R.p 4 100 5 7.8

I Severe 128 14 Df, 8 100 5.3 6.4

i Severe 76 7 Df,Rp 24 100 4.2 7.0
v Moderate 50 21 D.p. 12 55 4.6 6.7

\% Severe 90 10 Df. 11 90 4.4 6.0
VI Severe 101 6 Df. 16 76 5.0 6.2
VI Severe 88 8 Df. 23 80 5.7 7
VI Severe 79 4 Df. 20 78 4.9 6.5

Proposed benchmarks for detecting severity of CAD; 10 (mild), 35 (moderate), 60 (severe atopic dermatitis) - based on skin lesions
and CADESI-04 analysis; D.f.: Dermatophagoides farina; D.p.: Dermatophagoides pteronyssinus; R.p: Rye pollen; CAD: Canine
Atopic Dermatitis; CADESI-04: Canine Atopic Dermatitis Extent and Severity Index version 4 bt: before treatment aFMT: after
treatment.
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Table 2. Statistical analysis of CADESI-04 scores, corneometric analysis and VAS scores shown in Table 1.

bt aFMT P value
(Median + SD) (Median + SD)
(min-max) (min-max)
CADESI-04 scores 89 +22.5 9+54 0.012
(50- 128) 4-21)
Epidermal hydration 14+72 85+15.8 0.012
(4-24) (55— 100)
Epidermal pH 50+0.5 6.6£0.6 0.012
(4.2-5.7) (6-7.8)
VAS scores 8+1.7 1+£0.8 0.012
(6 —10) 0-2)

bt: before treatment; aFMT: after treatment; CADESI-04: Canine Atopic Dermatitis Extent and Severity Index version 4 VAS: visual

analog scale.

Table 3. Alpha diversity was calculated with respect to operational taxonomic unit (OTU) richness, evenness and overall diversity to
understand the ecological differences within the CAD in which reference ranges for healthy dogs as follows: overall diversity 2.2+;
richness 38+; evenness: 0.6+ Firmicutes: Bacteroidetes ratio: < 8 or below (Animal Biome web site).

Case no Overall diversity Richness Evenness Firmicutes: Bacteroidetes ratio
bt aFMT bt aFMT bt aFMT bt aFMT
| 1.94 232 29 44 0.58 0.61 126.44 0.39
I 2.44 2.95 74 113 0.57 0.62 1.09 0.66
i 2.51 26 46 48 0.65 0.68 0.88 0.67
v 1.81 1.85 21 24 0.57 0.61 3.85 1.35
\% 1.85 2.44 21 40 0.61 0.45 3.82 1.34
VI 1.92 2.47 62 71 0.55 0.6 2.01 0.72
VI 2.02 2.95 74 113 0.62 0.57 1.33 0.98
VIl 1.87 25 34 46 0.57 0.65 46.51 2.64
bt: before treatment; aFMT: after treatment.
Table 4. Selected OTU analysis and deemed available statistical analysis.
bt aFMT P value
(Median = SD) (Median + SD)
(min-max) (min-max)
Overall diversity 1.9+03 25+04 0.012
(1.8-2.5) (1.9-3.0)
Richness 40+22.4 47 +33.8 0.012
(21-74) (24 - 113)
Evenness 0.6 +£0.03 0.6 +0.1 0.481
(0.6-0.7) (0.5-0.7)
Firmicutes: Bacteroidetes ratio 29+445 0.9+0.7 0.012
(0.9 -126.4) (0.4-2.6)

bt: before treatment aFMT :after treatment.

Gut microbiota alterations: Alpha diversity was
calculated with respect to OTU richness, evenness and
overall diversity (Table 3) to understand the ecological
differences within the CAD using the Shannon indices. To
detect differences in OTU composition for CAD cases
enrolled in the present study a comparison was made at
time point Tq (prior to FMT capsule treatment) and there
afterwards with the completion of study at time point T28.
The OTU distribution was investigated at the phylum,
family and genus levels.

Comperative evaluation of gut microbiota analysis
indicated changes in Firmicutes: Bacteroidetes ratio
among 8 dogs enrolled before (case I: 126.44, case II:
1.09, case I1I: 0.88, case IV 2.01:3.85, case V:3.82, case
VI:2.01, case VII:1.33 and case VIII:3.82) and after
completion of treatment (0.39, 0.66, 0.67, 1.35, 1.34, 0.72,
0.98 and 1.34, respectively). Statistical interpretation
revealed significant alterations (P=0.012) for overall
diversity, richness and Firmicutes: Bacteroidetes ratio, as
shown in Table 4.
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Dogs were monitorized for a total of 18 months after
study was completed. None of them were diseased nor
recurrence was detected. All were clinically healthy at the
time of writing, after 1.5 years were passed following
completion of the present study.

