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Summary

In this thesis, several aspects of donor feces infusion, also called Fecal Microbiota 

Transplantation (FMT), are investigated. 

Historically, FMTs are given mainly for antibiotic associated diarrhea, caused by 

the anaerobic bacteria Clostridium difficile. Clostridium difficile infections (CDI) are 

mostly seen as secondary infection in patients who are initially admitted and 

treated with broad spectrum antibiotics for other illnesses. First infections are 

generally treated with a 10-14 day course of oral metronidazole or vancomycin. 

Relapses, experienced in 20-25% of patients, are treated with an additional 

antibiotic course. A small proportion of patients experiences relapse after 

relapse. With every subsequent recurrence the chance of success diminishes. 

Persistent spores, a hampering immune system, reinfection with a different strain 

or diminished abundance of intestinal flora are held responsible. Suggested 

therapies are longer courses of tapered vancomycin regimens, immunoglobulin 

infusions, or newer antibiotics such as fidaxomicin. However, these treatment 

strategies are not evidence based.  An ultimatum refugium is often found in a 

donor feces infusion, in which a suspension of feces from a healthy, screened 

donor is infused in the bowel. 

The first description of the use of human feces as a remedy for disease derives from 

ancient Chinese history, when feces were prescribed for a variety of conditions.1 In 

modern medical literature, infusion of feces from healthy donors was first reported 

in 1958, when the surgeon Eiseman described a heroic response in patients with 

antibiotic-associated diarrhea treated with enemas containing donor feces.2 

Halfway the first decade of this century, the Western world was confronted with an 

alarming increase in C. difficile infections (CDI). In the Netherlands, outbreaks started 

in 2005 in several hospitals and nursing homes, partly caused by a hyper-virulent 

strain (ribotype 027) which causes more severe disease, higher mortality rates and 

an increase in incidence.3, 4 This resulted in more patients with recurrent CDI for 

whom no adequate therapy was available.5 After successful treatment with donor 

feces of a small series of patients in Amsterdam,6 the trial that forms the backbone of 

this thesis (the FECAL trial, Fecal therapy to Eliminate Clostridium difficile Associated 

Longstanding diarrhea) was initiated; including the first patients in the beginning of 
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2008. Its purpose was to compare the efficacy of donor feces infusion as treatment 

modality for recurrent C. difficile infection compared to antibiotic treatment with 

vancomycin. 

At the same time, FMT gained increasing interest as an effective treatment strategy 

against recurrent CDI, even though the results of our randomized trial were not 

available.7 This particular interest in FMT can be explained both by the steep increase 

in CDI and subsequent rise in patients with recurrent disease and by the increasing 

insights in the composition of the bowel flora and the extensive exploration of the 

role of intestinal microbiota on health and disease. 

In chapter 1, treatment options for recurrent CDI are reviewed. Results of randomised 

clinical trials uniquely designed for (antibiotic) treatment of recurrent CDI are 

lacking. Non-antibiotic therapies, such as toxin binding therapy, administration 

of probiotics or immunoglobulins show disappointing results, and the focus in 

chapter 1 is on case series and case reports (that were available at the beginning 

of the trial) in which FMTs were given for antibiotic associated diarrhea and CDI. At 

that time, more than 150 patients treated with donor feces for recurrent CDI were 

reported in the literature, with a reported 91% overall success rate. There was a 

large heterogeneity in the described protocols, with variation in donor screening, 

pre-treatment with antibiotics and use of bowel lavage prior to the infusion of the 

donor feces. Virtually all publications reported diluting or homogenising the feces in 

saline or water, prior to infusion either in the upper gastrointestinal tract through a 

tube, or in the colon through enema or colonoscopy. Of the reported patients, 80% 

were given a fecal installation through enema or colonoscope, and 20% received 

the feces through a nasogastric or nasoduodenal/jejunal tube. The preferred route 

for donor feces infusion remained (and still remains) unclear: success rates were 

