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Summary

The knowledge of the role of the digestive tract in human physiology and pathology
has expanded tremendously in recent years. The human intestine is a habitat for a host
complex of bacteria, fungi, viruses and Acheaeaq, all contributing to food digestion, fer-
mentation, metabolism of xenobiotics as well as immune and neuroendocrine functions.
Moreover, evidence is mounting that many environmental factors such as diet, drugs,
stress and infection may potentially disrupt intestinal microbial milieu. Therefore, me-
thods aimed to modulate gut microbiota are eagerly investigated and applied into daily
clinical practice. Fecal microbiota transplantation (FMT) is a transplant of gut bacteria
from a healthy donor to a recipent. Usually, the stool bacteria are introduced by means
of colonoscopy, gastroduodenoscopy, enema, orogastric tube or orally in the form of
a capsule containing freeze-dried material. The effectivness of FMT in the treatment of
recurrent Clostridioides difficile infection (CDI) has been confirmed in a numer of high qu-
ality studies and is currently recommended as evidence-based therapy in clinical settings.
However, FMT is promising in the treatment of other diseases, as it has proven to be an
effective method of treating ulcerative colitis (UC) and is of promise in treating Crohn’s
disease (CD), metabolic and neuropsychiatric disorders. Many questions related to FMT
remain unanswered. A better understanding of fecal and mucosal microbial composition
is needed, followed by the optimisation of regulatory issues and selection of best possible
donor. Novel protocols based on a new class of probiotics as emerging alternatives to FMT
in CDI are also briefly disscussed.

gut microbiota - fecal microbiota transplantation - FMT - Clostridium difficile infection - Clostridioides
difficile infection - pseudomembranous colitis - probiotics
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BACKGROUND

The human intestine is densly populated by a microbial
community. Its diversity and function have only recently
been discovered [38]. Gut microbiota aid digestion and
the fermentation of nutrients, produce short chain fatty
acids (SCFAs), synthesize vitamins and regulate the pro-
liferation and differentiation of cells. Moreover, micro-
biome is involved in the formation of intestinal barrier
and protects the body against pathogens [8]. Though the
microbiota composition is relatively stable, their persis-
tent disruption might be the cause or consequence of
a malfunction in gastrointestinal and extraintestinal tis-
sues. Faecal microbiota transplantation (FMT) is one of
the emerging methods of reversing the gut microbial
alterations and balancing the immune function. The
goal of this review is to present the current knowledge,
benefits, challanges and hopes related to FMT as well as
to critically assess its efficacy and long-term effects in
various diseases.

IS FECAL MICROBIOTA TRANSPLANTATION TRULY AN
INNOVATIVE METHOD?

The earliest evidence of feces being used as a poten-
tial medicine can be found in the fourth century, when
a Chinese medic, living in the times of the Dong-jin
Dynasty, reported treating patients suffering from diar-
rhea or food poisoning with fecal suspentions. The pro-
cedure proved successful, which was later described in
the first Chinese Emergency Medicine book titled ”"Zhou
Hou Bei Ji Fang” [68].

Subsequently, known instances of using human feces in
treatment are dated from the fifteenth century, when
Li Shizhen administered fresh, fermented or dried stool
orally in order to alleviate symptoms of diarrhea, fever,
pain, vomiting or constipation in his patients. It was
then referred to as a "yellow soup” for the procedure
to appear less unpleasant. In turn, in seventeenth cen-
tury Italian veterinarians disseminated coprophagia as
a popular method of treating diarrhea in horses and
conditions affecting cattle. Furthermore, german sol-
diers stationed in North Africa during World War II con-
sumed fresh cammel feces to recover from bacillary
dysentery [8].

The first FMT in humans was described in 1958 and per-
tained to the treatment of pseudomembranous coli-
tis caused by Micrococcus pyogenes [16]. The material
was administered to the sick by an enema. Schwan in
1983 first used FMT as a treatment for Clostridioides dif-
ficile infection (CDI) [55]. Until 1989 enemas had been
the most popular method of FMT; however, alternatives
such as fecal infusion through a nasogastric tube (used
in 1991), via gastroscopy (1998) and colonoscopy (2000),
as well as self-administration (2010) superseded this
technique [9]. Due to its therapeutic potential, FMT was
placed on the top 10 innovations list in 2014 [5]; how-
ever, it seems to be inaccurate to consider the transloca-
tion of intestinal bacteria an innovation as it has been
practiced for centuries.

