KOLODZIEJ, Joanna and KRZEMINSKA, Paulina. The wheel of microbiome rises, and it falls: the role and results of microbiome
transplantation and the recent reports. Quality in Sport. 2024;15:53020. eISSN 2450-3118.
https://dx.doi.org/10.12775/QS.2024.15.53020

https://apcz.umk.pl/QS/article/view/53020

The journal has had 20 points in Ministry of Higher Education and Science of Poland parametric evaluation. Annex to the announcement of
the Minister of Higher Education and Science of 05.01.2024. No. 32553.

Has a Journal's Unique Identifier: 201398. Scientific disciplines assigned: Economics and finance (Field of social sciences); Management
and Quality Sciences (Field of social sciences).

Punkty Ministerialne z 2019 - aktualny rok 20 punktow. Zatacznik do komunikatu Ministra Szkolnictwa Wyzszego i Nauki z dnia
05.01.2024 r. Lp. 32553. Posiada Unikatowy Identyfikator Czasopisma: 201398.

Przypisane dyscypliny naukowe: Ekonomia i finanse (Dziedzina nauk spofecznych); Nauki o zarzadzaniu i jakosci (Dziedzina nauk
spotecznych).

© The Authors 2024;

This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland

Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium, provided the original author (s) and source are credited. This is an open
access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike.
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any
medium, provided the work is properly cited.

The authors declare that there is no conflict of interests regarding the publication of this paper.

Received: 02.07.2024. Revised: 20.07.2024. Accepted: 26.07.2024. Published: 29.07.2024.

The wheel of microbiome rises, and it falls- the role and results of microbiome

transplantation and the recent reports

Joanna Kolodziej, Paulina Krzeminska

Joanna Kotodziej

Military institute of Medicine — National Research Institute, Szaseréw 128, 04-141 Warsaw,
Poland

https://orcid.org/0000-0002-1881-6812

Paulina Krzeminska
Provincial Polyclinical Hospital in Plock of Marcin Kacprzak, Medyczna 19, 09—400 Ptock
https://orcid.org/0009-0003-6071-4320

Abstract

Intoduction: The gut microbiome plays a significant role in maintaining gastrointestinal

health. Microbiota therapies involving fecal product transplantation from healthy donors, for
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patients with mild to moderate forms have shown significant potential to induce improvement
and remission in patients suffering from inflammatory bowel disease and Clostridioides
difficileinfection. There is growing interest in modulating the gut microbiome with probiotics,
prebiotics and microbiota products. The undergoing rapid development over the past decade,
while it is encountering some regulations related to the safety use of this method. The
following paper describes and analyzes the conclusions that can be drawn from research on
microbiota therapies.

Methods: The review was based on the analysis of materials collected in the “Pubmed”,
“Google Scholar”, “ResearchGate”, using the mentioned below keywords.

State of knowledge: Disorders of the intestinal microflora, have serious consequences in the
functioning of the gastrointestinal tract and the intestinal barrier, which in turn can lead to
metabolic disorders, autoimmune or neurological diseases. Therefore, from the point of view
of physicians, it is crucial to learn new methods of identifying the intestinal microflora in each
person and to learn techniques for its restoration.

Summary: Therefore, from the point of view of physicians of various specialties, it is so
important to learn new methods of identifying the intestinal microflora in each person and to
learn techniques for its restoration, which can be the basis for treatment or support of the main
therapy of many diseases. For many patients who do not respond sufficiently to the therapies
used so far, they are the hope for improving therapeutic options, used combination with

immunomodulatory drugs to raise the ceiling of their efficacy or as complementary treatment.
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Pathophysiology

The gut microbiota is referred to as everyone’s specific collection of microorganisms
colonizing different sections of the gastrointestinal tract. Microorganisms also colonize the
skin, respiratory system and genitourinary tract, with the largest population of bacteria, but
also viruses, fungi and archaea [1]. In addition, commensal microorganisms collectively
contain more than 100 times more genes than the human genome [2]. The main
representatives of the gastrointestinal microflora are Firmicutes and Bacteroidetes, to a lesser
extent Proteobacteria, Actinobacteria and Fusobacteria [3]. The upper gastrointestinal tract is
characterized by rapid transport of food content, so the development of microorganisms here
is relatively low. The low pH of the stomach and duodenum also has an inhibitory effect on
the occurrence of many bacterial species, except for Helicobacter pylori, Lactobacillus,
Streptococcus and the yeast Candida albicans. On the course of the intestine, the abundance
gradually increases. Bacteroides, Lactobacillus and Streptococcus predominate in the jejunum,
ranging from 105 cfu/g to 108 cfu/g in the ileum, where Bacteroides, Clostridium,
enterococcus, Lactobacillus, Weillonella, Enterobacteriaceae predominate. However, the
microbial complex is most numerous in the large intestine section, where the total weight of
bacteria can reach 1.5-2 kg. Bacteria found in the large intestine belong to four genera:
Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria. Publications suggest that the
abundance of bacteria in a gram of colonic contents is up to 1012 cells, and the total number
of species reaches 800-900 bacteria and archaeons [4], [S], [6]. The large intestine has been
found to be the home of to:

- mainly completely anaerobic bacteria: Bacteroides, Clostridium, Ruminococcus,
Fusobacterium, Butyrivibrio, Peptostreptococcus, Eubacterium and Bifidobacterium;

- Aecrobic and relatively anaerobic bacteria: Gram-negative bacilli belonging to the
Enterobacteriaceae family, Gram-positive Lactobacillus bacilli, Enterococcus and

Streptococcus granulomas;

- small amounts of Candida spp. (102—104 cells in 1 gram of feces).
The quantitative and qualitative composition of microorganisms, as well as the
bidirectional interaction of the intestinal environment and the homeostasis of the whole

organism, determines the undisturbed functioning of the host-microbiota system.



