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Mini-review Article

ABSTRACT

Aims: The fecal microbiota transplantation (FMT) may be a possible solution for symptoms
reduction and improvement of the clinical condition in Inflammatory bowel diseases (IBDs), such as
Ulcerative Colitis (UC) and Crohn's Disease (CD). In addition to being effective in other conditions
associated with disequilibrium in gastrointestinal microbiota, such as recurrent Clostridium difficile
infection (RCDI) and Metabolic Syndrome (MS). The aim of this study was to review the
applicability of FMT: in UC, CD, RCDI and MS.

Study Design: Minireview.

Place and Duration of Study: Faculty of Medical Sciences of S&o José dos Campos- Humanitas,
between June 2021 and August 2022.

Methodology: A literature search was performed in the PubMed database for clinical trial studies
and review articles, published in the last 10 (ten) years. The remission of clinical conditions was
established as the primary outcome and exclusion criteria was not blind or incomplete blinding
studies. Based on these studies, a review regarding the applications of FMT in patients with IBD,
RCDI and MS, especially its therapeutic effects, was performed.
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Results: In total, 53 (fifty-three) articles were selected. Studies have shown that FMT can be
useful in the treatment of RCDI with cure rates ranging from 85% to 90% and represent a possible
alternative to antibiotic therapy in cases of primary infection by C. difficile. FMT seems to be
effective in inducing remission of UC, but its durability and long-term safety are still not well
defined. Furthermore, in the treatment of Crohn's disease and metabolic syndrome, some studies
show beneficial effects, but further studies are needed.

Conclusion: The studies are optimistic and, even if modest, suggest that FMT has the potential for
treatment and/or remission of different inflammatory and infectious conditions.

Keywords: Fecal microbiota
microbiome.

transplant;

1. INTRODUCTION

The gastrointestinal microbiota is a complex
ecosystem composed of hundreds of thousands
of microorganisms, including bacteria, viruses
and fungi [1]. These microorganisms participate
in several metabolic and immunological
interactions, contributing to the maintenance of
health of the host [2]. However, in situations of
dysbiosis, that is, changes in the composition
and function of the microbiota, its components
can cause inflammatory gastrointestinal diseases

3].

Feces largely reflect the individual's microbiome
and its possible changes [4]. Thus, in cases of
dysbiosis, one of the options for restoring the
healthy = microbiome  (eubiosis) is the
transplantation of fecal microbiota (FMT),
transferring the fecal content of a healthy
organism (in eubiosis) to an organism with an
altered microbiome, a possible cause of the
disease [5].

FMT is an emerging procedure in the treatment
of Inflammatory Bowel Diseases (IBD) such as
Ulcerative Colitis (UC) and Crohn's Disease
(CD), besides Clostridium difficile infection,
demonstrating efficacy in the remission and/or
improvement of clinical manifestations. In
addition, FMT seems to promote detectable
beneficial changes in the composition of the
intestinal microbiota of patients with Metabolic
Syndrome (MS) [6-9].

The first records of FMT are from the fourth
century, in China, where it was used to treat
patients with severe diarrhea [10]. However,
despite not being a current practice, there are
stil questions about the function and
effectiveness of FMT in the treatment of different
inflammatory and infectious diseases. Thus, the
aim of this study was to review the applications
of FMT in patients with IBD, recurrent C. difficile

inflammatory bowel

diseases; Clostridium difficile;

infection (RCDI) and MS, emphasizing the
therapeutic effects obtained with this procedure.

2. MATERIALS AND METHODS

A mini narrative review was conducted to update
information on FMT area and explore the
possibilities of using this practice in patients with
IBD, RCDI and MS. A literature search was
performed in the Pubmed Database for clinical
trial studies and review articles published in the
last 10 (ten) years. The keywords, single or
associated, were fecal microbiota transplant,
inflammatory  bowel diseases, Clostridium
difficile, ulcerative colitis, Crohn's disease and
metabolic syndrome. The remission of clinical
conditions was established as the primary
outcome and exclusion criteria was not blind or
incomplete blinding studies. In total, 53 (fifty-
three) articles were selected.

3. RESULTS AND DISCUSSION

3.1 Fecal Microbiota Transplantation in
the Treatment of Clostridium difficile
Infection

C. difficile is a Gram-positive bacillus transmitted
mainly by the fecal-oral route, whose clinical
manifestation is characterized by three or more
watery stools in 24 hours, for at least two
consecutive days [11,12]. Long-term use of
antibiotics and consequent increase in the
growth of antibiotic-resistant microorganisms is
associated with the development of RCDI. Thus,
in these cases, FMT has a great therapeutic
potential, being used as an alternative therapy to
antibiotic in cases of primary infection by C.
difficile [13,14] (Fig. 1).

Millan et al. [14] in a single-center study, in which
20 patients with RCDI received FMT from
universal donors via colonoscopy, observed that
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these individuals had a greater number of

antibiotic-resistant microorganisms and that
healthy fecal microbiota introduced through
transplantation could eliminate these

microorganisms, eradicate resistance genes, and
restore antibiotic susceptibility.

