
����������
�������

Citation: Masucci, L.; Quaranta, G.

Fecal Microbiota Transplantation:

What’s New?. Microorganisms 2022,

10, 23. https://doi.org/10.3390/

microorganisms10010023

Received: 28 November 2021

Accepted: 21 December 2021

Published: 24 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

microorganisms

Editorial

Fecal Microbiota Transplantation: What’s New?

Luca Masucci 1,2,* and Gianluca Quaranta 1

1 Dipartimento di Scienze di Laboratorio e Infettivologiche, Fondazione Policlinico Universitario A. Gemelli
IRCCS, 00168 Rome, Italy; gianluca.quaranta@unicatt.it

2 Dipartimento di Scienze Biotecnologiche di Base, Cliniche Intensivologiche e Perioperatorie,
Università Cattolica del Sacro Cuore, 00168 Rome, Italy

* Correspondence: luca.masucci@policlinicogemelli.it

The gut microbiota is composed of trillions of different microorganisms: bacteria,
archaea, phages and protozoa, which represent a real solid organ, with an approximate
weight of 2 kg. Specifically, our gastrointestinal tract harbors about 1013–1014 bacterial
cells [1]. The most represented phyla are Firmicutes, Bacteroidetes and Proteobacteria,
while Actinobacteria contribute less to the total bacterial composition [2]. Next-Generation
Sequencing is highlighting new evidences on bacterial genes composition. In fact, bacteria
encode 100-fold more genes than the human genome. This complex of bacterial genes is
defined as microbiome. These genes directly impact on antibiotic resistance, drug side
effects, biofilm formation, immunity modulation, nutrition and health [3]. The equilibrium
between bacterial communities and their gene regulation plays a key role in the main-
tenance of nutritional and immunological functions. One of the main properties of gut
microbiota is the ability to respond, within physiological limits, to damaging events. With
good reason, many efforts have focused on “exploiting” this bacterial elasticity with the
aim to intervene on the composition of the intestinal microbiota and, therefore, on general
health status. Fecal microbiota transplantation (FMT) represents one of the most innovative
therapeutic approaches for gut microbiota modulation. FMT consists in the infusion of fecal
suspension from a healthy donor into a recipient patient in order to restore the microbial
population equilibrium also known as “eubiosis” [4]. The origins of this method go back to
the 4th century, when an ancient Chinese medicine practitioner, named Ge Hong, used a
fecal suspension called “yellow soup” to treat his patients with severe diarrhea via oral
administration [5]. The history of FMT has continued down to the 17th century, when
veterinarians used stool as a therapeutic option for livestock farms. During World War II,
camel stool was also used by German soldiers to treat bacterial dysentery. The modern era
of FMT as a therapy can be traced back to 1958, when Eiseman and colleagues treated four
cases of pseudomembranous colitis by using a fecal suspension administered via enema [6].
In the last decade, FMT bounced back dramatically as a valid therapeutic solution, particu-
larly to treat Clostridioides difficile infection (CDI). In fact, the intestinal microbiota of CDI
patients is characterized by a marked increase in Proteobacteria and a strong decrease in
the Firmicutes/Bacteroidetes ratio. Given this, the primary goal of fecal transplantation is
reversing this microbial pattern, re-establishing a state of eubiosis. Besides intestinal dis-
eases, reports have shown benefits of FMT also in several systemic disorders. Considering
the described gut–brain axis and the complex pathways exerted by microbial population,
FMT has become a charming tool for the treatment of extra-intestinal disorders, such as
insulin resistance, metabolic syndrome, irritable bowel syndrome, atherosclerosis, obesity,
multiple sclerosis, Parkinson’s disease and hepatic encephalopathy. By now, several species
have been elected as “good” bacteria. Interesting examples are Akkermansia muciniphila,
Faecalibacterium prausnitzii, Bifidobacterium spp., Lactobacillus spp., and Eubacterium spp.,
which relative abundance is linked to a healthy gut. On the other side, “bad” bacteria such
as Fusobacteriun nucleatum, Bacteroides fragilis toxin-producing, Prevotella copri and many
others are evaluated as a potential contributing cause of systemic disorders. Future trials
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are needed to clarify this simplistic “good” or “bad” labeling and to understand how FMT
impacts microbial population and subsequent clinical outcome improvement.

