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ABSTRACT  

The use of fecal microbiota transplantation in gastrointestinal diseases  

Jannat Monosi Ali  

Fecal microbiota transplantation (FMT) is a treatment modality that involves the process of 

transplanting fecal matter obtained from a selected donor to a recipient in order to restore the 

microbial homeostasis in the intestine. Although the utilization of fecal matter to treat diseased 

individuals can be traced to the 4th century, China, it was not until the end of the 20th century 

that Western countries began to study the potential role of FMT. Since then, there has been a 

growing interest in the scientific community to understand the composition and the function of 

the human microbiota. In addition, there has also been a great deal of interest in how to 

manipulate the microbiota and to understand the relationship between various disease 

conditions and the perturbated microbial community.  

In contrast to antibiotics and immunomodulators, FMT seems to be an excellent therapy option 

for several gastrointestinal diseases, as it is a restorative treatment modality and not 

destructive or suppressive. The mechanism of action of FMT is not fully understood, however, 

its effectiveness is thought to be attributable to the recovery of the microbiota from dysbiosis 

to eubiosis. To date, the only formally approved indication for FMT is Clostridioides difficile 

infection (CDI), in addition, the reported efficacy rates have been very high. The findings on 

employing FMT for treating inflammatory bowel disease (IBD) and irritable bowel syndrome 

(IBS) are not as straightforward, possibly due to the limited large-scale RCTs, the 

heterogenous nature of the disease, the various phenotypic presentations and the still 

unknown factors associated to the transplanted microbiota. Nevertheless, FMT seems to have 

a role in both IBD and IBS management and could be incorporated as an adjunctive therapy 

to combat not only dysbiosis and related pathology but also the additional pathogenetic 

mechanisms that usually underlie these multifactorial-related conditions.   

 

Key words: Clostridioides difficile infection, Crohn’s disease, dysbiosis, fecal microbiota 

transplantation, inflammatory bowel disease, irritable bowel syndrome, microbiota, ulcerative 

colitis  
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SAŽETAK  

Primjena transplantacije fekalne mikrobiote u gastrointestinalnim bolestima 

Jannat Monosi Ali 

Transplantacija fekalne mikrobiote (FMT) je modalitet liječenja koji uključuje proces 

transplantacije fekalne tvari dobivene od odabranog darivatelja kako bi se povratila 

homeostaza crijevne mikrobiote primatelja. Iako se korištenje fekalne tvari za liječenje oboljelih 

osoba može pratiti od 4. stoljeća u Kini, zapadne zemlje su tek krajem 20. stoljeća počele 

proučavati potencijalnu ulogu FMT-a. Od tada, u znanstvenoj zajednici raste interes za 

razumijevanje sastava i funkcije ljudske mikrobiote, kao i poremećaja u ljudskim mikrobnim 

zajednicama povezanih s raznim bolestima. 

Za razliku od antibiotika i imunomodulatora, čini se da je FMT izvrsna terapijska opcija za 

nekoliko gastrointestinalnih bolesti, budući da predstavlja obnavljajući modalitet liječenja, a ne 

destruktivan ili supresivan. Mehanizam djelovanja FMT-a nije u potpunosti razjašnjen, 

međutim, njegova se učinkovitost pripisuje obnavljanju mikrobiote iz stanja disbioze u stanje 

eubioze. Do danas, jedina službeno odobrena indikacija za FMT je infekcija bakterijom 

Clostridioides difficile (CDI) s vrlo visokim stopama učinkovitosti. Nalazi o korištenju FMT-a za 

liječenje upalne bolesti crijeva (IBD) i sindroma iritabilnog crijeva (IBS) nisu tako jednostavni, 

vjerojatno zbog ograničenih randomiziranih i kontroliranih ispitivanja velikih razmjera, 

heterogene prirode bolesti, njenih različitih fenotipskih prikaza kao i još uvijek nepoznatih 

čimbenika povezanih s transplantiranom mikrobiotom. Ipak, čini se da bi FMT mogla imati 

ulogu i u liječenju IBD-a i IBS-a te bi se mogala koristiti i kao pomoćna terapija u borbi ne samo 

s disbiozom i srodnom patologijom nego i s dodatnim patogenetskim mehanizmima koji obično 

leže u osnovi ovih multifaktorskih stanja. 

 

Ključne riječi: Infekcija Clostridioides difficile, Crohnova bolest, disbioza, transplantacija 

fekalne mikrobiotedisbioza, upalna bolest crijeva, sindrom iritabilnog crijeva, mikrobiota, 

ulcerozni kolitis, 

 

 

 

 

 



 

1 

1 |   INTRODUCTION  

The importance of the intestinal microbiota for human health emerged as early as 2500 years 

ago, when the ancient Greek physician Hippocrates said, “All disease begins in the gut”. The 

human gastrointestinal (GI) tract harbors a rich and diverse community of microorganisms that 

differ from individual to individual, making it unique as a fingerprint. Since no two intestinal 

microbiota profiles are the same, the definition remains unclear in what a healthy microbial 

community is, however, it is thought that a stable and diverse microbiota correlates with a 

healthy state. The microbiota is vastly diverse and its density changes along the GI tract being 

the densest in the large intestine. The composition, diversity and functionality of the microbiota 

are highly dynamic and change throughout life. The quantity and quality of the microbiota is 

easily altered by both endogenous and exogenous factors such as diet, hormonal cycles, 

health status, drugs, pre- and probiotics, and the surrounding environment (1). The microbiota 

has a vital part in human health and plays a fundamental role in the modulation of several local 

functions including, but not limited to, defending the host against pathogens, energy production 

and metabolism, aiding in nutritional provision, fine-tuning the immune system, and detoxifying 

xenobiotics (2,3).    

Dysbiosis is the condition of a disrupted microbial homeostasis resulting in alterations in the 

symbiotic relationship between the microbiota, the enteric microenvironment, and the host. 

Intestinal dysbiosis has been shown to contribute to the pathogenesis of several common GI-

related conditions, including infectious diarrhea, chronic inflammatory bowel disease and 

functional GI conditions. Current evidence has demonstrated that intestinal dysbiosis also has 

role in several extraintestinal conditions such as oncological conditions (4), obesity and 

metabolic syndrome (5), autism spectrum disorder (6), multiple sclerosis (7), graft-versus-host 

disease (8), Parkinson’s disease (9), hepatic encephalopathy (10), nonalcoholic fatty liver 

disease (11), and atherosclerosis and hypertension (12).   

There has been a great interest in manipulating the intestinal microbiota in order to amend the 

dysbiotic condition. Several strategies have been used to target the disrupted microbiota 

including dietary interventions, prebiotics, probiotics, antibiotics, phage therapy, and fecal 

microbiota transplantation (FMT). Among these, FMT seems to be the most powerful 

intervention with the most satisfactory results. FMT is the procedure that involves the 

administration of minimally manipulated fecal material obtained from a healthy donor to a 

patient (recipient), with the intention of improving and restoring the balance of the microbial 

community in the intestine (13). In this thesis, the history of FMT, microbiota and related 

dysbiosis, procedural aspects of FMT, safety profile and clinical applications in selected 

gastrointestinal diseases will be discussed. 
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2 |   HISTORY OF FMT: THE NEW OLD THERAPY   

The use of fecal material as a medical therapy is nothing new and has been used for almost 

two millennia (Figure 1) (14). The first record of FMT can be traced back to the 4th century, 

performed by a well-recognized traditional Chinese medicine practitioner named Ge Hong (15). 

Hong used fresh and fermented fecal suspension orally and coined the term “yellow soup” to 

avoid patients’ repugnance. It was used as a rescue treatment for serious food poisoning, 

febrile illness, typhoid fever, and diarrhea (16). It is the first literary record of fecal 

transplantation, described in the Chinese emergency medicine handbook “Hand Therapy for 

Emergencies”, which at the time was considered a medical miracle that brought back patients 

from the brink of death (17).  

In the 16th century, another practitioner of traditional Chinese medicine, Li Shizhen, recorded 

the use of transplanted fecal material to treat abdominal diseases in the most famous book of 

traditional Chinese medicine called “Ben Cao Gang Mu” or Compendium of Materia Medica 

(15,18). It was the most complete record of fecal material transplantation in traditional human 

medicine (16). 

In the West in the 17th century, an Italian surgeon Acquapendente described the use of enteric 

flora transplantation in veterinary medicine and coined the term “transfaunation”. The term 

implied the transfer of GI contents from a healthy to a diseased animal and was widely used 

in the field of veterinary medicine (3,15,19). 

During World War II, an interesting report revealed that cross-species FMT might work as well 

(18,20). German soldiers residing in North Africa suffered from episodes of recurrent diarrhea 

and were treated with fresh, warm camel dung (19). The treatment was inspired by the native 

Bedouins as a remedy for bacterial dysentery, the efficacy of which was anecdotally confirmed 

by the German soldiers.  

In modern medicine, it was not until the second half of the 20th century that Western countries 

began to study the potential beneficial role of FMT. In 1958, the first report on FMT in English 

literature was made by the Chief of Surgery, Dr. Ben Eiseman, and his colleagues at Denver 

General Hospital (18). They utilized their combined expertise to treat four patients that suffered 

from pseudomembranous colitis with fecal enema (21). Researchers realized 20 years later 

that the condition they were treating was in fact pseudomembranous colitis caused by C. 

difficile (22). 
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The use of FMT beyond infectious diseases was first published in 1989. Borody et al. 

performed “an exchange of bowel flora” on a 45-year-old male with refractory ulcerative colitis 

(UC), showing full and lasting clinical recovery after treatment (14,19). In Amsterdam 2013, 

the first randomized controlled trial (RCT) was conducted and demonstrated high efficacy in 

the treatment of recurrent C. difficile infection (rCDI) with FMT. The authors reported that one 

treatment with FMT by nasoduodenal route was superior to standard antibiotic therapy with 

vancomycin (23). 

3 |   HUMAN GUT MICROBIOTA  

BASIC TERMINOLOGY  

The term microbiota describes the community of all microorganisms that are present in a 

defined environment. Microbiota includes all three known domains of life (archaea, bacteria, 

eukaryote as well as viruses) and is a preferred term to the older “microflora” which only 

encompasses bacteria (24,25). The microbiome is the collective composition of genetic 

material from all organisms present in a given habitat, including both symbiotic and pathogenic 

microbes. Metagenomics is the study of the microbiome, which is the study of the genomes 

from a community of mixed organism. In the normal healthy state, the microbial community is 

in a state of balance called eubiosis, where the symbiotic relationships are maintained. On the 

other hand, dysbiosis is the condition of perturbation in the ecosystem so that the microbial 

homeostasis becomes disrupted, which in turn leads to a loss of diversity and a reduced quality 

of microbial functions.  