PREPARING THE DONOR AND RECIPIENT FOR THE
PROCEDURE

Fecal microbiota transplanation is performed due to
replace the bacterial flora of an ill person with a new
one, containing commensal bacteria which aid proper
function of the colon and the whole human organism in
general [37].

According to current medical standards, FMT is recom-
mended for treating recurrent forms of C. difficile infec-
tion [23]. A patient infected with C. difficile is selected
for the fecal microbiota transplantation. FMT selec-
tion criteria include at least three recurrent episodes
of CDI [40]. The process of transferring fecal microbiota
involves finding a healthy donor tested for pathogenic
bacteria, viruses and parasites with their eggs as well
as C. difficile toxins, in stool. Test for hepatitis A, B and
C viruses, HIV, bacteria causing syphilis, H. pylori anti-
genes, Sallmonella, Shigella, Campylobacter type bacteria,
Escherichia coli and Yersinia enterocolitica spieces as well
as for Rotavirus, Cytomegalovirus and Epstein- Barr viruses
are recommended.

Equally crucial in donor selection is for a physician to
perform a detailed interview in order to collect informa-
tion about pathogenic microorganisms (not revealed by
laboratory tests) or past contagious diseases as well as
a history of travels to countries in which various infec-
tious agents might have affected the individual. A per-
son willing to donate their stool must be free from any
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gastrointestinal dysfunctions, allergies or autoimmune
diseases. Other eliminating factors are the following: I)
taking antibiotics up to three months before collecting
the stool, II) having a tatoo or III) piercing done dur-
ing this period of time or 1V) sexual intercourse with a
member of the same sex or an HIV infected person [29,
40]. Moreover, a potential donor should be in overall
good health and consume easily digestible meals for
three months prior to the procedure. Furthermore, the
donor is also obliged to sign a formal, written consent
for performing control tests and collecting a stool sam-
ple. Donor’s obesity is a disqualifying factor [46]. As per
experience, the proper criteria of donor selection should
not only include contagious diseases, but also those
associated with alterations of the microbiome, such as
diabetes, previously diagnosed cardiovascular diseases,
cancer and mental disorders. Clinical exposure to vari-
ous treatments with potential to alter microbiome might
disqualify the donor until more knowledge in gained to
find the causative links [66]. Given the delicate nature of
the procedure, the donor is usually related to and cho-
sen by the recipent; most commonly a friend or a fam-
ily member. As shown in numerous studies, this strategy
produced better results than when collecting material
from an unrelated individual. According to a study per-
formed ina group of 317 patients with pseudomembra-
nous colitis, 84% treatment efficacy was observed in a
group using stools from unrelated donors, contrasting
with 93% efficacy of stool donation from relatives [8].

Meanwhile, a recipent with confirmed C. difficile diar-
rhea is selected for a procedure and treated with
a combination of antibiotic therapy: metronidazole, van-
comycin or fidaxomicin. The last dose is administered
to the patient no later than three days before the proce-
dure and depends on the protocol followed by the phy-
sicians. An intestinal lavage is recommended as it has
been proven to decrease the number of C. difficile spores
and toxins. It has also been observed that due to intes-
tinal lavage and removal of stool remnants, the whole
procedure is more effective. As mentioned previously,
the recipent is obliged to sign a written consent [29].

In reality, finding the right donor for a person quali-
fied for the FMT procedure is a challenge for the health
service. Accuracy in interviewing the patient and per-
forming a wide range of tests which may potentially
disqualify an individual is needed. However, all this
effort seems justified in the face of promising results
which emerge from scientific studies conducted among
affected populations.