Youngster et al. [15] studying different
administration routes of FMT in RCDI patients,
demonstrated, through a randomized-controlled
trial, that the administration of fecal microbiota by
nasogastric tube was as effective as
administration via colonoscopy. The authors also
demonstrated that the oral administration of
frozen FMT capsules in a small group of patients
with iRCDI, led to a clinical resolution of 90% of
diarrheal conditions. Thus, the authors
suggested the possibility of application in a wider
population and in a safer way, although larger
studies were needed to confirm the data [16].

Likewise, Kao et al. [17] studying patients aged
18 to 90 years, with at least three documented
episodes of C. difficile infection, observed that
the use of fresh stool was more effective
compared to antibiotic therapy or placebo and
that frozen stools transported by colonoscopy
presented themselves as an alternative
treatment to the use of fresh stools. Kelly et al.
[18] in a randomized, controlled and double-blind
clinical trial, concluded that donor stools
administered by colonoscopy seemed safer and
more effective in preventing new episodes of C.
difficile infection than FMT made from feces of
infected patients themselves.

Regarding FMT in patients with RCDI treated
with vancomycin, a study conducted by Hota et
al. [19] compared 14 days of oral vancomycin
followed by a single FMT via enema with only
oral vancomycin and concluded that there was
no significant difference between them. However,
another study performed by Hvas et al. [20]
compared the efficacy of FMT with fidaxomicin
and vancomycin, in patients with RCDI, and
concluded that clinical resolution rates were
higher in patients who received FMT as
treatment (92% vs 42% and 19% for fidaxomicin
and vancomycin, respectively).

The applications of FMT in patients who
underwent solid organ transplantation have also
been studied. In an experience of Lin et al. [21]
five of these patients with RCDI had a cure rate
of 80% after one FMT, and 100% cure rate after
two FMTs.

FMT also seems to be an effective treatment for
elderly and very sick patients, with colonoscopy
being the preferred infusion route. Concerns
about the safety of this method is rare, even in
patients with many comorbidities [22].

The studies have shown that FMT seems to
constitute a safe and effective approach in the
management of RCDI. The cure rate of FMT in
cases of RCDI can range from 85% to 90% and
the phylogenetic diversity of the bacterial
microbiome can be restored, even if the long-
term effect is not yet known, nor how many
procedures are need for the best result
[23,24].

3.2 Fecal Microbiota Transplant in
the Treatment of Ulcerative
Colitis

UC is an inflammatory disease of the large
intestine, especially from transverse colon, with
unknown origin. It is featured by inflammation
and ulceration at intestinal mucosa and
submucosa [25].

Very typical symptoms are diarrhea, generally
with rectal bleeding and often abdominal pain.
This disease has a high risk to symptomatic
relapse and can persist for weeks or months.
Further, UC, when extended, raises the risk of
developing colon cancer, compared to not
affected individuals [26].

The innate and adaptive immunity of the host,
under normal circumstances, is capable to
prevent the invasion of harmful bacteria and to
tolerate the normal microbiota. However, if the
microbiota is not balanced and/or immunity is
compromised, the intestinal mucosal immune
response is overstimulated, which can lead to
disease. The barrier function of the intestinal
mucosa decreases as the intestinal microbiota is
translocated, which causes further damage to the
intestinal mucosa barrier, causing a vicious cycle
and accentuating the intestinal inflammatory
response [27,28].

The treatment of UC with FMT aims to induce
clinical remission through the progressive
transformation of the inflamed mucous into
normal, reestablishing the tissue's histological
architecture, reducing morbidity and mortality
and improving the quality of life of individuals
who have this pathology [29] (Fig. 1).
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FMT can reduce permeability of the intestinal
barrier and increase short chain fatty acids,
which could help to keep the epithelial barrier
intact. FMT can also restore immune dysbiosis
because it can inhibit T cell and other leukocytes
activity and reduce the production of
inflammatory factors [30].

Warren et al. [31] studied the efficacy of UC
regression, based on the use of FMT by
endoscopic and capsule routes. Of the 30
patients undergoing FMT by endoscopy, 15 kept
treatment using capsules, and in all patients,
there was control of UC. Only four had adverse
effects such as diarrhea, constipation and
nausea, showing that FMT can be an innovative,
safe and efficient alternative for the treatment of
these IBD.

Costello et al. [32] in a systematic review and
meta-analysis of four existing randomized clinical
trials, concluded that, even without solid
evidence, FMT seems to be effective in inducing
UC remission, without signs of short-term
insecurity.

3.3 Fecal Microbiota Transplant in the
Treatment of Crohn’s Disease

CD is a chronic inflammatory condition with
transmural involvement of the gastrointestinal
tract, may occurring extraintestinal
manifestations. Although treatment options have
expanded in recent years, they focus primarily on
lowering the immune response, thus bringing
notable risks associated with long-term
immunosuppression [33].

