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Abstract

The human microbiome, particularly the gut microbiome, has emerged as a central determinant of health and disease.
Dysbiosis, an imbalance in the microbial composition of the gut, is associated with a variety of metabolic and other diseases,
highlighting the potential for microbiota-targeted treatments. Fecal microbiota transplantation has received considerable
attention as a promising therapy to modulate the gut microbiome and restore microbial homeostasis. However, challenges
remain, including standardization, safety, and long-term efficacy. This review summarizes current knowledge on fecal
microbiota transplantation and describes the next generation therapies targeting microbiome. This review looked at the
mechanistic understanding of fecal microbiota transplantation and alternative strategies, elucidating their potential role in
improving dysbiosis-associated metabolic disorders, such as obesity, and type 2 diabetes and others. Additionally, this review
discussed the growing application of therapies targeting the gut microbiome. Insights from clinical trials, preclinical studies,
and emerging technologies provide a comprehensive overview of the evolving landscape of microbiome-based interventions.
Through a critical assessment of current advances and prospects, this review aims to highlight the therapeutic potential of
targeting gut microbiome and pave the way for innovative approaches in precision medicine and personalized treatments.
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Introduction fecal microbial communities from a healthy donor to restore
) ) ) ) diversity and function. Initially used mainly for recurrent
The human gut microbiota, a diverse ecosystem of microor- Clostridiodes difficile infection, FMT has now also been

ganisms, influences host physiology, metabolism, and
immune function.!?> Dysbiosis, or disruptions in microbial
composition and function, is associated with various dis-
eases.” Metabolic disorders like obesity, diabetes, and meta-
bolic syndrome are a major global health issue, causing
illness, death, and high healthcare expenses.> Emerging evi-
dence indicates that imbalanced gut microbiota may also
play a role in causing these conditions.* Therefore, there is a
growing interest in microbiota-targeted therapies to modu- 'Department of Medical Laboratory Science, Asrat Weldeyes Health
late microbial communities and restore homeostasis in meta- Zg:ience CamPﬁshDjbrrLBerhan University, DDEbre BBerh:n. Ethiopia
bolic disorders.>® The microbes in the digestive tract are epartment of Medical Laboratory Science, Debre Berhan Compressive
X . R . Specialized Hospital, Debre Berhan, Ethiopia
called the human gastrointestinal microbiota. They outnum-
ber human cells by 10 times, with an average ratio of 1:3 Corresponding author:
. . 10 . S . Zenawork Sahle, Department of Medical Laboratory Science, Asrat

microbiota to human cells.'” FMT is a potential intervention ! L

. R K Weldeyes Health Science Campus, Debre Berhan University, Debre
to reshape the gut microbiota and treat metabolic dysfunc- Berhan 445, Ethiopia.
tion and autoimmune disease.'""'> It involves transferring  Email: zenasahle@gmail.com

applied to other conditions, including metabolic disorders.'?

Despite promising results several studies,'® challenges
remain, including standardization of protocols, safety con-
cerns, and variability in long-term effectiveness.!*!7
Additionally, the mechanisms underlying the therapeutic
effects of FMT and the optimal selection of donors and

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/smo
mailto:zenasahle@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1177%2F20503121241257486&domain=pdf&date_stamp=2024-05-31

SAGE Open Medicine

recipient are areas of ongoing investigation.'>'® In addition
to FMT, a variety of next-generation therapies targeting
microbiome has emerged, including prebiotics, probiotics,
postbiotics, antibiotics, and microbial therapies.'” These
approaches aim to modulate the gut microbiota through vari-
ous mechanisms, including promoting the growth of benefi-
cial bacteria, inhibiting pathogens, and modulating
host-microbiota interactions. This review aims to provide a
comprehensive overview of the current landscape of FMT
and next-generation microbiota-targeted therapies to target
physiological dysregulation in metabolic disorders and
beyond. Through a critical appraisal of the existing evidence,
mechanistic insights, and clinical applications, we seek to
elucidate the therapeutic potential of these interventions and
identify future directions for research and future clinical
application in the growing field of microbiome-based
therapies.