In a rich intestinal ecosystem, symbiotic, commensal and pathogenic microorganisms
compete for a site of adhesion to the intestinal epithelium and for nutrients. It has been
confirmed that administration of probiotic strains to patients can protect them from infections
caused by pathogenic bacteria. A well-known example is the prevention of diarrhea associated
with antibiotic using Lactobacillus rhammnosus GG or Sacharomyces boulardii strains, the
use of which reduces the risk of post-antibiotic diarrhea by 42 to 56% [7]. Gut dysbiosis has
been found in patients with functional gastrointestinal disorders such as diarrhea, bloating,
constipation, who simultaneously had irritable bowel syndrome, atopic dermatitis, and
psychiatric (despression, schizophrenia) and neurodevelopmental disorders. The association
of gut microbiota disorders with civilization diseases of obesity, hypertension, type 2 diabetes
and the risk of cardiovascular disorders has been increasingly postulated.

The strongest negative effects on the quantitative and qualitative composition of the
intestinal microbiota are medications and stimulants, severe stress, and food. Antibiotics,
proton pump inhibitors and non-steroidal anti-inflammatory drugs are particularly frequently
abused therapeutic agents. The results of recent studies indicate that PPIs induce dysbiosis by
significantly modifying the composition of the intestinal microbiota. This effect is greater the
more strongly the secretion of hydrochloric acid in the stomach is inhibited. The acidic
environment of the stomach is a natural barrier to bacteria arriving with food and flowing with
saliva from the oral cavity, which is a rich reservoir of various microorganisms. PPIs weaken
this barrier, resulting in more bacteria from the mouth entering the intestines. The resulting
dysbiosis of the gut flora creates conditions that predispose to the growth of Clostridioides
difficile. Possibly the main agents cited as potential violators of intestinal homeostasis. It is
interesting to note that agents with a strong and rapid effect on microbial changes also include
dietary regimens. In human studies, it has been observed that modifying a high-fat and low-
fiber diet to a low-fat and high-fiber diet causes significant changes in the intestinal
microflora in as little as 24 hours. In addition, the diet used also correlates with the enterotype
found in the individuals in question. Bacteroides predominate in people who eat a diet rich in
animal fats, while those who eat a diet rich in carbohydrates have an enterotype dominated by
Prevotella [8]. Inhabitation of the gastrointestinal tract by specific microorganisms, is
associated with their production of specific metabolites that affect the function of the
digestive, nervous and immune systems. In addition to breaking down the remains of
undigested food, they provide substrates for biochemical pathways. One of the most

important metabolites, include the short-chain fatty acids (SCFAs) formed because of fiber



fermentation, which include butyric acid, acetoacetic acid and propionic acid. SCFAs have
been shown to affect the integrity of the intestinal epithelium, which is also crucial in
maintaining the intestinal barrier. If, as part of the diet, they are not supplied in adequate
amounts of dietary fiber, microorganisms use less favorable sources to produce SCFAs, and
as a result, the ferment activity of the microflora and the number of short-chain fatty acids as
products are reduced. This, supplementing the diet with dietary fiber, acts to restore the
balance in the composition of microorganisms, reduces the concentration of toxic metabolites,
and most importantly, increases the number of SCFAs [9]. In addition to fatty acid synthesis,
mention should be made of the microbiota's ability to produce amino acids, including
glutamic acid (GLU), which is an essential substrate to produce one of the most important
neurotransmitters, gamma- aminobutyric acid (GABA). GABA in the gastrointestinal tract is
produced by bacteria of the genus Lactobacillus and Bifidobacterium with particular emphasis

on Latobacillus brevis [10].

Factors influencing gut microbiota composition in human
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Fig.1. Factors affecting gut microbiota

The intestinal microbiota forms a complex and active system that supports immunity
and ensures the maintenance of homeostasis in the human body. It stimulates the maintenance
of an efficient intestinal barrier and improves the absorption of nutrients. However, certain

bacteria are sensitive to factors that can disrupt their quantitative and qualitative composition.



Among the most disruptive factors to the composition of the intestinal microflora are diet,
antibiotics, and environmental pollution. There are. Also, some non-modifiable factors like

the route of delivery, age or genetic predisposition.

