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Abstract 

Currently, the emergence of highly virulent mutants in Europe and the United States has 
caused refractory recurrent Clostridium diffi  cile infection (RCDI) to be a problem in clinical practice. 
In 2013, the Netherland group demonstrated breakthrough therapeutic effi  cacy in fecal microbial 
transplant (FMT) treatment clinical trials for RCDI, and FMT treatment is rapidly gaining attention. 
In addition to RCDI, FMT treatment has been attempted in various gastrointestinal diseases 
such as infl ammatory bowel disease, irritable bowel syndrome and chronic constipation, as 
well as extragastrointestinal diseases. In this review, I would like to describe the current status, 
complications and prospects of FMT treatment.
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Introduction
Fecal Microbiota Transplantation (FMT) treatment is 

attracting attention. In 2013, a team from the Amsterdam 
Medical Center in the Netherlands randomized comparisons 
of refractory recurrent Clostridium dif icile infection 
(RCDI) in 2013. In a randomized controlled trial (RCT), 
breakthrough results were reported in The New England 
Journal of Medicine [1]. This work was a breakthrough in 
terms of clinical application of enterobacterial research [2], 
which had emerged due to the spread of next-generation 
sequencing technology and intestinal bacterial analysis 
technology using sterile mice. In recent years, FMT is being 
tried for various diseases other than RCDI [3]. However, 
there are many unsolved problems, such as the mechanism 
of symbiotic ecosystems between enteric bacteria and host 
[4,5], and the whole picture of the metabolites produced by 
enteric bacteria and the interaction between bacteriophages 
and fungi [6,7]. In this review, I will explain the history and 
current status of FMT treatment for many medical staff, 
including physicians in the ϐield of gastroenterology, and 
consider the clinical application of FMT treatment.

History of FMT treatment

FMT treatment has an old history in human society, and 
there is a document that it was already performed in China 
in the 4th century AD. A scholar named Ge Hong in a book 
on Chinese emergency medicine administers feces of healthy 

individuals to food poisoning or acute diarrhea [8]. There is 
also a custom among the Middle Eastern nomads, Bedouin, 
to consume fresh camel feces when bacillary dysentery is 
present. The outbreak of bacterial dysentery among German 
soldiers stationed in Africa during World War II caused all 
soldiers who had consumed fresh camel feces to survive, 
and all soldiers who had not consumed them to have died. 
They proved the effects of their customs. For the ϐirst time 
in the literature, a surgeon named Eiseman performed FMT 
therapy on four patients with pseudomembranous enteritis 
in 1958 [9]. However, FMT therapy has disappeared from the 
main stage in human society and has only been performed 
sporadically. The reason for this event may be that various 
antibiotics have been treated to microbial infections, starting 
with the discovery of penicillin.

Current status of FMT treatment

FMT treatment in RCDI: Van Nood, et al.’s report of an 
RCT study on RCDI marked a breakthrough in FMT treatment 
[1]. The background of this study was largely related to the 
emergence of NAP1/027 mutants that produce high toxins 
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(toxin A/B and binary toxin) in Europe and the United 
States. Mutant strain NAP1/027 is resistant to conventional 
antibiotics such as metronidazole and vancomycin and is 
prone to recurrence, each time becoming more severe and 
intractable, and often fatal. For this reason, the mutant strain 
NAP1/027 is a bacterium that has become of tremendous 
medical and social interest [10]. The use of antibiotics as a 
risk factor for CDI is well known, but postoperative, perinatal, 
occupation in nursing homes, inϐlammatory bowel disease 
(IBD), and oral use of PPIs require attention and attention 
[11]. These risk factors can induce stress on the body and 
disruption of the intestinal mucosal barrier and have a 
negative effect on the intestinal ϐlora. Indeed, it is well known 
that CDI patients have dysbiosis that is far from normal 
intestinal ϐlora, and that the diversity of intestinal ϐlora is 
extremely reduced. The German research team mentioned 
earlier showed that the 4-day antibiotics plus FMT treatment 
group (81% recurrence-free rate) suppressed relapse with 
an overwhelmingly signiϐicant difference compared to the 
14-day antibiotic-only group (31% recurrence-free rate) [1].

