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General 
introduction

and aim

Adapted from : Microbial ecology in states of health and disease: 

Workshop Summary. 

2014, A13;347-355. J.J. Keller and E. van Nood
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8

Microbiota

The normal bowel and its microbiota
The mucosa of the gastrointestinal tract forms an anatomical and physiological 

barrier against the outside world.1 The lower intestinal tract is completely covered 

with bacteria. In the normal bowel, there is a delicate equilibrium between 

commensal bacteria (the human GI tract contains about 100 x 1018 microorganisms2) 

and passing antigens consisting of food and possible toxic substances. 

Historically, the composition of the intestinal commensal microbiota was difficult 

to determine due to the inability to culture and thereby distinguish the majority 

of bacteria in the gut. With the introduction of culture-independent techniques a 

rapidly increasing insight has been generated in intestinal commensal microbiota 

composition in health and disease. Most current techniques use the ability to 

demonstrate genetic material derived from bacteria to distinguish different species. 

For instance, with 16sRNA sequencing, the composition of the microbiota, the 

variation of microbiota over time and the effects of antibiotic use on the stability of 

the human gut microbiota can be demonstrated in great detail. The 16S ribosomal 

RNA (16SrRNA) gene can be used for phylogenetic studies3 as 16SrRNA is part of a 

subunit present in all ribosomal prokaryotes. Due to the slow rates of evolution of 

this region of the gene it is highly conserved between different species of bacteria 

(and archaea). It enables to genetically distinguish different microorganisms and 

has led to a reclassification of bacteria, and discovery of a large amount of new 

bacterial species.

By applying these techniques, the understanding of the composition and role 

of the intestinal microbiota in health and disease is rapidly growing. It has been 

estimated that the cumulative human lower intestinal microbiota contains 

between 5000–6000 species, most of which have never been successfully 

cultured before. The majority of bacterial species belong to the phyla Firmicutes 

and Bacteroidetes.4  They are by far the two predominant phyla, followed by 

Proteobacteria, Actinobacteria, Fusobacteria and Verromicrobia, which are present 

in relatively lower amounts.5-7 The upper gastrointestinal tract (the stomach, 

duodenum, jejunum, and upper ileum) contains a relatively sparse microbiota; the 

bacterial concentration is less than 104 organisms per gram tissue. Most of these 

organisms are derived from the oropharynx and pass through the gut. Further 
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downstream, the composition changes, with increasing amounts and increasing 

diversity, with an estimated 1011 bacteria per gram feces in the colon. Other 

microorganisms that form the intestinal microbiota consist of fungi, viruses, and 

protozoa.

Bacteria form a dynamic barrier that facilitates digestion, mainly by breaking down 

undigested carbohydrates from our diet, which they turn into short chain fatty 

acids by fermentation.8 In recent years, there is growing evidence for an additional 

(bidirectional or reciprocal) relation between immunological, endocrine and 

neurological functions and intestinal microbiota.9-13 In this light, considering the 

mucosal surface to be a large and distinctly operating organ, loss of the integrity 

and stability of this large mucosal surface can have deleterious consequences, 

with a greater impact than can currently be apprehended.14 The importance of this 

vast amount of bacteria and their influence on the human body is only beginning 

to be understood. Especially the association between changes in microbiota and 

disease, whether associative, causative or coincidental is still to be clarified.15 

Microbiota as a host defence mechanism: colonization resistance
The normal microbiota is relatively stable over time.16, 17 Colonization resistance is 

the mechanism whereby the flora protects itself against invasion and influence of 

new and often harmful microorganisms.18, 19  In stable conditions and in the absence 

of antibiotic exposure, the microbiota can effectively inhibit colonization and 

overgrowth of invading pathogenic microbes.20 In normal circumstances, where 

normal bowel microbiota is at full strength, potentially pathogenic bacteria such 

as Clostridium difficile (C. difficile) clearly do not have a natural advantage, and have 

no apparent possibility to multiply, differentiate and cause disease. Pathogenic 

bacteria continuously have to compete with thousands of other species for space, 

nutrients and the optimal anaerobic environment to multiply and sustain.  It is a 

battle they apparently normally lose, demonstrated by the fact that although we 

are exposed to potential pathogens on a daily basis, diarrhea and clinical disease is 

uncommon in a healthy person.

In a diseased colon however, there is lack of bacterial diversity and lack of abundance 

of the normal microbiota, which is believed to give potential pathogenic bacteria 

the opportunity to grow and differentiate. Antibiotic use particularly, but not 

uniquely, disturbs the balance that forms the stable flora in the bowel.21 There 
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is abundant literature on the change of bowel flora following (short) antibiotic 

therapy.22-24 When colonization resistance is decreased, there is an increase, 

particularly in the occurrence of C. difficile related disease.25-27 Profound alterations 

of intestinal microbiota following a single dose of, for example, clindamycin result 

in prolonged susceptibility to C. difficile-induced colitis.28 25, 26 C. difficile infection 

(CDI) thereby serves as a unique model to study the relation between antibiotic 

therapy, microbiota and its influence on colonization resistance, and to investigate 

strategies to modulate colonization resistance.  This is also outlined by an in-vitro 

model of colonization resistance to C. difficile infection, where it was demonstrated 

that growth of C. difficile and cytotoxin production were inhibited in fecal emulsions 

from healthy adults, but not in sterilised emulsions.20 It emphasizes the inhibitory 

effect of viable bacteria on potential pathogenic bacteria.

C. difficile infection (CDI)

C. difficile is a gram positive anaerobic rod, abundantly present in nature,29 which 

can also be present in the bowel of healthy people. Typically, C. difficile infection 

(CDI) is considered a hospital acquired infection that occurs after antibiotic use 

which is responsible for a disrupted homeostasis of the bowel flora. In recent years, 

the incidence of CDI has sharply increased. 

Pathogenesis
 C. difficile has two major properties that are responsible for the morbidity and 

healthcare burden it poses; toxin production and spore formation. Pathogenic 

strains of C. difficile are first of all capable of producing toxins (the most important 

being toxin A and toxin B), which are carbohydrate-binding proteins that are 

the main virulence factors for C. difficile. Toxins bind to the surface of intestinal 

epithelial cells, where they are internalized and interfere with cell metabolism, 

leading to cell death, by destroying the cytoskeleton of the cell.30, 31 This process 

leads to loss of the integrity and subsequent death of intestinal epithelial cells, 

with the induction of an inflammatory response. This cascade leads to a colitis, 

with a broad spectrum of clinical symptoms, varying from asymptomatic disease 

to diarrhea, fever, cramping,  and in rare cases a toxic megacolon with shock, sepsis 

and high mortality. 

31773 Nood.indd   10 22-12-14   10:30



General introduction and aim

11

Another specific property of C. difficile is its ability to survive outside an anaerobic 

environment, i.e. outside the body.29,32 Sporulation occurs if normal development 

of the bacteria fails, and the cell receives environmental signals that vegetative 

growth is not possible.33  If brought into an aerobic environment, the bacteria will 

sporulate, thereby encapsulating its genome. By doing this, it is able to survive 

in a hostile (=aerobic) environment for months, until the circumstances become 

more favourable and the bacterium will germinate again.34, 35 Spores are thereby 

infectious and highly resistant. The process of sporulation also occurs if C. difficile 

is exposed to other environmental changes (heat, alcohol, antibiotics).36, 37 The 

importance of thorough hospital cleaning in order to remove spores, is the 

cornerstone of infection control. C. difficile can be isolated of surfaces of hospital 

wards, beds, phones and desktops, long after patients have been treated for C. 

difficile infection.38 Outside the hospital, C. difficile is also found in the direct 

environment of outpatients, especially  areas susceptible for fecal contamination, 

such as toilets, sinks and bathrooms.39 

Clinical disease versus asymptomatic carriage
C. difficile infection (CDI) is mainly a disease of the colon, although case reports have 

described small intestinal disease, mainly following gastrointestinal surgery.40 CDI 

causes a colitis, with a clinical spectrum varying from mild diarrhea to fulminant 

pseudomembranous colitis and toxic megacolon. More severe infection is seen 

more frequently in older patients, patients with renal failure, patients with recent 

abdominal operations, and patients who are severely immunocompromised.41-45

Mainly due to colonization resistance, there is a limited amount of C. difficile 

infections reported in healthy humans, even though healthy asymptomatic 

humans can carry toxicogenic strains of C. difficile.46 Depending on the setting, 

whether you deal with a child nursed in day care, an adult in an outpatient 

clinic, a patient who is recently admitted to a hospital or recently discharged, 

asymptomatic colonization is reported in 5-100% of healthy asymptomatic 

persons and children.47-49 If humans have not used antibiotics, are not recently 

operated, immunocompromised or admitted to a hospital, the chance of 

developing infection are extremely limited. C. difficile is abundantly present in 

nature29, 50, 51, and throughout life, contact with C. difficile is probably hard to avoid. 

In adult life, most people will have encountered C. difficile, which is shown by the 

fact that a significant part of the community, approximately 65%, demonstrates 
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antibodies against toxins produced by C. difficile.47, 52, 53 Although concentrations 

of antibody increase with patient’s age, the capacity of the serum to neutralise 

toxin decreases.54, 55 Other studies demonstrate that seroconversion for C. difficile 

can also occur from early infancy onwards. This concept is consistent with the 

well-documented observation that neonates and infants less than one year old 

are commonly colonized with C. difficile and often have relatively high levels of 

the cytopathogenic toxins in their stool.32, 56, 57 It is not clear why children are 

often asymptomatic. In an animal model, the intestinal receptor for C. difficile 

toxins appeared to be missing in newborn rabbits58. Although not demonstrated 

in humans, a relative insensitivity for toxin producing C. difficile could explain the 

lack of diarrhea or clinical disease. 