4th century

• First record of FMT

• The fecal suspension 
was termed "yellow 
soup" 

16th century

• The most complete 
record in medical use of 
FMT in  traditional 
medicine 

17th century 

• Used in Italian veterinary 
medicine

• Called it transfaunation

World War II

• Fresh and warm camel 
feces used by German 
soldiers to treat recurrent
diarrhea 

1958

• First English report of  
FMT 

1989

• Broadended use of FMT

• Used to treat refractory 
UC 

2010

• First time included into 
IDSA/SHEA guidlines 

2013

• Recommended 
treatment for rCDI 

• Recomendation 
of FMT in ACG guidlines 

2014

• Strong recomendation of 
FMT in ESCMID 
guidlines

2017

• Guidelines from  
European  FMT working 
group consensus  

2022

• Mainstream therapy for rCDI

• Several emergin indications 
for both intestinal and 
extraintestinal conditions are 
being investigated 

Figure 1. History timeline of major events in FMT therapy 

FMT, Fecal microbiota transplantation; UC, Ulcerative colitis; rCDI, Recurrent Clostridioides difficile infection; IDSA, Infectious Diseases Society 
of America; SHEA, Society for Healthcare Epidemiology of America; ACG, American College of Gastroenterology; ESCMID, The European Society 
of Clinical Microbiology and Infectious Diseases 
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In the last decade, the role that microbiota plays in human health has become a topic of 

growing interest. The scientific understanding has increased remarkably during this time, but 

there is yet a lot to discover, such as the fundamental functions of majority of the 

microorganisms that still remain to be determined. 

The intestinal microbiota is a complex of microorganisms that inhabits the GI tract and forms 

a multifaceted ecosystem consisting of both known and unknown species. This ecosystem is 

dominated by bacterial species compared to other microbes found in the gut, such as fungi, 

viruses, archaea, and protists (26).  

This complex ecosystem is diverse and dynamic, and its density varies depending on the 

location, being the densest in the colon. The dominant bacterial species found in the intestine 

consist of four main phyla: Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria 

(18,26,27). The composition of the gut microbiota can be altered by a variety of factors 

including diet, the environment, physical activity, hormones, and medication such as antibiotics 

and proton-pump inhibitors (PPI) (28). Each individual possesses their own unique constitution 

of microbiota, just like a fingerprint, and therefore an ideal healthy microbiota composition has 

not yet been defined. It has been proposed that the overall function of the microbiota with the 

resulting host interactions may be of a greater value than the specific microbial composition 

itself (27). 

The microbiota influences several bodily functions such as GI motility, the regulation of 

mucosal barrier function and epithelial turnover, it affects immune response, and suppresses 

pathogen overgrowth. It also plays an important role in host metabolism, converting dietary 

fiber to short-chain fatty acids, which act as energy substrate for colonocytes (29). The 

intestinal microbiota as an integral part of the digestive tract influences its functional 

development and overall physiological functions. It is important to appreciate that the human 

gut microbiota is not just an assemblage of microorganisms, but a well-organized integrated 

network of microorganisms that interacts intensely with each other as well as with its host (30).  

The dysbiosis of the gut microbiota has been implicated in several intestinal disease states, 

with the prototypical example being C. difficile infection (CDI). The disturbances in the 

microbiota can be attributed to an increase in pathogenic microbes, reduced diversity and/or 

loss of beneficial microbes which in turn can lead to the production of harmful metabolites and 

induce host damage (28). Dysbiosis has also been linked to several non-communicable 

extraintestinal conditions such as metabolic, neurological, and behavioral disorders.  
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4 |   FECAL MICROBIOTA TRANSPLANTATION  

FMT, also known as stool transplantation, is the process of transferring fecal material from a 

healthy donor into the recipient’s GI tract in order to correct the dysbiosis-associated 

conditions. It involves rigorous screening of donor, preparation of fecal material as well as the 

recipient, and close monitoring of the procedure as well as the patient even thereafter (Figure 

2).  

4.1 |   MECHANISM OF ACTION 

Dysbiosis, the perturbation in the function and composition of the microbiota, causes 

interference in metabolic pathways that affect immunological and mechanical processes both 

locally (intestinal) and systematically (extraintestinal). In this regard, the dysbiotic condition of 

the intestinal microbiota leads to various disease states.  

The disturbance of the microbiota has been studied the most in Clostridioides difficile infection 

(CDI) patients, with established pathogenesis of dysbiosis as the predominant culprit. There is 

a general acceptance in that the microbiota is a factor in the pathogenesis of several GI 

conditions including some subgroups of IBS and IBD. However, it is not known whether 

dysbiosis constitutes the cause or the outcome of the latter. Hence, the relative importance of 

the microbiota in the pathogenesis is different for different diseases. In addition, it is worth 

mentioning that apart from CDI, there is a huge lack of studies focusing on the mechanism of 

action of FMT.     

One might assume that the “active compounds” of the FMT’s efficacy would only be related to 

the microorganisms and their restoration, but there are several additional factors that may 

contribute to its efficacy.  

 

Donor reqruitment 

Recruitment

Questionnaries

Blood and fecal 
analysis 

Follow-up

FMT processing  

Processing

Re-test 

Cryopreservation 

Application

Selecting patient 

Selecting optimal 
route and regimen 

Follow-up

Saftey monitoring 

Figure 2. The outline of the process for FMT 
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For instance, a recent pilot study (31) investigated whether sterile fecal filtrates containing 

proteins, oligonucleotides/DNA, metabolic products, antimicrobial compounds, and bacterial 

debris were effective in CDI patients. The researchers prepared the so-called fecal filtrate 

transfer (FFT) by passing the fecal suspension through progressively finer pore filters, 

cumulating in a 0.2 µm pore filter (0.2 µm < size of a bacteria). In all the subjects treated with 

FFT the symptoms were eliminated and their stool habits resorted to normal 6 months post-

FFT. The authors concluded that FFT alone, rather than conventional FMT may be sufficient 

in treating CDI patients. In addition, these findings suggests that some soluble factors rather 

than the intact bacteria per se could potentially be the key mediator in the mechanism of action. 

In addition, to minimize the risk of transmitting unknown infectious agents to 

immunocompromised patients, FFT might be of great value in this subset of patient population.  

Although the exact mechanism of FMT is not yet defined, based on currently available 

evidence, the benefits of FMT are thought to work through various processes, including but 

not limited to the following: colonization resistance, restoration of metabolites, and restoration 

of immune function (32).  

COLONIZATION RESISTANCE 

Colonization resistance is a well-known phenomenon that implies the mechanism by which the 

commensal bacteria protect themselves by competing for the ecological niches and thereby 

preventing colonization and overgrowth of pathogenic and opportunistic (pathobiont) 

microorganisms. To maintain a healthy microbial composition, the commensal bacteria 

regulate the activity of pathogenic bacteria by microbe-microbe (direct) and microbe-host 

(indirect) interactions.  

The microbiota mediates colonization resistance through several direct and indirect 

mechanisms (Figure 3) (33). Some of the direct microbiota-mediated mechanisms include 

competition for nutrients, production of toxins and other compounds (bacteriocin, secondary 

bile acids, SCFAs), and niche exclusion (space competition). The indirect mechanisms include 

stimulation of the mucosal immune system to enforce the intestinal barrier defenses, activate 

the host’s immune response, promote immune cell recruitment, promote activation and 

differentiation of key immune cells, and enhance both innate and adaptive mucosal immunity. 

With this regard, FMT may through direct ecological competition increase host resistance to 

pathogens and restore the microbial diversity and its functions.  

 

 



 

7 

RESTORATION OF METABOLITES  

One of the main proposed theories in FMT mechanism of action is the restoration of essential 

microbial metabolites and/or co-metabolites, which are usually produced by interactions 

between the host and the microbes. The intestinal microbiota facilitates the synthesis of 

metabolites that have important properties for host metabolism including short-chain fatty acids 

(SCFAs) and bile acids (32).   

One of the key metabolites in the colon are SCFAs, which are produced by the microbiota 

through fermentation of dietary fibers and indigestible starch. The two dominant bacterial phyla 

in the human intestine are Bacteroidetes and Firmicutes and they are also the main producers 

of the common SCFAs like acetate, propionate, and butyrate. Some of the immunomodulatory 

properties of SCFA include stimulation of T regulatory cells, oppose translocation of 

lipopolysaccharides (LPS) and bacteria, enhance barrier function and proliferation of intestinal 

epithelial cells, and inhibit production of proinflammatory cytokines. All these effects protect 

the intestinal cells from inflammation and promote mucosal homeostasis (32,34). The effects 

of FMT may be from either resolving the dysbiosis i.e., restoring the SCFA-producing bacteria 

or from directly transferring SCFAs thereby restoring the essential metabolites.  

Bile acids facilitate digestion of dietary fats and oils but also serve as signaling molecules with 

important roles such as immune regulation and modulation, induction of epithelial integrity, 

protection against pathogenic overgrowth, and energy metabolism (34). The liver synthesizes 

and conjugates primary bile acids (PBAs) to be stored in the gallbladder between meals.  

 

COLONIZATION RESISTANCE

Direct 

(microbe-microbe)

Nutrient competiton 

Toxin production 

Production of SCFAs and 
secondary bile acids 

Niche exclusion

Indirect 

(microbe-host)

Activating and enhancing 
the immune response

Enhanced intestinal 
barrier defense

Figure 3. Colonization resistance - One of the proposed mechanisms of action that may underlie the efficacy of FMT 
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During a meal the bile acids are secreted into the gut, however, 95% of the PBA are 

reabsorbed to enter the enterohepatic circulation. The remaining are converted to secondary 

bile acids (SBAs) through enzymatic processes, which are provided by the intestinal bacteria. 

The use of antibiotics may lead to the destruction of secondary bile acid-producing bacteria, 

resulting in decreased levels of secondary bile acids and increased levels of primary bile acids 

(25).  

Both PBAs and SBAs have important roles in suppressing bacterial overgrowth, as well as 

inducing and maintaining epithelial integrity. Furthermore, it has been demonstrated that SBAs 

promote the generation of peripheral regulatory T cells which in turn enhance the colonic 

immunity (35). In addition, they regulate cholesterol, glucose and energy homeostasis, and 

inhibit proinflammatory transcription genes (36). PBAs generally promote C. difficile spore 

germination, while SBAs are inhibitors of C. difficile spore germination (25,34,37). FMT is 

thought to restore bile acid metabolism by directly transferring both primary- and secondary 

bile acids into the donor or indirectly by correcting the dysbiotic condition.  

RESTORATION OF IMMUNE FUNCTION 

In a healthy physiological state, the microbiota signals to the immune cells to support their 

development and to fine-tune the immune responses. In return, the immune system helps to 

maintain a stable microbial community and promotes the growth of beneficial commensal 

microbes (38). It has been estimated that about 75% of the immune cells are located in the 

intestine, in this regard it can be said that a well-developed microbial community is associated 

with a sophisticated immune system, which in turn leads to a stable and good health (32). 

Healthy crosstalk between the immune system and the intestinal microbiota is essential to 

support the protective responses to pathogenic microbes, to promote tolerance to beneficial 

microbes and their products, and to maintain self-tolerance (39).  