Its pathogenesis is not fully understood, but it is
now recognized that it is related to an abnormal
activation of the gastrointestinal immune system
against microorganisms of the intestinal
microbiota, in genetically susceptible hosts and
under the influence of environmental factors [34].

According to a recent meta-analysis, after
minimizing  publication bias, patients with
inflammatory bowel disease who received FMT
had a 36.2% remission rate: 22% for UC and
60.5% for CD [35]. The central mechanism for
the effectiveness of FMT is probably the
construction of a community composed by
intestinal bacterial strains and antimicrobial
components, such as adhesins,
immunomodulatory molecules, bacteriocins, etc.,
produced by them. Thus, pathogenic bacteria are
prevented to adhere, making possible

the rehabilitation of intestinal

(Fig. 1).

Xiang et al. [37] studied 174 patients with CD
who received FMT by endoscopy, nasojejunal
tube or colonic transendoscopic enteral tube.
The median duration of follow-up was 43 months.
The authors noted that 75.3% of patients showed
a clinical response one month after FMT. Of
these, 9.2% of patients presented sustained
remission after a single FMT, while 10.7% of
patients changed therapy due to loss of
response. In total, 109 patients received multiple
courses of FMT during follow-up. Of these,
58.7% showed clinical response with FMTs and
21.1%, sustained clinical remission. The overall
average of FMT procedures was 3.5, and the
average time between the first and second FMT
was 123 days.

mucosa [36]

Li et al. [38] carrying out a study with sixty-nine
patients with active CD, observed a significant
benefit already in the first FMT. Four weeks after
the first FMT, 63 patients demonstrated a clinical
response and 47, clinical remission. In addition,
8.7% of patients showed partial improvement in
the symptoms of CD. Just before these patients
received the second FMT, 62.3% of them still
maintained a clinical response, among which
43.5% still maintained clinical remission.

Susking et al. [39] selected nine families for a
study about FMT in pediatric patients with active
CD. These patients received the fecal transplant,
whose donors were their parents. Two weeks
after FMT, 7 of 9 patients were in clinical
remission based on PCDAI score. After 6 and 12
weeks, 5 of 9 patients, who did not receive
additional therapy, were still in remission. Only
two subjects required additional standard
medical therapies before the end of the study.

3.4 Fecal Microbiota Transplant in the
Treatment of Metabolic Syndrome

MS is characterized by a set of symptoms
strongly associated with the development of
cardiovascular diseases, type 2 diabetes and
nonalcoholic  fatty liver disease, being
characterized by insulin resistance, dyslipidemia,
high blood pressure and increase of abdominal
waist [40]. It is believed that the gut microbiota
plays a key role in maintaining the physiological
function of the host, and dysbiosis caused by
various factors leads to extensive physiological
changes and increases the risk of MS. Studies
have shown that it is possible that an increased
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frequency of the phylum Firmicutes, and reduced
frequency of Bacteroidetes could be related to an
obese phenotype. However, the underlying
mechanisms by which gut microbiota affects host
metabolism still need to be defined [41].

It has been observed that FMT alters and
increases the biodiversity of intestinal microbiota,
modulates bacterial proportion, increases the
release of glucagon like peptide 1 (GLP-1),
modulates the paths of biliary acid and interferes
with the production of short-chain fatty acids. It
can also be responsible for complex effects like
immune cells regulation, alteration of intestinal
gluconeogenesis, reduction of tumor necrosis
factors - alfa, change in the metabolism of lipids
and glucose, among other mechanisms [35].
Because of that, a hypothesis was raised that
FMT might contribute to the treatment of
MS/obesity by increasing the insulin sensitivity,
decreasing body fat and modulating the
metabolism of lipids and cholesterol [42] (Fig. 1).

Kotte et al. [43] studied the effects of FMT in 38
men with MS - aleatory divided into a treatment
group (26 men who received transplant from a
healthy donor) and control group (12 men who
The

received autologous fecal transplant).

C. difficile infection

Inflammatory
infiltrate

Langhans giant
cells

cronic inflammatory
infiltrate

After fecal microbiota
transplant *

authors observed that six weeks after the FMT
there was an alteration in the composition of
duodenal and fecal microbiota in the treatment
group, associated with a better peripheral
sensibility to insulin and a slightly, but significant,
decrease in quantity of glycated hemoglobin,
when compared to the control group. However,
when the samples were collected and analyzed
again, 18 weeks after the FMT, the microbiota
composition had returned to the base
composition, evidencing a short-term benefit,
non-sustained in long-term [44].

Allegretti et al. [36] studying 11 obese men who
received the FMT by oral capsules, with the dose
reinforced twice every four weeks, observed
significant change in the curve of glucose after
12 weeks, when compared to the placebo’s
group curve. It was also observed an alteration in
the levels of insulin 6 weeks after the FMT.
Therefore, the authors suggested that FMT might
have preventive role in the development of MS in
obese pacients [45].

Studies have shown that FMT alters the
receptors’ microbiota making it similar to the
donor’s composition, but without any functional
effect or metabolic change [44-46].

