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Efficacy of Fecal Microbiota Transplantation (FMT)

There have been numerous case reports and case series reporting high success rates 

for donor feces infusions or FMT for recurrent C. difficile infection (CDI). In various 

reviews approximately 90% of all reported patients with recurrent CDI treated with 

one or more infusions are cured. Although the first report of donor feces infusion 

in medical literature already dates back to 1958, no trial had compared FMT to 

standard antibiotic therapy before. Our trial that is described in chapter 3, confirmed 

the clinical efficacy of FMT for recurrent CDI.10 Although the trial was not blinded 

and the trial stopped early, the observed clinical effects were comparable to the 

previous published case reports with a success rate of 81% following one, and 

94% following two infusions respectively. The results demonstrate the superiority 

of feces over standard antibiotic therapy in patients with recurrent CDI. In a first 

recurrence, antibiotic therapy is only successful in approximately 60 % of patients, 

and it has been demonstrated that already in a first infection, bowel microbiota 

are already significantly disturbed. In this light, theoretically, donor feces could be 

more successful than standard antibiotic therapy, even for a first infection. Whether 

the high success rate of donor feces infusion can be extrapolated to patients with 

a first infection, and whether patients with a first infection are willing to receive a 

donor feces infusion remains to be seen. 

Donor screening and safety of the procedure. 
One of the major disadvantages of FMT is the risk of transferring pathogens. With 

regard to screening of potential donors, it is important that individuals with an 

increased risk of any (sexually) serious transmittable disease are excluded in order 

to reduce transmission of (otherwise unknown) pathogens. Any risk of a recently 

contracted infectious disease that may be still in its window phase (HIV, hepatitis) 

warrants exclusion of the potential donor. Questions regarding travel history, sexual 

behavior, previous operations, blood transfusions, piercings, and all other interventions 

that might contribute to carriage of an infectious disease should be checked upon. 

Although the potential risk of transferring a new infectious disease is probably limited 

when using a partner or spouse as donor, screening is always preferred.11 

Screening of feces for parasitic pathogens and for bacteriological fecal pathogens 

is generally recommended. In chapter 2, 3, and 4 protocols are suggested, with 

minimal variations. Parasitic pathogens should include standard pathogens, ova 

31773 Nood.indd   204 22-12-14   10:32



General discussion and future developments  

205

and cysts, and both PCR and conventional tests can be used. With the inconclusive 

evidence for a potential pathogenic role for Blastocystis hominis and Dientamoeba 

fragilis, their presence in feces should lead to exclusion, as they currently should 

be considered possible pathogens. With the high percentage of asymptomatic 

healthy subjects that carry Blastocystis hominis or Dientamoeba fragilis, it might be 

economically feasible to first exclude carriage prior to further testing. Fecal bacterial 

tests should contain standard testing for the presence of Salmonella, Shigella, 

Campylobacter and Yersinia. There are no protocols that recommend screening 

for viral fecal pathogens. With an additional questionnaire directly prior to donation 

that excludes potential donors that have had diarrhea in the past weeks, the risk 

for an asymptomatic viral shedding can be minimized. Of note, norovirus can be 

excreted asymptomatically for weeks following infection.12 

Serologic testing for HIV, HAV, HBV, HCV and syphilis is also routinely performed. 

In the trial described in chapter 3, patients were also screened for the presence 

of HTLV. This is not advised in current protocols; as HTLV is a rare condition with a 

distinct epidemiological setting, this test should not be used in common screening 

protocols. If a donor comes from South America or Central Africa this might be 

optional. If someone has travelled to the tropics, additional serologic testing for 

Strongyloides stercoralis and Entamoeba histolytica should be performed. In the 

trial described in chapter 3, we identified a healthy donor with antibodies to 

Strongyloides stercoralis, who was excluded for donation and subsequently treated. 