Finally, several studies demonstrate that admission to a hospital is a risk factor for 

(renewed) colonization with C. difficile.47, 59 Whether disease develops subsequently 

depends on several factors; the patient’s immune status, the resilience of the 

microbiota and the need for (and the duration of ) antibiotic use. Colonization 

with C. difficile prior to hospital admission seems to be a protective factor for the 

development of disease.60

Epidemiology
C. difficile is the most important causative organism of antibiotic associated 

diarrhea. Earlier studies have shown a risk of 25% to develop diarrhea following 

antibiotic use, of which another 25% is specifically caused by C. difficile. 61 There is 

a reported variation in incidence, depending on antibiotic prescribing patterns, 

variation in endemic strains, some associated with more virulent disease, and the 

used definition of antibiotic associated diarrhea in epidemiological studies.62 The 

estimated incidence is around 4 per 10.000 patient-days per hospital in Europe, 

most patients having a risk profile of old age, comorbidity, and recent antibiotic 

use.63 

In the last decade, CDI has posed an increasing burden on health care, with increasing 

reports on outbreaks due to hyper virulent strains. From 2005 onwards, most western 

countries have reported outbreaks with the hypervirulent C. difficile 027 strain, with 

higher mortality rates, increased morbidity and an increase in recurrent disease.64, 

65 With this change in epidemiology, a major shift has occurred in the way CDI is 

perceived, with increased (mandatory) reporting of CDI, increased surveillance, and 
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renewed interest for both pathogenesis, treatment and prevention. New patient 

groups who previously have not been thought to be at risk for infection are identified 

(children, pregnant women, and patients who have had no previous antibiotic use 

or recent admission to a hospital).64, 66, 67 Furthermore there is a newly appreciated 

association with C. difficile strains that occur in animals and simultaneously cause 

disease in humans.68 

Economic impact of C. difficile infections
C. difficile infection is importantly related to hospital stay, where it poses a 

significant problem for health care providers.  Infections are mostly seen as 

secondary infection in patients who are initially admitted and treated for other 

illnesses. A small proportion of patients is admitted for an initial (primary) CDI. 

Both primary and secondary infections are linked to a marked increase in hospital 

costs.69, 70 This is related to increased length of hospital stay, attributable costs of 

days spent in isolation and costs for treatment. Several studies demonstrate an 

average of doubling of hospital costs when an additional infection (secondary 

CDI) is involved.69, 71 Additionally, fulminant CDI with admission to an ICU unit, the 

occurrence of new hypervirulent strains and persistent disease with recurrent 

relapses are independent contributing factors for increasing costs.72 If C. difficile 

infection is the sole reason for admission, the median cost is estimated at 7400 

dollar per admission. 

Diagnosis of C. difficile infections
Typically, CDI develops within 2 months of antibiotic use, and mostly during or 

following hospitalization. Toxin detection is the hallmark of diagnosing C. difficile 

infection, either direct, or by demonstrating the presence of genes coding for 

toxin production by polymerase chain reaction (PCR).

Historically the cytotoxicity cell test followed by a toxin neutralizing antibody test 

was considered the gold standard, but this is a test with a turnaround time of 

approximately 48 hours, which is labour-intensive and depends on the presence 

of a fibroblast cell line, with an operational tissue culture facility.73, 74 

More convenient and quicker tests are enzyme immunoassays, which demonstrate 

toxins A and B in stool, either indirect or in sandwich enzyme linked immunosorbent 

assays. They cope with varying and sometimes limited sensitivity compared 
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to cytotoxicity assays.75, 76 A negative test can therefore not completely exclude 

disease. Culture is sensitive but not sufficient if performed as single test, as there 

are also non toxin producing strains, which do not cause disease.56 Additional tests 

are therefore required to determine whether the cultured strain also produces 

toxins, such as the above mentioned cytotoxicity assay, ELISA or PCR. 

Production of Glutamate Dehydrogenase (GDH), an enzyme produced by C. difficile 

in high amounts, is another diagnostic possibility.77 GDH measurement also does 

not discriminate between toxin and non-toxin producing strains, and therefore 

needs additional confirmatory testing as well. The newer tests, using PCR of genes 

coding for toxin production, have better sensitivity, but can be false positive, 

especially in non-diarrheal stools. There are various different PCR’s available.78

Thus, in most guidelines a combined approach is advised, with a test with slightly 

lower sensitivity but fast turnaround time, combined with a confirmatory test. A 

step up approach can be advised, with a first  test that demonstrates the presence 

of C. difficile in stool, followed by a test that demonstrates that the particular C. 

difficile  is indeed a toxin producing strain.79

Treatment of C. difficile infection
Asymptomatic carriers need no treatment.80 CDI can be treated without antibiotics 

in mild and self-limiting cases.81-83 In most cases however, CDI does require 

treatment. Historically, vancomycin and metronidazole are the antibiotics of 

choice.82-84 In mild disease, vancomycin and metronidazole are equally effective. 

For severe disease vancomycin is probably better than metronidazole, although 

data supporting the evidence for this decision are limited. 85, 86 In 2013 a new 

antibiotic has been introduced, fidaxomicin, which has been demonstrated to 

be equally effective when compared to vancomycin in two large phase 3 trials.87, 

88 The use of fidaxomicin diminishes the risk for subsequent recurrent disease in 

patients with a first recurrence.89 If the hypervirulent ribotype 027 was involved 

this effect was not demonstrated.89 However, fidaxomicin is more expensive than 

regular treatment with metronidazole and vancomycin, and cost effectiveness 

has to be demonstrated. Other antibiotics have been compared to vancomycin or 

metronidazole in (mostly small) trials.84 Teicoplanin is comparable in effectiveness 

to vancomycin, but not readily available and not commonly used.90
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Approximately 80% of patients who experience CDI are cured after their first 

episode, with or without antibiotic treatment.86, 87, 91 In 20% of patients no durable 

response is obtained. These patients develop a relapse, after initial response to 

therapy. Only a minority of patients has a true refractory disease, which does not 

respond to therapy at all. 

For a first recurrence, metronidazole does not seem inferior to vancomycin in 

observational data.91 However, there are no prospective trials designed for this 

specific patient group. The data which provide information for treatment of 

recurrent disease, especially when a patient has several recurrences, is mainly 

limited to observational studies and retrospective cohort analysis. Apart from 

the trial described in chapter 3 there are no prospective trials for patients with 

multiple recurrences so far. Due to its side effects in long term use, metronidazole 

is not advised to be given for recurrent disease.92 Antibiotic options therefore are 

vancomycin or fidaxomicin. Vancomycin pulse and taper schedules of several 

weeks duration are routinely given. Vancomycin is given intermittently in declining 

doses. Gradual elimination of the bacteria by killing germinating spores is thought 

to be the mechanism of cure. Main scientific evidence comes from the placebo 

arm of a large placebo controlled study for probiotics vs placebo in addition to 

regular treatment for CDI. 93 Apart from the probiotic preparation, treatment for 

CDI was not randomised. A retrospective cohort was created, from which patients 

were distilled, of whom patients who received a vancomycin taper schedule were 

least likely to develop a recurrence.  

Recurrent C. difficile infection. 
Patients who fail initial treatment have a greater chance of treatment failure in 

subsequent antibiotic courses. It is estimated that the chance of cure is as low as 

20-40% after experiencing several relapses. 94 The typical pattern is a renewed initial 

response when antibiotics (mostly vancomycin) are given, but return of diarrhea 

and abdominal complaints within two weeks after cessation of the antibiotic. 

There are at least two mechanisms that are held responsible for the recurrent 

nature of C. difficile infections in some patients. The first, and probably the most 

important contributing factor to recurrent disease, is a permanent disruption of 

the microbiota that normally would prevent C. difficile from multiplying, toxin 

production and causing disease. 
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Chang et al. were the first to demonstrate a significant disrupted microbiota with 

a diminished diversity and diminished total number of bacteria in the colon in 

patients with recurrent C. difficile infections.  They performed a phylogenetic 

analysis of 16S rRNA-encoding gene sequences from fecal samples of 7 patients 

with initial CDI episodes and recurrent CDI episodes, compared to 4 patients with 

no history of CDI or antibiotic use. Whereas the patients with initial CDI episodes 

and the control patients had a predominance of Bacteroidetes and Firmicutes 

species, the predominant species in the patients with recurrent CDI were quite 

different and these patients’ microbiota exhibited significantly less diversity. 95

In recent years, more data became available displaying the origin of the disrupted 

nature of microbiota in recurrent CDI. The continuous use of antibiotic for a 

prolonged period is an important factor. Even oral vancomycin, frequently 

used for the treatment of C. difficile  infections,  has a profound effect on the 

equilibrium of the microbiota in general, and more particular on Bacteroides 

fragilis counts in patients with CDI: mean B. fragilis group counts decreased by a 

factor of >3 log after 10 days of treatment with vancomycin.96 Studies addressing 

the microbiota in patients following antibiotic use demonstrate an increase of 

Firmicutes, Proteobacteria, and Actinobacteria in the group of patients who 

eventually developed CDI, compared with patients who did not develop CDI. 

The first group also had a lower amount of Bacteroidetes. After epidemiologic 

factors were controlled for, only decreased levels of Bacteroidetes and increased 

levels of Firmicutes remained significantly and independently associated with 

development of CDI. Of interest, also hospitalisation in itself is associated with 

changes in the intestinal microbiota, possibly reflecting an association between 

CDI and hospitalisation because these changes were not driven exclusively by 

antimicrobial use. 97 With the disappearance of the colonization resistance, the 

microbiota in the bowel lacks diversity and abundance, enabling persisting spores 

of C. difficile to outgrow and multiply.98 

The second mechanism contributing to recurrent disease, is a reduced antibody 

response to C. difficile. Kyne et al noted that 31% of patients who received 

antibiotics in acute-care medical wards were colonised by C. difficile during hospital 

admission. Of these patients, 56% eventually developed CDI; the remainder were 

asymptomatic carriers.47 This study reported high concentrations of serum IgG 

against toxin A in symptomless carriers of C. difficile, suggesting protection for 

31773 Nood.indd   16 22-12-14   10:30



General introduction and aim

17

the development of disease. An earlier observation displayed that patients who 

were already colonised by C. difficile on admission to hospital were significantly 

less likely to develop a symptomatic infection.60 Patients with a single episode of 

CDI have higher serum levels of IgM against toxin A on day 3 of the first episode 

and IgG to toxin A on day 12 than patients with recurrent CDI.47 The proportion 

of patients who developed recurrent CDI was linearly associated with decreasing 

levels of anti-toxin A IgM and IgG measured at these time points.99 A correlation 

was found between clinical recovery without relapse of C. difficile diarrhea and 

high IgG titres to toxin B in the ELISA, and appearance of neutralizing antibodies. 