Disturbance in the function and composition of the microbiota, activates an aggressive immune 

response in the intestinal mucosa that may in turn cause chronic inflammation and 

subsequently lead to mucosal lesions (40). Correction of the dysbiotic condition by FMT 

normalizes and maintains the function of immune cells (32) 

FMT is known to increase the diversity of the microbiota, maintain the ecological balance, and 

to rebuild the immune function. The related mechanism may involve the introduced (donor 

stool) microbiota’s capacity to maintain mucosal integrity, limit permeability, and inhibit 

apoptosis to reestablish intestinal barrier. The introduced microbiota may also better combat 

proinflammatory cytokines by synthesizing antagonizing factors, thereby reducing local and 

systemic inflammatory responses. FMT also restores the metabolism of secondary bile acids, 

competes with pathogenic bacteria, and improves insulin resistance, as a result, the immune 

function becomes improved (41).  
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4.2 |   FMT PROCEDURE  

4.2.1 |   DONOR SELECTION  

The different recommendations between medical societies, the lack of strong evidence-based 

guidelines, and the lack of standardization make the selection process for a suitable donor 

challenging. It is worth mentioning that there are currently no regulatory guidelines for fecal or 

donor screening. Despite the inconsistency by different working groups, there are some 

general criteria that form the basis for most of the recommendation/guidelines provided by 

experts within the field.  

 

Figure 4. An overview of FMT’s procedural part and the handling of donor fecal matter  
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The European FMT Working Group recommends that potential donors go through four 

consecutive steps to be selected, as follows:  

◽ Preliminary interview  

◽ General clinical examination  

◽ Blood and stool examination  

◽ Further questionnaire at the day of donation   

Donor selection for FMT has two main purposes, the first is to prevent potential adverse events 

associated with infusion of fecal material, and the second is to avoid the transmission of 

pathogenic microbes (42,43). For this reason, the European FMT Working Group recommends 

general exclusion criteria for the selection of potential donors, regardless of the indication (43). 

The exclusion criteria in the preliminary interview are summarized in Table 1. 

The selection process begins with a medical interview focusing on potential donors’ medical 

history and lifestyle habits to identify risk factors. This first step in the donor evaluation process 

and the use of exclusion criteria is of great value in excluding issues that cannot be detected 

by laboratories. To take a step further to reduce the risk of transmitting donor comorbidities, 

subjects aged 18–60 years are preferred. However, the age limit used for the inclusion criteria 

for eligibility should be optional to enable the inclusion of suitable healthy relatives or 

acquaintances (42,43).  

Potential candidates selected based on the results of the preliminary questionnaire will 

undergo both blood and stool tests (Table 2), which should be done no longer than 4 weeks 

before donation. Under certain circumstances and when there are no changes in the donor’s 

health, this testing can be done for up to 8 weeks before donation. However, after the first stool 

donation, repeated tests are required before further donation can be made. The main purpose 

of this step is to identify potentially communicable diseases that can be transmitted via FMT. 

Some of the tests are mandatory and some should be directed according to geographical 

location, the clinical condition of the recipient (e.g., immunosuppressed), and the medical 

history of the donor (42,43).  

When all tests are negative, the potential candidate becomes an accepted stool donor. Finally, 

on the day of the donation the selected donors will have an additional interview to ensure the 

safest possible procedure. This interview (Table 3) is done to check if any new issues have 

emerged (43). 
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Table 1. Exclusion criteria for potential donors addressed in the preliminary interview (43) 

INFECTIOUS DISEASES 

◽ History or known exposure to: HIV, HBV, HCV, HTLV-1, HTLV-2, Malaria, Syphilis, Trypanosomiasis, Tuberculosis 

◽ Known systemic infection not controlled at the time of donation 

◽ Use of illegal drugs 

◽ Risky sexual behavior  

◽ Previous reception of tissue/organ transplant 

◽ Previous (<12 months) reception of blood products 

◽ Recent (<6 months) needle stick accident 

◽ Recent (<6 months) body tattoo, piercing, earring, acupuncture 

◽ Recent medical treatment in poorly hygienic conditions 

◽ Risk of transmission of diseases caused by prions 

◽ Recent parasitosis or infection from Rotavirus, Giardia lamblia and other microbes with GI involvement 

◽ Recent (<6 months) travel in tropical countries, or at high risk of communicable diseases or traveler’s diarrhea  

◽ Recent (<6 months) history of vaccination with a live attenuated virus, if there is a possible risk of transmission 

◽ Healthcare workers (to exclude the risk of transmission of multidrug-resistant organisms) 

◽ Individual working with animals (to exclude the risk of transmission of zoonotic infections) 

GI, METABOLIC AND NEUROLOGICAL DISORDERS 

◽ History of IBS, IBD, functional chronic constipation, coeliac disease, other chronic GI disorders 

◽ History of chronic, systemic autoimmune disorders with GI involvement 

◽ History of, or high risk for, GI cancer or polyposis 

◽ Recent appearance of diarrhea, hematochezia 

◽ History of neurological/neurodegenerative disorders 

◽ History of psychiatric conditions 

◽ Overweight and obesity (body mass index >25) 

DRUGS THAT CAN IMPAIR GUT MICROBIOTA COMPOSITION 

◽ Recent (<3 months) exposure to antibiotics, immunosuppressants, chemotherapy 

◽ Chronic therapy with proton pump inhibitors 

GI, Gastrointestinal; HBV,  Hepatitis B virus; HCV, Hepatitis C virus; HIV, Human immunodeficiency virus; HTLV-1, -2,  Human T-cell 

lymphotropic virus type 1, type 2; IBD, Inflammatory bowel disease; IBS, Irritable bowel syndrome 

Table 2. Tests to check if there are any infectious diseases that can be potentially transmitted (43) 

BLOOD TESTS — GENERAL STOOL TESTS — GENERAL 

◽ CBC with differential 

◽ CRP and ESR 

◽ Albumin 

◽ Creatinine and electrolytes 

◽ Aminotransferases, bilirubin, GGT, ALP 

◽ Syphilis 

◽ Hepatitis viruses (HAV, HBV, HCV, HEV)  

◽ HIV-1 and HIV-2 

◽ Entamoeba histolytica  

◽ Cytomegalovirus, Epstein-Barr virus  

◽ Fecal occult blood testing 

◽ Detection of Clostridioides difficile 

◽ Detection of enteric pathogens, including Salmonella, Shigella 

◽ Campylobacter, E. coli O157 H7, Yersinia, VRE, MRSA 

◽ Gram-negative multidrug-resistant bacteria 

◽ Norovirus 

◽ Antigens ± acid-fast staining for Giardia lamblia and 

Cryptosporidium parvum 

◽ Protozoa (including Blastocystis hominis) and helminths 

BLOOD TEST — SPECIFIC SITUATIONS STOOL TEST — SPECIFIC SITUATIONS 

◽ Human T-lymphotropic virus types I and II 
antibodies 

◽ Strongyloides stercoralis 

◽ Calprotectin 

◽ Detection of V. cholera and L. monocytogenes 

◽ Antigens ± acid-fast staining for Isospora, Microsporidia 

◽ Helicobacter pylori fecal antigen 

◽ Rotavirus 

HAV, Hepatitis A virus; HBV, Hepatitis B virus; HCV, Hepatitis C virus; HEV, Hepatitis E virus; MRSA, Methicillin-resistant Staphylococcus 
aureus; VRE, Vancomycin-resistant Enterococci; CBC, Complete blood count; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; 
GGT, Gamma-glutamyl-transferase; ALP, Alkaline phosphatase 
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4.2.2 |   PREPARATION OF FMT MATERIAL  

Although FMT is becoming the standard of care in both Europe and the USA for the treatment 

of rCDI, there is still a lack of standardization regarding FMT product preparation. In terms of 

stool volume, single or pooled donor, anaerobic or aerobic conditions, and reconstitution 

method, different medical centers have their own preferred processes (25). 

There is a minimum of general steps that need be followed for the preparation of fresh and 

frozen fecal material according to the guidelines from the European FMT working group. The 

steps are summarized in Table 4 (43). 

The amount of fecal matter used varies from study to study, with most studies using 30–50 g 

of fecal material. After thorough testing and collection of the fecal sample, it is then diluted with 

normal sterile saline solution (0.9 %) with a ratio of solute to solvent of 3-5:1. The solution is 

then mixed in a blender to get it homogenized and filtered through a gauze or the like to remove 

larger particles. Lastly, the final suspension is poured into a sterile syringe, ready to be infused 

into the patient. When preparing frozen fecal material, glycerol should be added before 

freezing up to a final concentration of 10 % and stored at –80 °C.  

Table 3. Issues to be addressed on the day of donation  (43) 

◽ Newly appeared GI signs and symptoms (e.g., diarrhea, nausea, vomiting, abdominal pain, jaundice) 

◽ Newly appeared illness or general signs as fever, throat pain, swollen lymph nodes 

◽ Use of antibiotics or other drugs that may impair gut microbiota, new sexual partners or travels abroad since the last 

screening 

◽ Recent ingestion of a substance that may result harmful for the recipients 

◽ Travel in tropical areas 

◽ Contact with human blood (sting, wound, showing, piercings, tattoos) 

◽ Sexual high-risk behavior 

◽ Diarrhea (more than three loose or liquid stools per day) among members of the entourage (including children) within 4 

weeks of donation 

Table 4. Minimum general steps to follow for the preparation of fresh and frozen fecal material (43) 

FRESH FECAL MATERIAL  

◽ Fresh stool should be used within 6 hours after defecation 

◽ To protect anaerobic bacteria, the storage and preparation should be as brief as possible 

◽ Until further processing, the stool sample can be stored at ambient temperature (20°C–30°C) 

◽ Anaerobic storage and processing should be applied if possible 

◽ A minimum amount of 30 g of feces should be used 

◽ Fecal material should be suspended in saline using a blender or manual effort and sieved to avoid the clogging of 

infusion syringes and tubes 

◽ A dedicated space, disinfected using measures that are effective against sporulating bacteria, should be used 

◽ Protective gloves and facial masks should be used during preparation 

FROZEN FECAL MATERIAL  

◽ At least 30 g of donor feces and 150 mL of saline solution should be used 

◽ Before freezing glycerol should be added up to a final concentration of 10% 

◽ The final suspension should be clearly labelled and traceable, and stored at –80°C 

◽ On the day of fecal infusion, fecal suspension should be thawed in a warm (37°C) water bath and infused within 6 hours 

from thawing 

◽ After thawing, saline solution can be added to obtain a desired suspension volume 

◽ Repetitive thawing and freezing should be avoided 
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When the frozen fecal material is ready to use, it should be thawed in a warm water bath (37 

°C) and infused within 6 hours from thawing. The fresh fecal material should be used within 6 

hours after donation. The sensitivity of the microbial cells increases after defrosting, to avoid 

wastage of material, repeated freezing and thawing should be avoided, and samples should 

be prepared in doses that will be needed (3,28,43,44). 

4.2.3 |   PREPARATION OF THE RECIPIENT  

Patients with CDI should be pre-treated with antibiotics such as vancomycin or fidaxomicin at 

least 3 days prior to FMT to eradicate/suppress the abundance of vegetative C. difficile. The 

antibiotic regimen should be discontinued 12–48 hours before fecal transfusion (43). 

Antibiotics should be avoided within 8 weeks after FMT, as it could increase the risk of FMT 

failure (25).  

When performing colonoscopy, bowel lavage should be performed in order to purge bowel 

toxins and flush out any residual pathogenic microbiota as much as possible. It is reasonable 

to do so even when using the upper GI route in the treatment of rCDI as it is able to decrease 

the abundance of C. difficile in the intestine (43,45). 

