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ABSTRACT Objective: Given the gut microbiome is a supreme
immunological and metabolic organ, much data is recognized within the
intestinal bacteria whereas the prevalence along with phylogenetic
interpretation of fungal organisms participating within intestinal
ecosystem have not explored convincingly among dogs with
inflammatory bowel disease (IBD). In the present study, the present
authors’ for the first time a) described the fungal gut mycobiome, b)
analyzed disbiosis network for fungal kigdom, c) detected the efficacy
of natural thermal water (nTW) on gut mycobiome. Material and
Methods: For these purpose, MIDOG All-in One Microbial Test
targetting Next-Generation DNA Sequencing was used to determining
of fungal microbiome prior to and thereafter nTW in a total of 13 dogs
with IBD. Results: Aspergillus sp. (n=5), Acremonium hyalinulum
(n=4), Acremonium fusidoides-hansfordii (n=4) were frequently isolated
as fungal pathogens whereas case VII exhibited 5 different species (at
most) and 4 other dogs presented solely 1 species. Interestingly a 6 week
course of nTW consumption resulted with disapperance of fungal
pathogens in 12 out of 13 cases. On behalf of repeated Next-Generation
DNA Sequencing at 6th week analysis of all 12 cases wered deemed
more diverse gut mycobiome. Conclusion: Obtained data preserved
protective/restorative roles of n'TW on gut mycobiome in dogs with IBD
and dermatological manifestations ivolved at the present study.

Keywords: Alkaline water; dog; inflamatory bowel disease;
gut microbiome

OZET Amac: Bagirsak mikrobiyomunun iistiin bir immiinolojik ve
metabolik organ oldugu g6z oniine alindiginda, intestinal bakteriler i¢in
¢ok fazla veri tanimlanirken, yangisal bagirsak hastaligi olan
kopeklerde intestinal ekosisteme katilan mantar organizmalarinin
filogenetik degerlendirmesi ile birlikte prevalansi ikna edici bir sekilde
arastirilmamistir. Bu calisma ile arastirmacilar ilk defa a) fungal
bagirsak mikrobiyomunun tanimlamis, b) fungal faunadaki disbiyozis
agii tanimlamis, ¢) dogal termal suyun bagirsak mikrobiyatast tizerine
etkisini belirlemistir. Gere¢ ve Yontemler: Bu amaglar dogrultusunda
yangisal bagirsak hastaligi olan 13 kopekte dogal termal su tiiketimi
oncesi ve sonrast fungal mikrobiyatanin belirlenmesi igin DNA
sekansinin belirlenmesine dayanan MIDOG ALL-in One Mikrobiyal
Test kullanilmistir. Bulgular: Fungal patojen olarak siklikla
Aspergillus sp. (n=5), Acremonium hyalinulum (n=4), Acremonium
fusidoides-hansfordii (n=4) izole edilmisken, olgu VII 5 farkl: tiir (en
fazla) ve diger 4 képekte sadece 1 tiir tespit edilmistir. Tlging olarak 6
haftalik termal su kullanimi sonrast 13 vakanin 12’sinde fungal
patojenler kaybolmustur. Sonug¢: Yangisal bagirsak hastaligi ve
dermatolojik bulgular1 olan kopeklerde dogal termal suyun bagirsak
mikrobiyomu tizerindeki koruyucu/yenileyici rolii bu ¢alismadan elde
edilen verilerle ortaya konulmustur.

Anahtar Kelimeler: Alkali su; kopek; yangisal bagirsak hastaligi;
bagirsak mikrobiyomu

The gastrointestinal (GI) tract anchorage a
multiplex ecosystem composing several microbes
such as bacteria, fungi, viruses and protozoa. This
ecosystem, to our knowledge as a factory/machinery

tool, denoted ad microbiota taking into account
taxonomy (“is there someone in kitchen”) and
microbiome on referral to their gene ingredient and
functionality (“what the hell you are doing there”).!

Correspondence: Songiil ERDOGAN
Depatment of Internal Medicine, Aydin Adnan Menderes University Faculty of Veterinary, Aydin, Tiirkiye
E-mail: songultp.09@gmail.com

Peer review under responsibility of Turkiye Klinikleri Journal of Veterinary Sciences.

Received: 21 May 2022

Accepted: 19 Oct 2022

Available online: 22 Nov 2022

2146-8850 / Copyright © 2023 by Tiirkiye Klinikleri. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1


https://orcid.org/0000-0003-1867-7143
https://orcid.org/0000-0001-5141-5108
https://orcid.org/0000-0002-7833-5519
https://orcid.org/0000-0003-4957-9263
https://creativecommons.org/licenses/by-nc-nd/4.0/

Kerem URAL et al.