FMT AS AN EFFECTIVE METHOD OF TREATING C. DIFFICILE

C. difficile are Gram positive, toxin-producing bacteria. In
1978 they were recognised as the main cause of antibiotic
related infections [8]. The bacteria enter the organism via
faecal-oral route. The main source of bacteria are hands of
the medical staff who have contact with infected patients
or their enviroment. In order for the disease to develop,

toxinogenic strains of C. difficile or it’s vegetative form,
which usually dies already in the stomach, have to col-
onize in the organizm or in persistent spores capable of
surviving in a low pH environment. Although these stages
are necessary, they are not always sufficient for the dis-
ease to expand. In practice, three factors are crucial for
its development: 1) dysbiosis caused by broad-spectrum
antibiotics use, 2) colonization of the colon by a toxino-
genic C. difficile strain, 3) growth of the toxin-producing
bacteria population [8, 21].

The symptoms of CDI include stomach pain, fever and
weight loss; over time, a life-threatening pseudomem-
branous colitis may occur. At risk are mainly the elderly,
hospitalized and immunodeficient individuals [40]. How-
ever, as some sources demonstrate, women in peripartu-
rient period might also be affected, which until recently
had not been considered a risk factor. The incidence
increases among people who have not been hospitalized,
but have had even limited contact with a health service
institution [46].

Undoubtely, FMT is a promising opportunity to obtain
healthy colonic microbiota, especially in C. difficile
infections which are the cause of 250.000 hospitaliza-
tions and 14.000 deaths annually in the United States
only [38]. In years 2001-2005, incidence of CDI both in
Europe and the US increased by 100%. This contrib-
utes to immense costs, reaching even 5 billion dollars
annually in the US only. In Poland, morbidity increased
from 2000 incidents in 2009 to 10.000 in 2013 [40]. Fecal
microbiota transplant has officialy been classified by the
European Society for Microbiology and Infectious Dis-
ease and the American College of Gastroenterology as
a recommended method of CDI treatment [3]. Further-
more, in 2013 Food and Drugs Administration (FDA) clas-
sified stool modified for FMT as a biological substance
and considered fecal material as a medicine for various
maladies [66]. In addition, in 2012 Grzesiowski and Her-
man launched in Poland the Fecal Microbiota Trans-
plantation Program. In 2014 Center for Research and
Transplantation of Intestinal Microbiome at the Center
for Preventive Medicine and Rehabilitation in Warsaw
was created. Due to these investments, more than 150
patients underwent the FMT procedure with an esti-
mated 90% treatment efficiency [46]. A study conducted
in Amsterdam in years 2010-2016 involved 39 adult
patients diagnosed with recurrent CDI episodes in which
antibiotic treatment had proved unsuccessful. After the
FMT procedure, 37 patients were monitored for over
6 months. In 7 patients, early relapses of CDI were
observed. Serious side-effects were observed in 9 patients
up to 12 weeks after the procedure, 5 of these were
linked to the procedure. In 4 patients symptoms as nau-
sea or vomiting appeared; however, none of the patients
experienced further complications. In one of them the
disease reocurred, which was however effectively elimi-
nated after 10 days of antibiotic treatment [64]. Almost
82% efficiency of this study shows a very high level of
sensitivity for the treatment method in patients with
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recurrent CDI. Lack of symptoms in many patients or
minor side-effects (vomiting, nausea) raises great hopes
and is an opportunity to use FMT as a basic therapeutic
method in CDI treatment. A study conducted in Finland
in 2007-2014 involved 84 patients infected by C. difficile.
Forty-five people underwent the FMT procedure and the
remaining 39 were traditionally administered antibiot-
ics, such as vancomycin or metronidazole. Patients were
then observed for 3.8 years on average. Individuals with
serious, health-threatening C. difficile infections where
qualified for the FMT treatment. In both groups the dis-
ease relapsed at least twice in 6 months time. At the
end of the experiment it was observed that all patients
had been cured effectively, regardless of the treatment
method. As much as 97.6% participants who under-
went the FMT procedure claimed that in the future
they would choose this method over antibiotic therapy
as an initial treatment. It was also observed that 77.8%
of this group’s members recovered from all CDI symp-
toms in three days or less. Among patients treated with
antibiotics only 23.1% individuals have reported such
a recovery. Moreover, FMT patients experienced a sig-
nificant improvement of the intestinal function and
reported fewer gastrointestinal symptoms than the other
group [25]. As the authors have noticed, this may suggest
that retrieving healthy intestinal microbiotic ecosystem
plays a greater role for the host than the antibiotic use
only [25]. This study does not only show the efficiency
of FMT, but also its advantage over antibiotic treatment.
There are noticeably fewer side-effects and better over-
all well-being of patients. The fact that patients would
be eager to undergo such a procedure again if neces-
sary is another interesting aspect of introducing it as
a standard of CDI treatment. Studies involv-
ing groups of elderly people (265 years) at risk of
developing CDI showed FMT’s efficacy compara-
ble to that observed in the general population [11].
In a review article based on 10 different studies, the
authors deduced that FMT is safe and gives perma-
nent results. The rate of remission marker (89.6%)
was higher than in a traditional therapy with van-
comycin (80.8%). The effects of recovery lasted for
5 years, regardless of age and chronic or coexisting dis-
eases [10]. Although the precise mechanism of FMT is
not known yet, it is increasingly often claimed to be an
effective CDI treatment method.

