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Abstract

Microbial Alterations and Dysbiosis: The composition and diversity of gut microbiota is an indicator of health and various groups of
commensal bacteria provide health advantages as they enhance metabolism, the immune system, cancer resistance, endocrine signaling and
brain function. In general, the gut microbiome remains relatively resilient over time, however, antibiotic use, erratic diet, illness and other factors
can lead to alterations and dysbiosis, which weaken various elements of the barrier, causing collapse of the mucus layer that separates epithelial
cells and microbiota and reduced expression of antimicrobial peptides which control bacteria including C. difficile.

FMT- Invasive Gut Microbial Manipulation: FMT is administration of a form of fecal material from the donor into the intestinal tract
of the recipient in order to directly modify the recipient’s gut microbial composition suitably to confer health benefits. FMT has been used to
successfully treat recurrent Clostridium difficile infection (DCI). There are preliminary indications to suggest that it may also carry therapeutic
potential for other conditions such as inflammatory bowel disease, obesity, metabolic syndrome and functional gastrointestinal disorders.

Mechanisms and Effects of FMT: FMT involves administration of the whole microbiota from healthy donor stool into the recipient’s
intestinal tract to normalize or modify intestinal microbiota composition and function. FMT has restorative potential for both composition and
functionality of gut microbiota and results in normalization of microbial diversity and community profile in patients by multiple mechanisms
including competition for nutrients among C. difficile and other microbiota, direct suppression by antimicrobial peptides, bile-acid-mediated
inhibition of spore germination and vegetative growth; and activation of immune-mediated colonization resistance.

Possible Scope of FMT Interventions: FMT is be considered for recurrent or relapsing CDI when there is failure to respond to conventional
antibiotic therapy. For a moderate CDI, FMT is indicated when there is no response to standard therapy for at least 1 week. For severe CD], it
is indicated when there is no treatment response after appropriate maximal therapy for 48 h. FMT leads to a significant change in microbial
diversity in patients with recurrent CDI and complete resolution of symptoms. However, the trials to treat ulcerative colitis (UC) with FMT
have shown conflicting results. Further, the patients with Crohn’s disease (CD) and ulcerative colitis (UC) have increased incidence of CDI, and
presence of CDI commonly complicates the course of these underlying diseases.

Limitations, Regulations and Complications: The occasional adverse effects of FMT are diarrhoea, abdominal cramping, belching and
nausea, which are self-limiting and resolve in a variable period. An increased risk of IBD flare, fever and elevation in inflammatory markers
following FMT may occur. Some serious adverse effects are upper GI bleeding, enteritis and peritonitis, which vary with the administration
method and may be related to complications of the method itself rather than FMT. FMT is regulated in Canada as a ‘new biologic drug’, specifying
the indications, patient’s consent, preparing the FMT from a known solitary donor and screening for potential pathogens prior to administration.
The US Food and Drug Administration (FDA) considers stool as a biological product and drug, and mandates physicians to maintain similar
precautions to administer FMT. FMT, so far is not regulated in West by the European Medicines Agency, or elsewhere in Asia, Africa or Australia.

Future Directions and Developments: There is increasing acceptance for the therapeutic use of FMT. However, the range of risks and
benefits remains poorly defined because the published FMT experience remains limited. In future, FMT can be a pauci-strain type or multi-
strain type depending on the fecal microbiota analysis of the recipient. The suitable strains can be picked-up from donor fecal sample, grown
in cultures and transplanted through an appropriate route. Depending on the recipients’ microbiota diagnostic analysis, the FMT using suitable
pauci-strains may be a promising development in near future.
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strain and multi-strain transplantation; Pseudomembranous colitis
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The Normal Gut Microbiome and Dysbiosis and
Perturbed Alterations

The term ‘microbiome’ refers to the collective genomes of
the microbiota that include organisms such as bacteria, archaea,
microeukaryotes and viruses that reside in the human body
and bear a commensal, symbiotic or pathogenic relationship.
The human microbiota is estimated to contain 10-100 trillion
microbial cells, of which the intestinal microbiota is the largest
microbial population having over 1100 diverse species [1]. It has
been estimated that the gut contains 1100 and at least 160 species
per individual [2]. The human gut microbiota has been related
to geography, race, ethnicity, and age and sex. The microbiota
also varies in composition depending on the location along
the gastrointestinal tract, like oesophageal, gastric, proximal
intestinal, or distal intestinal) and axial depth (mucosal versus
luminal). In addition, the diet also influences the gut microbiota
composition [3].