Pathophysiological justification for fecal
microbiota transplantation

Gut microbiota encompasses the set of microorganisms that
colonize the gastrointestinal tract with mutual relationships
that are key for host homeostasis.?’ In the first year of life,
the gut microbiome is developed and is impacted by a vari-
ety of internal and environmental variables, including nutri-
tion and antibiotic use.?! Low diversity and relative
dominance of Proteobacteria and Actinobacteria define the
gut microbiota of neonates.?? The adult microbiota, which is
characterized by Firmicutes and Bacteroidetes dominance,
then causes the microbiota to become more varied.”* The
host may benefit from the metabolites that the microbiota
creates, including those that have anti-inflammatory and
antioxidant activity, regulate intestinal barrier function, and
provide vitamins and energy.?* Human intestine commensal
bacteria play a role in the growth and maintenance of gut
sensory, motor, and immunologic functions.?

Fecal microbiota transplantation has been used in several
clinical investigations where metabolic syndrome like obe-
sity,26 and non-alcoholic fatty liver disease?’” have been pre-
sent. According to previous study, several clinical
investigations using FMT have been carried out in the con-
text of metabolic syndrome, obesity, and non-alcoholic fatty
liver disease in both rats and humans. Patients in those stud-
ies had lower levels of gut microbial diversity, and after
receiving FMT from lean, healthy donors, the gut microbial
diversity levels were increased.?®

There’s a growing recognition of the complex relation-
ship between a host and its microbiota across different spe-
cies.?” Recent progress in identifying and isolating specific
members of the gut microbiota, advancements in gnotobiol-
ogy and a deeper understanding of host genetics have col-
lectively facilitated research in this field.*® This has enabled
researchers to delve deeper into the dynamics of this rela-
tionship and its implications for health and disease. The gut

microbiota is indispensable for the host’s overall health,
influencing various aspects of host biology. It actively par-
ticipates in the development and differentiation of the intes-
tinal epithelium and the immune system,’' crucial for
maintaining tissue homeostasis and defending against patho-
gen invasion.’>** Additionally, it plays a pivotal role in
metabolizing indigestible polysaccharides, providing essen-
tial nutrients and energy sources to the host.>*3¢ Furthermore,
certain members of the gut microbiota contribute to the pro-
duction of vital vitamins necessary for various physiological
processes.>”*® This intricate symbiotic relationship under-
scores the importance of a balanced and diverse gut micro-
biota in promoting optimal health and wellbeing.

The gut microbiota actively regulates numerous meta-
bolic pathways in the host, fostering intricate metabolic,
signaling, and immune-inflammatory axes that connect the
gut, liver, muscle, and brain.** A thorough comprehension of
these axes is essential for refining therapeutic approaches
aimed at modulating the gut microbiota to address diseases
and enhance overall health. Organ morphogenesis, intestinal
vascularization, tissue homeostasis, carcinogenesis, bone
mass, and behavior are just a few of the physiological aspects
of the host that the gut microbiota influences.?’ It also
expands nutrient sources, produces essential vitamins, and
carries out xenobiotic metabolism.3’

Fecal transplantation procedure and selection

fecal transplantation has emerged as a promising therapeu-
tic option for restoring gut microbiota balance and treating
certain gastrointestinal conditions, with ongoing research
focused on optimizing the procedure and selecting appro-
priate candidates for treatment. Even though the prepara-
tion of stool sample was varied, it is feasible to reestablish
a healthy intestinal microbiome by transferring fecal mate-
rial from a healthy donor to the patient to increase the intes-
tinal microbial variety.** Fecal transplantation was first
carried out on people in 1958, and it has been done on ani-
mals for more than a century.*! The selection of donors for
FMT is crucial and typically involves screening for infec-
tious diseases and medical conditions to ensure the safety
of the procedure.*? Donors are often selected based on strict
criteria to minimize the risk of transmitting pathogens or
other adverse effects to the recipient.*> Whether the donor
is a close friend or family member, a first-degree relative,
or even a stranger, it makes no difference. Clinicians must
choose a donor for fecal transplantation who is free of
infectious pathogens that could be transferred to the recipi-
ent. If a potential donor has been exposed to hepatitis B,
hepatitis C, or HIV viruses within the past year or has a
confirmed diagnosis of one of these conditions, they are
disqualified from participating.** The donation criteria also
disallow anyone with a tattoo or body piercing, as well as
those who engage in risky sexual activity or use illegal sub-
stances* (Figure 1).
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Donor Selection