The aim of FMT is to improve one’s immune function.
However, further studies are necessary to clarify the
mechanisms of this procedure as well as describe factors
responsible for FMT’s efficiency. Until 2017 there have
been no reported FMT-related deaths [29]. However, the
therapeutic interference resulting in a change of micro-
bial composition in other clinical entities does not nec-
essarily prove its efficacy [3].

FMT USE IN OTHER INTESTINAL DISORDERS

Inflammatory bowel disease (IBD) is a chronic, idiopathic
state affecting mainly young adults. IBD includes several

different disease entities, such as ulcerative colitis (UC)
or Crohn’s disease (CD). Both disorders are characterized
by chronic and recurring intestinal inflammation, with
slightly different pathophysiology and clinical mani-
festation. UC usually affects the colon and is limited to
the mucosa (epithelium). Meanwhile, CD can affect the
whole gastrointestinal tract and mucosa, submucosa
and muscular layers. Both conditions have been linked
to the intestinal dysbiosis, although it is not clear to
what extent these alterations are linked to the causes
and consequences. IBD is a complex disease which is also
influenced by genetic, dietary and immunological fac-
tors. It is likely that the interactions between the intes-
tinal epithelium, genetic make-up and the mucosa play a
greater role in the disease’s pathogenesis than changes
in microbiota composition and function., However, there
is mounting evidence suggesting that intestinal bacte-
ria are able to independently prompt IBD symptoms [3].
A report about treating IBD with FMT was published
for the first time in 1989 [6]. Despite the positive effects
observed in the week after a self-administered enema,
studies on FMT’s role in IBD were rarely conducted dur-
ing the following 20 years. From the available informa-
tion, until 2012, 9 retrospective reports were found, they
were deemed by the authors as insufficient to conduct a
metanalysis [39]. The authors of this paper and others
found only a few reports in the literature [24].

Information about the FMT treatment in paediat-
ric patients with IBD is limited and precise treatment
guidelines are lacking. Results of a study involving 10
individuals aged 10-17 diagnosed with UC (8 patients)
and CD located in the colon (2 patients) immune to
standard treatment seem to be highly promising. Clini-
cal response was observed in 9 patients; 3 UC patients
and all CD patients experienced remission. It was also
reported over 2 weeks time that FMT was safe and the
reported symptoms were limited to vomiting after the
first FMT dose and nausea in one of the patients. FMT
was well tolerated by all individuals. These results con-
firmed efficacy of the treatment in most children and
adolescents with IBD [31].

Meanwhile, in a study conducted on a group of persons
aged 7-21 years (9 patients) with UC, it was shown that
78% (7 patients) of the respondents experienced a clini-
cal improvment in the week after transplantation and
67% (6 patients) mantained this state for up to a month
after the procedure. As many as 3 individuals (33%)
found themselves in remission just a week after FMT,
which lasted for 4 weeks. All of the observed adverse
symptoms resultuing from FMT procedure (e.g. fever)
did not require medical intervention and resolved spon-
taneously. The results showed that the use of FMT in the
form of a fecal enema was feasible, well tolerated and
safe among children suffering from UC [32].