In case of FMT delivery through the upper GI route, the use of proton-pump inhibitors may 

increase the survival of the transplanted microbiota from gastric acid. Some studies have 

recommended the use of antimotility agents such as loperamide in order to maximize retention 

for at least four hours of the transplanted fecal microbiota (23,28,46). 

The preparation of CDI patients described above also applies to other indications treated with 

FMT. 

4.2.4 |   ROUTES OF ADMINISTRATION  

Several routes have been studied for the administration of fecal material, with the intention of 

having three main targets in the GI tract including the upper, middle, and lower intestines. Oral 

ingestion of FMT capsules is a means of delivery through the upper gut (16,47). Some other 

methods of targeting the upper GI tract above the second part of the duodenum include the 

use of a nasogastric tube (NGT) and a nasoduodenal tube (NDT). Mid-gut delivery, beyond 

the second part of the duodenum is done through endoscopy, nasojejunal tube (NJT), mid-gut 

transendoscopic enteral tubing (TET), small intestine stoma or percutaneous endoscopic 

gastro-jejunostomy.  

Fecal microbiota can also be delivered to the lower (large) intestines by colonoscopy, enema, 

distal ileostomy, colostomy, and colonic TET (16,48). For each mode of administration, fecal 

infusions may be repeated if a single course fails to cure the condition being treated (42).  
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There is no single best universal delivery method that matches all patients, instead the decision 

on the optimal route should be individualized, based on the clinical condition, and on the 

currently available evidence-based resources. The main advantages and disadvantages of the 

different administration routes are summarized in Table 5. 

 

 4.3 |   SAFTEY OF FMT  

In general, the current evidence implies that FMT overall is a safe and well-tolerated procedure 

and treatment modality with few adverse events (AE). The most reported AEs have been 

immediate, mild and self-limiting. However, there are concerns related to both the procedural 

part and the transplanted fecal matter, which are summarized in Table 6. One of the most 

feared AE related to FMT is the transmission of life-threatening infections. There is a lack of 

data on long-term complications and there may therefore be unidentified risks of FMT that 

need to be considered in the screening protocol and discussed with the recipients. To reinforce 

the latter, the potential AEs should be clearly discussed through a documented process of 

informed consent with the patient (recipient). Some of the considerations are summarized in 

Table 7 (49).  

 

Table 5. Advantages and disadvantages of different modes in FMT administration  

DELIVERY METHODS ADVANTAGES DISADVANTAGES 

Oral Capsules  

◽ Non-invasive  

◽ High patient acceptability  

◽ No sedation risks  

◽ Large capsule burden  

◽ Risk of vomiting  

◽ Expensive, but eliminates cost of  

    endoscopic procedures  

Naso-gastric/ 

-duodenal/-jejunal tube 

◽ Avoids sedation  
◽ Alternative to lower route  

   (e.g., due to inflamed colon) 

◽ Discomfort of tube placement  

◽ Risk of vomiting and aspiration  

Enema  

◽ Less expensive  

◽ Less invasive  

◽ No sedation risks 

◽ Can be performed in outpatient setting 

◽ Can more easily be repeated  

◽ Limited to distal colon  

◽ May require multiple treatments  

Colonoscopy  

◽ Directly evaluates colon mucosa 

◽ Sampling tissue  

◽ Can reach proximal colon  

◽ Invasive  

◽ Expensive  

◽ Sedation risks  

◽ Standard risk of colonoscopy  

Table 6. Summary of adverse event of  fecal microbiota transplantation 

MINOR AE (common) Serious AE (rare) Potential AE 

◽ Abdominal pain/discomfort  

◽ Altered bowel habits  

◽ Bloating 

◽ Borborygmus  

◽ Constipation  

◽ Diarrhea 

◽ Flatulence  

◽ Nausea/Vomiting  

(mostly with upper routes) 

◽ Transient low-grade fever 

◽ Endoscopic complication  

(perforation, bleeding) 

◽ Sedation related (aspiration) 

◽ High-grade fever  

◽ Infection, sepsis  

◽ Transmission of enteric pathogens  

◽ IBD flares  

◽ CMV reactivation  

◽ Death  

◽ Pneumonia 

◽ Induction of chronic diseases  

▸ Metabolic syndrome 

▸ Diabetes 

▸ Cancer 

▸ IBD 

▸ NAFLD 

▸ IBS 

▸ Other 

◽ Transmission of unrecognized    

 infectious agents 

AE, Adverse event; IBD, Inflammatory bowel disease; CMV, Cytomegalovirus; IBS,  irritable bowel syndrome; NAFLD, Non-alcoholic fatty liver 
disease 
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Although FMT is considered a safe procedure with minor AEs, it is still  noteworthy to 

mention that there have been cases of serious adverse events (SAE) and even a few cases of 

death. Some of the cases but not all might be attributed to FMT directly, but with the rest there 

is still some uncertainty. In June 2019, the FDA issued a warning about two cases of 

bacteremia from extended-spectrum beta lactamase (ESBL)-producing Escherichia coli (E. 

coli). Both subjects were immunocompromised and received investigational FMT from the 

same donor, unfortunately this resulted in the death of one of the patients. Consequently, the 

FDA released a list of minimum screening requirements including improved screening for 

donor feces and colonization of multidrug-resistant organisms (MDRO) (50,51). Screening for 

such organisms is already recommended by the European FMT Working Group and has been 

standard practice at a universal stool bank (OpenBiome, Cambridge, MA) (43,52).  

In March 2020, the FDA issued another safety alert regarding the potential risk of life-threating 

infection caused by enteropathogenic E. coli (EPEC) and Shiga toxin-producing E.coli (STEC). 

Six patients developed infections caused by EPEC (n = 2) and STEC (n = 4), four of the six 

patients required hospitalization and two patients infected with STEC died (53,54). All four 

patient who developed STEC infection received FMT from a single donor who had previously 

been screened negative for Shiga-like toxin by enzyme immunoassay (EIA). Subsequently, 

the stool was tested positive with the more sensitive nucleic acid amplification testing (NAAT) 

(49).  

The two patients who died did not have their stool tested but retained stool samples that were 

used and administered to the patients were tested with NAAT and found to be positive for one 

patient and negative for the other patient. In this regard, there is uncertainty as to whether the 

cause of death of the positive STEC patient was really the infection which was the main 

contributing factor.  

Table 7. Discussing considerations for informed consent  (49) 

CATEGORY CONSIDERATIONS 

Procedure-

related risk 

◽ Aspiration  

◽ Perforation of bowel  

Symptoms  
post-FMT 

◽ Diarrhea 

◽ Constipation 

◽ Cramping 

◽ Discomfort 

◽ Belching/bloating/flatulence 

◽ Nausea/vomiting 

◽ Borborygmus 

◽ Fever of unknown origin 

Infection risks 

◽ Life-threatening sepsis 

◽ Antibiotic-resistant infections 

◽ STEC 
◽ EPEC  

◽ Blastocystis spp. 

◽ CMV/EBV infection in immunocompromised 

◽ COVID-19/SARS-CoV-2  

◽ Future novel pathogens 

Theoretical risks 

◽ Allergy or anaphylaxis 

◽ Small-intestinal bacterial overgrowth 
◽ IBD flare 

◽ Autoimmune disease 

◽ Transmission of noninfectious disease / phenotype 

◽ Limited evidence on long-term safety outcomes 

◽ Unknown risks 

Patient factors 
◽ Post-infectious IBS 

◽ Treatment failure and appropriate follow-up 
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For the negative STEC patient, the FDA did not suspect that STEC was transmitted by this 

FMT product (49,53,54). There have also been cases of SAEs related to the procedural risks. 

Two deaths of fecal aspiration pneumonia administered to the mid-gut via upper endoscopy or 

NDT have been reported. Consequently, it is now advised to avoid sedation and the use of 

antiemetic agents in upper GI delivery (55). 

The COVID-19 pandemic has raised many concerns, including emerging concerns about 

future pathogens that may have an impact on FMT. Therefore, it is essential to continuously 

update the screenings and test accordingly, so that they are as up to date as possible in order 

to reduce the risk of transmission of unwanted pathogen, especially in situations where new 

ones emerge. 

 

5 |   CLINICAL APPLICATION OF FMT IN GI DISEASES  

5.1 |   CLOSTRIDIOIDES DIFFICILE INFECTION  

C. difficile is a Gram-positive, obligatory anaerobe, toxin-producing, and spore-forming 

bacillus. It is the causative agent of C. difficile infection (CDI) that can lead to 

pseudomembranous colitis which could be a life-threatening disease.  

The perturbation of the intestinal microbiota in CDI has been well documented and it is the 

prototype disease for treatment with FMT (56). Key events in the disease pathogenesis are 

characterized by both quantitative and qualitative loss of the microbiota, leading to dysbiosis 

and predisposing the individual to colonization and sporulation of C. difficile. This in turn leads 

to reduced microbial competition for available space and vital substrates, resulting in C. difficile 

outgrowth and toxin production. 

The clinical presentation of CDI ranges from mild diarrhea to pseudomembranous colitis. CDI 

represents the leading cause of nosocomial infectious diarrhea and is associated with 

significant morbidity and mortality (57). The disease incidence has increased radically over the 

past three decades along with increased hospitalization of affected patients (58). The 

incidence of community-acquired CDI is rising in both Europe and USA (25). It is noteworthy 

that a significant portion of the infected individuals did not carry the typical risk factors for CDI 

such as antibiotic use and hospitalization (59). However, 31% of community-acquired C. 

difficile-infected patients who were not exposed to antibiotics received PPI (60). PPIs are 

known to alter the intestinal microbiota with a significant reduction in microbial diversity, which 

in turn leads to an increased risk of acquiring CDI (61).  
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A recent systematic review identified independent risk factors for acquiring CDI including 

antibiotic use, recent hospitalization, increasing age, female sex, and the use of PPIs (62). In 

fact, CDI only develops in individuals with a disrupted intestinal microbiota (63).  

Antibiotics remain the primary therapy strategy in the management of the first CDI episode. 

However, it is important to remember to use narrow-spectrum antibiotics and to consider 

immune-enhancing strategies as a preventive measure. The main principles of managing rCDI 

are as follows: use of narrow-spectrum antibiotics for the first episodes, treat recurrent CDI 

with preventive measures, try to eliminate risk factors which may contribute to the recurrences. 

With regard to the treatment of the first, second and subsequent rCDIs with antibiotics, the 

strength of recommendation and the quality of evidence are weak and low, respectively 

(64,65).Vancomycin or fidaxomicin are the drugs of choice, alternatively metronidazole may 

be used when the others are not available. In the first CDI episode, a 10-day course of either 

vancomycin or fidaxomicin may be used. For recurrent CDI, the same antibiotics are used but 

with an extended course with a gradually reduced and pulsatile regimen.  

Since the use of antibiotics is one of the major risk factors for acquiring CDI, its current 

management seems rather counterintuitive as the first line of treatment consists of antibiotics. 

Antibiotics lack the ability to discriminate between pathogenic and beneficial bacteria. Hence, 

when used to treat infections, they destroy not only the targeted pathogen but also certain 

unintentional species leading to a perturbed microbial community. 