Most case reports and protocols do not describe screening and matching for 

EBV or CMV, but with the increase in FMT’s performed in immunocompromised 

patients, there is a risk of transmitting virus from a donor with either a primary 

infection or a reactivation to an immunocompromised patient. Patients who are 

immunocompromised and were CMV or EBV negative prior to FMT, may become 

seriously ill when they contract a primary infection due to a FMT. Extended spectrum 

beta lactamase (ESBL) producing bacteria are capable of causing infections that are 

difficult to treat.  With the high rates of asymptomatic intestinal carriage of ESBL 

producing bacteria in the healthy population, donors could be screened for the 

presence of these bacteria in their stool.13, 14 This will further increase the cost of 

FMT. In immunocompromised patients, especially renal transplant patients, this 

might be advisable to prevent pyelonephritis or other systemic infections with 

multiresistent organisms. For other patients this might not be necessary, as loss of 

carriage of ESBL producing bacteria is likely. 
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The risk of transmitting a noninfectious disease has to be considered; with the 

increasing interest for the interaction between microbiota and its influence on a 

large number of diseases (Crohn’s disease, ulcerative colitis, autoimmune diseases, 

irritable bowel syndrome, and celiac disease) and the possible causative role of 

microbiota, patients with any of the above mentioned diseases should be excluded 

as potential donor. Whether the relationship will be only associative or truly 

causative is not clear. With current knowledge we can state that in most diseases 

microbiota do not seem to play a causative role in the development of disease. On 

the contrary, even if an associative or causative role would be been demonstrated, 

it is unclear whether a once in a lifetime exposure to this combination of microbiota 

(by giving FMT) will yield the same risk for disease compared to lifelong exposure 

to “abnormal” microbiota. 

Optimization of the protocol 
Several reviews, have been published, which summarize the available and 

expanding literature on patients treated with donor feces for recurrent CDI.15, 16 

They also reflect on the optimal protocol for donor feces infusion. Although CDI 

is predominantly a disease of the colon, it is often strenuous and time consuming 

to perform a FMT through colonoscopy, as a colonoscope has to be introduced 

through a diseases colon, with an increased risk of perforation. Enemas might not 

reach the whole colon, and although its efficacy has been described in earlier cases 

it is unclear whether infusion of feces only at the distal part of the bowel has the 

same success rate. In our experience, infusion of feces through a duodenal tube 

is quicker and well tolerated. However, the risk of vomiting has to be taken into 

account, and feces can only be given in the upper gastrointestinal tract if a patient 

has normal bowel passage. 

The majority of successfully treated patients received only one treatment with 

donor feces, although smaller series report multiple infusions. As demonstrated in 

the FECAL trial, a small percentage of patients that initially fails the first treatment is 

subsequently cured with a second infusion. It is therefore advisable to offer patients 

a second FMT if they fail after the first. Approximately 80% of reported patients 

received antibiotic treatment for CDI prior to the FMT. A minority of patients 

received an oral whole bowel lavage prior to infusion of feces. Using FMT through 

colonoscopy obviously necessitates a bowel preparation, whereas FMT through 

duodenal tube does not. However, bowel lavage ensures the normal passage of 

31773 Nood.indd   206 22-12-14   10:32



General discussion and future developments  

207

fluids prior to infusing feces and decreases the risk of vomiting. There is no study 

that compared donor feces with or without a whole bowel lavage. So far, it is not 

clear whether bowel lavage with the theoretical advantage of removing persistent 

spores of C. difficile and washing out antibiotics, is really necessary. 

With regard to donor preference, most patients received donor feces from partners 

or relatives, whereas healthy volunteers were used in a minority of cases. In our 

experience, there is no relation between sex-matched or relative-matched feces and 

success rates.  Freshly produced donor stool is processed and infused preferably as 

quickly as possible. In case series, this is usually done within 6 h of stool production. 

Feces have to be liquefied to allow infusing the solution in the bowel. Feces are 

dissolved in sterile saline, by blending the feces or by stirring by hand. Water and 

other diluents (e.g. yogurt or milk) have also been described as vehicle. Unfolded 

gauzes, paper funnels, and cloths all have been used to restrain debris; there is 

probably no difference in success rates with the different techniques applied. The 

amount of feces used varies from 15 to 300 g, with a trend towards an improved 

outcome with volumes containing >50 grams of feces.16 Whether feces should be 

prepared in an anaerobic environment to preserve obligate anaerobic bacteria is 

unknown. Most laboratories lack anaerobic chambers, and previous success rates 

have been obtained with aerobic preparation. Nevertheless, it seems advisable 

to cover feces as soon as possible with saline to contain as much of the viable 

anaerobic bacteria as possible.    