Establishment and evolution of the microbiota throughout life

The intestinal microbiota is an integral part of the body, affecting the homeostasis of
the system, taking part in the production of specific metabolites that regulate and support the
gastrointestinal tract. Changes in the intestinal microbiota reflect pathological processes going
on in the human body. At the same time, the microbiota is sensitive to environmental changes,
dietary modifications, stress or medications used. Therefore, qualitative and quantitative
changes in the microbiota can often be an early symptom of disease, or a component of the
cause of the condition. There are also scientific reports showing that a pregnant woman's gut
microbiome, her dietary habits and health status have a direct impact on the child's later gut
bacteria profile [11]. One of the most key elements determining the colonization of the
gastrointestinal tract by the microbiota is delivery and the route of delivery. In a study by
Dominguez-Bello et al. showed that the microbiota of newborns born physiologically was
similar the vaginal microbiota with a high proportion of lactobacilli, in contrast to newborns
born by cesarean section, whose microbiota contained more cutaneous bacteria, for example,
Streptococcus, Staphylococcus [12]. There are also reports that unequivocally link intestinal
dysbiosis to cesarean section births, which in turn increases the risk of allergies, atopy,
bronchial asthma, type 1 diabetes and obesity [13], [14], [15]. An additional issue is the so-
called nutritional programming, where the choice of feeding form remains integral. Breast
milk is the "gold standard", which, despite the thriving development of available formula
mixes, still fails to match its bioactivity. Considering studies, there are reports that in children
fed with breast milk, Bificobacterium and Lactobacillus or protective bacteria predominate,

with much smaller amounts of Clostridium and Escherichia bacteria [16].

The role of selected representatives of the intestinal microbiota

The most abundant bacteria in the large intestine are the bacteria that perform
protective functions of Bifidobacterium ssp., Bacterioides ssp. and Lactobacillus spp. They
play a significant role in biochemical mechanisms, participating in the breakdown of

carbohydrates, proteins (endogenous and exogenous) and lipids. The slightly acidic pH



environment maintained in the intestines has a protective effect, inhibiting the growth of
pathogenic bacteria and is maintained through the synthesis of lactic acid by fermentation
involving protective bacteria. In addition, Lactobacillus spp. Synthesizes hydrogen peroxide
with unique properties that inhibit the growth of pathogenic bacteria [17]. The fermentation
process also produces fatty acids (SCFAs). Important for maintaining intestinal health is the
unstable butyric acid, which is converted into butyrate. It has anti-inflammatory, nourishing
and regenerative effects on the intestinal epithelium, and improves intestinal motility, thus
ensuring the smooth functioning of the intestinal barrier. Surprisingly, butyric acid has been
proven to inhibit the growth and induce apoptosis of colon cancer cells. Among the most
significant producers of butyrate are: Faecalibacterium prausnitzii and representatives of the

genera Clostridium and Butyrivibrio [18].

Application of gut microbiota transplantation

The results of gut microbiota studies offer important information for clinical practice.
They make it possible to demonstrate a causal relationship between the gut microbiome and
various somatic conditions, such as inflammatory bowel diseases, diabetes, obesity, cancer,
cardiovascular diseases, as well as psychiatric diseases - depression, anxiety disorders. Fecal
microbiota transplantation is commonly used therapeutically for antibiotic-induced dysbiosis,
inflammatory bowel disease or recurrent Clostridioides difficile infections, but the context of
other diseases microbiota transplantation represents a promising starting point for innovative
therapies [19]. Fecal microbiota transplants, which have already been introduced into clinical
practice, and the observed phenotypic changes are widely studied to demonstrate the
association between specific conditions. Clinical trials in these areas are ongoing. However,
there is some controversy regarding the risk-benefit ratio for the use of microflora transplants
for indications other than those currently registered by the FDA. There are three forms of
administration of the suspension, which is dosed:
-via oral suspension in capsule form, using a naso-duodenal/gastric probe,
-through the gastroscope,
-during a colonoscopy (most common and effective in Clostridium difficile infection),

For the treatment of metabolic disorders, the material is administered duodenally.



Donor selection is also important. Thorough donor screening is performed to exclude
the risk of transmitting infectious diseases. The history should include the presence of
autoimmune, metabolic and cancerous diseases in the donor and among his closest relatives.
Adverse effects are observed relatively rarely. The most common were diarrhea on the day of
transplantation, abdominal pain and constipation. In another study in 317 patients with CDI
[20]. Severe adverse effects were observed in 3 of 317 patients (upper gastrointestinal
bleeding, peritonitis or enteritis). In subsequent observations, colonoscopic TMJ did not cause
any adverse effects [21]. However, it is important to note that there are insufficient data on the
potential risks between the use of TMJ and the possibility of infections, inflammatory lesions
and gastrointestinal cancers [22]. In addition, most patients do not accept this method for
cultural and aesthetic reasons. The trials conducted seem to indicat¢ the great potential of

modifying the intestinal microflora in the treatment of various diseases.