Possible donors are:

1. Intimate partner 2. Family members

e It s desirable that the living environments of the donor and recipient be close.

3. Mother first-degree relative

Donor Screening

microbiota.

o Potential donors are screened to ensure they are healthy and free from infectious diseases.
> Screened for bacterial, viral, parasitic infections, and other health conditions.
» Screened for BMI, diet, and medication use to ensure they have a diverse and healthy gut

Stool Collection

¢ Collected at a medical facility or laboratory and processed immediately to maintain its viability.

Preparation of Faecal Matter

o The stool 1s blended 1n physiological saline, filtered and faecal suspension is stored at -80°C.

Recipient preparation

Route of administration

Colonoscopy
Nasogastric/nasoduodenal tube

Esophagogastroduodenoscopy

e Recipients undergo evaluation to determine if they are suitable candidates for FMT.
» This may include medical history review, physical examination, and possibly diagnostic tests
such as colonoscopy or imaging studies.

e The FMT procedure can be performed via several methods.

Enema

Capsule ingestion

Colonic transendoscopic enteral tubing

Post-Procedure Care

for managing any potential side effects.

e Recipients are monitored for any adverse reactions or complications.
o They may receive post-procedure instructions, including dietary recommendations and instructions

Follow-Up

monitor for any recurrence of symptoms.

e Recipients typically undergo follow-up appointments to assess the effectiveness of the FMT and

Figure 1. The flow of fecal microbiota transplantation.

Following donor selection, a fecal sample from the donor
is suspended in milk, tap or bottled water, or no bacterio-
static saline solution, however the latter is thought to be less
likely to impact the microbiota of donor stool. Then, the
donor feces are homogenized, either by hand agitation and
shaking or by means of a machine blender. The mixture is
strained through a steel strainer or gauze after being sus-
pended with the diluent to get rid of the bigger particles*"*
(Figure 2). A fecal suspension can be delivered via nasogas-
tric or nasoduodenal tube, colonoscopy, enema, or capsule
and colonic transendoscopic enteral tubing.*® After FMT

procedure the receipt should be followed for any adverse
effect, complications, and for the effectiveness of the proce-
dure (Figure 1).

Composition of fecal microbiota

There hasn’t been much research done on the makeup of
human feces. However, studies that have looked at composi-
tion have revealed variable findings, possibly due to various
factors including genetics, diet, age, environment, and medi-
cation use.’* Adult feces typically contain 25% solid
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Figure 2. The schematic diagram of the stool collection and fecal microbiota preparation.

substance and 75% water.*’ Organic material, of which
25%—54% are microbial cells, makes up the great majority of
solid matter.*® Fecal microbiota primarily composed of bac-
teria, but also including viruses, fungi, and archaea.* The
fecal microbiota plays crucial roles in digestion, immune
function, metabolism, and even neurological processes.*
Bacterial species within the fecal microbiota belong to vari-
ous phyla, with Firmicutes and Bacteroidetes typically dom-
inating in healthy individuals. Firmicutes are adept at
breaking down complex carbohydrates, while Bacteroidetes
contribute to the degradation of dietary fiber. Other phyla
such as Actinobacteria and Proteobacteria are also present,
even though in smaller proportions.”® Within these phyla,
there exists a vast array of genera and species, each with its
own unique functions and interactions. For instance, mem-
bers of the genera Bifidobacterium and Lactobacillus are
renowned for their probiotic properties, promoting gut health
and aiding in the synthesis of vitamins.’! Conversely, certain
taxa like Clostridioides difficile can become pathogenic
under dysbiotic conditions, causing infections and gastroin-
testinal disorders.>? Apart from bacteria, the fecal microbiota
also harbors viruses (mainly bacteriophages), fungi (such as
Candida and Saccharomyces), and archaea (including
Methanobrevibacter smithii).*>>° These microbial constitu-
ents contribute to the overall balance and functionality of the
gut ecosystem.