R

inflammatory
infiltrates

Fig. 1. Mechanisms of successful treatment of recurrent Clostridium difficile infection (RCDI),
Crohn's Disease (CD), Ulcerative Colitis (UC) and Metabolic Syndrome (MS) with fecal
microbiota transplant (FMT). Improvement in symptoms after FMT has been associated with
restoring the healthy microbiome (eubiosis) and reduction of inflammation and tissue damage
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4. FINAL CONSIDERATIONS

The studies have shown that FMT can be useful
in the treatment of RCDI with cure rates ranging
from 85% to 90% and represent a possible
alternative to antibiotic therapy in cases of
primary infection by C. difficile. Regarding the
treatment of UC, FMT seems to be effective in
inducing remission, but its durability and long-
term safety are still not well defined [31,32,46].
Furthermore, the studies suggest that FMT in the
treatment of CD and MS is still questionable, and
further studies are needed to prove the feasibility
of this procedure in these and other conditions.

It is important to highlight that all the studies
have limitations and bias. It is observed, for
example, that all studies were carried out in men
and follow-up beyond 6 months is not yet
available. Furthermore, none of the studies
reported dietary control, a factor that directly
affects the composition of the microbiota. For
example, a diet rich in protein is associated with
increased microbiota diversity [47]. This diversity
makes communities more resilient, managing to
build more resources, reducing the opportunity
for bacterial invasion. This can be a barrier to the
reversal of dysbiosis by FMT, as it offers more
resistance to colonization [48]. Another study
pointed out the important role of the viral
community in receiving treatment with FMT, as
patients who did not respond to treatment had a
greater difference in their viral communities when
compared to their respective donors [49].

It is also important to consider the limitations and
the risks of the procedure. Risk of infection
transmission after FMT has been of great
concern, although it appears to be rare [50].
Other adverse event, after nasoduodenal
administration of FMT, could be aspiration
pneumonia [51]. As each procedure has its
related complications, the best way of FMT
administration must be verified for each patient
and according to the professional experience
[52].

To provide long-term assessment for up to 10
years, aiming to answer the most pressing safety
guestion regarding FMT, Gliklich et al. developed
the FMT national registry, providing a real-world
view of clinical practice, patient outcomes, safety,
and comparative effectiveness [53].

The present work has its own limitations, since it
selected few studies, about four different
conditions, emphasizing only the therapeutic

results presented by them. Therefore, this study
is insufficient as groundbreaking results. Further
studies should be carried out to clarify the
mechanisms, the best protocols and the real
uses of the FMT.

5. CONCLUSION

The studies are optimistic and suggest that FMT
has the potential for treatment and/or remission
of different inflammatory and infectious
conditions.

CONSENT AND ETHICAL APPROVAL
It is not applicable.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

revolution.
2014;

1. Blaser MJ. The microbiome
Journal of Clinical Investigation.
124(10):4162-4165.
DOl:https://doi.org/10.1172/JCI78366

2. Nagao-Kitamoto H, Kitamoto S, Kuffa P,
Kamada N. Pathogenic role of the gut
microbiota in gastrointestinal diseases.
Intestinal Research. 2016;14(2):127-138.
DOl:https://doi.org/10.5217/ir.2016.14.2.12
-

3. Passos M do CF, Moraes-Filho JP.
Intestinal microbiota in digestive diseases.
Arquivos de Gastroenterologia.
2017;54(3):255-262. Portuguese.
DOl:https://doi.org/10.1590/S0004-
2803.201700000-31

4. Saffouri GB, Shields-Cutler RR, Chen J,
Yan Y, Lekatz HR, Hale VL, et al. Small

intestinal microbial dysbiosis underlies
symptoms associated with functional
gastrointestinal disorders. Nature

Communications. 2019;10(1):1-11.
DOl:https://doi.org/10.1038/s41467-019-
09964-7

5. Vindigni SM, Surawicz CM. Fecal
microbiota transplantation. Gastroentero-
logy Clinics of North America. 2017;
46(1):171-185.
DOl:https://doi.org/10.1016/j.gtc.2016.09.0
12 . PMID: 28164849.

6. Fang H, Fu L, Wang J. Protocol for fecal
microbiota transplantation in inflammatory

161


https://doi.org/10.1172/JCI78366
https://doi.org/10.5217/ir.2016.14.2.127
https://doi.org/10.5217/ir.2016.14.2.127
https://doi.org/10.1590/S0004-2803.201700000-31
https://doi.org/10.1590/S0004-2803.201700000-31
https://doi.org/10.1038/s41467-019-09964-7
https://doi.org/10.1038/s41467-019-09964-7
https://doi.org/10.1016/j.gtc.2016.09.012
https://doi.org/10.1016/j.gtc.2016.09.012

10.

11.

12.

13.