Intestinal microbiota transplantation as the gold standard for Clostrium difficile

infection

Fecal microbiota transplant (FMT) is a method where feces from a healthy donor is
placed in the recipient's digestive tract to normalize the pathologically altered gut microbiome.
The gold standard is the accepted and internationally recognized treatment for recurrent
Clostridium difficile infections. The disease is caused by toxins A and B produced by C.
difficile, which excessively multiplies in the intestine because of an imbalance in the bacterial
flora caused most often by the use (for various reasons) of broad-spectrum antibiotics. The
risk of developing infection is greatest during antibiotic therapy and gradually decreases from
1 to 3 months after the end of antibiotic therapy (most patients develop symptoms in the Ist
week of antibiotic therapy). The most important tests to confirm Clostridioides difficile
infection are stool tests for the presence of these bacteria and their toxins (substances
produced by the bacteria that damage the large intestine). This etiology is the most common
cause of infectious diarrhea and is a major health care problem worldwide. The course of
Clostridium difficile infection can be moderate to severe; with the co-occurrence of watery
odorous diarrhea, abdominal pain, increased C-reactive protein (CRP), hypoalbuminemia,
peripheral leukocytosis, and acute renal failure. Very severe CDI can lead to dangerous

complications such as toxic megacolon or spontaneous colon perforation. Clinically, the



treatment of CDI is hampered by the increasing prevalence of antibiotic resistance and
frequent relapses. The only way to break this circulus vitiosus seems to be to restore the gut
microbiota with fecal microbiota transplantation (FMT). FMT is a new therapy for CDI that
offers the possibility of quickly and permanently eliminating infection by restoring a healthy
microbiota. FMT is the process of transferring feces from one or more healthy donors into the
intestine of a patient [23]. The success rate of using gut microflora transplantation is 90%,
while the success rates of antimicrobial therapy are much lower at 20-30% [24], [25], [26].
The effectiveness of FMT in patients with CDI provides important evidence that dysbiotic gut
microflora can be restored by transplanting microbiota from a healthy donor. Results of
microbiota transplantation in inflammatory bowel diseases

There are also scientific reports where success rates have been reported for
inflammatory bowel diseases (IBD) including Crohn's disease and ulcerative colitis. The
pathogenesis of IBD involves a dysregulated autoimmune response to intestinal dysbiosis,
which in turn is triggered by exposure to various environmental factors. The bacterium
Faecalibacterium prausnitzii accounts for 2 to 15% of the total intestinal microbiota, and
reduced abundance of this species and butyrate is observed in patients with inflammatory
bowel disease [27].

Fecal microbiota transplantation has been widely used to treat patients suffering from
but can also causes IBD flares [28]. It needs to be noted that cases of IBD activation after
FMT have been reported. A systemic review published in 2021 collected data on the success
of microbiota transplantation treatment in ulcerative colitis, Crohn's disease, where remission
rates of 36% and 50.5% were achieved [29], [30]. However, the use of FMT is not an entirely
safe procedure, as many cases of people who developed disease exacerbations after the
therapy have been reported [31]. Studies have shown that the rate of exacerbation
development is about 15-25%, with a higher rate in those who underwent transplantation by
the lower administration route than by the oral method [32], [33]. Thus, this therapy remains

available only as a clinical trial.

The role of the microbiota in neurological disorders

Based on preliminary studies in humans, changes in the microbiome are being pointed

to as a potential marker of a developing neurological condition to determine the onset,

phenotypic variability and activity of a neurological disease. In addition, the possibility of



using knowledge of the characteristics of microbiome changes to obtain well-defined benefits
for the patient seems promising. One area of this research is Parkinson's disease, a
neurodegenerative disorder with atrophy of dopaminergic neurons and accumulation of alpha-
synuclein in areas of the central nervous system [34]. Accompanying typical motor symptoms,
changes in the composition of the intestinal microflora result in an impaired intestinal barrier
and increased permeability, which affects cells in the gastrointestinal tract, the immune
system and the enteric nervous system. The interplay between the brain and gut and
microbiota determines the formation of an anti-inflammatory response, which, in the face of
the altered functional composition of the microflora, predisposes to motor and non-motor
symptoms of the disease [35]. Recent studies indicate a dependence of the course of
Parkinson's Disease on quantitative and qualitative changes in the intestinal microflora. The
presentation of postural and gait abnormalities in patients showed a correlation with an
increased abundance of Enterobacteriaceae, compared to patients in whom tremor was
prevalent. In contrast, a reduction in the Bifidobacterium population may disposition to the
onset of manufacturing symptoms [36], [37]. Subjecting to the analysis of the important
influence of intestinal microorganisms in the development of Parkinson's disease symptoms,
attempts are being made to restore intestinal balance and alleviate disease symptoms using
probiotics. Probiotics have been found to reduce anxiety and depression by decreasing GABA
Aa2 mRNA expression in the prefrontal cortex and amygdala, but increasing GABA Aa2 in
the hippocampus [38]. Learning about the detailed relationship between altered microbiota
and specific symptoms of the disease, as well as the search for new therapeutic approaches
based on knowledge of the changes taking place within the gut microbiota, offers hope for the

effectiveness of future therapies, as well as early diagnosis.