Fecal microbiota transplantation and
its clinical application
Fecal bacteriotherapy, also known as fecal microbiota trans-

plantation (FMT), is a revolutionary therapeutic approach
that involves the transfer of fecal microbiota from a healthy

donor to a recipient with a dysbiotic gut microbiome. This
procedure aims to restore microbial balance and functional-
ity in the gastrointestinal tract, offering a promising treat-
ment for various gastrointestinal and systemic disorders.*®
FMT has shown remarkable efficacy in the management of
recurrent Clostridiodes difficile infection, with success rates
exceeding 90%, surpassing those of conventional antibiotic
therapy.’® Now a day, the most frequent indication for fecal
microbiota transplantation is recurrent Clostridiodes difficile
infection; however, fecal transplantation is also being tested
as a treatment for other gastrointestinal diseases as well as
some non-gastrointestinal conditions, such as Parkinson’s
disease, fibromyalgia, chronic fatigue syndrome, multiple
sclerosis, obesity, insulin resistance, metabolic syndrome,
autism, and more, though these should be further evaluated
in clinical trials.>*

Clostridium difficile infection

Even though Clostridiodes difficile is a normal component of
the intestinal microbial environment, pre-exposure to broad-
spectrum antibiotics can increase the risk of infection
because they wupset the gut flora’s balance, which
Clostridiodes difficile needs to survive.”> The speed and
accuracy of the prescribed therapy will determine how
quickly and effectively the infection progresses, but even in
the presence of an effective treatment, there is a chance that
the infection will return.>® In the past few decades, FMT has
received considerable attention because of a convincing clin-
ical trial of treatment of recurrent Clostridiodes difficile
infection. The first randomized controlled trial of FMT for
43 patients with recurrent Clostridiodes difficile infection
compared FMT administered via nasoduodenal tube after
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4-5days of oral vancomycin with 14 days of continued van-
comycin alone and with 14 days of vancomycin plus bowel
lavage.>’

Numerous research has examined the fecal microbiota of
donors and patients with Clostridiodes difficile infection
recurrence, and they have demonstrated that the Clostridiodes
difficile infection is linked to less changes in the diversity and
composition of the fecal microbiota. When compared to sam-
ples from post-FMT patients with recurrent Clostridiodes dif-
ficile infection and healthy donor samples, the number of
members of the Streptococcaceae, Enterococcaceae, or
Enterobacteriaceae was raised, while the number of butyrate-
producing (Lachnospiraceae and Ruminococcaceae) species
was decreased.’® According to the review article,”® 85% of
recurrent Clostridium difficile infection and 55% of new
Clostridiodes difficile infection were successfully treated with
FMT, whereas medical therapy had success rates ranging from
30% to 80%. Recently, for individuals with recurring
Clostridiodes difficile infection, RBX2660, a live biothera-
peutic agent, presents a very promising therapy alternative.
RBX2660 helps patients achieve clinically significant
improvements by reestablishing a healthy gut microbiota.®® In
parallel, researchers are investigating the potential of adjunc-
tive therapies, including bacteriophages,®’ Bacteriocin,®
Probiotics,® antimicrobial peptides,®>® and immunomodula-
tors,®® to enhance the efficacy of FMT or next-generation
microbial therapies for Clostridiodes difficile infection. These
combination therapies target various aspects of Clostridiodes
difficile infection pathogenesis, such as bacterial virulence,
host immune response, and microbiota restoration, to provide
more comprehensive and durable treatment outcomes.