more or less comparable. In the majority of cases, clinical improvement was noticed 

within a few days following donor feces infusion. Follow-up rates varied from 

one week to two years. Many patients had a reported follow-up of less than one 

month, which implies that definite success rates were lacking. Side effects are only 

mentioned incidentally, including a transient sore throat following placement of 

the nasoduodenal tube, rectal discomfort following colonoscopy, with flatulence, 

nausea and bloating. Reviewing the literature, a protocol for donor screening and 

for preparation and installation of a FMT was suggested. Furthermore, the FECAL 

trial (chapter 3) is introduced.
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In chapter 2, the first case series of patients treated with FMT in the Netherlands is 

described. This case series was in fact the pilot study preceding the FECAL trial. Seven 

patients with recurrent CDI are described (two patients carried the hyper-virulent C. 

difficile PCR ribotype 027, toxinotype III associated with more frequent recurrences 

than other types), who were successfully treated with donor feces infused during 

colonoscopy (n=3) or via a nasoduodenal tube (n=4). Two patients, of which one 

was infected with the hypervirulent 027 strain, had a recurrent infection following 

their first donor feces infusion, but were cured with an additional FMT. Following 

treatment, there was no recurrence of CDI during a median follow up period of 

150 days (range 30-364 days). One patient died 1 month after the fecal therapy as 

a result of pneumonia, that was considered unrelated to the treatment with donor 

feces. 

Chapter 3 describes the first randomized trial of donor feces for recurrent CDI, in 

which patients were randomized to either a standard treatment with vancomycin 

(with or without a whole bowel lavage) or to a treatment with FMT. The study was 

stopped prematurely after an interim analysis because of a large difference in effect 

between the standard treatment arm and the experimental arm. Of 16 patients 

in the infusion group, 13 (81%) had resolution of CDI after the first infusion. The 3 

remaining patients received a second infusion with feces from a different donor, 

with resolution in 2 patients. Thus, a total of 15 (94%) patients showed resolution 

of CDI after one or two infusions. Resolution of C. difficile infection occurred in 4 

of 13 patients (31%) receiving vancomycin alone and in 3 of 13 patients (23%) 

receiving vancomycin with bowel lavage (P<0.001 for both comparisons with 

the infusion group). Eighteen patients who had a relapse after initial antibiotic 

treatment received off-protocol donor feces infusions; of these patients, 15 (83%) 

were cured. No significant differences in adverse events among the three study 

groups were observed except for mild diarrhea and abdominal cramping in the 

infusion group on the infusion day. After donorfeces infusion, patients showed 

increased fecal bacterial diversity, similar to that in healthy donors, with an increase 

in Bacteroidetes species and Clostridium clusters IV and XIVa and a decrease in 

Proteobacteria species.  Although this is a small trial, it demonstrates clearly that 

donor feces infusion is superior to standard antibiotic therapy in patients with 

recurrent CDI. In the supplementary index detailed questionnaires are displayed 

that have been used in the trial, both for the initial screening of donors, and for the 

donor directly prior to donation. 
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Chapter 4 describes in further detail the changes in microbiota following donor 

feces infusion. Patients with CDI demonstrate an intestinal microbiota with a 

characteristic reduced diversity owing to antibiotic use. The goal of this study 

was to investigate the microbiota of patients with recurrent CDI, and to monitor 

its dynamics following FMT. The samples used for analysis were taken from 

patients who were included in the trial described in chapter 3. Nine patients 

with recurrent CDI who were treated with FMT were studied. DNA was isolated 

from fecal samples and used for the characterization of the intestinal microbiota 

composition using the Human Intestinal Tract Chip (HITChip), a phylogenetic 

microarray containing a duplicated set of over 5000 probes based on 16S rRNA 

gene sequences of 1140 intestinal bacterial phylotypes. The bacterial composition 

of the samples was quantified and compared. Bacterial diversity, richness and 

evenness of the microbiota were evaluated. The analysis of fecal samples shows 

that patients with recurrent CDI have an intestinal microbiota prior to FMT 

characterized by diminished diversity, dominated by Proteobacteria and Bacilli. 