Silva et al.; JAMMR, 34(22): 156-165, 2022; Article no.JAMMR.91743

bowel disease: A systematic review and
meta-analysis. BioMed Research
International; 2018.
DOl:https://doi.org/10.1155/2018/8941340
Paramsothy S, Paramsothy R, Rubin DT,
Kamm MA, Kaakoush NO, Mitchell HM, et
al. Faecal microbiota transplantation for
inflammatory bowel disease: A systematic
review and meta-analysis. Journal of
Crohn’'s and Colitis. 2017;11(10):1180-
1199.
DOl:https://doi.org/10.1093/ecco-jcc/jjx063
Smits LP, Kootte RS, Levin E, Prodan A,
Fuentes S, Zoetendal EG, et al. Effect of
vegan fecal microbiota transplantation on
carnitine- and choline-derived
trimethylamine-N-oxide production and
vascular inflammation in patients with
metabolic syndrome. Journal of the
American Heart Association. 2018;7(7).
DOl:https://doi.org/10.1161/JAHA.117.008
342

Kelly CR, Khoruts A, Staley C, Sadowsky
MJ, Abd M, Alani M, et al. Effect of fecal
microbiota transplantation on recurrence in
multiply  recurrent  clostridium  difficile
infection: A randomized trial. Ann Intern
Med. 2016 Nov 1;165(9):609-616.
DOl:https://doi.org/10.7326/M16-0271
Wang JW, Kuo CH, Kuo FC, Wang YK,
Hsu WH, Yu FJ, et al. Fecal microbiota
transplantation: Review and update.
Journal of the Formosan Medical
Association. 2019;118, S23-S31.
DOIl:https://doi.org/10.1016/j.jfma.2018.08.
011

Jiang ZD, Jeng RR, Ajami NJ, Petrosino
JF, Alexander AA, Ke S, et al. Safety and
preliminary efficacy of orally administered
lyophilized fecal microbiota product
compared with frozen product given by
enema for recurrent Clostridium difficile
infection: A randomized clinical trial. PL0S
ONE. 2018;13(11):1-12.
DOL:https://doi.org/10.1371/journal.pone.0
205064

Mada PK, Alam MU. Clostridium difficile.
[Updated 2021 Aug 9]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls
Publishing; 2022 Jan.
Available:https://www.ncbi.nlm.nih.gov/boo
ks/NBK431054/

Baudou E, Lespine A, Durrieu G, André F,
Gandia P, Durand C, et al. Fecal
microbiota transplantation for primary
clostridium difficile infection. N Engl J Med.
2018;378:2535-2536.

14.

15.

16.

17.

18.

19.

20.

162

DOI: 10.1056/NEJMc1803103

Millan B, Park H, Hotte N, Mathieu O,
Burguiere P, Tompkins TA, et al. Fecal
microbial transplants reduce antibiotic-
resistant genes in patients with recurrent
clostridium difficile  infection.  Clinical
Infectious Disease. 2016;62(12):1479—
1486.
DOl:https://doi.org/10.1093/cid/ciw185
Youngster |, Sauk J, Pindar C, Wilson RG,
Kaplan JL, Smith MB, et al. Fecal
microbiota  transplant  for  relapsing
clostridium difficile infection using a frozen
inoculum from unrelated donors: A
randomized, open-label, controlled pilot
study. Clinical Infectious Diseases. 2014;
58(11):1515-1522.
DOl:https://doi.org/10.1093/cid/ciul35
Youngster |, Russell GH, Pindar C, Ziv-
Baran T, Sauk J, Hohmann EL. Oral,
capsulized, frozen fecal microbiota
transplantation for relapsing clostridium
difficile infection. JAMA - Journal of the
American Medical Association. 2014;
312(17):1772-1778.

DOI: 10.1001/jama.2014.13875

Kao D, Roach B, Silva M, Beck P, Rioux K,
Kaplan GG, et al. Effect of oral capsule— vs
colonoscopy-delivered fecal microbiota
transplantation on recurrent Clostridium
difficile infection: A randomized clinical
trial. JAMA - Journal of the American
Medical Association. 2017;318(20):1985—
1993.

DOI: 10.1001/jama.2017.17077

Kelly CR, Khoruts A, Staley C, Sadowsky
MJ, Mortadha Abd, Alani M, et al. Effect of
fecal microbiota transplantation on
recurrence in multiply recurrent clostridium
difficile infection. HHS Public Access.
2016;165(9).
DOl:https://doi.org/10.1186/s40168-018-
0549-6

Hota SS, Sales V, Tomlinson G, Salpeter
MJ, McGeer A, Coburn B, et al. Oral

vancomycin followed by fecal
transplantation  versus tapering oral
vancomycin  treatment for  recurrent

clostridium difficile infection: An open-label,
randomized controlled trial.  Clinical
Infectious Diseases. 2017;64(3):265-271.
DOl:https://doi.org/10.1093/cid/ciw731
Hvas CL, Dahl Jgrgensen SM, Jgrgensen
SP, Storgaard M, Lemming L, Hansen MM,
et al. Fecal microbiota transplantation is
superior to fidaxomicin for treatment of
recurrent clostridium difficile infection.