It has been established that the composition and diversity
of gut microbiota is an indicator of health [4]. The presence of
various groups of commensal bacteria appear to provide health
advantages. They have been shown to enhance metabolism, the
immune system, cancer resistance, endocrine signaling and brain
function. Some bacterial taxa associated with these benefits
include Bacteroides, Bifidobacterium, Clostridium clusters XIVa/
IV and Lactobacillus. In general, the gut microbiome remains
relatively resilient over time, however, antibiotic use, travel,
erratic diet and illness can lead to its perturbed alterations [5].
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Figure 1: Microbial dysbiosis, altered microbiota and various
fallouts.
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Continuous signalling from indigenous microbiota maintains
the optimal tone of gut barrier function and the mucosal immune
system.Infact, thereare multiple mucosal defences, which maintain
compartmentalization of gut microbiota within the intestinal
lumen, including the mucus layer, antimicrobial peptides, secreted
immunoglobulins and a diverse cluster of mucosal lymphocytes.
Further, the gut microbiome has well-defined ability to recover
from potential insults. However, continued gastrointestinal and
systemic stress can lead to a loss of this resilience and dysbiosis,
and variable implications on health (Figure 1).

infections and antibiotic treatments weaken
various elements of the barrier, causing collapse of the mucus

Intestinal

layer that separates epithelial cells and microbiota and reduced
expression of antimicrobial peptides which targets Gram-positive
bacteria including C. difficile. Once in contact with the intestinal
epithelial layer, C. difficile toxins TcdA and TcdB inactivate small
Rho-family regulatory GTPases by glycosylation and lead to
disruption of essential cellular signalling pathways. Further, there
occurs weakening of the tight junctions and apoptotic death of
colonocytes, which results in opening of the epithelial barrier and
interaction of toxins and C. difficile pathogen-associated molecular
patterns (PAMPs) with resident mucosal immune cells.

The C. difficile toxins activate the inflammasome [6]. The
massive neutrophil infiltration associated with CDI-induced
pseudo-membranes results in rapid deployment of neutrophil
extracellular traps (NETs) following release of granule proteins
and chromatin. These NETs can patch the epithelial barrier
defects and prevent gut leakage and microbial translocation.
The need to repair the disrupted gut barrier and the exuberant
immune response appears to be relevant in the context of acute
pseudomembranous colitis.

The Invasive Gut Microbial Manipulation

Basics of fecal microbiota transplantation

The gut microbiota can be viewed as a microbial organ
within the human body, which is made of communities of
microorganisms representing the archaea, bacteria and eukarya,
as well as viruses. These diverse microorganisms form intricate
interactive and communicating networks made up by complex
ecosystem and metabolic drivers. Thus, the gut microbiota has
the potential to affect various physiological functions, including
energy metabolism, immunity and neurological development and
cognitive functions. In this respect, in addition to infectious risks,
there are potential long-term risks for the recipient that should be

considered in clinical practice of FMT.
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Figure 2: Simplified Steps in administration of Fecal Microbiota

Transplantation.
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FMT is the administration of a form of fecal material from
the donor into the intestinal tract of the recipient in order to
directly modify the recipient’s microbial composition suitably
to confer health benefits [7]. First described by Eiseman and
colleagues in 1958, the fecal enema was used as a treatment for
pseudomembranous colitis [8]. Since then, FMT has been used to
successfully treat recurrent Clostridium difficile infection (DCI).
There are preliminary indications to suggest that it may also carry
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therapeutic potential for other conditions such as inflammatory
bowel disease, obesity, metabolic syndrome and functional
gastrointestinal disorders.

The FMT in modern medicine involves selecting a donor
without a family history of autoimmune, metabolic and malignant
diseases and screening for any potential pathogens. The material
is then prepared by mixing fecal matter with water or normal
saline, followed by filtration. The mixture is then administered
through a nasogastric tube, esophago-gastroduodenoscopy, orally
in capsule form, or through colonoscopy or retention enema
(Figure 2). Most of the clinical experience with FMT has been
derived from treating recurrent or refractory CDI.