The residual colonic microbiota of patients suffering from CDI is thereby deficient 

in members of the bacterial divisions Firmicutes and Bacteroidetes, as has been 

seen before.8 As expected, a pronounced contrast was found between samples 

of healthy donors and patient’s pre-transplantation samples. FMT has a dramatic 

and persistent impact on the composition of the patient’s microbiota. The fecal 

bacterial composition of the recipient following donor feces infusion is strikingly 

similar to that of the donor, with a restoration of levels of Bacteroidetes species and 

Clostridium clusters (Firmicutes), including strictly anaerobic butyrate producing 

bacteria. In contrast, the opportunistic Proteobacteria species such as Enterobacter 

aerogenes and Escherichia coli decrease. The changes in microbiota persist over 

time. These findings confirm an immediate shift from an ecosystem dominated 

by potentially pathogenic bacteria to a donor-like microbiota. Summarizing, it is 

demonstrated that FMT results in a normalization of the disturbed microbiota as 

seen in patients with longstanding recurrent CDI. In particular diversity, including 

richness and evenness, which was significantly reduced in all patients before FMT, 

recovered to normal values immediately after treatment. 

Chapter 5 deals with the economic aspects of Fecal Microbiota Transplantation. 

Recurrent C. difficile adds significantly to the total cost of hospital admission.9 

Prolonged treatment with oral vancomycin, prolonged length of stay and additional 

isolation measures are all contributing to the additional costs. The economic 
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evaluation of donor feces infusion compared to standard antibiotic therapy was 

performed as a cost-effectiveness as well as a cost-utility analysis with respectively 

the costs per day free of diarrhea and the costs per quality adjusted life year (QALY) 

as primary outcomes. The number of days free of diarrhea in the donor feces infusion 

group averaged 66.5 days, in the vancomycin with or without bowel lavage group 

37.1 days. The difference between the two groups was 29.4 days in favour of patients 

who underwent a donor feces infusion (p=0.001). This correlates with the high rate 

of clinical cure in the patients treated with FMT. The total mean cost per patient for 

the donor feces infusion group were €6,358. In the antibiotic group with or without 

bowel lavage these cost were €5,784, excluding the downstream costs of off 

protocol FMT after failure of antibiotic treatment. The difference of €573 between 

both groups was not significant. The extra costs per additional day free of diarrhea 

and the extra costs per additional QALY were calculated for donor feces infusion in 

comparison with the pooled vancomycin treatments. The extra costs per additional 

day free of diarrhea were €19.5. The extra costs per additional QALY were €20,111 

under a realistic and €22,389 under an optimistic scenarios respectively. Patients 

who underwent donor feces infusion generated more QALYs in both a realistic and 

optimistic scenario. Accounting for health utility levels at baseline, the QALY gain 

following donor feces infusion remains non-significantly higher compared to the 

pooled vancomycin regimens. The assumption can be made that however there 

is loss of QALY’s following failure of a vancomycin regimen, a donor feces infusion 

as rescue treatment off protocol can compensate for the health loss in terms of 

QALYs following failure of a vancomycin regimen. This would mean that starting 

with donor feces infusion as first line treatment in all patients would be cost saving, 

with at least €429 per patient. The total cost of a FMT is composed of the extensive 

and costly screening of donors for infectious diseases and the cost of the procedure 

itself. If one donor can provide multiple donations following his or her screening, 

the cost diminishes substantially. This study shows that FMT is very likely to be cost-

effective when compared to treatment with vancomycin with or without bowel 

lavage. The observed relative gain in QALYs is clinically relevant and also reflects the 

clear difference in diarrhea-free days between the two groups. Additionally, patients 

who receive a FMT are less likely to develop recurrent disease, and therefore, FMT is 

considered not only an effective but also a cost saving treatment modality. 