https://doi.org/10.1155/2018/8941340
https://doi.org/10.1093/ecco-jcc/jjx063
https://doi.org/10.1161/JAHA.117.008342
https://doi.org/10.1161/JAHA.117.008342
https://doi.org/10.7326/M16-0271
https://doi.org/10.1016/j.jfma.2018.08.011
https://doi.org/10.1016/j.jfma.2018.08.011
https://doi.org/10.1371/journal.pone.0205064
https://doi.org/10.1371/journal.pone.0205064
https://www.ncbi.nlm.nih.gov/books/NBK431054/
https://www.ncbi.nlm.nih.gov/books/NBK431054/
https://doi.org/10.1093/cid/ciw185
https://doi.org/10.1093/cid/ciu135
https://doi.org/10.1186/s40168-018-0549-6
https://doi.org/10.1186/s40168-018-0549-6
https://doi.org/10.1093/cid/ciw731

21.

22.

23.

24,

25.

26.

27.

28.

Silva et al.; JAMMR, 34(22): 156-165, 2022; Article no.JAMMR.91743

Gastroenterology. 2019 Apr;156(5):1324-
1332.e3.

DOI: 10.1053/j.gastro.2018.12.019. Epub
2019 Jan 2. PMID: 30610862.

Hvas CL, Dahl Jgrgensen SM, Jgrgensen
SP, Storgaard M, Lemming L, Hansen MM,
et al. Fecal microbiota transplantation is
superior to fidaxomicin for treatment of
recurrent clostridium difficile infection.
Gastroenterology. 2019 Apr;156(5):1324-
1332.e3.

DOI: 10.1053/j.gastro.2018.12.019. Epub
2019 Jan 2. PMID: 30610862.

Hvas CL, Dahl Jgrgensen SM, Jgrgensen
SP, Storgaard M, Lemming L, Hansen MM,
et al. Fecal microbiota transplantation is
superior to fidaxomicin for treatment of
recurrent clostridium difficile infection.
Gastroenterology. 2019 Apr;156(5):1324-
1332.e3.

DOI: 10.1053/j.gastro.2018.12.019. Epub
2019 Jan 2. PMID: 30610862.

Zuo T, Wong SH, Lam K, Lui R, Cheung K,
Tang W, et al. Bacteriophage transfer
during faecal microbiota transplantation in
Clostridium difficile infection is associated
with  treatment outcome. Gut. 2018;
67(4):634—643.
DOl:https://doi.org/10.1136/gutjnl-2017-
313952

Ponte A, Pinho R, Mota M, Silva J, Vieira
N, Oliveira R, et al. Initial experience with
fecal microbiota  transplantation in
Clostridium difficile infection - transplant
protocol and preliminary results. Rev Esp

Enferm Dig. 2015 Jul;107(7):402-7.
Portuguese.
DOI: 10.17235/reed.2015.3767/2015.

PMID: 26140631

Cérca IDA. Transplante de microbiota
fecal. Universidade Fernando Pessoa
Porto, 2018. Portuguese.

Cravo M. Suporte nutricional na doenca
inflamatéria do intestino. ASSOCIACAO
Portuguesa De Nutricdo Enterica E
Parenterica. 2013;VIl (1) — abril ISSN:
1646-7183. Portuguese.

Zhang YJ, Li S, Gan RY, Zhou T, Xu DP,
Li HB. Impacts of gut bacteria on human
health and diseases. Int J Mol Sci.
2015;16:7493-7519).

Shen ZH, Zhu CX, Quan YS, Yang ZY, Wu
S, Luo WW, et al. Relationship between
intestinal microbiota and ulcerative colitis:
Mechanisms and clinical application of
probiotics and fecal microbiota

29.

30.

31.

32.

33.

34.

35.

36.

163

transplantation. World J Gastroenterol.
2018 Jan 7;24(1):5-14.

DOL: 10.3748/wjg.v24.i1.5.
29358877; PMCID: PMC5757125
Sobrado CW Sobrado LF. Manejo da colite
ulcerativa aguda grave: atualizacdo
terap@uticA. ARTIGO DE REVISAO.
ABCD Arq Bras Cir Dig 2016;29(3):201-
205. Portuguese.
DOl:https://doi.org/10.1590/0102-
6720201600030017

Shen ZH, Zhu CX, Quan YS, Yang ZY, Wu
S, Luo WW, et al. Relationship between
intestinal microbiota and ulcerative colitis:
Mechanisms and clinical application of
probiotics and fecal microbiota
transplantation. World J Gastroenterol.
2018 Jan 7;24(1):5-14.

DOI: 10.3748/wjg.v24.i1.5.
29358877; PMCID: PMC5757125
Warren S, Sommers SC. Pathogenesis of
ulcerative  colits. Am J  Pathol.
1949;25(4):657—679. PMid: 18152861
Costello SP, Hughes PA, Waters O, Bryant
RV, Vincent AD, Blatchford P, et al. Effect
of fecal microbiota transplantation on 8-
week remission in patients with ulcerative
colitis. JAMA. 2019; 321(2):156-164.
DOI:10.1001/jama.2018.20046.