The global recurrence rate of rCDI in patients after their first incidence of CDI is about 10–20% 

(62). Repeated antibiotic regimens cause further disturbances and an inadequate recovery of 

the intestinal microbiota, enabling regrowth of antibiotic-resistant C. difficile spores (25,66). 

This explains the extremely high recurrence rate in subsequent episodes, along with the fact 

that it also becomes more difficult to treat. To highlight the problem of recurrence, it has been 

shown that there is an emergence of multiresistant and novel hypervirulent strains of C. difficile. 

Compounding this with the current antibiotic crisis, there is an increased threat of severe CDIs 

with increased morbidity and mortality as the clinical success rate tends to decrease with each 

antibiotic treatment. Consequently, more effective therapies have been proposed with the main 

goal of restoring or balancing the intestinal microbiota. 

As the main goal of treating CDI is to restore the composition and function of the intestinal 

microbiota to a pre-disease (pre-antibiotic) state, FMT seems to be the ideal treatment modality 

as it is a restorative treatment as opposed to antibiotics which is a disruptive treatment. Since 

2013, FMT has evolved dramatically from a little explored and unknown to the West, to almost 

a mainstream therapy of global interest.  
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To date, based on evidence-based research, the only formally recognized indication for FMT 

is recurrent C. difficile infection. However, different medical societies differ in when FMT is to 

be introduced in the management of rCDI (Table 8). 

 

 

 

Table 8. Indications for FMT in the management of CDI from medical societies worldwide 

Guideline (Year) Initiating FMT 
Strength of 

recommendation & Quality 
of evidence 

FGFT  

(2016) (67) 

FMT is indicated in multiple rCDI (defined as > 1 recurrence),  

performed only after failure of standard treatment with 

antibiotics 

NS 

European FMT 

Working Group  

(2017) (43) 

FMT is recommended as treatment option for both mild and 

severe rCDI 

Recommendation: Strong 

Evidence: High 

FMT can be considered as a treatment option for refractory 

CDI 

Recommendation: Strong 

Evidence: Low 

Joint BSG/HIS FMT 

Working Group  

(2018) (68) 

FMT is recommended after at least two rCDI, or after one rCDI 

with high risk for further episodes including severe and 

complicated CDI 

Recommendation: Strong 

Evidence: High 

FMT should be considered in refractory CDI 
Recommendation: Strong 

Evidence: Moderate 

Repeated FMT is recommended after initial FMT failure 
Recommendation: Strong 

Evidence: High 

IDSA/SHEA  

(2021) (69) 

FMT is recommended after the 3rd CDI episode who have 

failed appropriate antibiotic treatment 

Recommendation: Strong 

Evidence: Moderate 

ESCMID 

Clostridioides 

difficile  Study 

Group   

(2021) (70) 

FMT as an option should be included after second or 

subsequent rCDI 

Recommendation: Weak 

Evidence: Moderate 

FMT may be a rescue therapy for patients with severe 

complicated CDI who failed antibiotic treatment and for whom 

surgery is not feasible 

Recommendation: Weak 

Evidence: Very low 

American College of 

Gastroenterology  

(2021) (71) 

FMT should be considered for patients with severe and 

fulminant CDI refractory to antibiotic therapy 

Recommendation: Strong 

Evidence: Low 

FMT is recommended in second or subsequent rCDI 
Recommendation: Strong 

Evidence: Moderate 

Repeated FMT is recommended in rCDI within 8 weeks of an 

initial FMT 

Recommendation: 

Conditional 

Evidence: Very low 

Australian Working 

Group (2020) (72) 

FMT is recommended for patients with recurrent CDI 
Recommendation: Strong 

Evidence: High 

FMT should be considered in patients with refractory or 

severe CDI 

Recommendation: Strong 

Evidence: High 

For the treatment of CDI, repeated FMT should be considered 

for patients who do not respond to initial therapy 

Recommendation: Strong 

Evidence: Moderate 

Korean Working 

Group (2022) (73) 

FMT is recommended in second or subsequent rCDI 
Recommendation: Strong 

Evidence: High 

FMT should be considered for refractory or severe CDI 
Recommendation: Strong 

Evidence: High 

FMT, Fecal microbiota transplantation; NS, not specified; rCDI, recurrent C. difficile infection; CDI, Clostridioides difficile infection; FGFT, French Group 

of FMT; ESCMID, European Society of Clinical Microbiology and Infectious Diseases; BSG, British Society of Gastroenterology; HIS, Healthcare Infection 
Society; IDSA, Infectious Diseases Society of America; SHEA, Society for Healthcare Epidemiology of America  
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A recent systematic review with meta-analysis evaluated the overall effectiveness and safety 

of FMT (74). It included a total of 15 studies with 12 clinical trials (Table 9) and three cohorts. 

The primary outcome of the meta-analysis was to demonstrate the effectiveness of FMT 

defined as the absence of diarrhea between weeks 8 and 13 post-FMT. Secondary outcomes 

included the most effective route of administration and the proportion of subjects who 

experienced any AEs. The authors also assessed the quality assessment of the included 

articles, which demonstrated a remarkable homogeneity with a low overall bias. In addition, all 

the studies had “low concern” with regards to applicability.    

All the included studies demonstrated effectiveness in treating CDI. The mean treatment 

effectiveness was 82% and it was demonstrated that its efficacy increased with the number of 

doses received, implying a highly effective treatment of CDI. Overall, the analysis 

demonstrated that FMT is equivalent to or superior to the first-line antibiotic regimens. AEs 

were reported in 14 of the 15 articles. The most common organ system affected was GI tract 

along with the most common symptom being diarrhea. Majority of the AEs were mild and self-

limiting within days. The proportion of patients experiencing at least one AE in association with 

the route of administration is in descending order as follows: colonoscopy (71.6%), enema 

(37.1%), oral capsule (23.1%), and upper endoscopy (3.4%). Although endoscopy showed a 

low number of AEs, it is noteworthy to mention that these patients experienced clinically more 

severe AEs (e.g., fecal aspiration) comparing to other routes of administration. Colonoscopy 

is considered as the choice of route of administration for FMT delivery, as it allows the 

physician to directly observe the colon and collect samples as needed. When comparing 

colonoscopy to enema and upper endoscopy, it was shown to be superior to both (74). 

However, colonoscopy versus upper endoscopy had conflicting results, as another study 

demonstrated no statistically significant difference between these routes in the efficacy of FMT 

treating CDI (75). Finally, comparing FMT capsules to colonoscopy was shown to be 

statistically significant and demonstrated that capsules are more effective than colonoscopy 

(74).  

In conclusion, FMT is a well-established treatment modality for the management of rCDI. 

Although antibiotics continue to provide the mainstream therapy to treat the first episode of 

CDI, due to its high efficacy and superior safety profile, FMT should be considered earlier in 

the management of rCDI instead of using it as a last resort. In addition, there is a need to 

standardize and uniform FMT protocols and to open more universal stool banks in order to 

make it more accessible.  
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Table 9. Summarized findings from RCTs investigating FMT’s effectiveness and safety profile in CDI  

Author 
(year) 

N Route Recovery  Adverse events 

Garza-
González  

et al. 
(2019) (76) 

Total: 21 
FMT: 13 
FMT-L: 8 

Capsules Overall efficacy 95.2% 

Minor AEs  
Burping: 14.2% (3/21) 
Constipation: 19% (4/21) 
Vomiting: 9% (2/21) 

Dubberke 
et al. 

(2018) (77) 

Total: 127  
FMT-A: 41  
Placebo-B: 44 
FMT-C: 42 

Enema 

Overall efficacy: 89%  
FMT-A: 61%  
Placebo-B: 45%  
FTM-C: 67%  

Total AEs: 64.1%  
Total SAEs: 20.3%  
- FMT-A: 31.7% 
- Placebo-B: 13.6% 
- FMT-C: 16.3 % 

Ianiro et al. 
(2018) (78) 

Total: 56  
FMT-S: 28  
FMT-M: 28  

Colonoscopy 
FMT-S: 75% 
FMT-M: 100% 

FMT-S 
- Mild diarrhea: 64% (18/28) 
- Constipation: 61% (17/28) 
FMT-M 
- Mild diarrhea: 71% (20/28) 
- Constipation : 82% (23/28) 

Juul et al. 
(2018) (79) 

Total: 20  
FMT: 9  
Metronidazole: 11 

Enema 
Overall efficacy: 78%  
FMT: 56%  
Metronidazole: 45% 

FMT: 11.11% (Foul stool smell) 
Metronidazole: N/S 

Jiang et al. 
(2018) (80) 

Total: 65  
Lyophilized capsule: 31 
Frozen enema: 34  

Enema 
Overall efficacy: 86% 
Lyophilized capsules: 84%  
Frozen enema: 88% 

Total SAEs: 14% 
Lyophilized capsules: 13% 
Frozen enema: 15% 

Jiang et al. 
(2017) (81) 

Total: 72  
Fresh: 25  
Lyophilized: 23  
Frozen: 24  

Colonoscopy 

Overall efficacy: 87% 
Fresh: 100% 
Lyophilized: 78%  
Frozen: 83% 

Mild diarrhea: 86% (62/72) 
Fatigue: 8% (6/72) 
Headache: 6% (4/72) 
Weight gain: 3% (2/72) 

Kao et al. 
(2017) (82) 

Total: 105 (116)  
Capsule: 57 
Colonoscopy: 59 

Colonoscopy 
Capsule 

Overall efficacy: 96% 
Capsule: 96% 
Colonoscopy: 96% 

Minor AEs 
Capsule: 5.4% 
Colonoscopy: 12.5%  

Hota et al. 
(2017) (83) 

Total: 28 (30) 
FMT: 16  
Vancomycin: 12 

Enema 
FMT: 43.7% 
Vancomycin: 58.3%  

Early AEs: 57% 
Late AEs: 48% 

Kelly et al. 
(2016) (84) 

Total: 46 
FMT: 22 
Autologous FMT: 24 

Colonoscopy 
Donor FMT: 90.9%  
Autologous FMT: 62.5%  

Most common reported AEs in both 
groups: abdominal pain, fatigue, 
flatulence, and diarrhea 
SAEs 
- FMT: 4 (none related to FMT) 
- Autologous FMT: 3 

Lee et al. 
(2016) (85) 

mITT - Total: 219 
Fresh: 111 
Frozen: 108  
 
Protocol - Total: 178 
Fresh: 87 
Frozen: 91 

Enema 

mITT 
Fresh: 70.3% 
Frozen: 75% 
 
Protocol  
Fresh: 85.1% 
Frozen: 83.5% 

Most common minor-moderate 
AEs: 
- Diarrhea: 70% 
- Flatulence: 25% 
- Constipation: 20% 
- Abdominal cramps: 10% 
- Nausea: < 5% 
SAEs: 
- Fresh: 3%  
- Frozen: 5 % 

Orenstein  
et al. 

(2016) (86) 
Total: 31 Enema Overall efficacy: 87.1% 

Total 188 AEs in 28 (90%) 
patients  
Total of 20 SAEs in 7 (23%) 
patients 

Cammarota 
et al. 