Irritable bowel syndrome

Fecal microbiota transplantation has emerged as a promising
avenue for the treatment of irritable bowel syndrome (IBS),
a common gastrointestinal disorder characterized by abdom-
inal pain, bloating, and changes in bowel habits.®” While the
exact etiology of IBS remains unclear, growing evidence
suggests that dysbiosis, an imbalance in the gut microbiota
composition, plays a significant role in its pathogenesis.®® It
is thought that the intestinal microbiota, immune system, and
brain-gut axis interact intricately in the etiology of irritable
bowel syndrome, which is complicated and poorly under-
stood.”” FMT involves the transfer of fecal microbiota from
a healthy donor to an IBS patient, with the aim of restoring
microbial balance. Initial clinical studies have shown encour-
aging results, with some patients experiencing significant
improvements in their gastrointestinal symptoms and overall
quality of life following FMT.®7-63

Furthermore, ongoing research is exploring next-genera-
tion therapies that build upon the principles of FMT to
enhance efficacy and safety. These include targeted micro-
bial interventions, such as the administration of specific
microbial strains or microbial consortia tailored to address

the dysbiosis observed in IBS patients.””" Additionally,
advances in microbiome science have led to the development
of personalized approaches, where fecal microbiota from a
healthy donor is selected based on the recipient's unique
microbial profile, maximizing compatibility and therapeutic
benefits.”> Moreover, innovative delivery methods, such as
oral capsules or microbial biofilms, are being investigated to
optimize the delivery and retention of microbial therapeutics
in the gastrointestinal tract.”>’* These next-generation thera-
pies hold great promise in reshaping the treatment landscape
for IBS, offering patients more effective and personalized
interventions that target the underlying mechanisms driving
their symptoms.” As research in this field continues to
advance, the integration of FMT and next-generation thera-
pies into clinical practice has the potential to revolutionize
the management of IBS and improve outcomes for millions
of individuals worldwide.

Carcinoma of the colon

It is now thought that dysbiosis and the pro-carcinogenic
qualities of bacteria (genotoxicity, inflammation, and oxida-
tive stress) may be connected to the development of colorec-
tal cancer. Some bacterial species, including Bacteroides
fragilis,  Streptococcus  bovis, Clostridium  septicum,
Helicobacter pylori, Enterococcus faecalis, Escherichia
coli, and Fusobacterium spp., have been found and are sus-
pected of contributing to the development of colorectal can-
cer.”® The complicated interaction between tumor cells,
non-neoplastic cells (stromal cells), and a great deal of
microbes results in colorectal cancer. In recent decades,
more focus has been placed on the role of microbial infection
in carcinogenesis in addition to known risk factors (fat-rich
diets, obesity, population, and living in a developed country)
and uncontrolled cellular proliferation. Microbes are sus-
pected to be responsible for 20% of cancers, particularly
colorectal cancer.”” Fecal transplantation procedures could
take the place of colorectal cancer associated dysbiosis and
restore eubiosis in chronic disease, assisting in lowering the
activation of inflammatory, proliferative, and pro-carcino-
genic pathways as well as microbiota-induced genotoxicity.
Future transplantation studies will be a crucial next step in
this line of study, even if fecal transplantation has not been
well investigated in colorectal cancer.”®

Crohn’s disease and ulcerative colitis

Crohn’s disease and ulcerative colitis, collectively known as
inflammatory bowel diseases (IBD), chronic inflammatory
conditions of the intestines, and the etiology of these condi-
tions involves dysbiosis, which causes the mucosal immune
system to become activated, causing chronic inflammation
and the emergence of mucosal lesions. While the exact
causes of IBD remain elusive, dysbiosis of the gut microbi-
ota is believed to play a significant role in disease
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pathogenesis.'” Fecal microbiota transplantation (FMT) has
emerged as a promising therapeutic option for IBD, particu-
larly for patients who fail to respond to conventional
treatments.