By the way, what is the treatment of donor fecal 
microorganisms in healthy people equivalent from the 
medical point of view? Drugs? Natural product medicine? 
Food? material? The U.S. Food and Drug Administration 
(FDA) issued a guideline regarding the use of drugs that 
require an IND (investigative new drug) procedure [12]. 
This problem has not been solved yet. The FDA is now 
accepting FDI treatment for RCDI after rigorous explanation 
and informed consent (IC) with the approval of an ethical 
review in a healthcare facility. As a result, a number of RCTs 
have replicated the proof of RCDI effectiveness, and meta-
analysis results have demonstrated its effectiveness [13]. 
FMT treatment for RCDI is now the standard treatment in 
Europe and the United States. In addition, various guidelines 
have been published in Europe and the United States [14]. 
Even in the ϐirst case, it is recommended that FMT therapy 
be continued if the patient is resistant to antibiotic therapy 
[4]. However, it is considered that there is no problem with 
treatment skipping to FMT treatment after resistance has 
been found by antibiotic treatment. 

I would like to emphasize again that FMT treatment is not 
allowed. In Japan, the establishment of a treatment system is 
delayed, and urgent action is desired. In Japan, as in Europe 
and the United States, RCDI is currently subject to rigorous IC 
approval with the approval of ethical review.

In the United States and Europe, attempts are being made 
to encapsulate feces [15]. By taking cryopreserved fecal 
capsules, good results equivalent to the administration of 
fresh stool have been obtained by RCDI [16]. Although fecal 
capsules may support the spread of FMT treatment, the 
problem of whether processed capsules are pharmaceuticals 
has not been solved. It is also expected that the situation will 
change depending on whether companies are developing 

capsules as a business or nonproϐit organization (NPO). 
The current status of FMT treatment in Japan has not been 
established, including the risk management of transmission 
of infectious diseases and other diseases, and it is hoped that 
clinical trials will be conducted under strict rules. Unresolved 
issues remain in the protocol for FMT treatment of RCDI [17]. 
At the end of this section, we status the current thinking on 
below issues.

a) Feces of donor used for FMT treatment

RCDI has demonstrated that both fresh and frozen stools 
are effective. Therefore, it is said that cryopreservation (feces 
bank), which performs sufϐicient infectious disease screening 
in advance, is excellent in safety, efϐiciency, and economy. In 
terms of efϐiciency, it is said that once frozen, the relative 
proportion of spore bacilli can be selectively increased, 
which may have an effect. Frozen ϐlights are being offered to 
medical institutions across the United States for $ 250 by an 
NPO corporation called Open Biome in Boston.

b)  Selection of feces as a donor

At the beginning of FMT treatment, feces of relatives 
within the second degree of the patient were selected as 
donors. However, after ϐinding out that cryopreserved feces 
are superior in safety, efϐiciency and economy, facilities 
using third party feces are gradually increasing. Intestinal 
ϐlora in faces of relatives who are expected to live in a similar 
lifestyle may be similar to those of patients, but there are 
many negative reports at this time. On the other hand, there 
is a report [18] that the close genetic background enhances 
the homology of the intestinal ϐlora. In this regard, the use 
of third-party feces rather than relatives’ feces increases 
diversity and get easily.

c)  Transplant route of FMT treatment

There have been many reports in the RCDI that transanal 
administration (enema or lower gastrointestinal endoscopy) 
is more effective than oral administration using a duodenal 
tube [19]. The most effective treatment is in the ileocecal 
region using a lower gastrointestinal endoscope, but if the 
risk of perforation is suspected, enema is recommended.

d)  Numbers of FMT treatment

It is often cured with a single FMT treatment. If healing is 
difϐicult at one time, a second FMT treatment using the same 
donor’s feces are performed, but if treatment is also difϐicult 
with the second FMT treatment, the option of using feces 
from other donors are also recommended.

e)  Administration of antibiotics before FMT treatment

For both recurrent and intractable CDI, antibiotics are 
recommended for 3 to 5 days. It may be given to conϐirm 
antibiotic resistance and to reduce patient-speciϐic intestinal 



Current status, complications and prospects of fecal microbiota transplantation therapy

https://www.heighpubs.org/hjpcr 006https://doi.org/10.29328/journal.apcr.1001021

bacterial counts. It is also recommended to treat FMT 24 to 
36 hours after the last dose so that donor bacteria will not be 
killed by antibiotics.