Indications for gut microbiota transplantation in metabolic diseases

Transplantation of the gut microbiota (TMJ) increases the diversity of the gut
microbiota, which is extremely beneficial. Visceral obesity is one of the leading causes of
metabolic syndrome. In recent years, a large role has been attributed to the importance of the
gut microbiota, which may be involved in the pathogenesis of obesity, insulin resistance, type
2 diabetes or lipid disorders. So far, promising results from studies involving pro- and
prebiotics, used to modify the microbiome, have been very proficient, so researchers are

attempting to use gut microflora transplantation from lean individuals for obese people as an
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innovative treatment. A study of obese couples and lean twins found that obesity is associated
with reduced gut bacterial diversity [39]. These changes involve an increase in Firmicutes and
a decrease in Bacteroidetes, but an abnormal quantitative ratio of bacterial types alone cannot
be considered a marker of metabolic disorders [40]. Then there is the component of a
damaged intestinal barrier, leading to bacterial ingress and generalized endotoxemia, which
can translate into chronic inflammation, lipid disorders and consequent obesity [41]. A pilot
study was conducted to evaluate the effect of transplanting gut microflora from lean donors
on insulin resistance and metabolic syndrome in recipients struggling with these conditions.
This method has been shown to improve insulin sensitivity, where the main role is attributed
to an increase in the amount of butyric acid produced by gut bacteria during the fermentation
process [42]. The effectiveness of gut microflora transplantation in the treatment of diabetes
and insulin resistance has been validated by randomized clinical trials. Dysbiosis, obesity,
insulin resistance and the development of type 2 diabetes are associated with chronic systemic
inflammation involving adipose tissue. Gram-negative bacteria contain LPS  and
peptidoglycans with pro-inflammatory properties. Fat-rich diet contributes to increased serum
LPS levels in humans. A stable microbiota regulates insulin secretion - it is its abnormal
composition that may be the reason why some diabetic patients do not respond to drugs with

proven beneficial therapeutic effects.

Clinical practice

A test that can demonstrate a supportive impact in the practice of family physicians
and other specialties associated with conditions that are associated with intestinal dysbiosis is
the evaluation of the intestinal microbiota. This analysis includes genetic aspects of non-
culturable bacteria and detailed microbiological cultures. There are KyberKompakt Pro
microbiota tests on the market. They consist of non-invasive fecal examination- qualitative
and quantitative analysis of protective autochthonous microorganisms (anaerobic bacteria of
the genus Bacteroides and Bifidobacterium, Lactobacilli of the genus Lactobacillus, also
producing hydrogen peroxide), immunostimulating bacteria (Enterococcus and bacilli of the
species E. coli), feeding on the intestinal epithelium (Faecalibacterium prausnitzii and
Akkermansia muciniphila), and proteolytic bacteria (Clostridium, family Enterobacteriaceae
including Klebsiella spp. Enterobacter spp., Citrobacter spp., Proteus spp.) and Pseudomonas,

as well as the total number of bacteria. Many intestinal ailments can run with abnormalities in
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the composition of the bacterial intestinal microflora. Symptoms that could indicate this and
that should prompt the patient to evaluate the condition of his or her intestines include:

food intolerances, frequent intestinal infections, chronic diarrhea or constipation, frequent
abdominal pain, bloating and gas, irritable bowel syndrome. The use of the test can allow the
selection of targeted probiotic therapy and individualized treatment according to therapeutic
needs. Diet and probiotics, containing clinically tested bacterial strains (most commonly
Lactobacillus and Bifidobacterium, can significantly support the intestinal microflora in this

situation [43].

Perspectives

Research findings raise high hopes for the high therapeutic potential of treatment with
gut microbiota transfer. However, this guess remains the subject of much research, and the
available results of randomized clinical trials confirming the efficacy of gut microbiota
treatment apply only to the treatment of Clostridium difficile infections, type 1 diabetes and
type 2 diabetes/insulin resistance. The effectiveness of TMJ therapy in other conditions
induced by intestinal dysbiosis (multiple sclerosis, chronic fatigue syndrome, spontaneous
thrombocytopenia, ulcerative colitis, Crohn's disease, irritable bowel syndrome) remains, for
now, confirmed only by the results of observational studies [44]. The convention of using
intestinal microflora transplantation has long been known. The first descriptions of such a
procedure date back to the 4th century in China, where Ge Hong described the use of TMJ in
various clinical conditions [45]. Subsequently, there were reports in the literature of Bedouins
treating diarrhea by consuming warm camel stool [46]. And in modern medicine, the method
was described in 1958 by Eisman et al, who successfully used stool transplantation to treat
pseudomembranous enteritis [47]. Despite this long history of application, the validity of
further research and clinical trials is postulated. Previously, it was claimed that gut bacteria
from healthy donors would replace bacteria in patients. However, Kellermayer's study
examined this issue, concluding that TMJ does not result in the repopulation of the recipient
with new microorganisms, but acts as shock therapy on the host microflora and has a
stimulating effect on its activity [48]. There is no reliable evidence straddling which of these
postulates is more plausible. Microbiota transfer methods are currently devoid of the
unpleasant sensations associated with the smell or taste of the therapeutic method, as freeze-

dried preparations in enteral capsules are used. Alternative methods to the use of TMJ remain
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the administration of pre- and probiotics with clinically proven efficacy of the bacterial strains
in question. These are also interventions with a superior safety profile against most patient
groups. Single-strain  formulations containing Lactobacillus plantarum 299v  or
bifidobacterium infantis 35624 are available, as well as multi-strain probiotics combined with

prebiotics.