High ELISA IgG titres to toxin B or the appearance of neutralizing antibodies may 

also be a positive prognostic sign in patients with C. difficile diarrhoea.100 On the 

contrary, another group found no protective effect of antibody formation.  They 

concluded that most patients convalescent from C. difficile diarrhea demonstrate 

systemic and mucosal antibodies to toxin A, but these antibodies following natural 

infection do not appear to alter the clinical course of C. difficile infection.101 

Fecal microbiota transplantation (donor feces infusion)

Coprophagia or coprophagy is the consumption of feces, from the Greek κόπρος 

copros, “feces” and φαγεîν phagein, “to eat” (dictionary). Many animal species 

practice coprophagia as an addition to their diet. Virtually all feces, from whatever 

kind of animal produces them, consist largely if not entirely of organic matter, are 

high in protein, and carry nutritional value.102 Certain animal species add calories 

to their diet by eating feces as a habit. Other species do not normally consume 

feces but may do so under extraordinary conditions. For example, following birth, 

young elephants, pandas, koalas, and hippos eat feces of their mothers or other 

animals in the herd to obtain the bacteria required to properly digest vegetation 

found on the savanna and in the jungle.103

Coprophagy refers to many different ways of eating feces. This includes eating feces 

of other species, other individuals (allocoprophagy), or one’s own (autocoprophagy). 

Donor feces infusion would thus alternatively be called allocoprophagy.104  

In the previous century, there were only a few reports about donor feces infusions 

in modern scientific literature.  However, the use of bowel-derived material for 
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treatment of disease in humans goes back more than 2500 years, when traditional 

Chinese medicine already used human fecal suspension or infant feces (for esthetic 

reasons called “yellow soup”) given orally to treat several gastro-intestinal related 

illnesses, including chronic diarrhea and food poisoning105 Lewin furthermore 

reports that “... consumption of fresh, warm camel feces has been recommended 

by Bedouins as a remedy for bacterial dysentery; its efficacy (….) was confirmed by 

German soldiers in Africa during World War II”106 Intestinal microbe infusions have 

been used in veterinary practice in the Western world as a treatment for ruminal 

acidosis,107 and can be dated back to the 17th century. Description in scientific 

literature in humans took until 1958, when Eiseman described the first report on the 

efficacy of fecal transplantation in the treatment of chronic (antibiotics induced) 

diarrhea.108 He described four critically ill patients who received a series of enemas 

from healthy (otherwise not screened) donors, who dramatically responded and 

were considered cured. The rise of broad spectrum antibiotics, the subsequent rise 

in antibiotic associated diarrhea, and the lack of effective therapies for recurrent 

disease led to donor feces as a last resort for patients with recurrent CDI. With the 

rise of C. difficile infections in the western world since 2005 onwards, there also 

has been a steep increase in patient with recurrent C. difficile infections, with a 

renewed interest in donor feces infusions.109, 110 Nowadays, > 400 patients were 

described in case reports and case series that were successfully treated with FMT. 

In the past, donor feces infusions have been given without deeper insights in the 

changes in the intestinal bowel composition. Feces was given even before the 

discovery of C. difficile as the causative agent for pseudomembranous colitis in 

1978. Treatments were given with a great sense of logic reasoning, but with little 

biological insight in the exact mechanism of cure. With the current developments 

in next generation culture-independent tools, such as the above mentioned 16S 

ribosomal RNA gene sequencing, broader insights into the composition of the gut 

microbiota and the changes made by donor feces are possible. With this comes 

a subsequent expanding interest in influencing (diseased) bowel flora. Evaluating 

donor feces infusion in this light is the logical next step. 
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Aim and Outline 

The aim of this thesis is to provide insight in the background, mechanism and 

efficacy of fecal microbiota transplantation (FMT). The emphasis is on the treatment 

with donor feces for patients with recurrent C. difficile infections and the role FMT 

can play for this group of particularly troubled patients. 

In the first chapter, an overview of literature on FMT for C. difficile infections is 

given. In the second chapter, the results of a pilot study are presented, in which 

donor feces infusions are given to seven patients with recurrent C. difficile infection. 

In the third chapter, the results of a clinical trial are presented, in which FMT as a 

separate strategy is compared to standard antibiotic treatment with vancomycin, 

with or without a whole bowel lavage. In the fourth chapter, in depth information 

is given on the effect on bowel microbiota following donor feces infusion. The fifth 

chapter describes the evaluation of the economic aspects of treatment with donor 

feces infusion. In the sixth chapter the long term effects and the psychological 

impact of FMT are described. 

The last two chapters assess other potential areas where donor feces infusion might 

be of interest in the future. The first is the potential role donor feces infusions play 

in changing the metabolism of overweight men, by infusing feces of lean healthy 

donors. This is described in the seventh chapter. The eighth chapter is the first 

case report in which donor feces is given to a patient who is carrying multiresistent 

bacteria in his bowel, which are eradicated following the infusion of donor feces. 

The final part of the thesis contains the summary, the general discussion and the 

Dutch summary.
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Abstract

Patients with recurrent Clostridium difficile infections (CDI) in hospitals and the 

community constitute an increasing treatment problem. While most patients with 

a first infection respond to either metronidazole or oral vancomycin, therapy in 

recurrent C. difficile infections tends to fail repeatedly. Lack of alternative treatment 

options can be a tremendous burden, both to patients and their treating 

physicians. Most guidelines recommend prolonged oral vancomycin pulse and or 

tapering schedules, but evidence-based treatment strategies are lacking. The role 

of immunoglobulins, whey prepared from vaccinated cows, probiotics or other 

antibiotics is unclear. Since 1958 several case series and case reports describe a 

treatment strategy where fecal infusions are successfully given for the treatment 

of recurrent CDI. Restoring intestinal flora has been historically thought of as the 

mechanism responsible for cure in these patients. In the literature, more than 

150 patients have received feces from a healthy donor, either infused through 

an enema, or through a nasoduodenal or nasogastric tube. We summarise the 

literature regarding treatment with donor feces for recurrent CDI, and introduce 

the FECAL trial.
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Introduction 

Described as a commensal bacterium in 1935, it took until the late seventies, before 

Clostridium difficile was recognised as the most important causative agent of antibiotic-

associated diarrhea and colitis.1-3 C. difficile infection (CDI) nowadays is a common 

nosocomial disease with substantial morbidity and mortality. The increasing incidence, 

partly due to the recent epidemics caused by the hypervirulent toxinotype III, ribotype 

027 strain, and recent reports of community associated infection in patients without 

predisposing conditions, illustrate the changing epidemiology of CDI.4-7 Asymptomatic 

intestinal carriage of C. difficile in the normal population is estimated at 3-15%, but 

is much higher in hospitalised patients.8 A prerequisite for the development of 

clinical C. difficile infection (CDI) is a disturbed homeostasis of the normal intestinal 

flora, most often caused by previous antibiotic use or gastrointestinal surgery. Toxins 

produced by C. difficile disrupt the colonic epithelium, leading to an inflammatory 

response and clinical symptoms varying from mild diarrhea to severe life-threatening 

pseudomembranous colitis.9 

Although most patients with a first episode of clinical infection respond either to 

withdrawal of prescribed antibiotics or to additional treatment with metronidazole 

or oral vancomycin, about 15–30% experience recurrent episodes.10 Recurrent CDI 

can be defined as recurrence of symptoms within 8-10 weeks after cessation of 

specific antibiotic therapy, with exclusion of other enteropathogens and a positive 

diagnostic test for CDI. A subset of patients with recurrent CDI gets into a spiral 

with several subsequent recurrences. In these cases, C. difficile becomes the largest 

hurdle for recovery; it contributes to increased mortality and morbidity and leads to 

prolonged isolation measures and additional costs.11, 12 Relapses or reinfections occur 

due to prolonged disturbance of intestinal flora, persistence of spores, incapacity 

to mount specific antibodies against C. difficile toxin, or an immunocompromised 

state.13,14 Few studies have addressed treatment strategies for recurrent CDI. In 

general practice, oral vancomycin is prescribed, with limited efficacy. Restoring 

intestinal flora has been historically thought of as a logical mechanism to repair the 

host-defence against CDI. Infusion of feces from healthy donors in patients with 

severe antibiotic-associated colitis was first described in 1958.15 We summarize the 

treatment options for recurrent CDI and give an overview of literature reports about 

the use of donor feces as unconventional therapy in patients with recurrent CDI.
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Treatment options for recurrent C. difficile infection

Antibiotic treatment:

Vancomycin or metronidazole 

Results of randomised clinical trials uniquely designed for treatment of recurrent 

CDI are lacking. Prospectively collected data can be derived from subgroup 

analysis of placebo-controlled studies comparing the combination of probiotics 

(or placebo) with oral vancomycin for treatment of CDI. Antibiotic treatment of 

a first recurrence in observational studies shows a success rate of  67%, both for 

metronidazole and vancomycin.16 For additional recurrences, success rates as 

low as 35% are reported.10 A subset of patients experience numerous recurrent 

episodes, and repeated antibiotic courses can be required for treatment of CDI, 

which may even persist for years.17 Oral vancomycin is preferred for recurrent CDI 

because of the neurotoxic side effects of longstanding metronidazole therapy.18 

For a second recurrence, vancomycin taper and/or pulse schedules are commonly 

advised (Box 1).19 The aim of these interrupted regimens is to eradicate germinating 

C. difficile spores. In a stratified analysis including 136 patients with recurrent CDI 

derived from different study groups, tapered or pulsed therapy seemed with a 

recurrence rate of 14.3% more successful than a short course with vancomycin 

(with a recurrence rate of 31%).19

Other antibiotic therapies

According to case reports and case series, rifamycin appeared effective for 

initial episodes of CDI. Rifamycin was also reported to be successful in 18 of 21 

patients with recurrent CDI, in three different dosing regimens.20 Of concern are 

reports about rifamycin-resistance of C. difficile after treatment failure21, 22 and the 

spreading of rifampicin–resistant C. difficile clones in hospitals with frequent use of 

rifamycins.23 Teicoplanin (although not widely available and expensive) is another 

antibiotic with high reported efficacy against CDI, and limited data suggest that 

it may be effective in recurrent CDI.24, 25 A new and specific antibiotic against 

C. difficile  is OPT-80 (PAR-101), which belongs to a new class of antibiotics, the 

macrocycles.26  Data from a phase 3 study are awaited, and its role in recurrent 

disease is yet to be determined. 
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Box 1

Treatment schedule for recurrent C.difficile Infection

First recurrence

-  Mild-to-moderate infection 
Metronidazole at a dose of 500 mg orally 3 times daily for 10 to 14 days

-  Severe infection or unresponsiveness to or intolerance of metronidazole 
Vancomycin at a dose of 125 mg orally 4 times daily for 10 to 14 days

Second recurrence

Prolonged vancomycin in tapered and pulsed doses, for example:

125 mg 4 times daily for 14 days

125 mg 2 times daily for 7 days

125 mg once daily for 7 days

125 mg once every 2 days for 8 days (4 doses)

125 mg once every 3 days for 15 days (5 doses)

Third recurrence

Vancomycin at a dose of 125 mg orally 4 times daily for 14 days, combined with any of the 
other options for recurrent infection (not evidence based):

-  intravenous immunoglobulin at a dose of 400 mg per kg of body weight, once every  
3 weeks for a total of two or three doses depending on effect

-   vancomycin, followed by rifamycin at a dose of 400 mg twice daily for 14 days 

- healthy donor feces installation*

*we feel that there is at this point not enough evidence to recommend the optimal time to introduce the 
procedure.