(2015) (87) 

Total: 39 
FMT: 20  
Vancomycin: 19 

Colonoscopy 
FMT: 90% 
Vancomycin: 26%  

Mild, self-limiting AEs (FMT) 
- Diarrhea: 94% 
- Bloating and cramps: 60% 

mITT, modified intention-to-treat; AEs, Adverse events; SAEs, Serious adverse events 
FMT-L = L, Lactobacillus ; FMT-A, Placebo-B, FMT-C = A,B,C designated group; FMT-S, FMT-M = S, single, M, multiple 
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5.2 |   INFLAMMATORY BOWEL DISEASE  

In addition to the well-established indication for rCDI, there are several emerging clinical 

conditions for which FMT could be a promising alternative to the current standard regimen or 

even as an adjunct therapy. Many recent studies have focused on using FMT to manage 

inflammatory bowel disease (IBD). 

IBD is the umbrella term for disorders that cause chronic inflammation of the mucosal lining of 

the GI tract from mouth to anus. It is an incurable chronic inflammatory, destructive disease 

with a relapsing-remitting pattern characterized by inflammation of the mucosa of the GI tract. 

There are mainly two subtypes of IBD, namely ulcerative colitis (UC) and Crohn’s disease (CD) 

which are primarily differentiated by the location and depth of the mucosal inflammation. 

The exact etiology of IBD is still unknown, but its pathophysiology is multifactorial and includes 

both genetic and environmental factors. It is postulated that in genetically predisposed 

individuals, the disease arises from an overly reactive immune response to the dysbiotic gut 

microbiota (88). There is supporting evidence that the microbiota plays a role in the 

pathogenesis of IBD (89), in addition, it has been proposed that the dysbiotic gut is a 

contributing factor to the development of the hyperreactive immune system in the GI tract (40). 

However, it is not clear whether the presence of a dysbiotic state in IBD patients, which usually 

manifests itself in an overall diminished diversity and loss of anaerobic bacterial species (90) 

is the consequence or the cause of the mucosal inflammation seen in IBD patients (91).  

5.2.1 |   ULCERATIVE COLITIS  

There are currently five randomized controlled trials (RCTs) available with results that 

investigated the efficacy of FMT in UC (Table 10) (92–96). All five RCTs varied considerably 

in their study design, hence the interpretation is limited by their heterogeneity. However, there 

are certain interesting findings that have provided a deeper insight into donor selection and 

FMT processing for UC compared to CDI. 

Four of the five studies showed superiority of FMT compared to placebo in achieving remission. 

The only study that showed insignificant results used an upper GI approach with NDT, which 

may imply that the method and route of administration may have an impact on the efficacy of 

FMT. It is noteworthy to point out that it is not the route itself but the method of administration 

that may have a greater impact, which has been demonstrated in the Haifer et al. study using 

an upper GI route with lyophilized oral capsules.  
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Costello et al. demonstrated high efficacy (clinical remission and steroid free response) of FMT 

(96), despite it being the only study that utilized aerobically prepared fecal material and had a 

lower number of treatments compared to the other RCTs that used lower GI-route. Donor 

characteristics appear to be a relevant factor, Moayyedi et al. reported higher treatment 

success with one particular donor compared to other donors (93). Selection of a suitable donor 

seems to have a greater value in UC than is the case for CDI.  

A systematic review with meta-analysis that included four RCTs (93–96) demonstrated a 

pooled rate of achieving combined outcome (clinical remission with endoscopic remission/ 

response) were 27.9 % in the intervention arm and 9.5 % in the control arm (97).  

Despite its moderate to high remission rates, FMT has still not entered clinical practice in the 

management of UC. This may be due to the heterogeneity of the study design, including but 

not limited to fecal material preparation, patient preparation, donor characteristics, single or 

pooled donor, delivery method, treatment regimen, and the definition of remission. The 

variability in the studies makes it a disadvantage to draw definitive conclusions. Therefore, 

future studies should be more consistent in the study design to ensure better replicability and 

reproducibility as well as to avoid systematic errors.  

Another systematic review with a meta-analysis compared the efficacy and safety of FMT, 

tofacitinib, and biological agents (infliximab, adalimumab, golimumab, vedolizumab) in patients 

with UC (98). It included sixteen RCTs for efficacy analysis in which seven therapies (including 

placebo) were analyzed for their effectiveness by network meta-analysis. The findings 

demonstrated that all interventions were superior to placebo. Furthermore, the three best 

interventions with the greatest efficacy (clinical remission and clinical response) were FMT, 

vedolizumab, and infliximab. In terms of absolute effects and relative ranking, infliximab and 

vedolizumab showed better efficacy. Tofacitinib and FMT also showed high efficacy, but due 

to the limited RCTs for these interventions, an absolute conclusion cannot yet be drawn. 

Based on the results of the above-mentioned studies and the meta-analysis, FMT appears to 

be beneficial and may play a role in the induction of remission in active mild-to-moderate UC. 

However, the lack of long-term follow-up data on safety profile together with the heterogeneity 

in the studies and small study groups contributes to an overall uncertainty with regard to its 

safety and efficacy.  
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Table 10. Summary of RCTs investigating the efficacy of FMT in UC 

First 
author 
(year) 

Eligibility for inclusion 
No. Patients 
FMT/Placebo 

Administratio
n 

Intervention  Placebo  Treatment regimen 
Follow-

up 

Combined 
remission* 

FMT Placebo 

Moayyedi 

(2015) (93) 

Mild-to-moderate UC  

(Mayo score ≥ 4, with 
endoscopic subscore ≥1) 

75 (38/37) Enema 

Aerobically prepared, 

fresh/frozen, single/pooled 
donor, allogenic stool   

Water  6 (weekly) Week 7 
24 % 

(9/38) 

5 % 

(2/37) 

Rossen 
(2015) (94) 

Mild-to-moderate UC 

(SCCAI 4–11, with 
endoscopic subscore ≥1) 

48 (23/25) NDT 

Aerobically prepared, fresh, 

single donor, allogenic 
stool  

Autologous 
stool 

2 (wk. 0 and 3) Week 12 
30 % 
(7/23) 

20 % 
(5/25) 

Paramsothy 
(2017) (95) 

Mild-to-moderate UC 
(Mayo score 4–10, with 
endoscopic subscore ≥1) 

81 (41/40) 
Colonoscopy + 

Enema  

Aerobically prepared, 
frozen, pooled donor, 
allogenic stool   

Saline + 
odorant + 
coloring 

41 (Colonoscopy) wk. 0; 
Enemas 5/wk. for 8 weeks) 

Week 8  
27 % 

(11/41) 
8 % 

(3/40) 

Costello 
(2017) (96) 

Mild-to-moderate UC 
(Mayo score 3–10, with 
endoscopic subscore ≥2) 

73 (38/35) 
Colonoscopy + 

Enema  

Anaerobically prepared, 
frozen, pooled donor, 
allogenic stool  

Aerobically 
prepared,  
autologous 

stool 

3 (Colonoscopy) day 0;  
2 (Enemas) over 7 days) 

Week 8 
32 % 

(12/38) 
9 % 

(3/35) 

Haifer 
(2021) (92) 

Mild-to-moderate UC 
(Mayo score 4–10, with 

endoscopic subscore ≥1) 

35 (15/20) Orally Lyophilized FMT capsules 
Placebo 
capsule  

Loading with 24 capsules 

daily for 1 week, then 12 
capsules daily for 1 week, 
followed by a maintenance 

dose of 6 capsules daily 
thereafter 

Week 8 
53 % 

(8/15) 
15 % 
(3/20) 

Week 56 
100 %  
(4/4) 

*Combined remission implies to the response group that had both clinical and endoscopic remission  
SCCAI, simple clinical colitis activity index; wk., Week; UC, Ulcerative colitis; FMT, Fecal microbiota transplantation; RCT, Randomized controlled trials; NDT, Nasoduodenal tube 
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5.2.2 |   CROHN’S DISEASE  

While a number of prospective cohorts, few case studies and some systematic reviews with 

meta-analysis have been presented, there is still a lack of adequate RCTs investigating FMT 

in CD patients. To date, only two completed RCTs (99,100) have been performed that explore 

the value of FMT in CD patients. On the other hand, there are currently 29 registered RCTs 

investigating the use of FMT in CD with or without other IBD subtypes on ClinicalTrials.gov. 

Yang et al. compared the efficacy and safety of different routes of administration for FMT, 

demonstrating that there was no significant difference in the efficacy of FMT between the 

different administration routes. Overall, the clinical response rate was 77.8 % (21/27) and 

clinical remission 2 weeks post-FMT was achieved by 66.7% (18/27). Separating the clinical 

response and clinical remission for each route demonstrated 78.6% and 64.3% respectively in 

the colonoscopy group and 76.9% and 69.2%, respectively in the gastroscopy group (99). The 

RCT done by Sokol et al. investigated the efficacy of FMT on maintaining remission in CD and 

defined their primary endpoint as successful colonization of the donor microbiota at 6 weeks 

which none of the participants achieved (100). Although RCTs are considered to be in the 

higher level of evidence hierarchy, these trials are insufficient to draw any conclusions due to 

their small sample size (n = 21-31), in addition to the fact that one of the RCTs actually lacks 

a control group.  

A recent systematic review with meta-analysis was done to evaluate the efficacy of FMT in 

CD, consisting of 15 studies published between 2014–2020 that included two RCTs and 13 

cohorts (101). There were 10 studies that investigated patients with only CD and the remaining 

five studies included other IBD subtypes as well. However, the results on CD in the studies 

investigating several IBD subtypes were separated to include only the patients with CD in the 

final analysis. Six of the 13 cohorts obtained data from the same clinical trial issued in China, 

but only the most recently published one with the largest database were included in the 

analysis. Three studies were performed in the pediatric population and the remainder 

performed in adults. The final analysis included 10 studies with a total of 293 patients. The 

studies that were included in the final analysis are summarized in Table 11 and Table 12. 

Given the positive findings from several studies on FMT to induce remission in UC patients, it 

is compelling to believe that similar optimistic results would be revealed in patients with CD. 