Alterations and Adaptations Following FMT

FMT has the potential to restore the gut barrier by providing
the necessary tonic signals for epithelial regeneration and
production of mucins and anti-microbial peptides. There are
required sequential multiple rounds of FMT, consistent with
the time and impetus needed to repair the gut mucosa. Faecal
microbiota transplantation (FMT) involves administration of the
whole microbial Pool from healthy donor stool into the recipient’s
intestinal tract to normalize or modify intestinal microbiota
composition and function. FMT has demonstrated its restorative
potential for both composition and functionality of gut microbiota

[9].

FMT results in normalization of microbial diversity and
community structure in patients by multiple mechanismsincluding
competition for nutrients among C. difficile and other microbiota,
direct suppression by antimicrobial peptides, bile-acid-mediated
inhibition of spore germination and vegetative growth; and
activation of immune-mediated colonization resistance. Though,
the mechanisms by which FMT exerts its therapeutic effects
is not fully understood. Two broad, not mutually exclusive,
mechanistic categories exist for the effectiveness of FMT that can
be considered: The direct interaction of donor gut microbiota
with C. difficile bacteria and microbiota mediated effects on
host physiology and immune defences that are detrimental to C.
difficile. Gut microbiota can compete with C. difficile for nutritional
and colonization resources, interfere with its virulence factors
and directly kill C. difficile bacteria. The gut micro biota can also
activate multiple host immune defences and constrain C. difficile
via secondary bile acids, which can be inhibitory of C. difficile
germination and vegetative growth.

The most likely, there occurs a competitive exclusion of the
pathogen, C. difficile, by the microbiota outcompeting for nutrients
and creating an environment that is unfavourable for its growth
[10]. Another factor is that the FMT restores the communities
of Firmicutes and Bacteroidetes and decrease Proteobacteria
favouring out-competing C. difficile. Further, the efficacy of FMT
for rCDI through competitive exclusion occurs in part through the
modulation of bile-salt metabolism, which affects C. difficile spore
germination.

The primary bile acids stimulate germination of spores,
whereas the secondary bile salts such as lithocholate serve as
potent inhibitors for spore germination. Several groups of gut
microbes found in healthy microbiota (primarily within the
Lachnospiraceae and Ruminococcaceae families, also known as
Clostridium clusters XIVa and IV) possess 7a-dehydroxylation
activity, which allows them to convert primary bile acids to
secondary bile acids [11]. In accordance with this hypothesis,
pre-FMT feces of rCDI patients were extremely low in secondary
bile acids, but high in primary bile acids. After FMT, this trend
was reversed, and resembled that of healthy stools from patients
without CDI [12].
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Figure 3: FMT: Mechanisms and Effects on the Gut Microbial

Ecosystem.
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Another important mechanism is that antibiotic treatment
disrupts the endogenous microbial community and leads to
increased free mucosal sialic acid (a carbohydrate energy source
for C. difficile), which leads to expansion of C. difficile colonies in
the gut [13] The FMT appears to increase sialic-acid utilization
by commensal bacteria, thus depriving C. difficile of the vital
energy source. Yet, other likely mechanisms may be the enhanced
post-FTM protease activity inactivating secreted C. difficile
toxins, stimulation of host-cell defence through release of small
molecules such as short-chain fatty acids and a direct activity
against C. difficile viability through bacteriocin-like mechanisms
[14]. The FMT moves the microbiota of recipients towards that of
the donor and improves bacterial diversity. There occur changes
in community structure and composition in the microbiota at
phylum and genus levels after FMT. Faecal bile acid levels which
are significantly different in donors and recipients, turn more
donor-like in FMT recipients (Figure 3).

Inflammatory mediators are the link between innate and
adaptive immunity. Inappropriate damage to host tissue through
uncontrolled inflammation via pathogen toxins or endotoxins
appear to release cellular fatty acids in CD infection. Fatty acids,
particularly PUFA metabolised to eicosanoids, are a key factor to
mediate and regulate the inflammation response. w-3 PUFA and
arachidonic acid is a key precursor of inflammatory cells and its
levels dictate the duration and intensity of the response.