Turkiye Klinikleri J Vet Sci. 2023;14(1):1-10

As generally known bacteria inaugurate so far the vast
majority composition of these gut microorganisms,
i.e. >98% of metagenomic sequencing wade through
from fecal analytes denoted as bacteria in dogs and
cats.” Fungal stakeholders have been recognized as a
normal component of the microbiota both in small
and large intestine.’ Canine inflammatory bowel
disease (IBD) is a batch of disorders presented with
persistent/recurrent GI issues in relationship with
histopathologically prooved small/large intestinal
mucosal inflammation.* In the vast majority of dogs
presenting chronic diarrhoea and vomiting, IBD is a
foremost diagnosis.® Gut microbiota participate a
pivotal role regarding host-microbial interactions and
intestinal health. Intestinal dysbiosis might be
observed/ detected in dogs with IBD which could be
capable of subcribing factor.® Probable alterations in
gut micobiome populations in dogs with IBD must
be highlighted, in which prompted us to perform this
study. Figure 1 showed healthy gut and IBD gut
along with intestinal fungal alterations. Someone
might speculate and probably ask i) why did you
perform this study? and ii) why? We do very well
know that unnecessary antibiotic usage (quite
common under our era of study with a great

owners while searching archives) should have helped
unbalanced fungal communities among digs with
IBD, as we hypothesized.

Therefore we analyzed the effect of the natural
thermal water (nTW) containing CO, and various
minerals on gut mycobiome among dogs with
IBD.

I MATERIAL AND METHODS

For a better understanding the whole research, Table
1 was addicted to the nomenclature involved within
this study.

TABLE 1: Terminological glossary for readers for better
understanding the whole manuscript.

Terminology™® Definition

Bacteria vs fungi The relative abundance between bacteria and fungi
Bacteria The percentage profile of bacterial species alone
Fungi The percentage profile of fungi species alone
Mycobiome -Collection of fungi

-Fungal community in/on an organism
Natural thermal water” A hot/hydrothermal/geothermal spring; that is a
existed by the emergence of geothermally heated

groundwater onto the surface of the earth

percentage, as we obtained data from the animal Dysbiosis -An unbalanced microbiota composition

' Mucus layer !

: \ Altered
defensin
function prones |

3 to invasion of
microbes

- O (

[ Ttestinal ‘_G° : I (

| IL-17 \ De
|-y “ s
Thl7 | |Thl
IL-17ad FN-Vproneto
| inflamatory responze

FIGURE 1: This cartoon colored representation was adopted from the orginal version belonging to Beheshti-Maal et al.22, and transcribed to the results of the present study

herein reported.
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INCLUSION CRITERIAAND
DIAGNOSTIC APPROACH

Thirteen dogs, were admitted to the Aydin Adnan

Menderes University, Faculty of Veterinary,
Deparment of Internal Medicine, diagnosed with IBD
were included. This was a self-controlled case series
study. The minimum diagnostic interpretation
evolved relevant parameters shown in Table 1. Whole
inclusion criteria for IBD were adapted/transformed
from World Small Animal Veterinary Association
similar to a description in a prior study.> There was
no prior drug application other dogs received
antibiotics for at least 3 weeks prior to involvement.
Diagnostic criteria, methodology and relevant

analytes were shown on Table 2.

SAMPLING PROCEDURE

Microbiome analysis was conducted using fecal
samples that were collected 6 weeks apart [prior to
and thereafter nTw application at 6 week, in which
study was disrupted (end point)] throughout the
study. Briefly test material obtained from Midog
Center, were composed of sterile swabs, in which
was used to take rectal sampling.

MYCOBIOME ANALYSIS-METHODOLOGY

The MiDOG®™ All-in-One Microbial Test (Irvine, CA,
MiDOG® Test Center) is denoted as a targeted, Next-
Generation DNA Sequencing Testing. This testing
service is capable of identifying molecular signatures
dedicated to the identity and character of a specific

microorganism. The latter test based on safeguarded
preservation and transportation of obateined samples
(by our research group), thoroughly extracted DNA
(from entire microbes existed within the specimen),
selected amplification of microbial DNA followed by
Next-Generation DNA Sequencing [by use of the
latest/novelty technologies from Illumina (Illumina,
Inc., San Diego, CA)]. Data manoeuvre is perfoemed
via curated microbial databases to accurately align
DNA sequences for ensuring precise and accurate
(species-level) identification of all fungi present in
the collected sample. Even if no fungal species were
detected: relevant reasons should therefore involved
very low microbial load and/or low concentration of
microbial DNA within the sample sent to testing
center.

ETHICAL APPROVAL

In this study was performed according to princible of
Guide for the Care and Use of the Laboratory
Animals and all animals rights were protected during
the study procedure. And also, this study was
approvaled by the Animal Experiments Local Ethics
Committee of Aydin Adnan Menderes University
numbered with 64583101/2022/79 (18/08/2022).

I RESULTS

nTW (Pertek Thermal Water, Pertek, Tiirkiye) was the
choice of natural treatment modality as because ot its
unchanged structure without any additives. Chemical
composition of nTw was shown on Table 3.

TABLE 2: Laboratory work and necessary analytes performed at the present study.