Expanding indications for FMT and future developments
Since the publication of the review described in chapter 1, and the first pilot series of 

patients treated in the Netherlands with donor feces which is described in chapter 

2, at least 30 new case series and case reports have been published describing 

FMT for patients with recurrent CDI. These newly published case reports and series 

include several new developments. 

Firstly, several cases were published in which deeply immunocompromised patients 

with recurrent CDI are successfully treated with FMT, apparently without significant 

side effects.17-19 This is an important observation, as immunocompromised patients are 

particularly at risk for (recurrent) CDI. In addition, future studies have to demonstrate 

whether severely ill patients and children with recurrent CDI indeed can benefit from 

FMT.  Anecdotal reports suggest that FMT is well tolerated in those groups, but further 
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research is needed to confirm these observations.17, 18, 20  In Europe and the United 

States several randomized controlled studies are operational, further comparing FMT 

and regular antibiotic therapy in patients with recurrent CDI.

Secondly, the development of frozen feces as new treatment option has been 

described.21, 22 It simplifies the protocol for infusing feces, removing the logistically 

complicated procedure of donor screening, and removes the time pressure both 

for the patient and the physician, who are waiting for the donor to produce feces 

within a set time frame.22  Moreover, keeping in line with current blood transfusion 

protocols, the use of thoroughly screened standardized frozen stool batches in 

fecal transplantation might have advantages over the use of fresh donor stool, with 

regard to the window phase for various diseases. Feces can be stored for several 

months to await the passing of the window period. Furthermore, case series have 

been published in which patients are given FMT with a bacteriological preparation 

cultured from a single donor.23 This approach would enable standardization of 

FMT, further increasing safety and overcoming logistic hurdles. For other diseases 

than recurrent CDI, FMT currently should be considered as a strictly experimental 

approach, only offered to patients in an investigational setting. Although changes 

in microbiota have been demonstrated in obese patients with metabolic syndrome 

who received feces from lean donors, it is unlikely that donor feces infusion will 

become a regular therapy influencing the course of metabolic syndrome. Future 

studies have to demonstrate bacterial groups that can establish long-term effects 

on insulin resistance while taking confounding factors (diet, weight) into account. 

Whether changes in butyrate in the bowel are sufficiently explaining the change 

in metabolism is now evaluated in the APETITE study, in which the administration 

of butyrate versus FMT is evaluated. 

The results of randomized trials for IBD are eagerly awaited. Patients with Ulcerative 

Colitis (UC) have repeatedly demonstrated a positive attitude towards FMT,24 and 

there are several successful cases described in which patients with UC are successfully 

treated with donor feces.25, 26 However, caution of physicians is required, as there is 

no trial supporting the anecdotal evidence. Furthermore, there are reports of side 

effects including fever and bacteremia following FMT in patients with active IBD 

As there are currently more than 10 studies registered at clinicaltrials.gov which 

evaluate the effect of donor feces on IBD, the answer will hopefully be available in 

the coming years. 
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Other suggested potential indications for FMT vary from (antibiotic induced) IBS, 

intestinal bacterial overgrowth, autoimmune diseases, multiple sclerosis, allergies, 

chronic immune activation in HIV, constipation and depression. Studies will have 

to address both effectiveness and safety. A relatively unsailed territory is the 

eradication of extended spectrum beta lactamase producing (ESBL) bacteria and 

other multiresistent bacteria in the bowel with use of FMT. Patients who are prone 

to carry ESBL have often been treated with multiple courses of antibiotics, and 

are admitted to hospitals, factors which both greatly negatively influence normal 

bowel microbiota. This change in flora can predispose to a higher prevalence of 

Proteobacteria, such as Enterobacteriaceae in general, with an increased risk for 

ESBL producing Enterobacteriaceae. Restoring the balance by supplementation of 

normal microbiota, with normal amounts of Bacteroides and Firmicutes, diminishes 

the total amount of Enterobacteriaceae. This can lead to a decrease and eventual 

elimination of ESBL producing bacteria. 