Hoie O, Wolters F, Riis L, Aamodt G,
Solberg C, Bernklev, T, et al. European
Collaborative Study Group of Inflammatory
Bowel Disease (EC-IBD). Ulcerative colitis:
patient characteristics may predict 10-yr
disease recurrence in a European- wide
population-based cohort. Am J
Gastroenterol. 2007;102(8):1692-701.
DOl:https://doi.org/10.1016/j.crohns.2008.0
1.007

Sokol H, Landman C, Seksik P, Berard L,
Montil M, Nion-Larmurier |, et al. Fecal
microbiota transplantation to maintain
remission in Crohn’s disease: A pilot
randomized controlled study. Microbiome.
2020;8(1):1-14.
DOl:https://doi.org/10.1186/s40168-020-
0792-5

Zou M, Jie Z, Cui B, Wang H, Feng Q, Zou
Y, et al. Fecal microbiota transplantation
results in bacterial strain displacement in
patients with inflammatory bowel diseases.
FEBS Open Bio. 2020;10(1):41-55.
DOl:https://doi.org/10.1002/2211-
5463.12744

Xu MQ, et al Fecal microbiota
transplantation broadening its application

PMID:

PMID:


https://doi.org/10.1016/j.crohns.2008.01.007
https://doi.org/10.1016/j.crohns.2008.01.007
https://doi.org/10.1186/s40168-020-0792-5
https://doi.org/10.1186/s40168-020-0792-5
https://doi.org/10.1002/2211-5463.12744
https://doi.org/10.1002/2211-5463.12744

37.

38.

39.

40.

41.

42.

43.

Silva et al.; JAMMR, 34(22): 156-165, 2022; Article no.JAMMR.91743

beyond intestinal disorders. World J
Gastroenterol. 2015;21(1):102-111.

Xiang L, Ding X, Li Q, Wu X, Dai M, Long
C, et al. Efficacy of faecal microbiota
transplantation in Crohn’s disease: a new
target treatment? Microb Biotechnol.
2020;13(3):760-9.
DOl:https://doi.org/10.1111/1751-
7915.13536

Li P, Zhang T, Xiao Y, Tian L, Cui B, Ji G,
et al. Timing for the second fecal
microbiota transplantation to maintain the
long-term benefit from the first treatment
for Crohn’s disease. Appl Microbiol
Biotechnol. 2019;103(1):349-60.
DOl:https://doi.org/10.1007/s00253-018-
9447-x

Suskind DL, Brittnacher MJ, Wahbeh G,
Shaffer ML, Hayden HS, Qin X, et al. Fecal
microbial transplant effect on clinical
outcomes and fecal microbiome in active
Crohn’s disease. Inflamm Bowel Dis.
2015;21(3):556—63.
DOI:https://doi.org/10.1097/MIB.00000000
00000307

de Groot PF, Frissen MN, de Clercq NC,
Nieuwdorp M. Fecal microbiota
transplantation in metabolic syndrome:
History, present and future. Gut Microbes.
2017 May 4;8(3):253-267.

DOI: 10.1080/19490976.2017.1293224.
Epub 2017 Feb 27. PMID: 28609252;
PMCID: PMC5479392.
Available:https://pubmed.ncbi.nim.nih.gov/
28609252/

Fukuda S, Ohno H. Gut microbiome and
metabolic diseases. Semin Immunopathol.
2014 Jan;36(1):103-14.

DOI: 10.1007/s00281-013-0399-z.
2013 Nov 6. PMID: 24196453.
Proenca IM, Allegretti JR, Bernardo WM,
de Moura DTH, Ponte Neto AM,
Matsubayashi CO, et al. Fecal microbiota
transplantation improves metabolic
syndrome parameters: systematic review
with meta-analysis based on randomized
clinical trials. Nutr Res. 2020 Nov;83: 1-
14.

DOI: 10.1016/j.nutres.2020.06.018. Epub
2020 Jul 3. PMID: 32987284.
Available:https://pubmed.ncbi.nim.nih.gov/
32987284/

Kootte RS, Levin E, Salojarvi J, Smits LP,
Hartstra AV, Udayappan SD, et al.
Improvement of Insulin Sensitivity after
Lean Donor Feces in Metabolic Syndrome
Is Driven by Baseline Intestinal Microbiota

Epub

44,

45,

46.

47.

48.

49,

164

Composition. Cell Metab. 2017 Oct
3;26(4):611-619.€6.
DOI: 10.1016/j.cmet.2017.09.008. PMID:

28978426.

Available:https://pubmed.ncbi.nim.nih.gov/
28978426/

Allegretti JR, Kassam Z, Hurtado J,
Marchesi JR, Mullish BH, Chiang A, et al.
Impact of fecal microbiota transplantation
with capsules on the prevention of
metabolic syndrome among patients with
obesity. Hormones (Athens). 2021 Mar;
20(1):209-211.

DOI: 10.1007/s42000-020-00265-z. Epub
2021 Jan 9. PMID: 33420959.