Unfortunately, the evidence to date is not as appealing as it is for UC for several reasons, 

including the heterogeneity of the study design, the characteristics, and the different FMT 

administration protocols. The marked variation between the studies limits the possibility of 

interpreting the findings. One thing that is certain is that larger, high-quality RCTs are needed 

to see if FMT has a place in CD management.  
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Table 11. Characteristics of selected studies investigating the efficacy of FMT in CD 

First author 
(year) 

Country Study type 
Sample 

size 
IBD 
type 

Population Eligibility for inclusion Concomitant therapy   

COHORTS 
Total quality 

score 

Suskind  

(2015) (102) 
USA 

Prospective  
non-comparative 

cohort  
9 CD Pediatric  

Mild to moderate CD;  

PCDAI 10–29 

Stable doses of CD drug therapy continued  

Exclusion criteria: prior use of biologic agent 
Medium  

Karolewska-

Bochenek 

(2018) (103) 

Poland 
Prospective  

non-comparative 

cohort 

2 
CD/U

C 
Pediatric 

CD or UC; Refractory to standard 

therapy; Colonic disease 
Stable doses of CD drug therapy continued  Medium 

Goyal 

(2018) (104) 
USA 

Prospective  
non-comparative 

cohort 

7 
CD/U
C/IC 

Pediatric  

Mild to moderate IBD (CD, UC, IC); 

PCDAI 10–40;  

Biomarkers > × 2 upper limit 

Stable doses of CD drug therapy continued Medium 

Wei  

(2015) (105) 
China 

Prospective  
non-comparative 

cohort 
3 

CD/U
C 

Adult 

Mild to moderate CD;  

CDAI score of >150 to <400;  

C-reactive protein >10 mg/L 

Stable doses of 5-ASA or corticosteroid continued  

Exclusion criteria: anti-TNF agent within 2 months 
Medium 

Vermeire 

(2016) (106) 
Belgium 

Prospective  

non-comparative 
cohort 

6 
CD/U

C 
Adult 

IBD; Refractory to 

immunomodulators  
CD drug therapy continued Medium 

Vaughn 

(2016) (107) 
USA 

Prospective  
non-comparative 

cohort 
19 CD Adult 

Active CD; HBI ≥ 5; >3 years 

duration;  

Refractory to standard therapy 

Stable doses of 5-ASA or thiopurines continued. 

Corticosteroids tapered to 20 mg of prednisone.  

12-week washout for cyclosporine, tacrolimus, 

and biologic agents 

Medium 

Gutin  

(2019) (108) 
USA 

Prospective  
non-comparative 

cohort 

10 CD Adult Active CD; HBI ≥ 3 Stable doses of CD drug therapy continued Medium 

Xiang 

(2019) (109) 
China 

Prospective  

non-comparative 
cohort 

174 CD Adult CD with any therapeutic target 

All CD drug therapy was ceased. Commenced 

corticosteroids ± azathioprine / thalidomide / 

exclusive enteral nutrition as part of 3rd stage of 

step up FMT 

High 

RCTs  Risk of bias 

Yang  

(2019) (99) 
China 

Randomized, double 

blinded, parallel  
two-arm trial  

31 CD Adult 
Mild to moderate CD;  

CDAI > 150; Colonic disease 

Stable doses of 5-ASA, thiopurines or 

corticosteroid continued 
High 

Sokol  

(2020) (100) 
France 

Randomized, single-

blind, placebo-
controlled trial  

21 CD Adult 

Active CD at screening (HBI > 4); 

Clinical response to corticosteroid 

induction (HBI < 5) 

Corticosteroids were tapered  

Exclusion: anti-TNF agent within 1 month, 

immunosuppressants within 3 months. 

High 

CD, Crohn’s disease; HBI, Harvey-Bradshaw index; FMT, fecal microbiota transplantation; UC, ulcerative colitis; IBD, inflammatory bowel disease; CDAI, Crohn’s disease activity index; PCDAI, pediatric Crohn’s disease activity 
index; IC, indeterminate colitis; RCT, randomized controlled trial  
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Table 12. Protocols of selected studies investigating the efficacy of FMT in CD 

COHORTS 

Study Pre-FMT preparation 
Pre-

antibiotics  
Route of 

administration 
FMT regimen   Donor  Follow-up 

Definitions  

Clinical 

response  

Clinical 

remission  

Endoscopic 

endpoints 

Suskind  
et al.(102) 

PPI day before + morning 

of FMT. PEG 3 × day for 2 
days prior to FMT 

Yes 
Nasogastric 

tube 
Fresh, 30 g,  

single infusion  
Relative;  

Single donor  
2, 6 and 

12 weeks 
Engraftment  

↓ PCDAI ≥ 10;  

↓ CRP,  
↓ Calprotectin 

None 

Karolewska

-Bochenek  
et al. (103) 

PPI + Antiemetic  morning 

of FMT 
No 

NDT/ 

Gastroscopy  

Frozen, 50 g,   

8 doses  
(in 12 days) 

Unrelated; 

Single donor  
18–33 days  ↓ PCDAI ≥ 15 

↓ PCDAI ≥ 10;  

↓ Calprotectin 
None 

Goyal et al. 
(104) 

PPI 5 days prior to FMT 

for 7 days; Antidiarrheal 2 
hrs. prior to FMT 

Yes 

Endoscope 

then 
colonoscopy  

Fresh, 150 g, 
Single infusion  

Relative/ 

acquaintance; 
Single donor  

1 week,  

4 weeks, 
24 weeks 

↓ PCDAI > 12.5 

PCDAI 0; 

Normalization 
of biomarkers  

None 

Wei et al. 
(105) 

Bowel lavage, PEG Yes 
NJT/ 

Colonoscopy  
Fresh, 60 g,  

single infusion  
Unrelated; 

Single donor 
4 weeks ↓ CDAI > 70 

CDAI < 150; 
CRP < 10 mg/L 

None 

Vermeire  
et al. (106) 

Bowel lavage, PEG No 
NDT/ 

Ileocolonoscopy 

Fresh, 200 g,  
2 doses  

(1 day apparat) 

Relative/ 
acquaintance; 
Single donor 

8 weeks,  
24 weeks 

Bacterial 

richness as the 
No. of different 

OUT 

Changes in 
CDAI, CRP 

SES-CD < 3 

Vaughn  
et al. (107) 

Bowel lavage, Magnesium 
citrate  

No Colonoscopy 
Froze, 50 g,  

single infusion 
Unrelated men;  

Single donor 
12 weeks, 
26 weeks 

↓ HBI > 3 w/o 
medication  

HBI < 5 None 

Gutin et al. 
(108) 

Bowel lavage Yes Colonoscopy 
Frozen, 250 cc 
single infusion  

USB;  
Single donor 

1, 3, 6, 9, 

and 12 
months 

↓ HBI ≥ 3 HBI < 3 SES-CD  

Xiang et al. 
(109) 

Antiemetic + PPi prior to 
FMT (except in NJT) 

No 
Endoscopy/ 

NJT/ Mid-gut or 
colonic TET 

Fresh/Frozen/ 
Both, 60 cm3, 
single/multiple  

(2-5) infusions 

Relative/ 
acquaintance/ 

USB;  

Single donor 

Median 
follow up  

43 months 
↓ HBI > 3 HBI ≤ 4 None 

RCTs  

Study Intervention Comparison 
Pre-FMT 

preparations 
FMT regimen  Donor Follow-up 

Definitions 

Clinical 
response  

Clinical 
remission  

Endoscopic 
endpoints 

Yang et al. 
(99) 

Arm 1: Gastroscopy 
Arm 2: Colonoscopy 

N/A 

Arm 1: PPI  
Arm 2:  
Bowel lavage + 

Antidiarrheal  

Fresh, 200 g,  
2 doses  

(1 week apart) 

Relative/ 
acquaintance/ 

volunteers; 

Single donor 

1, 2, 4, 6, 
and  

8 weeks 

↓ CDAI > 100 CDAI < 150 

Remission:  
SES-CD 0-2 
Response: 

↓ SES-CD > 50 % 

Sokol et al. 
(100) 

Colonoscopic FMT 
Colonoscopic, 
Physiological 

serum   

Bowel lavage, 
PEG 

Fresh,50–100 g, 
single infusion    

Volunteers; 
Single donor  

2, 6, 10, 14, 
18, and 24 

weeks 
N/A N/A CDEIS 

PPI, Proton pump inhibitor; NS, Not specified; PEG, polyethylene glycol; N/A, Not applicable; OUT, Operational taxonomic units; USB, Universal stool bank; NJT, Nasojejunal tube; NDT, Nasoduodenal tube; CDAI, Crohn’s 

disease activity index; CDEIS, Crohn’s disease endoscopic index of severity; CRP, C-reactive protein; FMT, fecal microbiota transplantation; HBI, Harvey-Bradshaw index; PCDAI, pediatric Crohn’s disease activity index; PEG, 
polyethylene glycol; SES-CD, simple endoscopic score for Crohn’s disease; TET, transendoscopic enteral tubing; CD, Crohn’s disease; CDAI, Crohn’s disease activity index; CDEIS, Crohn’s disease endoscopic index of severity; 
FMT: fecal microbiota transplantation; PEG: polyethylene glycol; SES-CD: simple endoscopic score for Crohn’s disease 
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5.3 |   IRRITABLE BOWEL SYNDROME  

Irritable bowel syndrome (IBS) falls under the umbrella term disorders of gut-brain 

interaction (DGBI), formerly known as functional gastrointestinal disorders (FGID). Since most 

IBS research studies investigating the effectiveness of FMT still use the older term FGID 

instead of DGBI, the term FGID will be used in this section for the sake of simplicity.  

These conditions are diagnosed and classified according to the ROME IV criteria and are 

characterized by chronic GI symptoms in the absence of a detectable organic cause with 

conventional diagnostics. The current system (ROME IV) divides FGID into 20 pediatric and 

33 adult conditions, of which the most common subtype is IBS. FGID is a widespread condition, 

with a worldwide prevalence of 40 % and is one of the most common conditions encountered 

by gastroenterologist (110). 

IBS is the most prevalent subtype of FGID, and it is a common condition with a world 

prevalence of 5–10 % (111). Its symptoms are sometimes difficult to differentiate from other 

common GI conditions as it often overlaps with other FGIDs and sometimes even with IBD. Its 

course is typically a relapsing and remitting pattern with common symptoms such as abdominal 

discomfort, bloating, and altered bowel habits. Although the condition does not have a 

malignant course, it has an immense impact on the quality of life (QoL) and constitutes a high 

socioeconomic burden (112).  

Some authors still like to subdivide IBS according to the older ROME III criteria, which 

classified IBS according to the predominant symptom in bowel habits including, constipation 

(IBS-C), diarrhea (IBS-D), IBS with mixed bowel habits (IBS-M), and unclassified type (IBS-

U). In Rome IV criteria, functional bowel disorders including functional diarrhea, functional 

constipation, and IBS with all its subtypes are now considered to be in a continuum rather than 

as independent entities (113). However, for treatment purposes, dividing IBS based on the 

predominant symptom makes the therapeutic approach more feasible. 

Current clinical management of IBS is often based on the prevailing symptomatology and 

includes both pharmacological and non-pharmacological approaches. Despite a high 

prevalence, the diagnosis and treatment are still a challenge and the integral to break this 

pattern is a high-quality consultation with a strong doctor-patient relationship.  

The pathogenesis of IBS is thought to be multifactorial, although its precise mechanism 

remains unclear. It has been postulated that the most crucial abnormality is in the 

communication between the brain and the gut (and vice versa), as is suggested by the current 

valid term DGBI. The brain-gut axis is affected by emotions, which can influence the intestinal 

barrier, mucosal secretion, and intestinal motility (114).  
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Abnormal secretion of dopamine and serotonin has been reported in IBS patients, these 

alternations may have a role in the type of clinical presentation they will have (115). An 

increased permeability of the intestinal mucosa has been found to be associated with 

hypersensitivity to somatic and visceral stimuli. This leads to a change in the perception of 

pain, which have been demonstrated in IBS patients, particularly those with IBS-D subgroup 

(116).  