Discussion and Conclusion

Given the microbiome has a pivotal role for immune
system homeostasis, alterations in its composition and
function, namely dyshiosis both in the skin and the gut,
detected to have relationship with CAD. Researches
analyzing the influence of microbiome alterations
regarding disease process in CAD is awaited. In the
present study it was claimed that; i) detecting gut
microbiota alterations, and then ii) restoration of gut
microbiota within fecal microbiota transplantation (FMT)
capsules will significantly decrease both CADESI-04, and
the pruritus scores along with maintaining epidermal
barrier function after 4 weeks of twice-daily treatment.
Available evidence, as proved, in this study showed that
FMT capsule therapy via oral route presented clinical cure
for CAD, at least for the study duration for 1 month,
thereafter 1.5 years monitorization period. Regarding
alterations detected within VAS and CADESI-04 scores,
FMT capsule therapy resulted in anti-pruritic efficacy and
clinical cure was evident to those of all dogs treated,
accompanied by withdrawal of clinical signs. All 8 dogs
were stable, without appearent itching behaviour, as was
in correlation with CADESI-04 scores. Furthermore, a
marked correlation was evident for CADESI-04 and
pruritus scores, indicating that the FMT capsules resulted
with clinical remission might be attributed to i) restoration
of gut microbiota, swifting disbiosis (17) to eubiosis, ii)
anti-inflammatory effects of probiotics (useful bacteria
included in the FMT capsules used, iii) probable
impairment of intestinal mucosal barrier (which is
involved within the pathogenesis of atopic dermatitis) (17,
18, 25) and is probably due to suppression of small
intestinal bacterial overgrowth (12, 16) that has been
linked to skin conditions (4). Possible explanation of the
relationship between SIBO and skin lesions might be
dedicated to damage to gut associated lymphoid tissue,
altered lipid metabolism (because of intraluminal
bacteria), immune  system, elevated intestinal
permeability, nutritional insufficiency, systemic extension
of lipolysaccharide causing injury against epidermal
barrier (12, 16). This may be a foremost factor also within
the present study. Altough the precise pathogenesis
regarding the communication among gut (microbiota) and
skin remains unclear, gut-skin association, namely gut-
skin axis, has been associated with several different
dermatoses along with AD (2). A preliminary conclusion
should be dedicated to AD linked to gut disbiosis and

elevated intestinal permeability (10). Thus, restoration of
gut microbiota in atopic dogs to those of involved in this
study via FMT capsules achieved orally resulted in clinical
remission, could support the obtained evidence.

16S rRNA microbiome testing presented alterations
in Firmicutes: Bacteroidetes ratio among 8 dogs enrolled
before (0.88-126.44) and after completion of treatment (-
0.39-3.35). Alterations among Firmicutes: Bacteroidetes
ratio (speficically in case 1 from 126.44 to 0.39,
respectively through day 0 to 28, might be briefly
explained with possible gut restoration and available
diversity. All 8 dogs with CAD showed elevated levels of
Firmicutes at phylum level. Increased abundance of
Firmicutes might indicate exacerbation of CAD symptoms
(prior to treatment), in which decreased Firmicutes:
Bacteroidetes ratio (and thereof clinical recovery) among
all dogs treated with FMT capsules on day 28 supported
this explanation involving dogs enrolled in this study.
Statistical significance (P=0.012) for overall diversity,
richness and Firmicutes: Bacteroidetes ratio, (Table 4)
were evident, briefly/additionaly supportive proof of FMT
treatment in the present study.

In the present study, the response to FMT capsules
for restoration of gut microbiota (as detected by prior to
after analysis of 16S rRNA PCR) was rapid, with the
majority of the clinical improvement evident by week 3.
CADESI-04 scores tended to qucikly improve thereafter
in almost all of the cases enrolled. Significant alterations
(P=0.012) for CADESI-04 and VAS scores along with
corneometric analysis before and after treatment (Table 2)
all detected were in favour of FMT treatment modality in
the present study. Given the identified role of microbiota
in the alterations of several disease processes, there is no
doubt that an imbalance of microbiota has a well known
connection with gastrointestinal and skin disorders. As an
innovative treatment option, as was performed int this
study, FMT might be capable of restorating disturbed
microbiota evidenced by several different reports and
clinical trials. Taking into account emerging data on the
probable otential clinical applicability of FMT beyond
CDI in both gastrointestinal and nongastrointestinal
conditions.

Age related alterations (namely transition) is evident
in dogs in which beneficial bacteria species in host
animals might present variations (based on the host) (19).
In the present study dogs with AD were aged between 24
to 119 months, in which were classified as young to
middle aged (young dogs: 2 years- and aged dogs were
greater than 10 years old) as was determined previously
(19). A question might arouse regarding FMT capsules
composition and age of diseased dogs. As FMT capsules
were purchased from a commercial company at USA, they
claimed that the donors for FMT capsules involved dogs
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monitorized for health, age, microbiome composition
(based on DNA testing) and other relevant biomarkers,
suggesting that age matched treatment (individualized
FMT capsules) might be available.

From another point of view, based on “gut-brain-skin
axis” gastroenterology and dermatology should met each
other at the crossroads (29). Following completion of the
present study, it was clearly suggested that dermatological
disease should be investigated and an interpretation must
be based on underlying gastroenterological issues, as was
supported with all cases enrolled. To the present authors
knowledge’ dogs participate as a role model for atopic
diseas in humanbeing, in which obtained results and FMT
probably participate as candidate therapeutical
armamentarium. As a novel treatment modality FMT
capsules might mitigate AD among dogs, in which
supported a balanced bridge between the purpose and the
results of the present study.

In conclusion, treatment with FMT capsules is an
easy and relatively/reasonably priced and resulted within
complete efficacy and toleration in 8 dogs with AD.
Instead of immunosuppressive treatment, this gut
restoration system with potential immunomodulatory,
anti-inflammatory and antioxidant formulation may be
more likely to benefit by substituting this treatment
modality. Further studies are warranted with a larger
cases, possessing controlled propective research which
should support the present findings. This commercially
available FMT gut restoration system product has been
licensed in the United States of America for usage in cats
and dogs for different diseases. The present author has
competing interest within this subject, aimed at
performing novel projects focusing on ‘gut-brain-skin
axis’ and gut/skin microbiota.
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