FMT treatment for gastrointestinal diseases other 
than RCDI: Due to the success of FMT treatment in RCDI, 
an attempt is being made to apply it to intractable diseases 
associated with dysbiosis and reduced diversity of intestinal 
ϐlora, similar to RCDI [20]. Here, we introduce FMT treatment 
for ulcerative colitis (UC), Crohn’s disease (CD), and irritable 
bowel syndrome (IBS), in which the presence of intestinal 
ϐlora dysbiosis has been identiϐied. Four RCTs (of which one 
is a conference report) have been reported in the FMT at 
UC [21,23], and meta-analysis has already been performed 
based on these RCTs, and it is considered to be effective 
[24]. However, unlike RCTs for pharmaceuticals, this is a 
small-scale meta-analysis without protocol uniϐication, so 
it is important to accumulate data in the future, and do not 
rush to a conclusion. These studies suggest that UC should 
be treated with multiple, rather than single, FMT treatments 
at regular intervals, with early onset at mild to moderate 
stages, and selection of highly effective donors (search for a 
super donor) (21) may improve the effectiveness. However, 
I think that caution should be exercised in the treatment of 
FMT at the early stage of onset and in the mild to moderate 
stages. This is because there is too much safety concern in 
treating FMT by skipping existing proven drugs. It should be 
remembered that UC is a benign disease that mainly affects 
young people, whereas RCDI is a potentially fatal disease in 
Europe and the United States. According to Australian report, 
a total of 41 cocktails of donor’s feces as FMT were given, 
with less than 30% steroid-free remission [25]. Although 
it is expected that there is maintenance of remission and 
mucosal healing after FMT treatment and the possibility of 
radical cure, it is not possible to judge it at this time. Only 
major adverse events such as exacerbation of abdominal 
disease and abdominal pain/diarrhea have been reported in 
this study, sufϐicient safety evaluation is necessary, including 
the possibility of transmission of infectious diseases and 
unknown diseases. Even though there is no report of RCT of 
FMT treatment including UC from Japan, several pilot studies 
in UC have been carried out, and the efϐicacy is reported to be 
approximately 10% to 30% [23,26]. CD is also an intractable 
disease with dysbiosis and reduced diversity of intestinal 
ϐlora. A meta-analysis that analyzed multiple pilot studies in 
2014 showed that the effectiveness of CD was expected to be 
higher than that of UC [27], but no RCT has been reported so 
far, and only a small number of pilot studies are currently 
available [28]. In addition, the complexity of the affected area 
(small intestine, large intestine, small intestine and large 
intestine type) and the safety of FMT treatment due to the 
presence of ϐistulas and abscesses indicate the difϐiculty of 
RCT. On the other hand, the IBS reported a small but effective 
RCT in 2017 from the Norwegian group. This report found 
that the effective rate was 43% in the placebo group and 65% 

in the treatment group (p = 0.049), which was signiϐicantly 
higher [29]. Because IBS is also known for constipation, 
diarrhea, mixed, and complex placebo effects, it is necessary 
to wait for additional RCT results. In pilot studies, it is also 
recommended to perform graft-versus-host disease (GVHD), 
intestinal Bechet’s disease, ileitis, and function.

All reports of FMT treatment for chronic constipation 
were effective and have no complications [30-32]. Regarding 
the number of FMT treatments, regular multiple treatments 
have been reported to be more effective than single treatment 
[31]. The author has reported the dramatic therapeutic effect 
of FMT treatment for a patient with chronic intractable 
constipation (Table 1) [33]. In addition, I have reported 
new ϐindings that beneϐicial transplanted microorganisms 
related to intestinal peristalsis from a donor colonized the 
recipient’s intestine for a long-term (Figure 1) [34]. Although 
above patient also had a dementia of Alzheimer’s type, the 
patient’s cognitive function improved after FMT treatment. 
These results also suggest that FMT treatment can be applied 
clinically to various diseases.