In the first randomized, placebo-controlled group
involving 75 patients, conducted by Moayyedi et al., 37
patients received placebo and the rest fresh or frozen
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stool. The FMT method proved to be significantly more
effective compared to placebo. In 24% of the patients
(9 out of 38) full remissions were observed after FMT, in
comparison to 5% (2 out of 37) of those receiving placebo,
consisting of water given as retention enema. Importantly,
8 out of 9 patients from the FMT group did not relapse for
52 weeks after the follow-up. What is more important, no
significant discrepancies in the side effects in both groups
were observed. Histological samples of intestinal biop-
sies of patients in remission were examined 7 weeks after
the FMT procedure. None of the patients exhibited active
inflammatory states, two respondents developed indeter-
mine proctitis. What is interesting, patients diagnosed with
UC during their first years of life were more sensitve to
FMT (75%) compared to patients with the chronic disease
diagnosed later in life (18%). The results of the study sug-
gest that the use of FMT turns out to be the most effective
therapeutic method in patients diagnosed early following
the symptoms. At the same time, it is biologically plausible
that the reversal of micriobiome alterations is easier in the
early stages of a disease [48].

Anderson et al. and Brandt et al. demonstrated in their
studies the long-term positive therapeutic effects of FMT
in patients with IBD. The clinical effect was not immedi-
ately visible after the procedure; however, it turned out
that over the months or even years after fecal micro-
biota transplantation, mucosal inflammation decreased,
as confirmed by histopathology [29]. In Paramsothy et
al.’s metanalysis of 53 FMT studies, 52% of patients with
Crohn’s disease and 33% with UC responded to treat-
ment [51]. Similar results were achieved in a metanalysis
prepared by Colman et al. based on 18 various studies,
in which in 45% (54 out of 119) of patients with IBD the
FMT proved effective [12].

FMT appears to be an effective method of treating UC and
is claimed to be a safe procedure [12, 51]. However, due to
the low number of identified studies with low quality of
evidence as well as uncertainty about the rate of serious
adverse events, FMT still awaits its formal aproval in the
treatment of UC in a clinical settings [24]. Similarly, the
quality of available studies on FMT for Crohn’s disease is
low, with a predominance of cohort studies on very small
groups of patients; thus, further studies and observations
are necessary. Available studies are hetergoenous, differ-
ing in methodology, which makes agreeing on a a unitary
FMT procedure difficult. In order to introduce standariza-
tion of the protocols for FMT as a treatment for patients
with IBD, in spite of already available and well-conducted
studies, future prospective large scale trials assessing pro-
tocols utilizing pooled stool samples from various donors
are critical and eagerly awaited. [17, 24, 27, 39].

CAN INTERFERING WITH INTESTINAL MICROBIOTA
THROUGH FMT AFFECT BODY MASS?

Obesity is an increasingly common health problem in
the twenty-first century. Excessive consumption of
high-energy products seems to be the main cause of

the phenomenon; however, genetics, endocrine disor-
ders or drug use might also be as decisive [36, 53]. Such
a lifestyle affects the intestinal microbiota compostion,
leading to dysbiosis, which can result in or promote
decreased immunity, endocrine disorders or altered lipid
metabolism [13]. In an attempt to understand the cause
of obesity, the link between microbiota composition and
body mass was hypothesized. The hypothesis turned out
to be real, as studies in mice, revelead the excessive body
mass linked to Firmicutes abundance and diminished Bifi-
dobacteria as compared to the lean rodents [54].

It has been calculated that a 20% prevalence of Firmi-
cutes over Bacteroidetes increases energy intake by 150
kcal. In addition, a link between the increase in the num-
ber of Bacteroides and lost of body weight measured in
kilograms has been shown [53]. Moreover, such species
as Escherischia coli, Staphylococcus aureus or Faecalibac-
terium prausnitzii were more often found in obese indi-
viduals [4]. Transplanting fecal microbiota to germ-free
mice induced obesity and insulin resistance [7]. Another
study conducted on germ-free mice established the link
between an obese donor and later body mass growth as
compared to mice that had received content from lean
individuals [63]. As studies on obese donors’ microbiota
transplantation have shown, such a transplant cured the
recurrent C. difficile infection, but resulted in obesity [1].