Laboratory work
Non-invasive imaging
Inclusion criteria®

Additional inclusion criteria developed by
Feline Dermatology Group
Canine chronic enteropathy clinical activity index

Serum biochemistry, complete blood counts, faecal parasitology, urinalysis

Abdominal ultrasound

1) Chronic (exceeding 21 days) persistent/recurrent gastrointestinal signs (vomiting, diarrhoea etc.)
1) Exclusion of other relevant causes of gastrointestinal inflammation;

I1l) Scant response to dietary, antibacterial (prior applications) and anthelmintic usage solely
Serum diamine oxidase levels* (not available histopathologic evidence of mucosal inflammation)
in an attempt to detect intestinal mucosal injury/small intestinal permeability

Attitude/activity, appetite, vomiting, stool consistency, stool frequency, weight loss, albumin levels,
ascites and peripheral edema, pruritus scored from 0 to 3 [which was interpreted as

clinically insignificant (0-3), mild (4-5), moderate (6-8), severe (9-11),

or very severe (212)] inflammatory bowel disease

#Canine Diamine Oxidase ELISA Kit with catalogue no: HYPERLINK "https://www.mybiosource.com/dao-canine-elisa-kits/diamine-oxidase/739902"MBS739902 https://www.my-

biosource.com/dao-canine-elisa-kits/diamine-oxidase/739902
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Natural thermal water (Pertek Thermal Water, Pertek, Tiirkiye)
Resource: 41 °C welding heat
pH=6.53

TABLE 3: Chemical composition of natural thermal water used in this study.
Chemical composition (selected parameters) Unit (mg/dL)

Calcium 366.94
Sulphate <0.1

Ammonium <0.08

Magnesium 74.06
Sodium 0.33

Bicarbonate 2025

Carbonate 1660

Potassium 9.97

TABLE 4: Fungal mycobiome variations amog diseased dogs prior to treatment. The list involved potential clinically relevant microbes detected by use of
the MIDOG All-in One Microbial Test targetting Next-Generation DNA Sequencing. Different colours were used to distinguish several mycotic species
obtained en each case.

Case Il n \'

\ Vi Vil vill IX X Xl Xl X

Acremonium hyalinulum

Acramonium fusidoides-hansfordii

Acremonium hansfordii

Aspergillus sp.

Rhizopus oryzae

Candida tropicalis

Aspergillus flavus

Candida albicans

Aspergillus subversicolor-versicolor

Acrenonium rutilum

Hotraea werneckii

Aspergillus candidus-tritici

Candida sake

Aspergillus flavus-minisclerotigenes-
subolivaceus

THE MIDOG® ALL-IN-ONE MICROBIAL
TEST RESULTS

MiDOG® All-in-One Microbial Test results were
shown on Table 4 below. Several different fungal
species were obtained, were shown prior to treatment.
As was also denoted at abstracts section and
thereafter disccusion parts, no known pathogenic

fungal species were detected after n'Tw therapy of 6
weeks.

RESERVED CASE RECORDS

Case series were recorded photographically and
MIDOG test reports were matched truly, as elected
ones were shown on Figure 2, Figure 3, Figure 4 and
Figure 5.
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2.Fungi

2.Fungi

ISpecies Detected Percentage Cells per Sample | Normal Range Significance
11) 0.7% 6 0-0 @ High
hansfordii [11] 02% 2 0-0 @ High

|Acremonium hansfordii [11) 0.1% 1 NA NA

Abbreviation Key:

@ Normal. Species detected within the reference range of clinically healthy dogs.
® intermediate. Species detected outside the reference range of clinically healthy dogs.
@ High. Species detected significantly higher than the reference range of clinically healthy dogs.

No Known Fungal Pathogen Detected!
Abbreviation Key:

@ Normal. Species detected within the reference range of clinically healthy dogs.
@ Intermediate. Species detected outside the reference range of clinically healthy dogs.
[ High. Species detected significantly higher than the reference range of clinically healthy dogs.

FIGURE 2: Bacterial and fungal composition of gut microbiota in case 1 prior to and thereafter thermal water application.

2.Fungi

No Known Fungal Pathogen Detected!
Abbreviation Key:

. Normal. Specnes detected within the reference range of clinically healthy dogs.
outside the range of clinically healthy dogs.
. High. Species detected significantly higher than the reference range of clinically healthy dogs.

FIGURE 3: Total Fungal Composition of case IV, in which fungal species were
detected, were within normal reference ranges to those of healthy dogs (according
to the Midog Analysis). This was very interesting that following thermal water
application for 6 weeks period, resulted with gut microbiota eubiosis regarding
mycobiome in this case.

SERUM DIAMINE OXIDASE LEVELS

Serum diamine oxidase levels prior to and thereafter
nTw treatment were shown in Figure 6 below. There
was a significant elevation thereafter nTw treatment

indicating intestinal mucosal injury/damage and
small intestinal permeability alterations.

I DISCUSSION

Diverse researches among dogs and cats have
exemplified that acute/chronic GI issues, involving
IBD, are related to remoulding in gut microbiome
communities.'” Similar imbalance regarding gut
microbial community in humans with IBD might be
identical to what has been observed in animals with
intestinal inflammation'!""* denoting that microbial
respond against intestinal inflammation were preserved,
in which dogs/cats might participate role model. This
was one of the starting point for performing the present

Percertage | Celis per Sampte | Neemal Range | Signicance |
03% | 2 | 04 | Oremw |
reatry S
o
of chrwaly beaty fogn
2.Fungi
No Known Fungal Pathogen Detected!
Abbreviation Key:
L ] Speci within the ref range of clinically healthy dogs.
© d S| mmnmmvmddmwm
.Msoec&sdummkmwmmmemumrmoedmwmm

FIGURE 4: Case no IIl with a long history of generalized alopecia within gastrointestinal issues, which were misdiagnosis. As shown Candida tropicalis was detected as
fungal pathogen, which was clearly removed with nTw therapy, with no known fungal pathogene detection at week 6 after treatment.
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Total Fungal Composition

Charts below depict the relative abundance of all detected fungal species. Each color represents a different fungal species. The larger the colored

Neurospora
5p. (49.8%)

Saccharomyces
cerevisiae
(44.1%)

Your Sample

The table below lists top 8 bacterial species detected within the limit of detection. The absolute and relative abundances of each species is shown.

