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Abstract

A growing body of literatures showed the interaction of dysbiotic gut with a wide range of disorders, and the clinical use of fecal microbiota
transplantation (FMT) shifted from infectious disease to non-communicable disorders. Despite the promising therapeutic benefits of FMT, the
exact mechanisms through which fecal recipients benefit from the fecal intervention are not well understood. However, owing to the advantages
of having a healthy gut microbiome, possible mechanisms of actions of FMT has been described. On the one hand, through direct ecological
competition, FMT may potentially stimulate decolonization of pathogenic microorganisms and increase host resistance to pathogens. Moreover,
following dysbiosis, abnormal microbial colonization of the gastrointestinal tract may also cause excessive or dysregulated immune response,
resulting in chronic inflammation and the development of mucosal lesions. In this regard, repopulating gut microbiome through FMT helps to
restore immune function and reduce host damage. On the other hand, FMT helps to restore essential metabolites used for host metabolism,
including short-chain fatty acids (SCFA), antimicrobial peptides (AMP), bacteriocins and bile acids. Therefore, in this review, the existing

evidences regarding the mechanisms of action, current opportunities and challenges of FMT will be described.
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Introduction

Fecal microbiota transplantation (FMT), also
known as fecal transplantation, is the transfer of stool
from a healthy donor into patient’s gastrointestinal tract
to restore the composition of recipient’s gut microbiota
[1]. The use of fecal material to treat diseases dates back
to the 4™ century in China where the stool products were
used to treat food poisoning, febrile disease and typhoid
fever [2]. During that time, the fecal materials were
given to patients labeled with unique names such as
‘yellow soup’ to avoid patients’ repugnance [2,3].
Afterward, the use of fecal infusion as a therapeutic
agent showed enormous progress (Table 1).

In the 17th century, an Italian anatomist described
the use of enteric flora transplantation in veterinary
medicine [2]. During World War 1, fresh and warm
camel faeces were reportedly used by soldiers as a
remedy for bacterial dysentery [4]. In 1958, a patient
with pseudomembranous colitis was successfully
treated by the use of faecal enemas [5]. Later in 1989,
an exchange of bowel flora on a 45 year old male with
refractory ulcerative colitis (UC) was performed
showing full and lasting clinical recovery after FMT
treatment [6]. Over the last decades, faecal
transplantation has received increased scrutiny. FMT

was for the first time included into the IDSA/SHEA
guidelines of 2010 [7]. Then, it was listed as a potential
therapy for multiple Clostridioides difficile infection
(CDI) recurrences in later guidelines [8]. However,
despite the promising therapeutic benefits of FMT, data
regarding the mechanisms through which fecal
recipient benefit from the intervention is scarce. In this
regard, this review includes available evidences to show
the possible mechanisms of action of FMT. Moreover,
the current opportunities and challenges of FMT will be
discussed.

Mechanisms of action of FMT

Dysbiosis, which is an imbalance in the gut
microbial community, results in the disturbance of
several metabolic pathways that influence mechanical
and immunological processes both in and outside the
intestine. In this regard, gut microbiome dysbiosis leads
to different disease conditions [9]. So far, a wide variety
of medical therapeutic strategies did not present
satisfactory clinical effects in correcting dysbiosis
associated disorders [3]. Conversely, FMT emerged
with a promising therapeutic potential for a variety of
disease conditions [1]. Based on the available
evidences, fecal recipients may benefit from the
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intervention through different mechanisms, including
but not limited to colonization resistance, restoration of
metabolites and restoration of immune function.

Colonization resistance against pathogens
The healthy microbiota provides protection against
invading bacterial pathogens through colonization
resistance which refers to the ability of commensals to
prevent the colonization and overgrowth of intestinal
pathogens [9]. The intestinal epithelium is represented
by a monolayer of cells joined through tight junctions
which plays a complex role in mucus production and
immune response [10]. Ever since birth, the commensal
flora attaches to the intestinal mucus, occupying all
available spaces and impeding entero-pathogenic
colonization [11]. On the other hand, the microbiota
inhibits intestinal colonization by bacterial pathogens
through nutrient competition. Mucins and dietary
complex carbohydrates are essential intestinal nutritive
resources to which commensal species have adapted
through specific metabolic pathways. Enteropathogens
frequently use nutritious sources offered by commensal
species and pathogenic germs that are unable to
metabolize these sources are frequently eliminated [12].
Nowadays, decolonizing pathogenic
microorganisms by repopulating the gut with a healthy
microbiome is becoming a therapeutic option for
different diseases [13]. One good example, in this
regard, is the application of FMT for the treatment of
CDLI. It has been well described that dysbiosis of gut
characterized by the loss of diversity and richness of the
microbiota predisposes a person to colonization of C.
difficile [ 14]. The outgrowth and toxin production of the
bacteria is associated to the pathology which ranges
from mild diarrhea to severe pseudomembranous colitis
and death [15]. Regardless of treatment with antibiotics,
about 20% to 60% of patients treated for CDI will have
recurrences, and the recurrence is related to inadequate
recovery of the gut microbiota [16]. For this reason,
repopulating the gut microbiome through FMT is