The FMT procedure presents several critical points to overcome. First, the recruitment
of a healthy donor often appears very difficult. In fact, the donor is first submitted to
a medical questionnaire and then to serological and microbiological screening tests. If
all requirements are fulfilled, the donor will be defined as “suitable”. The donated fecal
material will be further examined to avoid any possible transmission of pathogens to the
recipient. Another important critical point concerns the organizational and bureaucratic
management, differently encoded in each country. Moreover, the whole procedure involves
several professional figures including microbiologists, laboratory technicians, gastroenterol-
ogists and nurses and their respective operating units. Orchestrating all human resources
to a smooth workflow can be very complex.

A future goal must be focused on finding alternative forms of intestinal microbiota
modulation that may be less complex in management and more comfortable for receiving
patients. Concrete examples of this trend are the preparation of capsules containing fecal
material which can be taken independently by the patient. A further alternative is represented
by the bacterial consortium. Bacterial consortium is a suspension of bacteria, specially selected
and cultured from a healthy donor. In this case, the administration could be performed via
colonoscopy or oral tablets, bypassing the complexity of recruitment.

In the “personalized medicine era”, understanding the potential impact of the bacteria–host
relationship is one of the principal aims for researchers. Once this correlation has been
identified, the main challenge will be intervening on the intestinal microbiota in order
to target its composition and, consequently, the functional outputs. Recently, among the
many studies, several are focused on the microbiota–gut–brain axis (MGBA). For example,
Autism spectrum disorders (ASD) could be associated to this route. A recent study used
FMT to evaluate the efficacy of the infusion in forty ASD patients, showing an improvement
of related symptoms [7].

FMT procedure derives from ancient alchemy and represents a mostly empirical
approach. A special issue gathering all the current knowledge and expertise about clinical
and laboratory facilities could clarify and spread the encouraging potentialities of this
therapeutical option.

Author Contributions: The authors contributed equally to the conceptualization, drafting and revi-
sion of the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Vila, A.V.; Imhann, F.; Collij, V.; Jankipersadsing, S.A.; Gurry, T.; Mujagic, Z.; Kurilshikov, A.; Bonder, M.J.; Jiang, X.;

Tigchelaar, E.F.; et al. Gut microbiota composition and functional changes in inflammatory bowel disease and irritable bowel
syndrome. Sci. Transl. Med. 2018, 10, eaap8914. [CrossRef] [PubMed]

2. Ruan, W.; Engevik, M.; Spinler, J.K.; Versalovic, J. Healthy Human Gastrointestinal Microbiome: Composition and Function After
a Decade of Exploration. Dig. Dis. Sci. 2020, 65, 695–705. [CrossRef] [PubMed]

3. Garud, N.R.; Pollard, K.S. Population Genetics in the Human Microbiome. Trends Genet. 2020, 36, 53–67. [CrossRef] [PubMed]
4. Cammarota, G.; Ianiro, G.; Tilg, H.; Rajilic-Stojanovic, M.; Kump, P.; Satokari, R.; Sokol, H.; Arkkila, P.; Pintus, C.;

Hart, A.; et al. European consensus conference on faecal microbiota transplantation in clinical practice. Gut 2017, 66, 569–580.
[CrossRef] [PubMed]

5. Young, V. Therapeutic manipulation of the microbiota: Past, present, and considerations for the future. Clin. Microbiol. Infect.
2016, 22, 905–909. [CrossRef]

6. Da Luz, M.R.M.P.; Waizbort, R.F. Transplantes de microbiota fecal para tratamento da colite pseudomembranosa (1958–
2013): Prioridade de descoberta e estilos de pensamento na literatura acadêmica. História Ciências Saúde-Manguinhos 2020,
27, 859–878. [CrossRef]

7. Li, N.; Chen, H.; Cheng, Y.; Xu, F.; Ruan, G.; Ying, S.; Tang, W.; Chen, L.; Chen, M.; Lv, L.; et al. Fecal Microbiota Transplantation
Relieves Gastrointestinal and Autism Symptoms by Improving the Gut Microbiota in an Open-Label Study. Front. Cell. Infect.
Microbiol. 2021, 11, 759435. [CrossRef]

http://doi.org/10.1126/scitranslmed.aap8914
http://www.ncbi.nlm.nih.gov/pubmed/30567928
http://doi.org/10.1007/s10620-020-06118-4
http://www.ncbi.nlm.nih.gov/pubmed/32067143
http://doi.org/10.1016/j.tig.2019.10.010
http://www.ncbi.nlm.nih.gov/pubmed/31780057
http://doi.org/10.1136/gutjnl-2016-313017
http://www.ncbi.nlm.nih.gov/pubmed/28087657
http://doi.org/10.1016/j.cmi.2016.09.001
http://doi.org/10.1590/s0104-59702020000400009
http://doi.org/10.3389/fcimb.2021.759435

	References