Latest findings

Studies are now linking certain microbiota such as Butyricimonas, Akkermansia and
Odoribacter to healthy aging. Moreover, clinical and preclinical studies have shown,
promising mechanisms for restoring quality microbiota through diet, physical activity
interventions. Based on senior patients comorbidities, an individualized approach is needed to
achieve optimal microbiome functional outcomes. It is highly likely that there are certain
features of the microbiome that confer longevity. For example, bacterial strains that are often
reduced in the elderly, such as Christensenella and Bifidobacterium, are increased in semi-
supersenior citizens (i.e., 105-109 years old), suggesting their beneficial effects. Additionally,
the highly studied taxon Akkermansia, which is abundant in healthy aging, is even more
dramatically increased in extreme aging [49]. An excellent example of aging mechanisms
related to the gut microbiome I axis is illustrated by a study by Parker et al. A study by Parker
et. al demonstrated that transfer of an "aged" microbiome from elderly mice to younger mice
caused several age-associated phenotypes including advanced central nervous system
deterioration and vision deficits. Importantly, in a set of correlating experiments, age-related
changes improved in elderly mice after microbiome transplantation with stool of younger
mice [50]. Although, we know that microbiome compositions shift throughout the aging
process, the exact mechanisms for this are unclear. Below, we explore some common life
changes and medical conditions among the elderly in which intestinal microbiomes are altered.
Medicine is moving toward a individualized field. With innovations in genetics and biomarker
capabilities, the microbiome profile must be considered in diagnosis and treatment. A
common theme of many of the studies available to date is the role of individualized care, with
therapies based on prior analysis of the patient's microbiome. Nevertheless, early research
suggests that there is potential to reverse the aging microbiome with interventions such as

microbiota transplantation, dietary modifications and physical activity.
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Conclusion

The involvement of the microflora in the onset, development and maintenance of
inflammation, in the course of many diseases and clinical conditions, is currently not in doubt.
However, it remains an object of research whether differences in the composition and
function of the intestinal microflora, are in the given diseases the primary factor and direct
cause of the clinical condition, or whether it is a consequence of reactions and changes as a
secondary consequence. Scientists have yet to identify one specific healthy microbiome, and
it is generally agreed upon that there is no singular "normal" composition. It is always
depending on factors that influence the microbiome, including diet, genetics, environmental
conditions. When commensalism between host and microbes is disrupted, many human
diseases can result, and the microbiome transfer method in the face of this disruption remains
extremely promising. The hope remains to bring nagging ailments under control and, in the

long run, to achieve permanent remissions using gut microbiota transfer.

All authors have read and agreed with the published version of the manuscript.
The authors report no conflict of interest.
References:

1. Human Microbiome Project Consortium. Structure, function and diversity of the
healthy human microbiome. Nature. 2012; 486(7402): 207-214, doi:
10.1038/nature11234.

2. Ley RE, Peterson DA, Gordon JI. Ecological and evolutionary forces shaping
microbial diversity in the human intestine. Cell. 2006; 124(4): 837-848, doi:
10.1016/j.cell.2006.02.017.

3. Eckburg PB, Bik EM, Bernstein CN, et al. Diversity of the human intestinal microbial
flora. Science. 2005; 308(5728): 1635—-1638, doi: 10.1126/science.1110591.

4. Mroczynska M, Libudzisz Z, Gatecka M, et al. Human intestinal microorganisms and
their metabolic activity. Gastroenterology Review. 2016; 4: 218-224.

5. Rowland I, Gibson G, Heinken A, et al. Gut microbiota functions: metabolism of
nutrients and other food components. Eur J Nutr. 2018; 57(1):1-24. doi:
10.1007/s00394-017-1445-8.

14



10.

11.

12.

13.

14.

15.

16.

Thursby E, Juge N. Introduction to the human gut microbiota. Biochem J. 2017;
474(11):1823-1836. doi: 10.1042/BCJ20160510.

Farzaneh S, Marzieh D, Shokoufeh H, et al. Reappraisal of probiotics’ safety in human,
Food and Chemical Toxicology. 2019; 129: 22-29;
https://doi.org/10.1016/j.fct.2019.04.032.

Wu GD, Chen J, Hoffmann C, et al. Linking long-term dietary patterns with gut
microbial enterotypes. Science. 2011; 334(6052): 105-108, doi:
10.1126/science.1208344.

Biswas V, Praveen A, Marisetti AL, et al. A Mechanistic Overview on Impact of
Dietary Fibres on Gut Microbiota and Its Association with Colon Cancer. Dietetics.
2022; 1(3):182-202. https://doi.org/10.3390/dietetics 1030017

Otaru N, Ye K, Mujezinovic D, et al. GABA Production by Human
Intestinal Bacteroides spp.: Prevalence, Regulation, and Role in Acid Stress Tolerance.
Front Microbiol. 2021; 12:656895. doi: 10.3389/fmicb.2021.656895.