Whereas, w-6 PUFA Docosahexaenoic acid (DHA) and
Eicosapentaenoic acid (EPA) moderate the effect of arachidonic
acid and its downstream products through anti-inflammatory
resolvins, docosatrienes, neuro-protectins for DHA and E series
resolvins via EPA. There is a proposed link between PUFAs, gut
health and elevated levels of fatty acids found in patient groups
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relative to donors. This includes SCFA, pyruvic acid and lactic
acid, saturated fatty acids palmitic acid, and myristic acid - also
an w-6 FA, monounsaturated FAs, oleic acid and palmitoleic acid,
w-3 PUFAs a-linolenic acid and y-linolenic acid (ALA+GLA) and
EHA and DHA as well as, w-6 Linoleic acid and arachidonic acid.
There occurs normalisation of individual inflammatory FA levels
in recipients. SCFA, w-3 & w-6 PUFAs are altered in the direction
of the donor following FMT [15].

FMT leads to a significant change in microbial diversity in
patients with recurrent CDI and complete resolution of symptoms.
Stool donor type (related or unrelated) and degree of engraftment
are not the key for successful treatment of CDI by FMT. However,
CDI patients with IBD have higher proportion of the original
community after FMT and lack of improvement of their IBD
symptoms and increased episodes of CDI on long-term follow-up
[16].

Possible scope of FMT interventions

Clostridium difficile infection

Normally, a diverse gut microbial community confers
colonization resistance against pathogens such as C. difficile.
But, the disruptions due to antibiotics, comorbidities, altered
gastrointestinal transit, or other risk factors predispose to
pathogen colonization and infection [17]. The deleterious shift in
the gut microbial ecosystem, referred to as dysbiosis, is associated
with Clostridium difficile infection (CDI), inflammatory bowel
disease (IBD) and other systemic inflammatory and metabolic
conditions [18]. There is an increasing incidence of community
and hospital acquired CDI and high rates of recurrent CDI. The
stress on newer non-antibiotic therapies has led to the emergence
of microbiome-based therapies [19]. FMT in CDI patients has
been shown to restore the phylogenetic diversity by enema, oral
capsule, or endoscopic delivery modes [20,21].

The CDI patients are routinely treated with metronidazole or
vancomycin required for a significant number of patients. Some
patients with CDI go on to develop recurrent CDI (rCDI), having
significant higher morbidity and mortality. Antibiotics have been
implicated in the pathogenesis of CDI, as the antibiotic use can lead
to dysbiosis allowing C. difficile to flourish. The use of fidaxomicin
has lower recurrence rates due to a narrower spectrum of
antimicrobial activity and thus limiting dysbiosis. The use of FMT
for rCDI has an average of 87-90% cure rate with resolution of
diarrhoea. Moreover, FMT leads to normalization and restoration
of gut microbiota [22]. A randomized control trial has shown that
duodenal infusion of donor feces for rCDI had a cure rate of 81%
versus a cure rate of 31% for patients treated with the standard
course of oral vancomycin [23].

FMT should be considered for recurrent or relapsing CDI when
there is failure to respond to conventional antibiotic therapy. For
a moderate CDI, FMT is indicated when there is no response to
standard therapy for at least 1 week. For severe CD], it is indicated
when there is no treatment response after appropriate maximal
therapy for 48 h. FMT is also supported by the 2013 American

College of Gastroenterology C. difficile-treatment guidelines as a
therapeutic alternative for rCDI that has not responded to a pulse/
tapered regimen of vancomycin [24]. The use of frozen donor
feces administered by colonoscopy, which has also been shown
to be effective [25]. In a recent study there was documented
significantly lower response of CDI to FMT in patients with
underlying IBD [26]. Also, the rate of recurrence of CDI following
FMT is high in patients with CDI and underlying IBD [27].

The human gut microbiota is a diverse ecosystem consisting
of thousands of bacterial species, protects against invasive
pathogens such as C. difficile, which is a Gram-positive, anaerobic,
spore-forming, and toxin-producing bacillus. C. difficile infection
is a model for disease caused by the host gut-microbial dysbiosis.
The CDI causes symptoms ranging from mild watery diarrhoea to
potentially lethal pseudomembranous colitis. The pathogenesis
of CDI requires disruption of the gut microbiota before onset
of symptomatic disease, and exposure to antibiotics is the most
common precipitant.