[Species Detected Percentage (%) Cells per Sample
INeurospora discreta-terricola 49.82 15,000
— 4413 14,000
(Cladosporium sp. 3.19 980
|Alternaria sp. 0.9 280
|\Trichosporon sp. 0.36 110
it icaril 0.22 70
ja sp. 0.21 67
|\Aspergillus sp. [8][9][10] 0.12 39

. 2

Charts below depict the relative abundance of all detected fungal species. Each color represents a different fungal species. The larger the colored

Total Fungal Composition

Cladosporium
Sp. (48.5%)

Alternaria
sp. (27.7%)

Your Sample

The table below lists top 8 bacterial species within the limit of detection. The absolute and relative abundances of each species is shown.
[Species Detected Percentage (%) Cells per Sample
(Cladosporium sp.. 48.51 49
|Alternaria sp. 2772 28
|Periconia cookei 5.94 6
|Aureobasidium lini-proteae-pullulans 5.94 6
[Symmetrospora oryzicola 1.98 2
(0)Helotiales sp. 1.98 2
|Stereum complicatum 0.99 1
Erysiphe polygoni 0.99 al

FIGURE 5: Case no XI. As seen on table I, fungal pathogens were shown in this case with iBd, whereas this figiire showed out total fungal composition before and after
nTw (Pertek Termal Su) application. Oral consumption of a 6 weeks period n'Tw resulted within absence of fungal pathogens as seen in figure at the top, which was followed
by restorated gut mycobiome presented in figure at bottom.

study, as available results should highlight identical DAO (ng/mL)
disease progress in humanbeing. 1600
A well reconized IBD, denoted as immune- 14,00
mediated intestinal disorder with chronic 12,00
consequnces, represented by mucosal disarranging 10,00
and inflammation in humanbeing.'* Given gut 8,00
microbiota involves bacteria, viruses, fungi and 600
protozoa, in which their participation among IBD e
cases are scant.'>!'® Along with the gut microbiota -
participating a significant role (haemostasis of the 000
immune response and other relevant ones), fungi are before i

expressed as a lower portion of gut microbiome, FIGURE 6: Diamine oxidase levels detected in serum prior to and thereafter nTw

indeed take place in homeostasis and mucosal treatment in dogs wit iBd.
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immune response.'” It has been determined that
there is an interkingdom relationship among
bacteria and fungi.'”'® However researches are
lacking within the veterinary field dedicated to the
role of fungi in IBD cases, which prompted us to
perform this study.

In a prior research investigating oral cavity
mycobiome among healthy dogs (n=12) and dogs
with periodontal disease (n=39), whole maxillary
arcade of each dog was sampled, in which then were
forwarded to Next-Generation DNA Sequencing. A
total of 320 fungal species from 135 families detected
in which 3 foremost frequently species were
Cladosporium sp. (46/51 samples), Malassezia
restricta (44/51 samples), and M. arunalokei (36/51
samples). The authors cocluded oral cavity of dogs
with periodontal disease were presented with
substantial species diversity, with several fungal
communities.'” On the other hand another research
aimed at detecting the prevalence and phylogenetic
determination of fungal microbiome of 19 dogs (12
healthy and 7 other with acute diarrhea) by use of
fungal tag-encoded FLX-Titanium amplicon
(Irvine, CA, MiDOG® Test Center) pyrosequencing.
According to that study 5 distinct fungal phyla were
identified, with ascomycota and basidiomycota as the
most abundant fungal phyla both in healthy and
diseased ones. At the genus level Candida was the
most abundant genus (both among the diseased and
healthy dogs) with C. natalensis as identified species
within the vast majority.®> In the present study if
dogs participated were expressed (and therefore
accepted) as diseased (prior to ntW treatment) and
thereafter healthy (as gut mycobiome was taken into
consideration), respectively (dysbiosis vs. symbiosis
of gut mycobiome related to nTw treatment), pre-
treatment analytes involved Aspergillus sp. (n=5), A.
hyalinulum (n=4), A. fusidoides-hansfordii (n=4)
(were frequently isolated fungal pathogens) in a total
of 13 dogs with IBD. After 6-weeks intervention of
nTw therapy 12/13 dogs exhibited no known fungal
pathogen as detected by Next-Generation DNA
Sequencing by MiDOG analysis. This data showed
us that symbiosis of gut mycobiome and restoration
of microecological niche (regarding fungal species)

caused by Pertek Thermal Water nTw. It has to be
claimed that 1 out of 13 cases, were unfortunately,
was not suited to the protocole recommended by us,
possibly interfere with the results.