Adapted from Kelly CP and Lamont JT, Clostridium difficile--more difficult than ever.9 Copyright©2008 
Massachusetts Medical Society. All rights reserved
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Non-antibiotic treatment modalities for recurrent CDI

Toxin targeted therapy

Binding of the pathogenic toxins (A and B) of C. difficile may contribute to clinical 

improvement and subsequent regression of CDI. However, toxin-targeted therapy 

(e.g. cholestyramine) has not been investigated for recurrent disease. Tolevamer, 

a non-antibiotic toxin-binding polymer appeared less successful for treatment of 

an initial episode of CDI than metronidazole or oral vancomycin.27 Future studies 

should address the efficacy of combination regimens of tolevamer and antibiotics 

for treatment of (recurrent) CDI.

A whey product (mucomilk), isolated from cows inoculated with C. difficile and 

inactivated C. difficile toxin, containing high amounts of secretory IgA seems to 

prevent recurrence of CDI if given as adjuvant therapy in patients treated with 

metronidazole or vancomycin.28 However, a randomised placebo-controlled 

study is lacking and the value for recurrent CDI is unknown. Vaccines containing 

formaldehyde-inactivated toxins A and B have been developed and some 

promising initial experience has been gained in a few patients with recurrent 

CDI.29 

Intravenous immunoglobulins

Intravenous administration of immunoglobulins (IVIG) can be considered a last 

resort for recurrent disease, in particular for patients with a suspected impaired 

immune response to C. difficile. Although case series suggest a beneficial effect 

of IVIG at a dose of 300-400 mg/kg body weight once every three weeks, a case 

control study did not show a reduction in recurrences.30, 31 

Probiotics treatment for recurrent CDI

Several randomised trials have compared probiotics (containing Lactobacillus 

species or Saccharomyces) to placebo as an additional treatment to antibiotics 

in patients with CDI. Although the results are not uniformly negative, a recent 

Cochrane systematic review concludes that there is insufficient evidence to 

recommend the addition of probiotics to antibiotics in recurrent disease.32 

Furthermore, the occurrence of Saccharomyces fungaemia in patients treated 

with Saccharomyces strains merits attention.33
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Donor feces infusion

In 1958, the surgeon Eiseman successfully treated four patients with severe antibiotic-

induced colitis with an enema that consisted of donor feces.15 Following this initial 

publication, more than 150 patients with recurrent CDI have been described, the vast 

majority of whom was cured by the infusion of feces. Recovery of normal intestinal 

flora was (and is) postulated to be the mechanism for cure.

Literature review and experiences with fecal infusions
Publications that contained original data (case reports, case series and uncontrolled 

studies) were selected in Pubmed and Embase. From references and through Google, 

additional publications were collected. A total of 16 publications (two abstracts, 14 full 

publications) were found (Table 1).

Success rate of fecal therapy
Taken together, 91% of all reported patients with recurrent CDI treated with donor feces 

(n=159, see Table 1) were cured after one or more infusions. Clinical improvement can 

be noticed within a few days following donor feces infusion. Follow-up rates vary from 

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

which implies that definite success rates are often lacking. 

Necessity of donor screening
Early reports on fecal installation only mention that donors who had used antibiotics in 

the preceding months were excluded.15 Although transmission of infectious diseases 

has not been reported after fecal infusions, most publications from the past decade 

report extensive screening of donors.40, 43 Our protocol for screening of (healthy) 

donors is summarised in Table 2. Most donors are sought in relative proximity of 

the patient (partners, relatives, household members). However, there is no rationale 

to exclude healthy volunteers. Many reports fail to mention the exact origin of the 

donors and an investigation of patient preferences is lacking. We do not apply any 

restrictions concerning the food intake of donors prior to donation. Although there 

can be potential important differences in the quality of the microbiota present in donor 

feces from different individuals, historically their intestinal flora has not been analysed 

prior to use for fecal infusion. Information is lacking with regard to the specific groups 

and amount of bacteria necessary for optimal restoration of intestinal flora, thereby 

preventing C. difficile to become clinically significant.  
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Table 2: donor screening

Screening of donors*

Donor Feces Blood

Parasitology

Microbiology

Virology

Retrovirology

Stool ova and parasites 
test (“Triple feces test”)49 
Cryptosporidium

Microsporidium
Fecal culture for common 
enteropathogens and 
Clostridium difficile

Strongyloides antibodies
Amoebiasis antibodies

Lues (TPHA)

CMV antibodies, EBV 
antibodies,
Hepatitis A, B, C antibodies

Human Immunodeficiency 
virus antibodies, Human 
T-Lymphotrophic virus 
antibodies

*Prior to screening of feces and blood, potential donors have to fill in an extensive questionnaire. Donors with 
abnormal stool habits, abdominal complaints, IBS like symptoms, an extensive travel history or predisposing 
factors for potentially transmittable diseases are excluded. If they are considered eligible after completing 
the questionnaire, they are screened using the protocol above

Route of instillation
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.43 From our own experience, infusing feces through colonoscopy is 

more difficult and strenuous, whereas (slow) infusion through a nasoduodenal tube 

seems safe and time-efficient.47 To our knowledge, no other authors have discussed 

their experiences with different routes of administration. A disadvantage of a 

nasoduodenal/jejunal tube is that donor feces may be difficult to install if patients 

have signs of diminished passage of fluids through their intestines. On the other 

hand, infusing feces using this route has the advantage that the infused flora reaches 

the whole bowel. In the reported cases, no specific side effects were reported related 

to installation of feces in the upper or lower tract. With the limited numbers available 

it is not possible to predict which route of installation is more successful in curing 

patients from CDI. 

Virtually all publications report diluting or homogenising the feces in saline or water, 

prior to infusion either in the upper gastrointestinal tract through a tube, or in the 
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colon through enema or colonoscopy. Gustafsson et al. report homogenising feces 

in pasteurised cow’s milk .40 Almost all fecal preparations are processed in a normal 

aerobic environment. Only Schwan et al. specifically describe preparing enemas 

in an anaerobic cabinet.35 In several reports it is stated that feces are processed 

and infused as quickly as possible following production by the donor, in order 

to preserve fecal flora. Due to lack of detailed data it is not possible to establish a 

relationship between a prolonged time that has passed between production and 

infusion, and failure of therapy. 

Pre-treatment
Most early reports fail to mention antibiotic usage directly preceding the 

treatment. Aas et al. gave a protocolised antibiotic regimen of 500 mg vancomycin 

orally four times a day during four days preceding  fecal installation.43 In addition 

to antibiotics, four publications describing 48 patients report pre-treatment with 

a laxative directly prior to donor feces infusion.41, 44, 46, 47 Most publications do not 

report any other preparation, apart from Aas et al. who gave patients an oral proton 

pump inhibitor before intragastric installation of donor feces.43 

We pre-treat patients with vancomycin 500 mg orally four times a day during 

four days and oral whole bowel lavage with a macrogol solution in an attempt to 

remove the pre-existent (pathological) flora and C. difficile spores prior to donor 

feces installation. It is not known, however, whether this contributes to the efficacy 

of donor feces infusion for recurrent CDI.

Side effects or potential adverse effects
Side effects are absent or not mentioned in all but one study which mentions 

(transient) side effects such as a sore throat following placement of the 

nasoduodenal tube, rectal discomfort following colonoscopy, flatulence, nausea 

and bloating.46 We did not notice side effects in our patients treated with donor 

feces infusions.47 A possible complication could be bacterial overgrowth in the 

small intestine after intragastric or duodenal installation of feces. In patients 

who have signs of diminished intestinal passage, infusion of feces via the upper 

gastrointestinal tract should be avoided. 
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Fecal therapy to Eliminate Clostridium difficile-Associated Longstanding 
diarrhea: the FECAL trial    
To investigate the efficacy of fecal installations for recurrent CDI, a randomised 

trial comparing donor feces infusion to conventional antibiotic treatment with oral 

vancomycin has been initiated in 2008 in the Netherlands. The trial follows a pilot 

study in which seven consecutive patients with recurrent CDI were successfully 

treated with one or more infusions of donor feces.47 Patients (over 18 years of age) 

are eligible if they have a proven relapse of CDI and are able to give informed 

consent. They are excluded if they are severely immunocompromised, have 

a life expectancy of less than three months, are admitted to the intensive care 

unit, need vasopressive therapy or if they are using antibiotics other than for the 

treatment of C. difficile  for a prolonged period of time. The primary endpoint is 

response to treatment at 10 weeks after initiation of therapy. Secondary endpoints 

are response at five weeks, time nursed in isolation, and quality-adjusted life-years. 

Response is defined as: absence of diarrhea (diarrhea is defined as ≥3 loose or 

watery stools per day for at least two consecutive days or ≥8 loose or watery stools 

in 48 hours), or persisting diarrhea (due to other causes) with repeating (three 

times) negative stool tests for toxins of C. difficile . Treatment failure is defined as 

persisting diarrhea with a positive C. difficile toxin stool test.

Eligible patients who have signed informed consent are randomised to one of 

three different treatment arms (Figure). 

The conventional treatment arm (the control arm) consists of 500 mg vancomycin, 

given orally four times a day, for 14 days. The second treatment arm consists of 500 

mg vancomycin, given orally four times a day for 14 days, combined with a whole 

bowel lavage by drinking four liters of a macrogol solution, taken on day four or five 

after initiation of the antibiotics. This arm serves as a second control arm to assess 

the role of whole bowel lavage in the treatment of recurrent CDI,50 since patients 

randomised to donor feces infusion are also pre-treated with a bowel lavage. The 

third (experimental) arm consists of treatment with a suspension of feces. Patients 

are pre-treated with vancomycin given orally for four days and a whole bowel lavage 

on the fourth day. In the period before randomisation and fecal infusion, treatment 

is often necessary to prevent spread and deterioration of the clinical condition. 