Initial clinical studies have shown that FMT can induce
remission and improve symptoms in a subset of patients with
IBD.” 8! However, the efficacy of FMT varies widely among
individuals, highlighting the need for optimized protocols
and personalized approaches. Next-generation therapies for
IBD are now being explored to enhance the therapeutic
potential of FMT and address the limitations associated with
donor variability, safety concerns, and unpredictable out-
comes. One approach involves the development of micro-
bial-based therapeutics, such as defined microbial consortia
or engineered probiotics, tailored to target specific dysbiotic
patterns associated with Crohn's disease and ulcerative coli-
tis.#>% Furthermore, advancements in delivery methods,
such as encapsulation or targeted delivery systems, are being
investigated to improve the efficacy and safety of microbial-
based interventions for IBD.## By enhancing the delivery
and retention of therapeutic microbes in the gut, these inno-
vative approaches may improve treatment outcomes and
reduce the need for repeated administrations.

In addition to microbial-based therapies, other next-gen-
eration treatments for IBD include microbiome-modulating
agents,? immunomodulators,®” and targeted biologics®® that
aim to modulate the host immune response and restore intes-
tinal homeostasis. These novel therapies offer promising
avenues for precision medicine approaches in the manage-
ment of Crohn’s disease and ulcerative colitis, with the
potential to improve patient outcomes and quality of life.

Neuropsychiatric diseases

Today, it’s thought that changes to the intestinal microbiome
during the first few months of life may be the cause of seri-
ous neuropsychiatric conditions that manifest as adulthood
approaches, including schizophrenia, autism, behavioral or
cognitive disorders, depression, anxiety, Alzheimer’s dis-
ease, multiple sclerosis, chronic fatigue syndrome, and
schizophrenia.®® There is an increasing focus on the impact
of intestinal bacteria on human health, and recent data points
to a potential function for the microbiota, gut, and brain axis
in neuropsychiatric diseases. There has been a lot of research
in this area during the past few years. Although the paths for
this relationship are not completely understood, they include
metabolic, humoral, immunological, and neurological path-
ways.” It was established that the endotoxin lipopolysaccha-
ride would have an impact on how the central nervous system
was modulated. Additionally, it generates inflammatory
cytokines, which alter the physiological activity of the
brain.”!

Recently, a child with chronic illness and epilepsy who
had been receiving sodium valproate medication up to the
transplant was described as the first patient to use fecal

transplantation to achieve remission of digestive symptoms.
After 20weeks, effectiveness in preventing seizures was
seen without the use of anti-epileptic medications.*’

Obesity and metabolic syndrome

Obesity and metabolic syndrome are multifactorial condi-
tions influenced by genetic, environmental, and lifestyle fac-
tors. Emerging research suggests that alterations in the gut
microbiota composition and function may contribute to the
development of these conditions. Intestinal microbiota is one
the primary cause of obesity,”>** modifying nutrient absorp-
tion and energy management in addition to food consump-
tion,”>® which is crucial to the physiology of obesity.
Obesity is a significant contributor to the risk of developing
diabetes, hypertension, and the metabolic syndrome.’”*® The
etiology of obesity and related disorders is therefore greatly
influenced by the gut microbiota.

Fecal microbiota transplantation (FMT) has been pro-
posed as a new way to change the gut microbiota that may
result in beneficial metabolic changes, though the evidence
for FMT effectiveness in the treatment of obesity.”® 1> Now,
bariatric surgery is the only treatment option for morbid obe-
sity that sustains significant weight loss.!%3 Next-generation
therapies for obesity and metabolic syndrome may involve
more targeted approaches, such as precision microbiome
modulation.'® This could include the development of micro-
bial-based interventions, such as engineered probiotics or
prebiotics designed to specifically target metabolic pathways
or modulate the gut microbiota composition in a more con-
trolled manner.' Next-generation therapies that leverage
advances in microbiome science may offer more targeted
and effective approaches for managing these conditions in
the future.