FMT treatment for diseases other than gastrointestinal 
tract: A brief overview of FMT in non-gastrointestinal 
disorders. In addition to RCDI and UC, RCT suggests efϐicacy 
in studies of patients with metabolic syndrome (obesity) 
[35,36] and hepatic encephalopathy [37]. The above RCT 
of RCDI was an open, unblinded study that was assigned 
randomization. On the other hand, it should be noted that the 
RCT for patients with metabolic syndrome was double-blind. 
In other words, the placebo group involves transplanting a 
patient’s own feces sample collected in advance, which means 
that a protocol with a high level of evidence was used, as in 
the case of normal drug development. FMT for patients with 
metabolic syndrome did not improve obesity itself but did 
improve peripheral insulin sensitivity. In addition, although 
currently in pilot studies, drug-resistant hepatitis B, multiple 
sclerosis, dystonia, type 2 diabetes, acute GVHD, idiopathic 
thrombocytopenia, sepsis, multidrug-resistant bacterial 
infections, diseases such as nonalcoholic steatohepatitis 
(NASH), primary sclerosing cholangitis, acute pancreatitis, 

Table 1: Changes of fecal properties and bowel movements in the recipient before 
and after FMT treatment.
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Parkinson’s disease, epilepsy, autism, depression, and HIV 
infection have been conducted in the context of clinical trials 
[38-41]. 

C omplications

Recently, it has been reported that patients treated with 
FMT died of severe multidrug-resistant bacterial infections. 
It was that two immunodeϐicient patients treated with FMT 
from donors who had not tested for extended-spectrum 
β-lactamase (ESBL) -producing gram-negative bacteria 
developed an invasive infection with ESBL-producing 
Escherichia coli, one of whom died. The FDA has posted this 
case on its website and is calling attention [42]. Based on this 
case, the FDA will provide the FMT donor unless at least all 
of the ESBL-producing enterobacteria, vancomycin-resistant 
enterococci (VRE), carbapenem-resistant enterobacteria 
(CRE), and methicillin-resistant Staphylococcus aureus 
(MRSA) were negative. Notifying the study implementers 
of additional measures related to FMT clinical trials, such as 
the inability to obtain information and the need to explain 
the risk of severe multidrug-resistant bacterial infections to 
patients.

Conclusion and prospects
I described the current status and complications of 

FMT treatment and the future clinical application of FMT 
treatment. In Europe and the United States, the ϐierceness of 
RCDI has become a clinical problem. In the United States, the 

NPO Open Biome Operates a fecal bank for RCDI [43]. Precise 
screening of infectious diseases in donor stool samples in 
advance and cryopreservation will greatly improve safety and 
emergency response capabilities. In Europe, the European 
Consensus Conference (EuCC) is the main organization, and 
the cooperation of each country is planned to operate a fecal 
bank [44]. It is easy to imagine that a large amount of funding 
is required for the operation of a fecal bank, but it is also 
desirable in each country to establish a system which can 
respond quickly of RCDI outbreaks. FMT treatment can be 
applied to many diseases such as gastrointestinal diseases as 
well as living diseases as introduced in this paper. Although 
speciϐic cases of the complications of FNT treatment have 
been shown, it can be prevented by strictly checking 
infections when selecting feces of FMT donors. The most 
controversial and substantiated issues in FMT treatment 
from now on is whether the transplanted microorganisms of 
the donor will colonize the recipient’s intestine over time. To 
date, only our report [34] has been a detailed study of the 
long-term colonization of transplanted microorganisms by 
FMT treatment. I would like to emphasize that this problem 
is an important issue which must be resolved in order to aim 
for clinical application of FMT treatment in various diseases 
in the future.

Finally, we look forward to the emergence of new therapy 
such as combine FMT treatment with biofeedback treatment 
which strengthens the pelvic ϐloor muscles [45,46].

Figure 1: The follow-up of transplanted microorganisms after FMT treatment.
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