Furthermore, it is logistically difficult to give a fecal infusion directly after verifying the 
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diagnosis. We believe it may be beneficial to prepare the bowel with a short course 

of vancomycin for the above mentioned reasons. In the protocol, a standardised 

preparation period of four days prior to the fecal infusion was chosen. On the fifth 

day, donor feces (Box 2 and Table 2) are infused through a nasoduodenal tube. The 

nasoduodenal tube is placed radiologically or endoscopically. If there is any doubt 

regarding the position, an abdominal X-ray will be performed. Feces are installed 

within six hours after production by the donor. After this treatment, all antibiotics 

are stopped. Patients will be followed for 10 weeks after randomisation by a weekly 

telephone assessment of diarrhea and by C. difficile culture and toxin stool tests 

(ELISA) done four times, on days 14, 21, 35 and 70. 

Figure 1. Design of the FECAL trial

Outpatients from the Netherlands as well as from outside the Netherlands are 

eligible for the trial if they are willing to travel to Amsterdam for inclusion and 

donor feces installation. Patients who fail in one of the antibiotic arms (i.e. the 

vancomycin arm or the arm which combines vancomycin with a whole bowel 

lavage) are offered a treatment with a fecal infusion following their proven failure. 
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Box 2. Amsterdam protocol used for the preparation of donor feces 

Amsterdam protocol that is used for the preparation of donor feces. Adapted from the protocol used by Aas 
et al.43

Protocol for preparation of feces

1)  Feces are collected and weighed (~60-120 grams, depending on production)
2)  300-400 cc Saline (NaCl 0.9%) is added and mixed until a smooth suspension is created
3)  Feces are poured through a double unfolded gauze and put in a glass bottle.
4)   Within 6 hours after production by the donor, the feces are installed through a nasojejunal 

tube. 

Conclusion

Recurrent C. difficile infections are a growing burden and a therapeutic challenge 

for patients and physicians. Current therapy consists of repeated courses of 

antibiotics with limited success rates and new therapeutic options are urgently 

needed. Fecal installations from healthy donors for the treatment of recurrent CDI 

seem a promising approach, restoring a normal bowel flora and preventing further 

outgrowth of C. difficile and its spores. To date, more than 150 patients treated with 

donor feces have been reported in the literature. A 91% success rate is reported in 

case series and case reports. Due to a lack of clinical trials, fecal installations often 

are offered only to patients with more than two relapses, since it is still considered 

a last, uncommon, and rather distasteful rescue therapy. Currently, adult patients 

with proven recurrent CDI can be included in the first randomised controlled study 

comparing donor feces installation with antibiotic therapy (FECAL trial). 
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Abstract

Recurrent Clostridium difficile infection (CDI) is difficult to treat. Moreover, CDI 

is thought to recur due to both intestinal persistence of C. difficile spores and a 

long term disturbance of fecal flora homeostasis. In this article, we describe 

seven patients with recurrent CDI  (two carried the hypervirulent C. difficile PCR 

ribotype 027, toxinotype III  associated with more frequent recurrences than other 

types), who were successfully treated with donor feces through colonoscopy or 

nasoduodenal tube. Administration of healthy donor feces seems to be a promising 

tool in the fight against recurrent CDI, which does not respond to conventional 

antibiotic therapy. A randomized trial has been initiated to compare the efficacy of 

this treatment modality to conventional therapy.
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Introduction

Clostridium difficile-infection (CDI) is an increasing problem in hospitals and 

nursing homes.1, 2  CDI can develop in patients who have a disturbed normal 

bowel flora, and (subsequently) are colonised with a virulent C. difficile 

strain.  Risk factors are thought to be use of antibiotics (especially quinolones, 

cephalosporins and clindamycin), diseases or recent operations involving the 

digestive tract, inflammatory bowel disease, recent chemotherapy, use of 

proton pump inhibitors and increasing age.2-6 The increasing incidence is partly 

attributed to a quinolone-resistant hypervirulent C. difficile PCR ribotype 027, 

toxinotype III strain, which has led to outbreaks in Canada, the United States 

and Europe since 2002.1, 2, 7 Currently, this type has been shown to be present 

in 19% of all Dutch hospitals, and infections caused by this strain appear to lead 

to more serious infections, and are associated with more recurrent disease.1, 2, 8-11 

Recurrent CDI is treated with vancomycin, which in repeated recurrences is often 

given as a long-lasting taper schedule (table 1). The aim of this strategy is to kill 

germinating spores by giving vancomycin intermittently.12, 13 This treatment 

appears to be successful in less than half of patients, leading to long, costly and 

incriminating isolation measures. Examples of other treatments are intravenous 

administration of immunoglobulins or whey enriched with antibodies.14, 15

Recurrent CDI  is mainly explained by i) the presence of (antibiotic resistant) 

spores of C. difficile who are able to germinate following antibiotic therapy16 and 

ii) a persistent disturbed equilibrium of normal bowel flora.5 The importance of 

the lack of normal bowel flora in the pathogenesis of recurrent CDI is emphasized 

by the observation that 50% of the recurrent infections is caused by subsequent 

infections with different C. difficile strains17, and also by a recent study and a 

meta-analysis who displayed a potential protective effect of probiotic use.18, 

19 Unfortunately, the data with respect to the protective role of probiotics in 

relation to treatment of C.difficile are ambiguous. Since 1958, a number of case 

reports and case series have been published in which patients are described 

with severe recurrent antibiotic-induced colitis, who are successfully treated 

with infusion of donor feces.20-22 In this article we describe our experiences with 

a suspension of donor feces as treatment for recurrent CDI.  
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Methods

Patients: Between April 2006 and March 2007, seven patients with recurrent CDI  

(defined as ≥ 2x loose stools per 24 hours and a positive test for C.difficile) were 

treated with a donor feces infusion. Patients were only eligible for this treatment 

if they (i) had developed at least a recurrence of CDI twice, despite adequate 

therapy with antibiotics (vancomycin or metronidazole), and (ii) at least one of 

these recurrences was treated with a vancomycin taper schedule. (see Table 1) 

Five of the patients who were offered a donor feces infusion were hospitalized for 

a prolonged period in our hospital and two patients were referred from elsewhere, 

the latter were treated as outpatients. All patients who were proven to have a 

true recurrence (with a positive C.difficile toxin test in feces) underwent treatment, 

comorbidity was not a limiting factor.  

Fecal therapy (see Table 2): for at least 4 days, patients were pre-treated with 500 

mg vancomycin q.i.d, followed by colonic lavage with 4 liters of Klean-Prep (poly-

ethylene glycol). Following the lavage, a suspension of donor feces (150 grams) 

in 300-400 cc of 0.9% NaCl was infused in the caecum and the rest of the colon 

through a colonoscope or in the duodenum and jejunum through a duodenal 

tube, respectively. All antibiotics were discontinued following the infusion of 

donor feces. 

Donors: Donors were preferably first degree relatives <50 years without diarrhea 

or recent antibiotic use. In case of absence of suitable relatives or failure of a 

previous donor feces infusion in which a family donor was used, feces from a 

healthy volunteer was used. All donors were pre-screened for HIV, HBV, HCV, acute 

CMV or acute EBV infection. Feces from donors were tested for C. difficile, Yersinia 

enterocolitica, Campylobacter-, Shigella-, and Salmonella species, and the presence 

of pathogenic parasites. 

Follow-up: The frequency and the aspect of stool passage following treatment 

were recorded daily. A C. difficile toxin test was repeated at least 3 times following 

donor feces infusion. In recurrent diarrhea additional C. difficile toxin tests were 

performed.

31773 Nood.indd   48 22-12-14   10:31



2

Pilot: treatment of recurrent CDI  

49

Microbiological examination: For the detection of C. difficile toxins A and B,  an 

ELISA (PremierTM Toxin A & B, Meridian Bioscience Inc., Cincinnati, Ohio, USA) 

was used according to the instructions of the manufacturer. Fecal samples that 

tested positive for the presence of toxins were cultured on selective media for the 

presence of C. difficile. Isolated C. difficile strains were sent to the National Reference 

Laboratory for C. difficile (Leiden, The Netherlands) for further characterization and 

typing.

Results

Seven patients (Table 3) with recurrent CDI were treated with a donor feces infusion. 

Feces was initially infused through colonoscopy (n = 3). In time, administration 

through duodenal tube was demonstrated to be less stressful and logistically 

easier, making this our preferred method. (n = 4). All patients had received at least 

2 successive treatments with antibiotics for CDI . The median number of antibiotic 

days (metronidazole or vancomycin) prescribed as treatment for CDI  prior to the 

donor feces infusion was 70 (range 63-80). Patients who were hospitalized during 

donor feces infusion (n = 5) were nursed in isolation for on average 84 days (72-

151). Two of the 7 patients were infected with the C. difficile PCR ribotype 027 

strain, toxinotype III.

The stool pattern normalized almost immediately following treatment with 

donor feces in 5 patients. In these patients, the C. difficile toxin (toxin A and B) test 

remained repeatedly (at least 3x) negative. The isolation measures were lifted after 

10 ± 2 days. In two patients, the CDI recurred within 1 week following therapy. 

In one of these patients, the treatment was repeated with feces from another 

donor according to the same protocol, and the diarrhea stopped and toxin test 

remained negative. The other patient was firstly unsuccessfully treated with feces 

from the same donor. However, after subsequent treatment with feces from an 

unrelated donor, diarrhea disappeared. C. difficile toxin-negative test remained 

repeatedly negative (3x). However, 17 days post intervention, culture and toxin 

testing were positive again. The patient had no clinical relapse (no diarrhea), and 

was considered an asymptomatic carrier, and as a consequence the isolation 

measures were discontinued. 
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There was no association between the occurrence of a relapse and either the 

PCR ribotype of the responsible C. difficile strain, duration of CDI or route of 

administration of donor feces through duodenal tube or colonoscope. Of the 

two patients with diarrhea and a positive C. difficile toxin directly following fecal 

therapy, it was possible to determine the ribotype of C. difficile from only one 

patient both before and after treatment. The tests demonstrated a different PCR 

ribotype, leading to the conclusion that it was probably a new infection. 

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

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

as a result of pneumonia, not related to the treatment with donor feces. At autopsy, 

no signs of intestinal inflammation or systemic side effects of fecal therapy were 

determined. One patient had an irregular bowel habit, that already existed prior to 

the episodes of recurrent CDI.  

Discussion

Seven patients with recurrent Clostridium difficile infection (CDI), who were 

previously unsuccessfully treated with antibiotics, on average for 70 days, were 

successfully treated with infusion(s) of donor feces. Two of these patients were 

infected with the hyper virulent C. difficile PCR ribotype 027 strain. These results 

suggest that treatment with donor feces in patients with long-term recurrent CDI   

is an effective alternative to antibiotics.  