Table 1. Major developments in the application of FMT.
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shown to be the best therapeutic option for CDI which
improves the cure rates to 90-92% [17,18]. Moreover,
by decolonizing the pathogenic bacilli through FMT,
the mortality rates of severe CDI was decreased to 12%
(8/66) compared to the standard care of antibiotic
treatment (42%, 19/45) (P < 0.0003) [19]. Multi-drug
resistant bacteria were also successfully eliminated
through colonization resistance [20]. In a randomized
controlled trial (RCT), FMT intervention demonstrated
decolonization of carbapenem resistant
Enterobacteriaceae (CRE) and extended-spectrum
beta-lactamase (ESBL) producers in 41% (9/22) of
patients who received a five-day course of oral
antibiotics followed by FMT compared to 29% (5/17)
of patients who didn't receive an intervention (OR =1.7,
95% CI 0.4-6.4) [21]. Moreover, vancomycin-resistant
Enterococcus (VRE) was decolonized through FMT
[22,23].  Therefore, through direct ecological
competition, FMT may potentially stimulate
decolonization of pathogenic microorganisms and
increase host resistance to pathogens [24].

Restoration of immune function

As a person grows, the microbiota shapes the
development of the immune system, and the immune
system shapes the composition of the microbiota. This
communication and mutual regulation is maintained
throughout life and is the key for a healthy interaction
between the microbiota and the immune system [25]. In
normal physiologic conditions, the immune system
promotes the growth of beneficial microbes and helps
maintain a stable microbial community, while in return,
a healthy microbiota produces molecular signals that
support the development of immune cells and
contribute to the fine tuning of immune responses [26].
It is estimated that about 70-80% of immune cells are
located in the gut [27]. In this regard, well developed
gut microbiota populations are associated with
improved health. A healthy crosstalk between the gut
microbiota and the immune system supports protective

Year Event

4™ century

In China, fecal material was taken orally to treat fever, food poisoning and diarrhea [2]

17" century Used in Italian veterinary medicine [36]

World War 11 Fresh and warm camel feces were reportedly used by soldiers [4]

1958 A patient with pseudomembranous colitis was successfully treated by the use of fecal enemas [5]
1989 Used for treatment of a 45- year old male with refractory UC [6]

2010 FMT was for the first time included into the IDSA/SHEA guidelines [7]

2013 Conditional recommendation of FMT in the ACG guideline [8]

2014 Strong recommendation of FMT in the ESCMID guideline [8]

UC: Ulcerative colitis; FMT: Fecal Microbiota Transplantation; IDSA: Infectious Diseases Society of America; SHEA: Society for Healthcare Epidemiology
of America; ACG: American College of Gastroenterology; ESCMID: European Society of Clinical Microbiology and Infectious Diseases.

1075



Ademe — Benefits of fecal microbiota transplantation

responses against pathogens, promotes tolerance to
harmless microbes and their products, and helps
maintain self-tolerance [28].

Altered  intestinal ~ microbial ~ composition
(dysbiosis) activates aggressive mucosal immune
responses which results in chronic inflammation and
the development of mucosal lesions [29]. This dysbiosis
impairs the function of regulatory immune cells, which
normally promote mucosal homeostasis. Normalizing
and maintaining immune cell function by correcting
dysbiosis through FMT provides a promising approach
to treat some diseases. Early in 1998, a patient with UC
who had active inflammation of the colon was treated
through FMT and symptoms disappeared for 6 months
after treatment [30]. In animal model of irradiated mice,
FMT improved the peripheral white blood cell counts
and increased the survival rate of mice [31]. The
efficacy of cancer immunotherapy in epithelial tumors
was also augmented by FMT which restored the
immune cells [32].