Documentation obtained from gut microbiome
researches and the immune respond to the GI fungi
suggested a probable association between fungi and
IBD. It was speculated that fungi elevated IBD risk
by 1) perturbation of the gut bacteria ingredient, or ii)
instigating proinflammatory cytokine secretion, both
of are participated within the pathophysiology of
IBD. However it is still unclear which one is first
“egg or hen” when taking into account the significant
relationship among gut microbiota and gut
mycobiome in IBD patients.!” Hence it is also not
well recognized that dysbiosis of gut microbiota
influenced fungal colonization or whether fungal
colonization caused dysbiosis. On the other hand gut
mycobiota alterations has long been well known in
IBD.?® In the present study gut mycobiota alterations
were reversed and symbiosis of microechological
niche was established by a nTw, as evidenced by
restoration of gut mycbiome.

Twenty three dogs with IBD were the subject of
a prior study matched with 10 healthy control dogs.
The authors hypothesized whether if IBD influence
gut microbial profile and host metabolism. There
were no significant alterarions within the abundance
of a selection of bacterial groups in contrast to control
groups. In that study gut mycobiome was not
analyzed, which is the subject of our study.'!

The results obtained in the present study might
be comperable to human studies. In a prior study
regarding 14 ulcerative colitis patients the
prevalence of fungal taxa were analyzed. There was
correlation between gut mycobiome along with pro-
inflammatory cytokines in inflamed mucosa. Given
that study elevated species were Wickerhamomyces,
Candida, Aspergillus and Sterigmatomyces, whereas
Exophiala, Alternaria, Emericella, Epicoccum,
Acremonium, Trametes and Penicillium were
decreased in comparison to healthy subjects.
Contrarily elevated pro-inflammatory cytokines
were not significantly related to the ascomycota/

basidiomycota proportion and ascomycota to
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basidiomycota ratio.?! Antoher research presented
elevated Candida species abundance associated
with mucosal inflammation of humans with IBD
patients denoting a correlation between gut
mycobiome shifting with inflammation and severity
of disorder Crohn’s disease.’> Furthermore fungal
diversity among IBD cases were analyzed, in
which unbalanced basidiomycota/ascomycota ratio
regarding disease activity (increased basidiomycota
vs decreased ascomycota in flare conditions) were
determined.” In a prior study by use of a panfungal
polymerase chain reaction, 60% of healthy dogs and
76% of dogs with chronic enteropathies showed
positivity for fungal DNA within small intestinal
analytes regarding the members of the phyla
ascomycota (32 phylotypes) or basidiomycota (19
phylotypes). In the present study ascomycota ranged
from 2.5% to 100% and were the most abundant
phylum, followed by basidiomycota ranging from
2.46% to 54.62%, prior to treatment.

Given nTw composed of etiher carbonic
metabolites/sulphates/iron presented anti-
inflammatory activity (not with tap water). The
rudeimentary role of bicarbonates participated within
vital systems involved effective GI tract protection
barrier along with gut repair.*?® In a prior and well
designed research, authors evaluated the action of 2
different natural mineral water (nmw), as i) nmw I (a
sulphate-carbonic-ferruginous water from the thermal
springs of France) and ii) nmw II (the vast majority a
bicarbonate water from the thermal springs in
France), on intestinal inflammation. In that study both
nmw displayed anti-inflammatory efficacy using
intestinal cells. In a model of colitis induced mice,
nmw [ was effective in diminishing intestinal
inflammation, along with modulation of the mucosa-
associated microbiota.?® Similarly, in our study Pertek
Thermal Water, which is a nTw, exhibited close
natural ingredient relationship with aforementioned
nmw [ (as reported by Barnich et al.), as we could
speculate that intestinal inflammation was
diminished.” Apart form that elevated diamine
oxidase levels in response to nTw treatment in this
study with Pertek Thermal Water, indicated that
mucosal injury and small intestinal permeability were

both reversed, in which could also contribute to the

gut mycobiome alterations observed among dogs
with IBD.33!

On the other hand from a view side in efficacy of
nTW used in this study must be dept analysis. Given
sodium bicarbonate-NaHCO; (sB) usage era of 1)
domestic ii) medical, iii) traditional and 1iv)
empiricallly, limited data regarding its activity is
deemed available.’> Antifungal activity of sB on the
3 different fungal groups (yeasts, dermatophytes and
molds), causitive agents of skin and nail infections
among humans, was the subject of an in vitro prior
study. In that study antifungal activity of sB on the
vast majority of integumentary fungal infection and
onychomycosis (involving 70 fungal strains) was
evidenced.*? Another research analyzed the efficacy
of 5% sB against adherence of C. albicans. It was
suggested that 0.12% digluconate chlorhexidine
detected to present more efficacy for deduction of C.
albicans adherence whereas 5% sB also evidenced to
be a viable alternative.’> As nTw used in this study
was rich in sB, the efficacy might be dedicated to its
antifungal acitivity.

Another interesting research (which would be
also the purpose of our subsequent study, that we
designed a long while ago) La Roche-Posay Thermal
Spring Water (Centre Thermal La Roche-Posay, La
Roche-Posay France) exhibited both probiotic and
prebiotic activity promoting the diversity of the skin
microbiome. The latter thermal spring water was used
topically in an attempt to improve diversity of the
skin microbiota along with relevant parameters (i.e.
decreasing dryness and pruritus related to dermal
inflammation). According to that study composition
of minerals and non-pathogenic microbes in La
Roche-Posay Thermal Spring Water possessed
therapeutic beneficiary resulted with an increase in
Gram-negative bacteria with deducing Gram-positive
bacteria along with improvements in skin microbial
diversity.** Our subsequent study would, thus,
include nTw application in dogs (in an attempt to
analyze skin mycobiota alterations).