Bartnicka A, Gatecka M, Mazela J. Influence of prenatal and postnatal factors on the
gut microbiota of newborns. Med Stand Ped. 2016; 13:112-116.

Dominguez-Bello MG, Costello EK, Contreras M, et al. Delivery mode shapes the
acquisition and structure of the initial microbiota across multiple body habitats in
newborns. Proc Natl Acad Sci USA. 2010; 107(26):11971-11975, doi:
10.1073/pnas.1002601107,

Keag OE, Norman JE, Stock SJ. Long-term risks and benefits associated with cesarean
delivery for mother, baby, and subsequent pregnancies: Systematic review and meta-
analysis. PLoS Med. 2018; 15(1):e1002494. doi: 10.1371/journal.pmed.1002494.
Darabi B, Rahmati S, Hafezi MR. et al. The association between caesarean section and
childhood asthma: an updated systematic review and meta-analysis. Allergy, Asthma
&Clin Immunol. 2019; 15: 62

Saravanan P; Diabetes in Pregnancy Working Group; Maternal Medicine Clinical
Study Group; Royal College of Obstetricians and Gynaecologists, UK. Gestational
diabetes: opportunities for improving maternal and child health. Lancet Diabetes
Endocrinol. 2020; 8(9):793-800. doi: 10.1016/S2213-8587(20)30161-3

Gatecka M, Bartnicka A, Szewc M, et al. Formation of gut microbiota in infants a

prerequisite for maintaining health. 2016; 13: 359-367.

15



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Li L, Li X, Zhong W, et al. Gut microbiota from colorectal cancer patients enhances
the progression of intestinal adenoma in Apcmin/+mice. eBioMedicine part of the
Lancet Discovery Science, 48; 301-315, 2019; doi:
https://doi.org/10.1016/j.ebiom.2019.09.021

Gurung M, Li Z, You H, et al. Role of gut microbiota in type 2 diabetes
pathophysiology. EBioMedicine part of the Lancet Discovery Science, 2020;
51:102590 doi: https://doi.org/10.1016/j.ebiom.2019.11.051

Konturek PC, Koziel J, Dieterich W, et al. Successful therapy of Clostridium difficile

infection with fecal microbiota transplantation. J Physiol Pharmacol. 2016; 67(6):859-
866. PMID: 28195066.

Gough E, Shaikh H, Manges AR. Systematic review of intestinal microbiota
transplantation (fecal bacteriotherapy) for recurrent Clostridium difficile infection.
Clin Infect Dis. 2011; 53: 994-1002.

Baktash A, Terveer EM, Zwittink RD, et al. Mechanistic Insights in the Success of
Fecal Microbiota Transplants for the Treatment of Clostridium difficile Infections.
Front. Microbiol. 2018; 9:1242. doi: 10.3389/fmicb.2018.01242

Green JE, Davis JA, Berk M, et al. Efficacy and safety of fecal microbiota
transplantation for the treatment of diseases other than Clostridium difficile infection:
a systematic review and meta-analysis. Gut Microbes. 2020; 12(1):1-25. doi:
10.1080/19490976.2020.1854640.

Kelly CR, Kahn S, Kashyap P, et al. Update on fecal microbiota transplantation 2015:
indications, methodologies, mechanisms, and outlook. Gastroenterology 2015; 149:
223-237.

Soveral LF, Korczaguin GG, Schmidt PS, et al. Immunological mechanisms of fecal
microbiota transplantation in recurrent Clostridioides difficile infection. World J
Gastroenterol. 2022; 28(33):4762-4772. doi: 10.3748/wjg.v28.133.4762.

Rokkas T, Gisbert JP, Gasbarrini A, et al. A network meta-analysis of randomized
controlled trials exploring the role of fecal microbiota transplantation in
recurrent Clostridium difficile infection. United European Gastroenterol J. 2019;
7(8):1051-1063. doi: 10.1177/2050640619854587.

Van Nood E, Vrieze A, Nieuwdorp M, et al. Duodenal infusion of donor feces for

recurrent Clostridium difficile. New England J of Med. 2013; 368(5), 407-415.

16


https://doi.org/10.1016/j.ebiom.2019.11.051

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Louis P, Flint HJ. Diversity, metabolism and microbial ecology of butyrate-producing
bacteria from the human large intestine. FEMS Microbiol Lett. 2009; 294(1): 1-8, doi:
10.1111/5.1574-6968.2009.01514.x.

Kump P, Hogenauer C. Any Future for Fecal Microbiota Transplantation as Treatment
Strategy for Inflammatory Bowel Diseases? Dig Dis. 2016; 34 Suppl 1:74-81. doi:
10.1159/000447379.

Marrs T, Walter J. Pros and cons: Is faecal microbiota transplantation a safe and
efficient treatment option for gut dysbiosis? Allergy. 2021; 76(7), 2312-2317.
Paramsothy S, Kamm M, Kaakoush N, et al. Multidonor intensive faecal microbiota
transplantation for active ulcerative colitis: a randomised placebo-controlled trial. The
Lancet. 2017; 389(10075), 1218-1228.