Following exposure, the manifestations can vary from
asymptomatic colonization, to a self-limited diarrheal illness, to a
fulminant, life-threatening colitis. Even among those that recover,
recurrent disease is common. Symptomatic Clostridium difficile
infection (CDI) results when C. difficile, a Gram-positive bacillus
that is an obligate anaerobe, produces cytotoxins TcdA and TcdB,
causing epithelial and mucosal injury in the gastrointestinal tract
[28,29].

The altered intestinal microbiota is a prerequisite to
symptomatic infection. Following establishment of susceptibility
and exposure to spores, germination occurs, vegetative C. difficile
cells produce toxin, and this causes injury to the intestinal
epithelium and mucosa resulting in symptoms. After recovery
following conventional therapy, the disruption of the intestinal
microbiota may continue, and patients remain at risk for rCDI
[30]. Conventional treatments utilize antibiotics with activity
against C. difficile, but these antibiotics have activity against other
gut bacteria, limiting the ability of the microbiota to fully recover
following CDI and predisposing patients to recurrence.

Traditional treatments for CDI result in a high incidence
of recurrence (35%), with up to 65% of these patients that
are again treated with conventional approaches developing a
chronic pattern of recurrent CDI. fidaxomicin is considerably
more expensive than vancomycin, is approved by the FDA for the
treatment of CDI. The restoration of the gut microbiome through
fecal microbiota transplantation (FMT) is the strategic treatment
that has gained acceptance for the treatment of recurrent CDI
when conventional treatments have failed [31].

Evidence for Efficacy of FMT in Treatment of CDI: The clinical
evidence for FMT is most robust for recurrent CDI, consisting
of case reports or case series, recently aggregated by two large
systematic reviews, as well as several clinical trials [32,33].
Further, FMT for treatment of recurrent CDI has remarkable
success rates for alleviation of the symptoms and restoration of

How to cite this article: Vinod N. Therapeutic Potential of Gut Microbiome Manipulation: Concepts in Fecal Microbiota Transplantation. Curre Res
Diabetes & Obes J. 2019; 11(1): 555803. DOI: 10.19080/CRD0OJ.2019.11.555803


http://dx.doi.org/10.19080/CRDOJ.2019.11.555803

Current Research in Diabetes & Obesity Journal

health. The effectivity of FMT in restoring a microbiome in the
GIT, appears to be brought about by the long-term successful and
stable reconstruction of commensal microbes, which access and
occupy the niches in the GI space following transplantation [34].

Inflammatory bowel disease

IBD is an intestinal disorder that includes ulcerative colitis
(UC) and Crohn’s disease (CD). IBD is characterized by chronic
inflammation of the gastrointestinal tract, having a cyclic nature
of disease progression and remission. During periods of disease
activity, patients may present with diarrhoea, nausea, weight loss,
loss of appetite, fever, and abdominal pain. The pathophysiology
is multifactorial, due to imbalances in the intestinal microbiota,
gut epithelium, and immune system in genetically susceptible
individuals. IBD is hypothesized to occur due to continuous
inappropriate antigenic stimulation of gut mucosa-associated
lymphatic tissue by commensal microbes [35]. Dysbiosis of
the gut is considered as a possible pathologic contributor to
IBD development. This idea is supported by observations that
antibiotics such as amoxicillin/clavulanic acid and rifaximin can
reduce intestinal inflammation and induce remission in some
patients [36].

Metagenomic and metabolomics studies have characterized
the IBD microbiota, and have found an overall reduced bacterial
diversity, with specifically reduced members of the Bacteroidetes
phylum and the Lachnospiraceae group within the Firmicutes
phylum and an increase in Proteobacteria and Actinobacteria
[37]. Biopsy specimens from patients with CD were found to
have a reduced population of the Clostridium cluster IV species,
Faecalibacterium prausnitzii. F. prausnitzii is associated with
anti-inflammatory properties in patients with CD, and increased
levels of the bacterium are associated with maintenance of clinical
remission in UC [38,39].