Given probable thermal therapy of IBD patients
could help control low-grade inflammation during
periods of remission, with anti-inflammatory effect
of nTw on colitis models, and also proof of evidence
that hot spring waters might be capable of altering
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gut microbiota with consumption of bicarbonate-rich
mineral water, as the case in this study.?**

I CONCLUSION

We herein for the first time, to our knowledge,
presented that Pertek Thermal Water a nTw,
preserved protective/restorative roles on gut
mycobiome in dogs with IBD and dermatological

manifestations involved at the present study.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,
working conditions, share holding and similar situations in any

firm.

Authorship Contributions
Ildea/Concept: Kerem Ural; Design: Kerem Ural; Control/Su-

pervision: Kerem Ural, Serdar Pasa; Data Collection and/or Pro-
cessing: Kerem Ural, Hasan Erdogan, Songiil Erdogan; Analysis
and/or Interpretation: Kerem Ural,; Literature Review: Kerem
Ural, Hasan Erdogan, Songiil Erdogan, Serdar Pasa,; Writing the
Article: Kerem Ural, Songiil Erdogan; Critical Review: Kerem
Ural; References and Fundings: Kerem Ural, Hasan Erdogan;
Materials: Kerem Ural, Hasan Erdogan, Songiil Erdogan, Ser-
dar Pasa.

IREFERENCES

1. Suchodolski JS. Analysis of the gut microbiome in dogs and cats. Veterinary
Clinical Pathology. 2022;50(S1):6-17. [Crossref] [PubMed] [PMC]

2. Barry KA, Middelbos IS, Vester Boler BM, Dowd SE, Suchodolski JS,
Henrissat B, et al. Effects of dietary fiber on the feline gastrointestinal
metagenome. J Proteome Res. 2012;11(12):5924-33. [Crossref] [PubMed]

3. Foster ML, Dowd SE, Stephenson C, Steiner JM, Suchodolski JS.
Characterization of the fungal microbiome (mycobiome) in fecal samples from
dogs. Vet Med Int. 2013;2013:658373. [Crossref] [PubMed] [PMC]

4. German AJ, Hall EJ, Day MJ. Chronic intestinal inflammation and intestinal
disease in dogs. J Vet Intern Med. 2003;17(1):8-20. [Crossref] [PubMed]

5. Washabau RJ, Day MJ, Willard MD, Hall EJ, Jergens AE, Mansell J, et al;
WSAVA International Gastrointestinal Standardization Group. Endoscopic,
biopsy, and histopathologic guidelines for the evaluation of gastrointestinal
inflammation in companion animals. J Vet Intern Med. 2010;24(1):10-26.
Erratum in: J Vet Intern Med. 2010;24(3):796. [Crossref] [PubMed]

6.  Minamoto Y, Otoni CC, Steelman SM, Bilyiikleblebici O, Steiner JM, Jergens
AE, et al. Alteration of the fecal microbiota and serum metabolite profiles in
dogs with idiopathic inflammatory bowel disease. Gut Microbes. 2015;6(1):33-
47. [Crossref] [PubMed] [PMC]

7. Wikipedia [Internet]. [Cited: 5 May, 2022]. Hot spring. Available from: [Link]

8. Ghannoum M. Cooperative evolutionary strategy between the bacteriome
and mycobiome. mBio. 2016;7(6):e01951-16. [Crossref] [PubMed] [PMC]

9. XulJ, Verbrugghe A, Lourengo M, Janssens GP, Liu DJ, Van de Wiele T, et al.
Does canine inflammatory bowel disease influence gut microbial profile and
host metabolism? BMC Vet Res. 2016;12(1):114. [Crossref] [PubMed] [PMC]

10. Allenspach K, House A, Smith K, McNeill FM, Hendricks A, Elson-Riggins J,
et al. Evaluation of mucosal bacteria and histopathology, clinical disease
activity and expression of Toll-like receptors in German shepherd dogs with
chronic enteropathies. Vet Microbiol. 2010;146(3-4):326-35. [Crossref]
[PubMed]

11. Frank DN, St Amand AL, Feldman RA, Boedeker EC, Harpaz N, Pace NR.
Molecular-phylogenetic characterization of microbial community imbalances
in human inflammatory bowel diseases. Proc Natl Acad Sci U S A.

2007;104(34):13780-5. [Crossref] [PubMed] [PMC]

12. Packey CD, Sartor RB. Commensal bacteria, traditional and opportunistic
pathogens, dysbiosis and bacterial killing in inflammatory bowel diseases.
Curr Opin Infect Dis. 2009;22(3):292-301. [Crossref] [PubMed] [PMC]

13. Craven M, Egan CE, Dowd SE, McDonough SP, Dogan B, Denkers EY, et al.
Inflammation drives dysbiosis and bacterial invasion in murine models of ileal
Crohn's disease. PLoS One. 2012;7(7):e41594. [Crossref] [PubMed] [PMC]

14. Mulder DJ, Noble AJ, Justinich CJ, Duffin JM. A tale of two diseases: the
history of inflammatory bowel disease. J Crohns Colitis. 2014;8(5):341-8.
[Crossref] [PubMed]

15. Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM, Knight R, Gordon JI.
The human microbiome project. Nature. 2007;449(7164):804-10. [Crossref]
[PubMed] [PMC]

16. Honda K, Littman DR. The microbiome in infectious disease and inflammation.
Annu Rev Immunol. 2012;30:759-95. [Crossref] [PubMed] [PMC]

17. Beheshti-Maal A, Shahrokh S, Ansari S, Mirsamadi ES, Yadegar A, Mirjalali
H, et al. Gut mycobiome: The probable determinative role of fungi in IBD
patients. Mycoses. 2021;64(5):468-76. [Crossref] [PubMed]

18. Stewart DB Sr, Wright JR, Fowler M, McLimans CJ, Tokarev V, Amaniera |,
et al. Integrated meta-omics reveals a fungus-associated bacteriome and
distinct functional pathways in clostridioides difficile infection. mSphere.
2019;4(4):€00454-19. [Crossref] [PubMed] [PMC]

19. Niemiec BA, Gawor J, Tang S, Prem A, Krumbeck JA. The mycobiome of the
oral cavity in healthy dogs and dogs with periodontal disease. Am J Vet Res.
2021;83(1):42-9. [Crossref] [PubMed]

20. lliev ID, Leonardi I. Fungal dysbiosis: immunity and interactions at mucosal
barriers. Nat Rev Immunol. 2017;17(10):635-46. [Crossref] [PubMed] [PMC]

21. Qiu X, Ma J, Jiao C, Mao X, Zhao X, Lu M, et al. Alterations in the mucosa-
associated fungal microbiota in patients with ulcerative colitis. Oncotarget.
2017;8(64):107577-107588. [Crossref] [PubMed] [PMC]

22. LiQ, Wang C, Tang C, He Q, Li N, Li J. Dysbiosis of gut fungal microbiota is
associated with mucosal inflammation in Crohn's disease. J Clin
Gastroenterol. 2014;48(6):513-23. [Crossref] [PubMed] [PMC]


https://onlinelibrary.wiley.com/doi/10.1111/vcp.13031
https://pubmed.ncbi.nlm.nih.gov/34514619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9292158/
https://pubs.acs.org/doi/10.1021/pr3006809
https://pubmed.ncbi.nlm.nih.gov/23075436/
https://www.hindawi.com/journals/vmi/2013/658373/
https://pubmed.ncbi.nlm.nih.gov/23738233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3655676/
https://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb01318.x
https://pubmed.ncbi.nlm.nih.gov/12564722/
https://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2009.0443.x
https://pubmed.ncbi.nlm.nih.gov/20391635/
https://www.tandfonline.com/doi/full/10.1080/19490976.2014.997612
https://pubmed.ncbi.nlm.nih.gov/25531678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4615558/
https://en.wikipedia.org/wiki/Hot_spring#:~:text=A%20hot%20spring%2C%20hydrothermal%20spring,deep%20in%20the%20Earth's%20crust
https://journals.asm.org/doi/10.1128/mBio.01951-16
https://pubmed.ncbi.nlm.nih.gov/27935844/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5111414/
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-016-0736-2
https://pubmed.ncbi.nlm.nih.gov/27306031/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4910228/
https://www.sciencedirect.com/science/article/abs/pii/S0378113510002816?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/20615633/
https://www.pnas.org/doi/full/10.1073/pnas.0706625104
https://pubmed.ncbi.nlm.nih.gov/17699621/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1959459/
https://journals.lww.com/co-infectiousdiseases/Abstract/2009/06000/Commensal_bacteria,_traditional_and_opportunistic.14.aspx
https://pubmed.ncbi.nlm.nih.gov/19352175/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2763597/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0041594
https://pubmed.ncbi.nlm.nih.gov/22848538/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404971/
https://academic.oup.com/ecco-jcc/article/8/5/341/616781
https://pubmed.ncbi.nlm.nih.gov/24094598/
https://www.nature.com/articles/nature06244
https://pubmed.ncbi.nlm.nih.gov/17943116/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3709439/
https://www.annualreviews.org/doi/10.1146/annurev-immunol-020711-074937
https://pubmed.ncbi.nlm.nih.gov/22224764/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4426968/
https://onlinelibrary.wiley.com/doi/10.1111/myc.13238
https://pubmed.ncbi.nlm.nih.gov/33421192/
https://journals.asm.org/doi/10.1128/mSphere.00454-19
https://pubmed.ncbi.nlm.nih.gov/31462412/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6714892/
https://avmajournals.avma.org/view/journals/ajvr/83/1/ajvr.20.11.0200.xml
https://pubmed.ncbi.nlm.nih.gov/34727047/
https://www.nature.com/articles/nri.2017.55
https://pubmed.ncbi.nlm.nih.gov/28604735/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5724762/
https://www.oncotarget.com/article/22534/text/
https://pubmed.ncbi.nlm.nih.gov/29296188/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5746090/
https://journals.lww.com/jcge/Fulltext/2014/07000/Dysbiosis_of_Gut_Fungal_Microbiota_is_Associated.12.aspx
https://pubmed.ncbi.nlm.nih.gov/24275714/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059552/

Kerem URAL et al.

Turkiye Klinikleri J Vet Sci. 2023;14(1):1-10

23.

24.

25.

26.

27.

28.