Chapter 6 describes the long term follow up data and the experiences of patients 

that were included in the trial as described in chapter 3. The mean follow up after 
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completion of the study protocol was 44.2 months (SD 22.3). Of all 43 patients, 19 

(44%) had died during follow up. One patient died during the trial, and was excluded 

from the analysis. The other 18 patients died with a median of 23.5 months (SD16.3) 

after finishing the trial. Two deaths were related to a new Clostridium difficile infection. 

Following trial termination, 25 of 34 patients treated with FMT (74%) were exposed 

to new antibiotic courses during follow up, for various reasons, and only three 

of these patients developed a new C. difficile infection. Two patients could easily 

be treated with a single antibiotic course. One patient developed CDI following 

antibiotic treatment for a CAPD peritonitis and died. These data confirm that CDI 

and particularly recurrent disease is known to affect fragile patients. Contributing 

factors are high age, low performance status and a high comorbidity index prior to 

inclusion in the trial. Although sample size is small, the low rate of new infections 

suggests a more resilient microbiota, compared to the period prior to inclusion 

in the trial, when all patients experienced multiple recurrences. In addition, this 

chapter addresses patient experiences with FMT. The 16 patients who underwent 

FMT and were able to participate in a survey reported a high rate of willingness to 

receive a new FMT if necessary in the future. All patients said they would definitely 

or most likely undergo a new FMT if they would experience a new episode of 

recurrent CDI. Additionally, half of patients who were interviewed, suggested for 

new patients in the future not to wait too long offering FMT. The bowel lavage 

was considered the most cumbersome part of the treatment. There was no clear 

preference for the optimal route for infusion of donor feces. In summary, FMT results 

in long term protection against recurrent CDI, even when new courses of antibiotics 

are required. In addition, patients consider this treatment strategy acceptable. 

In the second part of the thesis, other indications for FMT are explored. Chapter 

7 and 8 describe experimental applications of FMT, in patients with metabolic 

syndrome and in a patient with an Extended Spectrum beta-Lactamase (ESBL) 

producing Escherichia coli (E. coli) respectively.  Chapter 7 describes a study that 

was initiated based on the observation that colonization of obese mice with a ‘lean’ 

microbiota results in a significant decrease in total body fat. A  trial is described 

in which the effect of FMT on insulin resistance in male subjects with metabolic 

syndrome was investigated. Subjects were given either allogenic feces from lean 

donors, or an autologous FMT. A temporary reduction in peripheral insulin resistance 

was found in patients treated with ‘lean’ feces, implicating effects on whole body 

glucose metabolism. Moreover, reductions in fasting lipid profiles after allogenic 
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fecal therapy were found. The observed effects may be explained by enhanced 

production of specific short-chain free fatty acids like butyrate, produced by 

bacteria in the infused lean donor feces, which restores normal fecal physiology. 

Although these observations are interesting, the results of new trials have to be 

awaited before clinical application can be considered. Currently there are several 

trials including patients.

In chapter 8 a 60-year-old patient is presented known with renal failure and a 

renal transplant, who experienced recurrent episodes of transplant pyelonephritis 

caused by an Extended Spectrum beta-Lactamase (ESBL) producing Escherichia 

coli (E. coli). Following transplantectomy, intestinal carriage of the ESBL producing 

E. coli persisted. This yielded a relative contraindication for him to be placed on a 

waiting list for a possible new renal transplant. In an attempt to decolonize the 

patient, he underwent donor feces infusion with feces from a healthy donor. The 

donor feces infusion was performed according to the protocol as used in chapter 

3, with extended screening for presence of ESBL bacteria in the feces of the donor. 

Follow-up ESBL swab cultures of the rectum, perineum and throat were taken from 

the patient at week one, two, four, and twelve after the donor feces infusion. Two 

weeks after donor feces infusion, all swab cultures became and remained negative 

during the twelve week follow-up.
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