Available:https://pubmed.nchi.nlm.nih.gov/
33420959/

Smits LP, Kootte RS, Levin E, Prodan A,
Fuentes S, Zoetendal EG, et al. Effect of
vegan fecal microbiota transplantation on

carnitine- and choline-derived
trimethylamine- n-oxide production and
vascular inflammation in patients with

metabolic syndrome. J Am Heart Assoc.
2018 Mar 26;7(7):e008342.

DOIl: 10.1161/JAHA.117.008342.
29581220; PMCID: PMC5907601.

Available:https://pubmed.nchi.nlm.nih.gov/
29581220/

Hirten RP, Grinspan A, Fu SC, Luo Y,
Suarez-Farinas M, Rowland J, et al
Microbial engraftment and efficacy of fecal
microbiota transplant for clostridium
difficile in patients with and without
inflammatory bowel disease. Inflamm
Bowel Dis. 2019 May 4;25(6):969-
979.
DOIl:https://doi.org/10.1093/ibd/izy398
Lee P, Yacyshyn BR, Yacyshyn MB.
Gut  microbiota and  obesity:  An
opportunity to alter obesity through faecal

PMID:

microbiota transplant (FMT). Diabetes
Obes Metab. 2019 Mar;21(3):479-
490.

DOl:https://doi.org/10.1111/dom.13561

Mallon CA, Elsas JDV, Salles JF. Microbial
invasions: the process, patterns, and
mechanisms. Trends Microbiol. 2015
Nov;23(11):719-729.
DOl:https://doi.org/10.1016/j.tim.2015.07.0
13

Manrique P, Zhu Y, van der Oost J,
Herrema H, Nieuwdorp M, de Vos WM, et
al. Gut bacteriophage dynamics during
fecal microbial transplantation in subjects


https://doi.org/10.1111/1751-7915.13536
https://doi.org/10.1111/1751-7915.13536
https://doi.org/10.1007/s00253-018-9447-x
https://doi.org/10.1007/s00253-018-9447-x
https://doi.org/10.1097/MIB.0000000000000307
https://doi.org/10.1097/MIB.0000000000000307
https://pubmed.ncbi.nlm.nih.gov/28609252/
https://pubmed.ncbi.nlm.nih.gov/28609252/
https://pubmed.ncbi.nlm.nih.gov/32987284/
https://pubmed.ncbi.nlm.nih.gov/32987284/
https://pubmed.ncbi.nlm.nih.gov/28978426/
https://pubmed.ncbi.nlm.nih.gov/28978426/
https://pubmed.ncbi.nlm.nih.gov/33420959/
https://pubmed.ncbi.nlm.nih.gov/33420959/
https://pubmed.ncbi.nlm.nih.gov/29581220/
https://pubmed.ncbi.nlm.nih.gov/29581220/
https://doi.org/10.1093/ibd/izy398
https://doi.org/10.1111/dom.13561
https://doi.org/10.1016/j.tim.2015.07.013
https://doi.org/10.1016/j.tim.2015.07.013

50.

51.

Silva et al.; JAMMR, 34(22): 156-165, 2022; Article no.JAMMR.91743

with metabolic syndrome. Gut Microbes.
2021 Jan-Dec;13(1):1-15.
DOl:https://doi.org/10.1080/19490976.202
1.1897217

Wang S, Xu M, Wang W, Cao X, Piao M,
Khan S, et al. Adverse events of fecal
microbiota transplantation. PLoS One.
2016; 11(8):e0161174.
DOIl:https://doi.org/10.1371/journal.pone.0
161174

Baxter M, Ahmad T, Colville A, Sheridan
R. Fatal aspiration pneumonia as a
complication of fecal microbiota transplant.
Clin Infect Dis. 2015 Jul 1;61(1):
136-7.

52.

53.

DOl:https://doi.org/10.1093/cid/civ247
Kelly CR, Yen EF, Grinspan AM, Kahn SA,
Atreja A, Lewis JD, et al. Fecal microbiota
transplantation is highly effective in real-
world practice: Initial results from the FMT
national registry. Gastroenterology. 2021
Jan;160(1):183-192.e3.
DOl:https://doi.org/10.1053/j.gastro.2020.0
9.038

Gliklich RE, Dreyer NA, Leavy MB, editors.
Registries for evaluating patient outcomes:
a user's guide [Internet]. 3rd ed. Rockville
(MD): Agency for Healthcare Research
and Quality (US); 2014 Apr. Report No.:
13(14)-EHC111. PMID: 24945055.

© 2022 Silva et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/91743

165


https://doi.org/10.1080/19490976.2021.1897217
https://doi.org/10.1080/19490976.2021.1897217
https://doi.org/10.1371/journal.pone.0161174
https://doi.org/10.1371/journal.pone.0161174
https://doi.org/10.1093/cid/civ247
https://doi.org/10.1053/j.gastro.2020.09.038
https://doi.org/10.1053/j.gastro.2020.09.038
http://creativecommons.org/licenses/by/4.0