In 1958, Eiseman et al described 4 patients with severe pseudomembranous 

colitis following use of antibiotics, who were successfully treated with enemas 

consisting of a fecal suspension, with feces of relatives.20 Since then, in case reports 

and case series, over 150 patients with recurrent CDI  or pseudomembranous 

colitis are described who are successfully  treated with donor feces.21-29 In 89% of 

patients clinical improvement was seen almost immediately, as was in our study. 

A randomized clinical trial comparing the efficacy is lacking, therefore treatment 

with donor feces is not yet a generally accepted alternative for the treatment of 

recurrent CDI. 

The literature is ambiguous about the optimal protocol for this treatment. 

Administration of feces can be performed rectally through an enema, or with 
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use of colonoscope. It can also be given orally by a gastric tube (following pre-

treatment with omeprazole) or through duodenal tube.20-22 To ensure colonization 

of the entire colon with donor feces, including the caecum area, we decided to use 

a colonoscope for our patients, which was inserted at least up till the caecum, or 

alternatively a duodenal tube, with which the feces was inserted in the duodenum. 

We prefer to use the latter method, as it appears to be less stressful for the patient 

and it is logistically easier. Our patients were given approximately 150 gram feces,  

an amount which is also described by others.21 

In literature there are a few patients described who were treated unsuccessfully. 

Five of these eight patients were treated with the administration of only 10 grams 

of feces.27, 29 It appears that a larger amount of feces seems to be necessary to 

obtain the best result. For psychological reasons we opted for relatives of donors 

to be used for the donor feces infusion. This is also often chosen in previous case 

series and case reports. In two patients CDI disappeared after a second treatment 

with feces from another, unrelated, donor. This could indicate a donor-dependent 

effect; It is possible that microbiological characteristics of the donor feces or 

immunological (HLA type) characteristics of the donor play an important role.30 

Our patients were all pre-treated with vancomycin and received a whole bowel 

lavage with polyethylene glycol (Kleanprep) prior to the donor feces infusion, in 

order to minimize the amount of C. difficile prior to treatment. Polyethylene glycol 

influences the composition of the intestinal flora31 and appeared in a case report 

effectively in combination with vancomycin in two children with recurrent CDI.32 

Only a small proportion of patients described in the literature was pre-treated with 

a whole bowel lavage with polyethylene glycol.  We therefore cannot exclude that 

the effect of the donor feces infusion in our study can be partly attributed to this.

We describe the effect of treatment with donor feces in a selected population. 

The treatment was given only to patients who had more than one recurrence 

and to patients who were all at least once treated with vancomycin followed by a 

vancomycin tapering schedule. Future research should lead to the optimal timing 

and position of this unconventional therapy. At this time, we reserve this treatment 

for patients in which CDI  recurs after prolonged antibiotic use. Patients who were 

infected with a C. difficile PCR Ribotype 027 strain were also successfully treated, 

which leads to the conclusion that this treatment seems potentially of value in 

hospitals or nursing homes during an outbreak caused by this strain. A potential 

risk is transferring infectious diseases with the transfer of feces from one human to 
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another. This has not yet been described in the literature; however, donors should 

be pre-screened and may not carry risk factors for transmittable diseases. Close 

observation of patients following therapy is important to further confirm the 

safety of this treatment. 

In summary, treatment with donor feces is a potentially effective and safe treatment 

for patients with recurrent CDI , including for infections caused by C. difficile PCR 

Ribotype 027 strain. Since randomized studies of the effectiveness are lacking, we 

initiated a trial, in which treatment with infusion of a suspension of donor feces is 

compared to the conventional treatment with antibiotics (fecal trial; Fecal therapy 

to Eliminate Clostridium difficile Associated Long Standing diarrhea). In addition, 

further analysis of the intestinal flora before and after treatment with donor feces 

must demonstrate what specific bacteria are responsible for the effect. In this way, 

a targeted therapy with specific strains from the intestinal flora can be developed.
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Table 1. Treatment of C.difficile infection11

Initial infection Withdrawal of inciting antibiotics 

metronidazole t.i.d 500 mg orally  

or vancomycin q.i.d 250-500 mg orally. 

10-14 days

10-14 days

First recurrence Vancomycin q.i.d 250-500 mg 14 days

Second recurrence Vancomycin q.i.d 250-500 mg

Followed by a tapered pulsed schedule, for example:

Vancomycin q.i.d 125 mg

Vancomycin b.i.d 125 mg

Vancomycin  125 mg once daily

Vancomycin  250 mg twice per week

Consider to combine this with intravenous immunoglobulins

14 days

1 week

1 week

1 week

1-2 weeks

Table 2. Protocol fecal therapy22

Donor: -  Screen for HIV, HBV, HCV, acute CMV or acute EBV infection. Investigate feces 
for  presence of  C.  difficile, Yersinia, Campylobacter, Shigella, Salmonella, and 
pathogenic parasites. 

- Do not tolerate recent antibiotic use for donors.

-  Do not tolerate risk factors for potentially transmittable diseases in donors

- Normal stool habit

Feces:  - Freshly produced feces (< 6 hours prior to infusion), > 150 grams

- Dissolve in 400 cc NaCl 0,9%, filter through unfolded gauze

Patient: - Day 1-4: Vancomycin orally 500 mg qid

- D                    ay 4: Intestinal lavage with a macrogol solution (kleanprep®)

- Day 5:  Infusion of donor feces in jejunum (through a nasoduodenal tube) or in 
colon/caecum and ascending colon (through colonoscope)

- Stop vancomycin on day of fecal infusion
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Abstract 

Recurrent Clostridium difficile infection is difficult to treat, and failure rates for 

antibiotic therapy are high. We studied the effect of duodenal infusion of donor 

feces in patients with recurrent Clostridium difficile infection. We randomly assigned 

patients to receive one of three therapies: an initial vancomycin regimen (500 mg 

orally four times per day for 4 days), followed by bowel lavage and subsequent 

infusion of a solution of donor feces through a nasoduodenal tube; a standard 

vancomycin regimen (500 mg orally four times per day for14 days); or a standard 

vancomycin regimen with bowel lavage. The primary end point was the resolution 

of diarrhea associated with C. difficile infection without relapse after 10 weeks. The 

study was stopped after an interim analysis. Of 16 patients in the infusion group, 

13 (81%) had resolution of C. difficile–associated diarrhea after the first infusion. 

The 3 remaining patients received a second infusion with feces from a different 

donor, with resolution in 2 patients. 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). 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 donor-feces 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. The infusion of donor feces was significantly more effective 

for the treatment of recurrent C. difficile infection than the use of vancomycin. 

31773 Nood.indd   60 22-12-14   10:31



3

Trial: FMT for recurrent CDI 

61

Introduction

Antibiotic treatment of an initial Clostridium difficile infection typically does not 

induce a durable response in approximately 15 to 26% of patients.1-3  An effective 

treatment against recurrent C. difficile infection is not available. Generally, repeated 

and extended courses of vancomycin are prescribed.4  The estimated efficacy of 

antibiotic therapy for a first recurrence is 60%, a proportion that further declines 

in patients with multiple recurrences.2, 5-7 Mechanisms that have been proposed 

for recurrence include persistence of spores of C. difficile, diminished antibody 

response to clostridium toxins, and persistent disturbance with a reduced diversity 

of intestinal microbiota.8-12

Infusion of feces from healthy donors has been reported as an effective treatment 

of recurrent C. difficile infection in more than 300 patients13-18. However, experience 

with this procedure is limited by a lack of randomized trials supporting its efficacy 

and the unappealing nature of the treatment. In this study, donor feces were infused 

in patients with recurrent C. difficile infection and compared with conventional 14-

day vancomycin treatment, with and without bowel lavage.

Methods

Study design
In this open-label, randomized, controlled trial, we compared three treatment 

regimens: the infusion of donor feces preceded by an abbreviated regimen of 

vancomycin and bowel lavage, a standard vancomycin regimen, and a standard 

vancomycin regimen with bowel lavage. 

The study was conducted at the Academic Medical Center in Amsterdam. 

Patients who had been admitted to referring hospitals were visited by the study 

physicians, who performed the randomization. All participants provided written 

informed consent. A data and safety monitoring board monitored the trial on an 

ongoing basis. The research protocol was approved by the ethics committee at 

the Academic Medical Center. The first and last two authors vouch for the accuracy 

and completeness of the reported data and for the fidelity of the report to the 

study protocol. 
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Included in the study were patients who were at least 18 years of age and who 

had a life expectancy of at least 3 months and a relapse of C. difficile infection after 

at least one course of adequate antibiotic therapy (≥10 days of vancomycin at a 

dose of ≥125 mg four times per day or ≥10 days of metronidazole at a dose of 500 

mg three times per day). C. difficile infection was defined as diarrhea (≥3 loose or 

watery stools per day for at least 2 consecutive days or ≥8 loose stools in 48 hours) 

and a positive stool test for C. difficile toxin. Available isolates were characterized by 

polymerase-chain reaction (PCR) ribotyping.19

 Exclusion criteria were prolonged compromised immunity because of the presence 

of human immunodeficiency virus (HIV) infection with a CD4 count of less than 

240, recent chemotherapy, the presence of human immunodeficiency virus (HIV) 

infection with a CD4 count of less than 240,  or prolonged use of prednisolone 

at a dose of at least 60 mg per day; pregnancy; use of antibiotics other than for 

treatment of C. difficile infection at baseline; admission to an Intensive Care Unit or 

need for vasopressor medication. 

Treatments

Patients received an abbreviated regimen of vancomycin (500 mg orally four 

times per day for 4 or 5 days), followed by bowel lavage with 4 liters of macrogol 

solution (Klean-Prep) on the last day of antibiotic treatment and the infusion of a 

suspension of donor feces through a nasoduodenal tube the next day; a standard 

vancomycin regimen (500 mg orally four times per day for 14 days); or a standard 

vancomycin regimen with bowel lavage on day 4 or 5. Patients in whom recurrent 

C. difficile infection developed after the first donor-feces infusion were given a 

second infusion with feces from a different donor. Patients in whom antibiotic 

therapy failed were offered treatment with donor feces off protocol. 

Infusion of donor feces
Donors (<60 years of age) were volunteers who were initially screened using a 

questionnaire addressing risk factors for potentially transmissible diseases. Donor 

feces were screened for parasites (including Blastocystis hominis and Dientamoeba 

fragilis), C. difficile, and  enteropathogenic bacteria. Blood was screened for 

antibodies to HIV; human T-cell lymphotropic virus types 1 and 2; hepatitis A, B, 

and C; cytomegalovirus; Epstein–Barr virus;
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Treponema pallidum; Strongyloides stercoralis; and Entamoeba histolytica. A donor 

pool was created, and screening was repeated every 4 months. Before donation, 

another questionnaire was used to screen for recent illnesses. Feces were collected 

by the donor on the day of infusion and immediately transported to the hospital. 