Overall, the IBD microbiome was found to be inflammation
promoting, with indications of increased oxidative stress,
increased type II toxin secretion, and increased virulence-related
bacterial genes [40]. It has been shown that the transplantation
of fecal ecosystems from patients with UC to germ-free mice
increased sensitivity to dextran sodium sulfate-induced colitis.
Thus, supporting the use of microbiota modification for the
treatment of UC [41]. The evidence that links gut microbial
dysbiosis with IBD has led to the exploration of FMT as therapy
for the disease [42].

It appears that FMT may be more effective for CD and in
younger patients than for UC infection. In the trial by Moayyedi
and colleagues, the patients that benefitted most from FMT were
those with a recent history of disease onset [43]. This may indicate
that FMT may be useful only in certain subsets of patients with
UC. Although no serious adverse events are in the IBD patients
treated with FMT, some side effects include fevers, chills, bloating,
flatulence, vomiting, diarrhoea and abdominal tenderness [44].
Also, some patients’ conditions may worsen after FMT. However, it
is apparent that FMT is not as effective in IBD as it is in CDI, which

is probably due to the multifactorial pathophysiology of IBD [45].
Functional gastrointestinal disorders (FIGD)

Currently, FGID the most common Gl disease. Itis characterized
by the presence of GI symptoms in the absence of any identifiable
anatomic or biochemical abnormalities. Irritable bowel syndrome
(IBS) is the most prevalent form of FGID, affecting about 10-15%
of the population and having impact on the QOL. IBS has four
subtypes based on the dominant symptoms: IBS-D is diarrhoea-
predominant, IBS-C is constipation predominant, IBS-M is mixed
diarrhoea and constipation, and IBS-U is an un-subtyped [46].

The pathophysiology involves visceral hypersensitivity,
altered barrier function, altered GI motility, and an altered gut-
brain axis. These changes have been related to alterations in the
gut microbiota [47]. The therapeutic beneficial effect of FMT
has been shown in varying proportion of limited number of IBS
patients. In a study, FMT was administered to 13 patients with
IBS (9 with IBS-D, 3 with IBS-C, 1 with IBS-M) via esophago-
gastroduodenoscopy, documented symptomatic relief in about
70% patients for a variable period of 6-18 months [48]. The data
for FTM treatment of FGID are limited and may be biased.

Obesity and metabolic syndrome

Various studies indicate that the gut microbiota may be
involved in the pathophysiology of obesity [49]. The metagenomic
studies have documented that the gut microbiome in lean
and obese individuals has marked differences. The obese gut
microbiota of the mice studied showed an increase in the
Firmicutes to Bacteroidetes ratio and had an increased capacity
for energy extraction from dietary intake.

Moreover, Turnbaugh and colleagues showed that the
colonization of germ-free mice with the obese microbiota
resulted in a significantly greater increase in adiposity than those
transplanted with the lean microbiota [50]. Obese individuals
have been found to have a relative abundance of genes involved
in hydrogen and methane production, and a relative decrease
in genes associated with hydrogen sulphide production [51].
Transfer of the gut microbiota from human twins discordant for
obesity into germ-free mice led to greater adiposity and body
mass in the mice transplanted with the obese microbiota.

The altered microbiota found in obese individuals may
be predisposing them to obesity through increased energy
extraction, or possibly through an interaction with the gut-brain
access leading to decreased energy output or through influencing
satiety. The fecal transplants from lean to obese (with metabolic
syndrome) individuals resulted in improved insulin sensitivity,
increased gut-microbial diversity, increased butyrate-
producing bacteria (Roseburia intestinalis) in the obese recipients
[52]. Conversely, the potential of the gut microbiota to affect
weight gain has led to the proposal that the body mass index of
the donor may need to be taken into consideration when choosing
candidate donors for FMT [53].

and
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The FMT: Limitations and Complications

The clinical experience with FMT has mostly come from its use
in treating rCDI. The FMT has been found to be relatively free of
adverse effects [54]. The adverse effects are diarrhoea, abdominal
cramping, belching and nausea, and are often self-limiting and
resolved in a variable period [55]. Aside from the minor self-
limiting adverse effects, some serious adverse documented are
upper GI bleeding, enteritis and peritonitis [56]. Further, as long-
term adverse effects of FMT, there exists a theoretical possibility of
unrecognized infectious disease transfer or stimulation of chronic
disease related to alteration of the gut microbiota like obesity,
diabetes, atherosclerosis, etc. The advances in FMT delivery are
likely to reduce adverse effects in the future.