Ghouri YA, Tahan V, Shen B. Secondary causes of inflammatory bowel diseases.
World J Gastroenterol. 2020; 26(28):3998-4017. doi: 10.3748/wjg.v26.128.3998.
Khoruts A, Rank KM, Newman KM, et al. Inflammatory Bowel Disease Affects the
Outcome of Fecal Microbiota Transplantation for Recurrent Clostridium difficile
Infection. Clin  Gastroenterol ~ Hepatol. 2016; 14(10):1433-8. doi:
10.1016/5.cgh.2016.02.018.

Qazi T, Amaratunga T, Barnes EL, et al. The risk of inflammatory bowel disease
flares after fecal microbiota transplantation: Systematic review and meta-analysis. Gut
Mic. 2017; 8(6):574-588. doi: 10.1080/19490976.2017.1353848.

Romano S, Savva GM, Bedarf JR. ef al. Meta-analysis of the Parkinson’s disease gut
microbiome suggests alterations linked to intestinal inflammation. npj Parkinsons
Dis. 2021; 7, 27. https://doi.org/10.1038/s41531-021-00156-z

Tan AH, Chuah KH, Beh YY, et al. Gastrointestinal Dysfunction in Parkinson's
Disease: Neuro-Gastroenterology Perspectives on a Multifaceted Problem. J Mov
Disord. 2023; 16(2):138-151. doi: 10.14802/jmd.22220.

Scheperjans F, Aho V, Pereira PAB, et al. Gut microbiota are related to Parkinson’s
disease and clinical phenotype. Mov Disord. 2015; 30(3): 350-358, doi:
10.1002/mds.26069.

Minato T, Maeda T, Fujisawa Y, et al. Progression of Parkinson’s disease is associated
with gut dysbiosis: two-year follow-up study. PLoS One. 2017; 12(11): e0187307, doi:
10.1371/journal. pone.0187307.

17



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Bravo JA, Forsythe P, Chew MV, et al. Ingestion of Lactobacillus strain regulates
emotional behavior and central GABA receptor expression in a mouse via the vagus
nerve. Proc Natl Acad Sci USA. 2011; 108(38): 16050-16055, doi:
10.1073/pnas.1102999108.

Turnbaugh PJ, Hamady M, Yatsunenko T, et al. A core gut microbiome in obese and
lean twins. Nature. 2009; 457: 480-484.

Duncan SH, Lobley GE, Holtrop G, et al. Human colonic microbiota associated with
diet, obesity and weight loss. Int. J. Obes. 2008; 32: 1720-1724

Halkjeer SI, Lo B, Cold F, et al. Fecal microbiota transplantation for the treatment of
irritable bowel syndrome: A systematic review and meta-analysis. World J
Gastroenterol. 2023; 29(20):3185-3202. doi: 10.3748/wjg.v29.i20.3185.

Yang Y, Yan J, Li S, et al. Efficacy of fecal microbiota transplantation in type 2
diabetes mellitus: a systematic review and meta-analysis. Endocrine. 2024; 84(1):48-
62. doi: 10.1007/s12020-023-03606-1.

Bethlehem L, Estevinho MM, Grinspan A, et al. Microbiota therapeutics for
inflammatory bowel disease: the way forward. Lancet Gastroenterol Hepatol. 2024;
9(5):476-486. doi: 10.1016/S2468-1253(23)00441-7.

Fairlie T, Shah A, Talley NJ, et al. Overlap of disorders of gut-brain interaction: a
systematic review and meta-analysis. Lancet Gastroenterol Hepatol. 2023; 8(7):646-
659. doi: 10.1016/S2468-1253(23)00102-4.

Zhang F, Cui B. Fecal microbiota transplantation: understanding from holistic
integrative view Ame med journ. 2018; 3. doi: 10.21037/amj.2017.11.13

Lewis A. Merde: excursions in scientific, cultural, and socio-historical coprology.
New York, NY: Random House, 1999.

Ok Kim K, Gluck M. Fecal microbiota transplantation: an update on clinical practice.
Clinical Endoscopy. 2019;52(2):137-143. doi: https://doi.org/10.5946/ce.2019.009

Kellermayer R. Fecal microbiota transplantation: great potential with many challenges.

Translational gastroenterology and hepatology 2019; 4. doi: 10.21037/tgh.2019.05.10
Chen LA, Boyle K. The Role of the Gut Microbiome in Health and Disease in the
Elderly. Curr Gastroenterol Rep. 2024; https://doi.org/10.1007/s11894-024-00932-w.
Parker A, Romano S, Ansorge R, et al. Fecal microbiota transfer between young and
aged mice reverses hallmarks of the aging gut, eye, and brain. Microbiome. 2022;

10(1):68. https://doi.org/10.1186/s40168-022-01243-w.

18


https://doi.org/10.5946/ce.2019.009
https://doi.org/10.1186/s40168-022-01243-w

19



	Abstract