Glucose intolerance

Chronic hyperglycemia and changes to the metabolisms of
carbohydrates, lipids, and proteins are the hallmarks of the
metabolic illness known as diabetes mellitus (DM), which is
on the rise throughout the world. Polymorphonuclear leuko-
cytes, T lymphocytes, and the immune system's reaction to
antigen exposure are all altered in diabetic patients, along
with bactericidal activity, bactericidal response, and poly-
morphonuclear leukocyte function.'® Numerous potential
long-term consequences are associated with both type 1 and
type 2 diabetes mellitus, and they are often inversely corre-
lated with the degree and persistence of hyperglycemia.'"’
Studies have shown that individuals with glucose intoler-
ance often exhibit dysbiosis, characterized by alterations in
the gut microbiota composition and decreased microbial
diversity.'® It has been found that there is a correlation
between the ratio of Bacteroidetes to Firmicutes and plasma
glucose levels in type 2 diabetic and obese patients, suggest-
ing that altering the microbial composition may offer a fresh
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method for preventing and treating obesity and type 2 diabe-
tes.'” Preclinical studies in animal models and some small-
scale human trials have demonstrated improvements in
glucose metabolism following FMT."'%!'2 These improve-
ments are thought to be mediated by changes in the gut
microbiota that positively influence metabolic function.
Precision microbiome modulation represents a cutting-
edge approach to targeting specific microbial taxa or meta-
bolic pathways associated with glucose intolerance.
Engineered probiotics or prebiotics can be designed to selec-
tively alter the gut microbiota, aiming to enhance glucose
metabolism.''3 Additionally, the development of microbi-
ome-targeted drugs holds promise for directly targeting
microbial metabolites or signaling pathways involved in glu-
cose regulation.!'* By leveraging advances in microbiome
research, including metagenomics and metabolomics, per-
sonalized interventions tailored to an individual’s unique gut
microbiota profile could revolutionize the management of
glucose intolerance. These innovative strategies offer the
potential for more targeted and effective interventions.

llinesses resulting from allergies

Allergy-related conditions such as food allergies, asthma,
and eczema have become more common in recent years.
According to recent research, gut microbial alterations have
a significant impact on the immunological processes that
may result in the emergence of allergy illnesses. These are
susceptible to modulation by a variety of environmental fac-
tors, including nutrition, antibiotic use, and early-life micro-
bial exposures.''> Immunological processes that might result
in the emergence of allergy disorders are significantly influ-
enced by changes in gut microbiota. The potential of the
microflora to affect the immune response has led to new
therapeutic modalities that utilize these variations in micro-
biota for the treatment and prophylaxis of allergy. By trans-
planting a complex population of bacteria that is more stable
and has a larger capacity to colonize, FMT appears to hold
promise for restoring immunological homeostasis.!!®!!7

Adverse effect of fecal microbiome
transplantation

Fecal microbiota transplantation (FMT) is generally consid-
ered a safe and effective treatment for certain conditions, but
there are potential adverse effects associated with the proce-
dure.!'® One significant risk is the transmission of infections
from the donor to the recipient, despite strict donor screening
protocols. These infections can include bacterial, viral, and
parasitic agents.!!'®!!° Additionally, recipients may experi-
ence gastrointestinal symptoms such as abdominal pain,
bloating, diarrhea, or constipation following FMT, although
these symptoms are typically mild and transient.'?*!2! In rare
cases, allergic reactions to components of the fecal material
or medications used during the procedure may occur,

ranging from mild itching to severe anaphylaxis.!'*!*2 There
is also a risk of unintended changes or imbalances in the
recipient’s gut microbiota, potentially leading to new or
exacerbated gastrointestinal symptoms.''*!?* Furthermore,
since FMT is still a relatively novel procedure, there may be
unknown long-term risks associated with it. These could
include the transmission of chronic diseases from the donor
to the recipient or triggering immunological reactions in the
recipient. Thus, careful consideration of the potential risks
and benefits, along with thorough donor screening and close
monitoring of recipients, is essential in the use of FMT as a
therapeutic intervention.