29.

Sokol H, Leducq V, Aschard H, Pham HP, Jegou S, Landman C, et al. Fungal
microbiota dysbiosis in IBD. Gut. 2017;66(6):1039-48. [Crossref] [PubMed]
[PMC]

Lee D, Hong JH. The fundamental role of bicarbonate transporters and
associated carbonic anhydrase enzymes in maintaining lon and pH
homeostasis in non-secretory organs. Int J Mol Sci. 2020;21(1):339.
[Crossref] [PubMed] [PMC]

Palileo C, Kaunitz JD. Gastrointestinal defense mechanisms. Curr Opin
Gastroenterol. 2011;27(6):543-8. [Crossref] [PubMed]

Seidler UE. Gastrointestinal HCO3- transport and epithelial protection in the
gut: new techniques, transport pathways and regulatory pathways. Curr Opin
Pharmacol. 2013;13(6):900-8. [Crossref] [PubMed]

Tarnawski AS, Ahluwalia A, Jones MK. Increased susceptibility of
aging gastric mucosa to injury: the mechanisms and clinical impli-
cations. World J Gastroenterol. 2014;20(16):4467-82. [Crossref] [PubMed]
[PMC]

Said H, Kaunitz JD. Gastrointestinal defense mechanisms. Curr Opin
Gastroenterol. 2016;32(6):461-6. [Crossref] [PubMed] [PMC]

Barnich N, Rodrigues M, Sauvanet P, Chevarin C, Denis S, Le Goff O, et al.
Beneficial effects of natural mineral waters on intestinal inflammation and the
mucosa-associated microbiota. Int J Mol Sci. 2021;22(9):4336. [Crossref]
[PubMed] [PMC]

10

30.

31.

32.

33.

34.

35.

Fukudome I, Kobayashi M, Dabanaka K, Maeda H, Okamoto K, Okabayashi
T, et al. Diamine oxidase as a marker of intestinal mucosal injury and the
effect of soluble dietary fiber on gastrointestinal tract toxicity after intravenous
S5-fluorouracil treatment in rats. Med Mol Morphol. 2014;47(2):100-7.
[Crossref] [PubMed]

Honzawa Y, Nakase H, Matsuura M, Chiba T. Clinical significance of serum
diamine oxidase activity in inflammatory bowel disease: Importance of
evaluation of small intestinal permeability. Inflamm Bowel Dis.
2011;17(2):E23-5. [Crossref] [PubMed]

Letscher-Bru V, Obszynski CM, Samsoen M, Sabou M, Waller J, Candolfi E.
Antifungal activity of sodium bicarbonate against fungal agents causing
superficial infections. Mycopathologia. 2013;175(1-2):153-8. [Crossref]
[PubMed]

Sousa FA, Paradella TC, Koga-Ito CY, Jorge AO. Effect of sodium bicarbonate
on Candida albicans adherence to thermally activated acrylic resin. Braz Oral
Res. 2009;23(4):381-5. [Crossref] [PubMed]

Zeichner J, Seite S. From probiotic to prebiotic using thermal spring water. J
Drugs Dermatol. 2018;17(6):657-62. [PubMed]

Murakami S, Goto Y, Ito K, Hayasaka S, Kurihara S, Soga T, et al. The
consumption of bicarbonate-rich mineral water improves glycemic control.
Evid Based Complement Alternat Med. 2015;2015:824395. [Crossref]
[PubMed] [PMC]


https://gut.bmj.com/content/66/6/1039
https://pubmed.ncbi.nlm.nih.gov/26843508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5532459/
https://www.mdpi.com/1422-0067/21/1/339
https://pubmed.ncbi.nlm.nih.gov/31947992/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6981687/
https://journals.lww.com/co-gastroenterology/Abstract/2011/11000/Gastrointestinal_defense_mechanisms.11.aspx
https://pubmed.ncbi.nlm.nih.gov/21897225/
https://www.sciencedirect.com/science/article/abs/pii/S1471489213001987?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24280619/
https://www.wjgnet.com/1007-9327/full/v20/i16/4467.htm
https://pubmed.ncbi.nlm.nih.gov/24782600/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4000484/
https://journals.lww.com/co-gastroenterology/Abstract/2016/11000/Gastrointestinal_defense_mechanisms.6.aspx
https://pubmed.ncbi.nlm.nih.gov/27653163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5667561/
https://www.mdpi.com/1422-0067/22/9/4336
https://pubmed.ncbi.nlm.nih.gov/33919372/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8122343/
https://link.springer.com/article/10.1007/s00795-013-0055-7
https://pubmed.ncbi.nlm.nih.gov/24005798/
https://academic.oup.com/ibdjournal/article/17/2/E23/4636187
https://pubmed.ncbi.nlm.nih.gov/21225906/
https://link.springer.com/article/10.1007/s11046-012-9583-2
https://pubmed.ncbi.nlm.nih.gov/22991095/
https://www.scielo.br/j/bor/a/5FKSsz5sWYKqJGWcX55HFvC/?lang=en
https://pubmed.ncbi.nlm.nih.gov/20027444/
https://pubmed.ncbi.nlm.nih.gov/29879253/
https://www.hindawi.com/journals/ecam/2015/824395/
https://pubmed.ncbi.nlm.nih.gov/26798400/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4698932/