Vrieze et al. conducted a double-blind randomized con-
trolled FMT trial on 18 males diagnosed with meta-
bolic syndrome. Nine participants received stool from
lean same-sex donors, while the control group received
autologous fecal transplants. Results showed increased
insulin sensitivity and increase in butyrates-produc-
ing intestinal bacteria (Roseburia intestinalis i Eubacte-
rium hallii) after 6 weeks of enemas; no alterations were
observed in the control group [65]. Results of said stud-
ies demonstrate how crucial intestinal bacteria can be
in the pathogenesis of obesity and for that reason they
appeal to the medical community. Future analysis and
observations seem to be in perspective; however, cur-
rently most of the studies are conducted on mice due to
which we cannot determine precise course and effects
of FMT in people and if in reality the procedure leads to
weight loss.

ONGOING FMT STUDIES

There is a growing body of evidence linking gut microbi-
ota alterations to extraintestinal diseases, among them
neuropsychiatric ones [58]. In autism spectrum disorder
(ASD) Strati et al. [61] found a significant elevation in
the Firmicutes/Bacteroidetes ratio. The abundance of Alis-
tipes, Bilophila, Dialister, Parabacteroides, and Veillonella
was diminished and Collinsella, Corynebacterium, Dorea,
and Lactobacillus counts significantly increased. Kushak
et al. [33] evaluated the microbiome of the small bowel
in ASD subjects and found elevated Burkholderia and low-
ered Neisseria counts. Bacteroides species and Escherichia
coli concentration increased. These observations and
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common gastrointestinal symptoms in ASD [14] confirm
the usefulness of microbiota modulation in this disor-
der [35]. In ASD, a modified protocol of FMT - micro-
biota transfer therapy (MTT) has only begun to be
implemented [30]. MTT utilizes 14 days of vancomycin
administration orally and is followed by 12-24h fasting
and bowel cleansing. Afterwards, a high dose of human
gut microbiota is transferred orally or rectally along
with a 7-8 weeks long stomach acid suppressant sup-
ply. The improvement of digestive health as well as core
ASD symptoms lasted for at least 8 weeks post interven-
tion. In all, the studies describing the FMT approach as
a support for neuropsychiatric disorders are limited
to individual patients and no exact conclusions can be
drawn, especially as the effectiveness and safety of the
method have not yet been adequately established, eg.
giant obesity in a woman treated for recurrent Clostridi-
oides difficile infection [1] or microscopic bowel disease
in a patient with ulcerative colitis [62]. Despite prom-
ising results, it is necessary to conduct more studies in
order to establish the efficiacy and adverse events of
this intervention. Potential future clinical application of
FMT include [19, 26, 47, 49, 50, 67]:

¢ Arthritis

¢ Asthma

+  Atopy

«  Autism spectrum disorders

*  Breast cancer

¢ Cardiovascular diseases

«  Chronic fatigue syndrome

¢« Clostridioides difficile infection

+  Crohn’s disease

+  Functional constipation

«  Hashimoto’s thyroiditis

¢ Hepatocellular carcinoma

¢ Lymphoma

+  Idiopathic thrombocytopenic purpura
¢ Insulin resistance/Type 2 diabetes
«  Irritable bowel syndrome

¢ Metabolic syndrome

«  Multiple sclerosis

¢ Myoclonus dystonia

+  Non-alcoholic fatty liver disease
¢ Obesity

«  Parkinson’s disease

«  Systemic lupus ertyhematosus

¢ Type 1diabetes

¢ Ulcerative colitis

PROBIOTICS AS AN ALTERNATIVE TO FMT THERAPY

Probiotics are live microorganisms which positively
impact gut microbiota and human health [22]. Probiot-
ics could be viewed as an attractive alternative to FMT.
Several clinically tested probiotic strains have already
been recommended as an aid to the treatment or proph-
ylaxis of selected gastrointestinal and extraintestinal
diseases. The World Gastroenterology Organisation
(WGO) in 2017 issued the probiotic guidelines, which

include the statetement concering probiotic use in
symptomatic patients infected with CDI. The follow-
ing strains were listed: Lactobacillus acidophilus CL1285,
L. casei LBC8OR, Lactobacillus casei DN114, Saccharomy-
ces boulardii CNCM 1-745, Lactobacillus rhamnosus HN00O1
+ L. acidophilus NCFM and Lactobacillus acidophilus + Bifido-
bacterium bifidum [20, 34, 52].