Restoration of metabolites

Gut microbiome facilitates the production of
metabolites with critical properties for host metabolism,
including short-chain fatty acids (SCFA), antimicrobial
peptides (AMP), bacteriocins and secondary bile acids
[9]. SCFAs such as propionate, acetate, and butyrate are
produced by the gut microbiota through fermentation of
indigestible starches and complex sugars [9]. These
SCFAs promote protection by enhancing barrier
function and proliferation of gut epithelial cells. By
decreasing epithelial permeability, SCFAs oppose
bacterial and LPS translocations [33]. Furthermore,
SCFAs decrease induction of proinflammatory
cytokines and provide protection from colonic
inflammation [28].

A growing body of literatures showed that
alterations in the level of SCFAs correlate with some
disease conditions. Plus, restoration of metabolites
through FMT was significantly associated to an
improved clinical prognosis. For instance, a decrease in
butyrate and butyrate-producing bacterium has been
observed in patients with UC, and through FMT, the
level SCFAs was restored in patients who are in
remission [34,35]. Likewise, the risk of steroid-
refractory Graft-versus-host disease (GVHD) was
indicated to be influenced by host-microbiota
alterations which decrease butyrate production and
potentially contributing to a pro-inflammatory state of
the intestine [36,37]. In this regard, the chances of
developing GVHD were shown to decrease after FMT
which helps to restore in butyrate-producing intestinal
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microbiota. In a recent prospective open-label study, 13
patients were treated with FMT capsules after
hematopoietic cell transplantation (HCT) to restore
their intestinal microbiome diversity and only two
patients developed acute gastrointestinal GVHD.
Moreover, the 12-months overall survival and
progression-free survival was 85% [38].

The other metabolites in which their production is
controlled by intestinal microbiota are AMPs,
bacteriocins and bile acids. AMPs, such as angiogenins,
cathelicidin and defensines are innate immune effector
molecules with bactericidal, anti-inflammatory and
anti-endotoxinic properties. Bacteroides
thetaiotaomicron and Listeria innocua are the main
species of the microbiota that induce AMPs [39]. Cell
wall active bactericidal polypeptides generically called
bacteriocins, which are mainly produced by Eubacteria
and Archaea of the gut commensal flora, significantly
limit the colonization of pathogenic microorganisms,
including multidrug resistant  enterococci, L.
monocytogenes, C. difficile, Staphylococcus aureus and
other pathogens [40]. Primary bile acids are also
essential antimicrobial agents [41]. In this regard, low
concentrations of AMPs, primary bile acids and
bacteriocins were shown to correlate with reduced
antimicrobial function, favoring bacterial overgrowth
and translocation [41-43]. Therefore, re-establishment
of dysbiotic commensal intestinal communities through
FMT helps to restore essential metabolites.

Current opportunities of FMT
Wide range of clinical applications

On the basis of the concept of repopulating the gut
with a healthy microbiome, FMT has been successfully
used in the treatment of infectious diseases. However,
in recent years, the existing evidences showed the
interaction of dysbiotic gut with a wide range of
disorders, including but not limited to cancer [31,32],
obesity and diabetes mellitus [44], inflammatory bowel
disease (IBD) [13], autism spectrum disorder [45],
multiple sclerosis (MS) [46], atherosclerosis and
hypertension [47], GVHD [48], Parkinson's disease
[49], Hepatic encephalopathy [50] and Nonalcoholic
fatty liver disease (NAFLD) [51]. In this regard, the
clinical use of FMT shifted from infectious disease to
non-communicable disorders and the range of its
applications extended rapidly [24]. Currently, more
than 300 studies are evaluating FMT for various
indications, primarily gastrointestinal, but also for
neurologic, behavioral, and metabolic conditions [52].
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Availability of stool banks

Despite the growing interest in using FMT for
patient treatment and clinical investigation, availability
of healthy donors for each recipient has remained the
challenge. The use of patient-directed donor stool
incurs treatment delays owing to the time required for
sourcing, screening, and testing donors, with resultant
increased costs and scheduling problems [53,54]. In this
regard, standardization and easy access to donor feces
suspensions is needed and using universal donors for
FMT has emerged more convenient. The healthy
volunteer donors are screened, standardized products
are generated, and the products are stored after freezing
[55]. These products can be delivered to recipients
rapidly when needed.

A stool bank provides high-quality, ready-to-use
donor feces suspensions from a prescreened and well-
defined donor pool. This enables easy and cost-
effective fecal transfusion. Moreover, the observed
comparable efficacy of frozen feces suspensions as that
of fresh suspensions [36,56] suggests the advantage of
stool banking. As decreased microbial diversity is
considered a possible cause of diseases of an altered
microbiome, using fecal material from multiple healthy
donors could theoretically enhance the therapeutic
efficacy of FMT [13]. Stool banks such as OpenBiome
and the Netherlands Donor Feces Bank (NDFB) have
emerged owing to the cost-effectiveness and
convenience of using fecal material from universal
donors [13,36].