Intestinal microbiota and its role in the IBS pathogenesis are not well defined. Studies confirm 

that there are certain alterations in the intestinal microbiota of IBS patients compared to healthy 

individuals (117–119) and that the microbiota is likely involved in the alteration of mucosal 

inflammation and in barrier function (120,121). There is a higher prevalence of bacterial 

overgrowth in the small intestine in IBS patients, although the causal and temporal relationship 

between these conditions remains unclear (122). Some of the environmental factors thought 

to be involved in triggering IBS include diet, food intolerance, use of antibiotics, infections, and 

psychosocial distress (112). 

Lately, there has been an increased interest in utilizing FMT in the management of IBS. 

However, the findings have been inconsistent, which may be due to the heterogeneity of the 

study design together with the heterogenous nature of the pathogenesis and the clinical 

phenotype of IBS patients.   

A recent systematic review conducted a meta-analysis of RCTs to assess the short- and long-

term effects of FMT in IBS (112). The analysis included seven RCTs with a total of 472 IBS 

patients. Six were conducted in Europe and one in USA. Four of the seven studies were 

performed in a single center, the rest were performed in multiple centers ranging from two to 

three locations. Six studies used Rome III criteria to diagnose IBS and one used Rome IV 

criteria. Characteristics of included studies are summarized in Table 13. 

Five of the seven RCTs demonstrated positive results for FMT, while the remaining two favored 

the placebo group. The mode of administration seems to play a role in the efficacy, as two out 

of three RCTs reported that FMT was inferior to placebo used capsule based FMT, and the 

third used colonoscopy. The analysis (112) demonstrated that fresh donor stool was superior 

to frozen fecal material, but the heterogeneity was high among the studies using frozen fecal 

material, which made it more difficult to confirm increased effectiveness of fresh fecal material. 
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The long-term efficacy of FMT demonstrated that it was not associated with improvement in 

global symptoms at 1-year follow-up. This may be explained by the chronic course of relapsing 

and remitting pattern, which is why a single treatment did not achieve the desired long-term 

effect. One of the RCTs found that IBS patients who responded to their first FMT treatment, 

showed an efficacy of 67% on the second treatment (123). This specifies the importance of 

repeated FMT regimen as an option for first responders to achieve long-term remission.  

Donor selection was again shown to play a crucial role in the efficacy of FMT, as demonstrated 

by one of the RCTs (124). In the absence of clear criteria for selecting a super-donor, the study 

used both fecal bacterial profiling and clinical criteria in an attempt to select the donor who had 

positive factors and lacked negative factors known to affect the intestinal microbiota. The study 

showed a high response rate of over 76% when using the super-donor.  

Some general conclusions that can be made are that FMT seems to have a role in certain IBS 

subtypes, and it seems to be donor-dependent much like IBD. The optimal route, together with 

doses and treatment regimens, should be further investigated to increase the efficacy of FMT 

in IBS management. In addition, because IBS is heterogenous in its presentation, a microbial 

mapping should be considered for both the donor and the recipient to have a better match 

between them i.e., so that the donor complements the missing factors in the recipient. Finally, 

due to its chronic course, repeated FMT should be considered especially in those who 

responded to their first FMT treatment.  

There has been a challenge to compare these RCTs because of the variations in the FMT 

protocols, donor selection criteria, and the treatment regimen along with doses used for the 

transplant. In addition, different measurements were used to assess the efficacy of these 

studies, and different IBS subtypes were included without separating the findings by their 

subtype. Regardless of their outcomes, all RCTs provide some essential information that can 

be used in future investigations to further improve the quality of the studies.  
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Table 13. Characteristics of RCTs investigating the efficacy of FMT in IBS 

Author 
(Year) 

Study 
IBS criteria and 

subtypes 
No. Intervention Control 

Primary 
endpoint 

Secondary endpoint 
Follow-up and 
responders % 

Halkjaer et 
al. (2018) 

(125) 

Randomized with 1:1 
allocation, in blocks,  

double-blinded,  

placebo-controlled 

Rome III 

IBS-SSS ≥ 175 
IBS-C 33.3 %,  
IBS-D 29.4 %,  

IBS-M 37.3 % 

52 
25 capsules, frozen, 50 g,  

25 capsules/day for 12 days, 
pooled donor 

25 placebo capsules 
daily for 12 d. 

↓ IBS-SSS 

≥ 50 points at 
3 months 

Change in IBS-QoL, 
microbiota profile 

6 months 

Johnsen et 
al. (2018) 

(126) 

Randomized with 2:1 

allocation, in blocks,  
double-blinded,  

placebo-controlled, 

parallel group study 

Rome III 

IBS-SSS ≥ 175 
IBS-D 53 %,  
IBS-M 47 % 

83 
Colonoscopy, fresh/frozen (1:1), 
50–80 g single infusion, pooled 

donor 

Colonoscopy,50–80 g, 

single infusion 
autologous 

stool 

↓ IBS-SSS 
≥ 75 points at 

3 months 

↓ IBS-SSS 
≥ 75 points at 

12 months 

12 months 
FMT: 56.3 % 

Control: 35.7 % 

Holster et al. 
(2019) (127) 

Randomized with 1:1 

allocation, in  
double-blinded study 

Rome III 

IBS-C 25 %,  
IBS-D 56.2 %,  
IBS-M 18.8 % 

16 
Colonoscopy, fresh 30 g, single 

infusion, single donor 

Colonoscopy,30 g, 

single infusion 
autologous 

stool 

↓ GSRS-IBS 
≥ 30 % 

 

Change in IBS-QoL, IBS-SSS, 

anxiety, depression, barostat 
test, microbiota profile 

6 months 

Aroniadis et 
al. (2019) 

(128) 

Randomized with 1:1 

allocation, in blocks,  
double-blinded  

cross-over study 

Rome III 
IBS-SSS ≥ 175 
IBS-D 100 % 

48 
25 capsules, frozen, 28 g 

25 capsules/day for 3 days, 
single donor 

25 placebo capsules 
daily for 3 d. 

↓ IBS-SSS 
≥ 50 points at 

3 months 

Change in IBS-QoL, 
depression, anxiety, stool 

consistency, microbiota profile 
6 months 

Lahtinen et 
al. (2020) 

(129) 

Randomized with 1:1 
allocation, in blocks,  
double-blinded study 

Rome III 

IBS-C 6.1 %,  
IBS-D 51 %,  
IBS-M 14.3 %,  

IBS-U 28.6 % 

49 
Colonoscopy, frozen 30 g, single 

infusion, single donor 

Colonoscopy,30 g, 
single infusion, 

autologous 
stool 

↓ IBS-SSS 
≥ 50 points at 

3 months 

Change in IBS-QoL, 
depression, anxiety, stool 

consistency, microbiota profile 

13 months 
FMT: 21.7 % 

Control: 30.8 % 

El-Salhy et 

al. (2020) 
(124) 

Randomized with 1:1 

allocation, double-
blinded study 

Rome IV 
IBS-SSS ≥ 175 

IBS-C 37.8 %, 
IBS-D 38.4 %,  
IBS-M 23.8 % 

164 

Gastroscopy (duodenum), frozen 

30/60 g, single infusion, single 
(super) donor 

Gastroscopy, single 

infusion, autologous 
stool 

↓ IBS-SSS 
≥ 50 points at 

3 months 

Change in IBS-QoL, dysbiosis 

index, microbiota profile 

12 months 

FMT 30g: 58.2 % 
FMT 60g: 63.6 % 

Holvoet et 
al. (2021) 

(123) 

Randomized with 2:1 
allocation, in double-
blinded cross-over 

study 

Rome III  
IBS-D, IBS-M, 
Refractory IBS with 

severe bloating 

62 
NJT (duodenum), fresh, single 

infusion, single donor 
NJT, single infusion, 

autologous stool 

Adequate relief 
of symptoms at 

3 months 

Change in IBS-QoL, IBS 
symptom, stool consistency, 

microbiota profile 

12 months 
FMT: 11.6 % 

Control: 0 % 

IBS-SSS, IBS-severity scoring system; IBS-QoL, IBS-Quality of Life; IBS, irritable bowel syndrome; GSRS, Gastrointestinal Symptom Rating Scale; NJT, Nasojejunal tube; IBS-D, Diarrhea-predominant; IBS-C, Constipation-predominant; 
IBS-M, Mixed type; IBS-U, Unclassified type; QoL, Quality of life; 
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CONCLUSION  

In the field of chronic GI conditions, the outcomes of the currently used therapies are far from 

ideal and the promise of a new efficacious, readily available, and potentially curative treatment 

has been eagerly expected. One such emerging and promising therapeutic modality is FMT. 

The current knowledge about the mechanistic effects that underpin the efficacy of FMT stems 

from results in studies investigating CDI. The high efficacy rate of FMT in CDI patients suggest 

that it is most likely driven by disease-specific factors rather than stool-specific factors. 

However, this has not been the case for IBD and IBS as it has been demonstrated that donor 

microbiota characteristics play a significant role in a successful FMT treatment. To overcome 

this, the donor microbiota profile should be characterized in order to find the most appropriate 

donor for each recipient and condition. To take it a step further, the microbiome should be 

characterized for both the recipient and the donor so that the donor can supplement the 

missing elements in the recipient. This will make it possible to refine the FMT to selectively 

obtain the missing components of the recipient from the donor sample, and at the same time 

also reduce the risk for transmitting unknown possible pathogenic microbes.    

As FMT is becoming more relevant in the management of several non-communicable chronic 

diseases like IBD and IBS, more research is needed to examine the mechanistic insights for 

each disease indication to underpin and thereby to understand the factors behind a successful 

FMT. When these unknown factors are specified, only then will it be possible to refine the 

current crude FMT to a more individually adapted, personalized FMT. In some IBD and IBS 

cases, the achieved eubiosis through FMT may bring resolution of some symptoms but may 

not cure the disease itself. Therefore, the role of FMT in the management of these conditions 

should not be absolute, rather it should be incorporated as an adjunct in combination with other 

specifically selected therapy modalities targeting the different pathological mechanisms and 

thereby achieving maximal clinical outcome.  

The safety profile of FMT seems to be very good as the most reported AEs was found to be 

mild, self-limiting, and local (GI-related). Nevertheless, SAEs have been reported although in 

many cases it has been found to be related to other causes/factors than FMT per se such as 

the physical state of the patients and their comorbidities. However, there are a small but real 

risk inherited to the procedure of administrating FMT which always should be considered when 

selecting the optimal route, so it is best suited for the recipient. 
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As demonstrated by numerous studies using advanced sequencing technologies, the highly 

diverse microbiota differs from individual to individual, so it is only reasonable to assume that 

each individual would need their own personalized FMT to achieve an optimal effect. 

Therefore, it is a necessity to take the step into the new era of personalized medicine in order 

to achieve this, and thereafter to fine-tune FMT accordingly. Hence, the dogma of “one stool 

fits all” will need to be reconsidered. 

To conclude, future research should focus on mechanistic insights that underpin a successful 

treatment, identify and characterize the microbiota and their functions, and to match the donor 

to specific case. Furthermore, standardized and uniform FMT protocols needs to be 

established for each indication, and longer-term follow-up investigations with long-term safety 

monitoring are also required. Next phase of FMT will most likely be highly personalized thereby 

being able to match the selective FMT for different patients and diseases accordingly.  
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