Conclusions and recommendation

Dysbiosis, the imbalance of gut flora, is influenced by vari-
ous factors including diet, lifestyle, medications, and under-
lying health conditions (Figure 3(a)). To counter dysbiosis
and restore a healthy gut composition (eubiosis), microbiota
modulation techniques are being explored (Figure 3(b)). By
targeting specific microbial communities or metabolic path-
ways, these techniques hold promise for precisely and effec-
tively restoring gut microbiota balance, offering potential
advancements in therapeutic. In conclusion, fecal microbiota
transplantation (FMT) and next-generation therapies repre-
sent exciting avenues for targeting dysbiosis in metabolic
disorders and other health conditions. As our understanding
of the gut microbiome continues to evolve, so does the
potential for innovative interventions aimed at restoring
microbial balance and promoting health. FMT, with its dem-
onstrated efficacy in treating conditions like recurrent
Clostridioides difficile infection, serves as a cornerstone in
this field, while emerging therapies such as personalized
microbiome modulation and synthetic microbial consortia
offer promise for more tailored and precise interventions.
Regulatory considerations, ongoing research efforts, and
public awareness initiatives will be instrumental in realizing
the full therapeutic potential of these approaches. With con-
tinued advancements in microbiome science and therapeutic
innovation, the future holds great promise for harnessing the
power of the gut microbiota to improve health and well-
being across diverse patient populations.

Future perspective of fecal microbiota
transplantation

The future of fecal microbiota transplantation is promis-
ing, with ongoing research to further elucidate its thera-
peutic potential and expand its clinical applications across
a wide range of health conditions. By altering the human
gut flora, fecal microbiota transplantation could benefit
HIV-infected patients.'?* Phage therapy may be able to
eradicate aggressive bacteria from a diseased gut and pro-
mote the growth of commensal bacteria. Future research in
the field of gut microbiota modulation should focus on
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Figure 3. (a) Factors influencing dysbiosis, that is, alteration of gut flora and (b) microbiota modulation techniques inducing eubiosis,

that is, restoration of altered gut composition.

several key areas to advance our understanding and
enhance therapeutic strategies.

Refinement of Treatment Protocols: Continued research
and clinical trials will likely lead to the refinement of FMT
protocols, including optimal donor selection criteria, prepa-
ration methods, and delivery techniques. This could improve
the safety, efficacy, and reproducibility of FMT procedures.

Personalized Medicine Approaches: Advances in micro-
biome sequencing technologies and computational analysis
techniques may enable personalized FMT treatments
designed to the unique microbial profiles of individual
patients. This could involve matching donors and recipients
based on specific microbial signatures or using synthetic
microbiota formulations designed to address specific dysbio-
sis patterns.

Microbiome Modulation Therapies: Beyond whole stool-
based FMT, future therapies may involve targeted manipula-
tion of the gut microbiome using defined microbial consortia,
microbial metabolites, or microbial-derived products. These
approaches could offer more precise and controlled

interventions with potentially fewer risks compared to tradi-
tional FMT.

Regulatory Considerations: As FMT becomes more
widely used and novel applications emerge, regulatory
frameworks may evolve to ensure the safety, quality, and
ethical standards of fecal microbiota transplantation. This
includes establishing guidelines for donor screening, stand-
ardized protocols for FMT procedures, and oversight of
FMT-related research and clinical practice.

Integration with Other Therapies: FMT may be integrated
with other therapeutic modalities, such as antibiotics, probiot-
ics, prebiotics, dietary interventions, and immunomodulatory
agents, to optimize treatment outcomes and address underly-
ing disease mechanisms comprehensively. Combining FMT
with complementary therapies could enhance its efficacy and
reduce the risk of disease recurrence.

Public Awareness and Acceptance: Continued education
and outreach efforts aimed at healthcare providers, patients,
and the public will be crucial to raise awareness about FMT,
dispel misconceptions, and foster acceptance of this
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innovative treatment modality. Increased awareness may
also facilitate greater participation in donor recruitment
efforts and clinical trials.
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