Short-term complications: Serious adverse effects directly
attributable to FMT in patients with normal immune function
are uncommon. Symptoms of an irritable bowel (constipation,
diarrhoea, cramping, bloating) shortly after FMT are observed
and usually last less than 48 hours [57]. An increased risk of IBD
flare, fever, and elevation in inflammatory markers following
FMT has also been observed. FMT side effects may vary by the
administration method and may be related to complications of the
method itself rather than FMT.

Long-term complications: The long-term safety of FMT is
unknown [54]. There is an incomplete understanding of the
interaction between the gut microbiome and the host, but this is
a complex system and associations with disease processes have
been demonstrated. The gut microbiome may be associated with
colon cancer, diabetes, obesity, and atopic disorders. The role of
FMT in contributing to these conditions is unknown. Based on
several prospective trials and observational data, FMT appears to
be a safe and effective treatment for recurrent CDI that is superior
to conventional approaches.

An important subpopulation of patients with rCDI has
underlying IBD which contributes to gut dysbiosis. The trials
to treat ulcerative colitis (UC) with FMT have shown conflicting
results [58-60] Further, the patients with Crohn’s disease (CD)
and ulcerative colitis (UC) have increased incidence of CDI, and
presence of CDI commonly complicates the course of these
underlying diseases [61] The FMT has not shown consistent
success in treating diseases like IBD. The underlying host factors
like gut microbial ecology may be important for success pre- and
post-FMT.

The Ethical Issues and Regulations

Health Canada released an interim policy regarding the
regulation of FMT, which it currently regulates as a ‘new biologic
drug’ It specifies the indications, patient’s consent, preparing
the FMT from a known solitary donor and screened for potential
pathogens prior to administration. This policy limits the use of
FMT for other conditions apart from rCDI, due to the paucity of
data from large clinical trials. Similarly, the US Food and Drug
Administration (FDA) considers stool as a biological product and

drug, and mandates physicians to obtain an investigational new
drug application (IND) to administer FMT.

Recently, the FDA has stated that it will allow physicians to
use their own discretion in administering FMT to patients with
CDI that does not respond to conventional therapies (without
an IND). The current Food and Drug Administration guidance
allows performance of FMTs in treatment of CDI failing standard
antibiotic therapies but requires provision of an informed
consent, explaining the risks and benefits of the procedure, and
explain that it is an investigational therapy. Also, the donor must
be from the similar social and geographical community, known to
the patient or healthcare provider, and the stool must be screened
for pathogens [62]. But, FMT, so far is not regulated in West by
the European Medicines Agency, or elsewhere within China or
Australia.

Future Directions and Developments

There is increasing acceptance for the therapeutic use of
FMT, partially due to its perception as a ‘natural’ treatment and
its relatively inexpensive implementation. However, the range of
risks and benefits remains poorly defined because the published
FMT experience remains limited.

There are fears of the infectious potential of the therapy, which
have led researchers to explore the use of ‘synthetic stool’ products
with defined bacterial populations to ameliorate such concerns
[63]. There are many efforts currently underway to explore a
role for the gut microbiota in the pathophysiology of many other
conditions, including necrotizing enterocolitis, liver disease,
colorectal cancer, oesophageal and gastric adenocarcinoma
and autism [64,65]. In addition, there is a possible role for gut-
microbiota modification in many other conditions [66]. Depending
on the research in this field, FMT may be a potential therapy for
additional conditions in the future.

Several host factors likely play significant roles in the
pathophysiology of rCDI and can affect risks and benefits of
FMT and clinical care of patients after the procedure. As more
options for FMT emerge, patients will likely opt for less invasive
mechanisms, such as oral delivery capsules [67]. However,
underlying gastrointestinal pathology should be considered in
patients with refractory RCDI and colonoscopic evaluation may
provide valuable diagnostic information [68-70].

In future, FMT can be a pauci-strain type or multi-strain
type depending on the fecal microbiota analysis of the recipient.
The suitable strains can be picked-up from donor fecal sample,
grown in cultures and transplanted through an appropriate route.
Depending on the recipients’ microbiota diagnostic analysis, the
FMT using suitable pauci-strains may be a promising development.
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