Moreover, recent data presented in metaanalyses indi-
cate that timely co-administration of probiotics and
antibiotics lowers the risk for CDI vs placebo or no treat-
ment [23, 30, 57]. Goldenberg et al. in their recent sys-
tematic review conducted a complete case analysis of 31
trials investigating Clostridioides difficile associated diar-
rhea (CDAD) in 86.72 patients and suggested that pro-
biotics reduced the risk of CDAD by 60%. The incidence
of CDAD was 1.5% (70/4525) in the probiotic group com-
pared to 4% (164/4147) in the placebo or no treatment
control group (RR 0.40, 95% CI 0.30 to 0.52; GRADE = mod-
erate) [20]. In addition, co-administration of probiot-
ics with antibiotics was associated with a lower risk
of adverse events, including abdominal cramping and
nausea vs placebo or no treatment (620/4329 [14.3%)]
vs 677/3976 [17%]; RR, 0.83 [95% CI, 0.71 to 0.97], P =.02;
GRADE: very low-quality evidence; NNT = 37) [21].

To evaluate the role of probiotics in CDI prevention and to
draw conclusions from the available studies, which could
aid clinicians in diagnostic and therapeutic workouts, other
epidemiological factors are worth discussing. First, recent
CDI guidelines issued the statement that the results of trails
with an abnormally high baseline incidence of CDI should
be evaluated with caution and concluded that the current
data was insufficient to recommend probiotics for primary
prevention of CDI, save their use in randomized trials [44].
Similar conclusions should concern studies with low base-
line incidence of CDI [2] Second, the efficacy of probiot-
ics is strain dependent and varies across clinical areas of
their application, thus extrapolating data from one study
to another is not feasible [60]. Third, the duration and time
of probiotics administration could be the most detrimen-
tal factor when assessing their efficacy in prophylaxis of
CDI. For example, long-term administration of probiotics
to high-risk population of patients might prove beneficial
as shown in an intriguing study conducted by Dudzicz et
al. [15]. The authors retrospectively analysed three twelve-
months periods, when all patients hospitalized in the
Department of Nephrology, Transplantation and Internal
Medicine and under antibiotic and immunosuppressive
therapies received Lactobacillus plantarum 299V as part of
CDI prophylaxis. Surprisingly, after starting prophylactic
measure with probiotic, the CDI incidence significantly
declined from 10.3 to 1.1 per 1.000 patients hospitalized
(RR 0.11; CI 0.03-0.47; p = 0.0003). After the cessation of
prophylaxis, the incidence of CDI significantly increased
from 1.1 to 7.7 per 1.000 hospitalized patients (RR 6.93; CI
1.58-30.47; p = 0.0028) [15]. The retrospective analysis of
this study limits its implementation into clinical guide-
lines; however, the results are intriguing and warrant fur-
ther investigations.
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It is likely that vulnerability to CDI infection strongly
depends on the host immune and gut microbiota status
of the whole community [45]. For example, Fredberg et al.
assessed whether administration of antibiotics to a prior
occupant of a hospital bed was associated with increased
risk for CDI in a subsequent patient who occupied the
same bed [18]. In their retrospective cohort study, the
authors observed that receipt of antibiotics by prior
bed occupant was associated with an increased risk for
CDI in subsequent patients and concluded that antibiot-
ics directly affected the risk for CDI in patients who did
not themselves receive antibiotics [18]. The discussion on
the role of probiotics in other GI and non-GI diseases is
beyond the scope of this paper and has been addressed in
other publications [43, 44, 58, 60].

CONCLUSION

The fecal microbiota transplantation, although known for
almost 1.700 years, has only recently gained interest and
medical attention, as FMT offers hope in the search of a
cure for many contemporary diseases. Further studies and
observations to clarify the mechanisms of FMT and find
clinical correlations are needed. Establishing FMT proto-
cols due to classification of stool as a medical substance is
currently of challange. The selection of donors is also chal-
lenging as requires great accuracy in collecting medical
history and conducting a series of medical tests.
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