Challenges in FMT
Labor intensive donor screening

Selection of an adequate donor is the key step in
FMT. Standard donor screening protocols should be set
up to lower the risks of infection transmission from the
donor to recipient. Despite institutional variations, there
are existing accepted protocols for donor screening
(Table 2) suggested by the guidelines in the United
States and European consensus conference to use a
donor questionnaire to meet the exclusion and inclusion
criteria [57,58]. However, it’s often challenging to
recruit the potential healthy donor. So far, a spouse or

Table 2. Suggested screening tests for potential donors of FMT.
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close relative was historically considered as an ideal
donor for FMT [15]. Because of shared environmental
risk factors, fecal material from the spouse might
minimize the risk of infection transmission. Moreover,
adaptive immunity in the mucosal immune system
might present more tolerance [15]. Nevertheless, in
diseases like IBD in which genetics plays a contributing
factor, unrelated FMT volunteer donors are
recommended than close relatives [59]. Usually,
obtaining fecal donors who pass the rigorous screening
test is challenging. For instance, Hota et al. reported
that only 2 of 322 (0.6%) prospective stool donors
passed the screening for FMT stool donor program [60].

Risk of unpredicted long-term outcomes

Based on current evidences, FMT is viewed as a
generally safe therapeutic method. Most immediate
adverse events are self-limiting gastrointestinal
symptoms which resolve within 1-2 days [61].
However, due to the short post-FMT follow-ups, the
long-term outcomes of FMT have not been completely
comprehended [13]. Aside from standardization of
donor screening and clear protocols for adverse events
monitoring, there will be risk of disease transmission of
unrecognized infectious agents that cause illness years
later [3]. Due to alterations in the gut microbiota, FMT
may also lead to induction of chronic diseases such as
obesity, diabetes, atherosclerosis, IBD, asthma, autism
and other disease conditions [3,13,59]. Furthermore,
some bacterial species, including FEnterococcus
faecalis, Escherichia coli and Bacteroides fragilis are
associated to cancer [62]. In this regard, FMT may pose
a risk of developing cancer. In line with this, the report
from Wong et al. showed that the fecal microbiota from
patients with colon cancer promoted tumorigenesis in
germfree and carcinogenic mice [63].

In rare cases, bacteremia associated to FMT may
cause serious problems and even death. So far, two
deaths have been reported due to the side effects of
FMT delivering procedures through mid-gut [64].
Recently, the New England Journal of Medicine
published the case report on the first person known to
die as aresult of a fecal transplant in US [52]. The death

General conditions
Medical history

Age (18-65 year), BMI (18.5-25.0 kg/m?), complete blood count, liver function test, ESR [3,13]
Past/current disease, current medication, antibiotics used in the past 3 months, surgery/tattooing/blood

transfusion in the past 3 months, high risk sexual behavior, raw meal in the past 1 week [3,52,57,65]

Microbial screening

Bacteria (Clostridioides difficile, Yersinia, Campylobacter, Shigella, Salmonella, enteropathogenic

Escherichia coli), viruses (Hepatitis (A, B, and C), HIV1, HIV2, Cytomegalovirus, Epstein-Barr virus,
rotavirus, adenovirus, enterovirus, norovirus, astrovirus), parasites (Giardiasis, Amoebiasis, stool
ova/parasites examination) [13,57,58]

BMI: Body-mass Index; ESR: Erythrocyte Sedimentation Rate; HIV1: Human Immunodeficiency Virus type 1; HIV2: Human Immunodeficiency Virus type

2.
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occurred on a 73-year-old man who developed a fatal
infection from ESBL-producing E. coli that were in the
donor's stool sample [52].

Conclusion

Fecal microbiota transplantation emerged as a safe
and promising therapeutic approach for infectious and
non-infectious disorders. Though the data are scarce,
there are evidences that FMT recipients may benefit
from the intervention by one, or a combination of the
following mechanisms: colonization resistance,
restoration of metabolites and restoration of immune
function. Despite the encouraging results in a diverse
disease conditions, there are emerging concerns
regarding the application of FMT. Notably, the death
case report in U.S sends a clear message that there is
still unfinished work with regard to ensuring safe fecal
transfusion. Hence, further standardization of donor
screening is needed to reduce the risk of FMT to the
minimum, and ensure the at most benefit of recipient
from FMT.
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