Feces were diluted with 500 ml of sterile saline (0.9%). This solution was stirred, 

and the supernatant strained and poured in a sterile bottle. Within 6 hours after 

collection of feces by the donor, the solution was infused through a nasoduodenal 

tube (2 to 3 minutes per 50 ml). The tube was removed 30 minutes after the 

infusion, and patients were monitored for 2 hours. For patients who had been 

admitted at referring hospitals, the donor-feces solution was produced at the 

study center and immediately transported and infused by a study physician. 

Outcomes
The primary end point was cure without relapse within 10 weeks after the initiation 

of  therapy. For patients in the infusion group who required a second infusion of 

donor feces, follow-up was extended to 10 weeks after the second infusion. The 

secondary end point was cure without relapse after 5 weeks. Cure was defined 

as an absence of diarrhea or persistent diarrhea that could be explained by other 

causes with three consecutive negative stool tests for C. difficile toxin. Relapse was 

defined as diarrhea with a positive stool test for C. difficile toxin. An adjudication 

committee whose members were unaware of study-group assignments decided 

which patients were cured. Patients kept a stool diary and were questioned about 

stool frequency and consistency, medication use, and adverse effects on days 7, 

14, 21, 35, and 70 after the initiation of vancomycin. Stool tests for C. difficile toxin 

were performed in a central laboratory (Premier Toxins A&B, Meridian Bioscience) 

on days 14, 21, 35, and 70 and whenever diarrhea occurred. 

Analysis of fecal microbiota
We analyzed the fecal microbiota for bacterial diversity by extracting DNA from 

samples from patients before and after donor-feces infusion and from the respective 

donor samples.20 We then characterized 16S ribosomal RNA gene amplicons using 

the Human Intestinal Tract Chip (HITChip), a phylogenetic microarray, as described 

previously.21 We estimated the diversity of the bacterial communities before and 

after donor feces infusion using Simpson’s Reciprocal Index of diversity,22 on a scale 

ranging from 1 to 250, with higher values indicating greater diversity. 
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Statistical analysis 
The objective was to determine the superiority of donor-feces infusion, as compared 

with vancomycin, both without and with bowel lavage. A cure rate of 90% for donor 

feces infusion13,14 and of 60% for antibiotic therapy2, 6 was assumed. Per group, 38 

patients were needed to achieve a power of 80% to detect a difference between 

groups with a one-sided level of significance of 0.025. To account for dropouts, we 

planned to enroll 40 patients per group. All analyses were performed on a modified 

intention-to-treat basis with the exclusion of one patient who required high-dose 

prednisolone treatment after randomization but before the study treatment was 

initiated. Differences in cure rates were assessed with Fisher’s exact probability 

test. Since the trial was terminated early according to the Haybittle–Peto rule (i.e., 

P<0.001 for the primary end point), rate ratios for the primary end point (overall 

cure) were calculated with their exact 99.9% confidence interval.

On the basis of Simpson’s Reciprocal Index of diversity,22 the statistical significance 

of a change in microbiota diversity was assessed with the use of a paired-samples 

Student t-test. A principal component analysis was performed on profiles derived 

from the HITChip phylogenetic microarray.21 

Wilcoxon signed-rank tests were performed with the application of the Benjamini–

Hochberg approach to determine microbial groups that were significantly 

different in matched pairs of fecal samples obtained from patients before and after 

infusion.23

Results

Patients and Termination of the Trial
From January 2008 through April 2010, a total of 43 patients were randomly 

assigned to receive donor-feces infusion (17 patients), vancomycin (13), or 

vancomycin and bowel lavage (13). Initially, the inclusion of 40 patients per study 

group was planned. Because most patients in both control groups had a relapse, 

the data and safety monitoring board performed the interim efficacy analysis and 

advised termination of the trial, as described in the Supplementary Appendix. At 

that time, 43 patients were included, with one of them subsequently excluded 

from further analysis (Table 1 and Fig. 1). 
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Table 1 Baseline Demographic and Clinical Characteristics of Patients°

Donor feces 
infusion 
(n=16)

Vancomycin

(n=13)

Vancomycin & 
bowel lavage
(n=13)

P Value∞

Age – yr 73±13 66±14 69±16 0.39

Body Mass Index† 22±3 22±4 24±4 0.41

Female sex - no. (%) 8 (50) 7 (54) 3 (23) 0.22

Karnofsky Performance status§ 50±18 50±17 56±21 0.62

Median Charlson comorbidity index (range)# 
-score 

3 (0-4) 1.0 (0-8) 1.0 (0-6) 0.53

Median recurrences of CDI (range)--no 3(1-5) 3 (1-4) 2 (1-9) 0.69

Previous failure of tapered vancomycin therapy 
– no. (%)

10 (63) 8 (62) 6 (46) 0.63

Reported antibiotic use before CDI - no. (%) 16 (100) 12 (92) 13 (100) 0.62

Hospital-acquired CDI infection - no. (%) 10 (63) 6 (46) 10 (77) 0.27

Admitted to a hospital at study inclusion - no. (%) 5 (31) 4 (31) 4 (31) 1.00

Days of antibiotic use for CDI since first 
diagnosis ˇ

63±41 51±27 49±38 0.56

Use of proton-pump inhibitor – no. (%) 13 (81) 10 (77) 11 (85) 0.88

ICU admission in preceding month - no. (%) 1 (6) 0 (0) 1 (8) 1.00

Feeding tube present - no. (%) 3 (19) 2 (15) 2 (15) 0.96

Median stool frequency per 24 hr (range) – no. 5 (3-20) 5 (3-12) 5 (3-10) 0.72

Leukocyte count per mm3 8.0K (4K-15K) 8.1K (4K-23K) 6.5K (3K-14K) 0.39

Albumin˜ - g/dl 3.7±0.7 3.8±0.7 3.9±0.8 0.66

Median Creatinine (range)*˜ mg/dl 1.3 (0.6-10.3) 1.0 (0.5-1.8) 0.9 (0.6-5.2) 0.26

Ribotype 027 in first sample^ - no (%) 3 (23) 1 (11) 0 (0) 0.28

°  Plus−minus values are means ±SD. To convert the values for creatinine to micromoles per liter, multiply by 
88.4. CDI denotes Clostridium difficile infection, and ICU intensive care unit.

∞  P values are for the overall comparison among the three groups.
†   The body-mass index is the weight in kilograms divided by the square of the height in meters.
§  Karnofsky Performance Status ranges from 0 to 100, with higher scores indicating improved functional 

status
#  Scores on the Charlson comorbidity index range from 0 to 6 for each of 17 indicators with  higher scores 

indicating greater severity of illness
ˇ   Data were missing for one patient in the infusion group and one in the vancomycin-only group.
˜   Data were missing for one patient in the vancomycin-only group.
^   Data for ribotype 027 (a more virulent strain of C. difficile) were missing for three patients in the infusion 

group, four in the vancomycin-only group, and two in the group receiving vancomycin with bowel lavage.
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Figure 1. Enrollment

Figure  1.  Enrollment    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  1.  Enrollment  and  Outcomes.  

After  randomization,  one  patient  in  the  infusion  group  required  high-‐dose  prednisolone  

because  of  a  rapid  decrease  in  renal-‐graft  function  that  was  noted  immediately  after  

randomization  but  before  the  study  treatment  was  initiated.  This  patient  was  excluded  from  

the  analysis.  One  patient  in  the  vancomycin-‐only  group  died  before  the  first  stool  sample  

could  be  tested  for  the  presence  of  Clostridium	  difficile	  toxin.  

102  patients  were  assessed  for  
eligibility,  or  their  treating  

physicians  contacted  the  study  
center.  

17  assigned  to  
donor  feces  infusion  

43  included  

13  assigned  to  
vancomycin  

16  completed  evaluation   12  completed  evaluation   13  completed  evaluation  

10  patients  were  eligible,  but  refused  
participation  

1  patient  died  

13  assigned  to  
vancomycin  and  
bowel  lavage  

49  were  excluded  
2  Were  pregnant  
2  Were  admitted  to  the  intensive  care  unit  
2  Had  life  expectancy  <3  mo  
3  Were  immunocompromised  
8  Were  not  able  to  give  informed  consent  
1  Was  allergic  to  vancomycin  
31  Did  not  meet  criteria  of  both  diarrhea  and  
positive  stool  toxin  for  Clostridium	  difficile	  
10  Declined  to  participate	  

 

1  patient  was  
excluded    

Figure 1. Enrollment and Outcomes.

After randomization, one patient in the infusion group required high-dose prednisolone because of a rapid 
decrease in renal-graft function that was noted immediately after randomization but before the study 
treatment was initiated. This patient was excluded from the analysis. One patient in the vancomycin-only 
group died before the first stool sample could be tested for the presence of Clostridium difficile toxin. 

In 39 patients, a positive toxin test before inclusion was confirmed by a positive 

C. difficile culture. PCR ribotyping was performed on strains obtained from 34 

patients (see the Supplementary Appendix). Forty-one patients completed 

the study protocol. One patient in the vancomycin-only group was discharged 

home from the hospital after the initiation of vancomycin. At home, the patient 

decided to discontinue all medication because of severe heart failure and chronic 

obstructive pulmonary disease and died 13 days after randomization, without 
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providing data on response. In the intention-to-treat analysis, vancomycin therapy 

was considered to have failed in this patient. Another patient in the infusion 

group required high-dose prednisolone because of a rapid decrease in renal-graft 

function. The patient had received a renal transplant from an unrelated donor 11 

months before study enrollment, and graft dysfunction was noted immediately 

after randomization but before the study treatment was initiated. At that time, the 

nephrologist objected to treatment with donor feces. The patient was treated with 

vancomycin for 45 days, had a recurrence 41 days after cessation of  vancomycin, 

and was subsequently cured by donor-feces infusion. This patient was excluded 

from the analysis because of a clinically driven protocol deviation, which meant 

that the patient’s response to treatment could not be evaluated.

Donors
Of 77 candidates, 25 donors were approved (see the Supplementary Appendix for 

results of donor screening). Feces from 15 donors were used for 43 infusions in the 

infusion group and for patients who had a relapse after vancomycin treatment. A 

mean (±SD) of 141±71 g of feces was infused. The mean time from defecation to 

infusion was 3.1±1.9 hours.