Mechanism
Normalization of the disturbed microbiota associated with CDI seems the most 

important factor responsible for restoration of colonization resistance, thereby 

preventing new recurrences. Whether reconstitution of a normal bacterial flora is 

solely responsible for the effect against C. difficile infection remains unknown. The 

disappointing outcome of treatment with the current available probiotic preparations 

compared to donor feces suggests that feces contain a superior combination of 

intestinal bacterial strains or other unknown factors adding to the effect. 

To elucidate the mechanism of FMT, firstly microbial groups that constitute the 

niche for C. difficile overgrowth have to be identified. Furthermore, microbiota 

responsible for the reinstallation of a healthy intestinal microbiota needs to be 

found. This could contribute to both the development of biomarkers predicting 

recurrence and to the identification of the optimal microbiota composition that 

could lead to targeted treatment strategies. The ultimate goal is the development 

of a product that cures recurrent CDI without the necessity of donor feces infusion. 

After identification of the optimal microbiota composition, multiplication of the 

right bacterial strains in an industrial manner will be required. Currently most data 

that provide insights in the composition of microbiota are derived from 16sRNA 

analysis. However, this assay does not tell us whether it is possible to culture these 

bacteria. Technical restrictions in the ability to multiply the right combination 
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of bacteria in sufficient amounts may hamper speedy development of the right 

product. For instance, current probiotic preparations do not contain Bacteroidetes 

species and Clostridium clusters, which in the first analysis of shifts in microbiota 

following FMT seem to be contributing to the restoration of normal flora. 

Feces also contain additional substances (bile acids, proteins, bacteriophages and 

bacteriocins) that may contribute to the high success rate of FMT against recurrent 

C. difficile. Recently it was shown that bile acids change to normal following FMT.27 

Whether this contributes to the effect of FMT has to be demonstrated. Additionally, 

there is more information available on the role of bacteriophages in controlling 

CDI28, 29. Bacteriophages are viruses that solely infect and multiply in bacteria, 

thereby killing bacteria. Several bacteriophages that are able to infect C. difficile 

have been identified.28, 30 As bacteriophages are present in abundance in normal 

feces, and subsequently also in transplanted stool, their additional effect has to be 

elucidated. So far, no studies have been performed that identify bacteriophages 

in FMT. 

Clinical application 
Experience with this procedure among physicians is relatively limited due to the 

unappealing nature of the treatment. Apart from the “the aesthetics that suck” (Prof 

Bartlett, quoted from ACP Internist) FMT takes a lot more time to perform than 

prescribing (another course of ) antibiotics. FMT demands donor screening, time 

to explain the procedure to the patient and sometimes an additional admission. 

The procedure itself can be a logistic challenge, especially when performed 

sporadically. Frequently there is a lot of hesitation and little enthusiasm among 

treating physicians. However, when donor feces would become readily available 

for physicians that have experience with the procedure, the effort of the procedure 

is limited. As FMT results in rapid cure, hurdles to offer FMT should be removed in 

the interest of patients suffering from longstanding CDI. Following the initiative of 

OpenBiome in the US, nonprofit feces banks are needed that provide a screened 

donor feces solution to experienced physicians treating patients with recurrent 

CDI. This will importantly stimulate implementation of this effective treatment, and 

at the same time increase safety. In addition, such donor feces banks may facilitate 

further research that may eventually result in a standardized mixture of bacteria 

replacing donor feces infusion. With support of ZonMW, a working group was 

recently started to found a national donor feces bank for this purpose.
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In conclusion, FMT is a treatment modality that has earned a small but solid space 

in the treatment of (recurrent) CDI. So far, there is no treatment superior to FMT.  

Implementation of FMT in daily practice is of importance for a small subgroup of 

patients. A FMT may not be withheld, as it is cheaper, quicker, and more successful 

compared to a series of antibiotic courses. With the increased interest for microbiota 

and its potential influence on health and disease, future insights may point to 

other diseases for which FMT may be beneficial. Although the concept of FMT is 

promising for a myriad of diseases, current expectations should be dampened until 

future evidence arises.
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