Study Outcomes
Of 16 patients in the infusion group, 13 (81%) were cured after the first infusion of 

donor feces. The 3 remaining patients received a second infusion with feces from a 

different donor at 14, 50, and 53 days after randomization; of these patients, 2 were 

subsequently cured. Overall, donor feces cured 15 of 16 patients (94%). Resolution 

of infection occurred in 4 of 13 patients (31%) in the vancomycin-alone group and 

in 3 of 13 patients (23%) in the group receiving vancomycin with bowel lavage. 

Donor-feces infusion was statistically superior to both vancomycin regimens 

(P<0.01 for both comparisons after the first infusion and P<0.001 for overall cure 

rates).
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Figure 2.

Rates of cure without relapse for recurrent Clostridium difficile infection. Shown are the proportions of 
patients who were cured by the infusion of donor feces (first infusion and overall results), by standard 
vancomycin therapy, and by standard vancomycin therapy plus bowel lavage.

The overall cure rate ratio of donor-feces infusion was 3.05 as compared with 

vancomycin alone (99.9% confidence interval [CI], 1.08 to 290.05) and 4.05 as 

compared with vancomycin with bowel lavage (99.9% CI, 1.21 to 290.12). The median 

time to recurrence was 23 days (range, 13 to 43) after the initiation of vancomycin 

alone and 25 days (range, 18 to 70) after the initiation of vancomycin with bowel 

lavage. Five weeks after the initiation of therapy, there was a recurrence of infection 

in 1 of 16 patients (6%) in the infusion group, 8 of 13 (62%) in the vancomycin-alone 

group, and 7 of 13 (54%) in the group receiving vancomycin with bowel lavage. 

Fourteen patients who were cured reported having diarrhea during follow-up; these 

episodes were short and self-limited in 10 patients. Three patients had a preexistent 

defecation frequency of at least three stools per day, a frequency that was markedly 

increased during episodes with C. difficile infection and returned to normal after donor 

feces infusion. In these patients, toxin tests were repeatedly negative, and there was 

no clinical suspicion of recurrence. One patient in the vancomycin-only group had 
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persistent diarrhea, with repeatedly negative toxin tests; this patient was considered 

to have had a response, although there was clinical suspicion of recurrence.

Eighteen patients who had a relapse after initial antibiotic treatment received 

off-protocol donor feces infusions; of these patients, 15 (83%) were cured. Eleven 

patients were cured after one donor-feces infusion, and 4 patients were cured after 

a second infusion.

Adverse Events
A complete description of adverse events is included in the Supplementary 

Appendix. Immediately after donor-feces infusion, most patients (94%) had 

diarrhea. In addition, cramping (31%) and belching (19%) were reported (Table 

2). In all patients, these symptoms resolved within 3 hours. During follow-up, 

three patients who were treated with donor feces (19%) had constipation. No 

other adverse events related to study treatment were reported. The death of one 

patient from severe heart failure and chronic obstructive pulmonary disease in the 

vancomycin-only group was considered to be unrelated to the study drug.

Fecal Microbiota
The Simpson's Reciprocal Index of diversity of fecal microbiota obtained from nine 

patients who were evaluated before the donor-feces infusion was consistently low 

(mean, 57±26) and increased within 2 weeks after infusion to 179±42 (P<0.001), 

becoming undistinguishable from the fecal microbiota diversity level of the 

donors (mean, 172±54).

In eight patients for whom samples were available, the diversity of fecal microbiota 

remained undistinguishable from that of the donor during follow-up. In addition, 

a principal component analysis was performed on the phylogenetic microarray 

profiles of each sample. This unsupervised analysis showed that nearly 50% of 

the variation in the data was explained by the first two principal components, 

indicating a major shift in the patients’ microbiota after donor-feces infusion 

toward that of the donors (Fig. S2 in the Supplementary Appendix). After donor-

feces infusion, we observed quantitative changes in relevant groups of intestinal 

bacteria (P<0.05) (Table S2 in the Supplementary Appendix). These changes 

included increased numbers of Bacteroidetes species and of clostridium clusters 

IV and XIVa (by a factor of 2 to 4 for both groups) and decreased numbers of 

Proteobacteria (by a factor of up to 100). 
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Table 2: Adverse events in 16 patients in the donor feces infusion group (n=16). 

Adverse event * Day of infusion of donor feces During follow up 

Belching 3 0

Nausea 1 0

Vomiting 0 0

Abdominal cramps 5 0

Diarrhea 15 0

Constipation 0 3

Abdominal pain 2 (associated with cramping) 0

Infections 0 2†

Hospital admission n.a 1‡

Death 0 0

Other adverse events 1§ 1‡

*  Adverse events that were reported on the day of donor feces infusion and those that were reported 
during follow up are listed separately. NA denotes not applicable.

†   During follow-up, one patient with recurrent urinary tract infections had a urinary tract infection for which 
antibiotics were prescribed. Another patient had fever during hemodialysis for which antibiotics were 
prescribed; cultures remained negative.

‡   On day 56, one patient was hospitalized for symptomatic choledocholithiasis, for which endoscopic 
retrograde cholangiopancreatography and stone extraction were performed.

§   One patient with autonomic dysfunction had dizziness combined with diarrhea after donor-feces 
infusion.

Discussion
 

In this small, open-label, randomized, controlled trial, we found that the infusion 

of donor feces is a potential therapeutic strategy against recurrent C. difficile 

infection. Our study population of mainly elderly patients reflects the population in 

whom C. difficile infection develops in daily practice. However, we excluded three 

groups of patients at risk for recurrent C. difficile infection. Patients with prolonged 

immunodeficiency were excluded to prevent the potential translocation of 

infused intestinal bacteria. Infectious complications were not observed after donor 

infusion in our study and have not been reported in the literature.15  Also, critically 

ill patients who were admitted to an intensive care unit (ICU) were excluded. 

However, C. difficile infection in the ICU is associated with high death rates,24 and 

anecdotal reports have shown promising results of donor feces infusion in critically 

ill patients.25, 26 The third excluded group comprised patients requiring additional 

antibiotics to treat infections other than C. difficile because it seems reasonable 

to postpone donor-feces infusion until antibiotics can be stopped, enabling 

colonization of the bowel with healthy donor feces. 
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Figure 3

Figure 3. Microbiota Diversity in Patients before and after Infusion of Donor Feces, as Compared with 
Diversity in Healthy Donors. Microbiota diversity is expressed as Simpson’s Reciprocal Index of diversity in 
fecal samples obtained from nine patients before and 14 days after the first infusion of donor feces, as 
compared with their donors. The index ranges from 1 to 250, with higher values indicating more diversity. 
The box-and-whisker plots indicate interquartile ranges (boxes), medians (dark horizontal lines in the boxes), 
and highest and lowest values (whiskers above and below the boxes).

Although our study was designed for patients with any recurrence of C. difficile 

infection, only 8 of 43 patients were included after a first relapse, reflecting the 

reluctance of patients and physicians to choose donor-feces infusion at an early 

stage. The efficacy of antibiotic therapy decreases with subsequent recurrences, 

and it seems reasonable to initiate treatment with donor-feces infusion after the 

second or third relapse. It has yet to be established whether other promising 

treatment strategies, such as fidaxomicin or infusion of antibodies against 

clostridium toxins,3, 27 are effective against recurrent C. difficile infection. 

The power calculation of our study was based on the efficacy of vancomycin for a 

first recurrence of C. difficile infection. Because most patients had several relapses 

before inclusion in the study (typically, after a failure of vancomycin therapy), the 

efficacy of vancomycin in our study was considerably lower than expected, which 
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probably contributed to the findings of a difference between study groups. At 

study termination, 16 patients had been treated with donor feces infusion. The 

success rate of donor-feces infusion was extended off protocol in another 18 

patients who had initially been assigned to receive antibiotic therapy. A prolonged 

tapering schedule of vancomycin may be prescribed for recurrent C. difficile 

infection and was not incorporated into the trial for practical reasons. This may be 

a limitation of our study, although 56% of the patients were unsuccessfully treated 

with prolonged and tapering vancomycin schedules before inclusion.

Several questions remain unanswered. The optimal protocol for donor-feces 

infusion is unknown. We pretreated patients with vancomycin and bowel lavage, 

following a protocol that was effective in previously published case series.15, 

28 Bowel lavage was incorporated to reduce the pathogenic bowel content, 

facilitating colonization of healthy donor microbiota. Whether bowel lavage 

indeed contributes to the efficacy of donor- feces infusion is not known.29 However, 

the possibility that bowel lavage itself cures C. difficile is unlikely, since no benefit 

was seen in the second control group, in whom vancomycin was combined with 

bowel lavage. Furthermore, the amount of feces required and the importance of 

varying potential routes of infusion (nasoduodenal tube, enema, or colonoscopy) 

are unknown since the literature reports many different treatment protocols.15,18, 30 

In our study, infusion of a relatively large amount of feces through a nasoduodenal 

tube had an acceptable adverse-event profile and was logistically manageable. 

The mechanism underlying the efficacy of donor-feces infusion is probably the 

reestablishment of the normal microbiota as a host defense against C. difficile.31 

Changes in the gut bacterial phyla Firmicutes and Bacteroidetes were associated 

with C. difficile infection.31,32 We found that the fecal microbiota in patients with 

C. difficile infection had a reduced bacterial diversity, as compared with healthy 

persons, extending previous observations.12 Infusion of donor feces resulted  in 

improvement in the microbial diversity, which persisted over time. Also, there 

was an increase in Bacteroidetes species and clostridium clusters IV and XIVa 

(Firmicutes), whereas Proteobacteria species decreased.

In conclusion, in patients with recurrent C. difficile infection, the infusion of 

donor feces, as compared with vancomycin therapy, resulted in better treatment 

outcomes. In particular, patients with multiple relapses of C. difficile infection 

benefited from this unconventional approach.
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Appendix A:  Complete description of methods

Trial design
This was an open label randomized trial comparing donor feces infusion to 14 days 

of vancomycin treatment for recurrent C. difficile infection. Patients were randomly 

allocated at a 1:1:1 ratio to three treatment options: (1) donor feces infusion, 

preceded by 4 days vancomycin and bowel lavage by 4 litres macrogol solution; 

(2) 14-day vancomycin, and (3) 14-day vancomycin with bowel lavage. The latter 

option was incorporated to exclude the possibility that the beneficial effect of 

donor feces infusion could be attributed to the bowel lavage. To achieve adequate 

allocation concealment, each patient was randomized by applying automated 

biased coin minimization in ALEA with stratification for hospitalization status 

(clinical or outpatient) and the number of previous recurrences (1, 2, >2). The coin 

bias factor was set at 3, the bias coin lower threshold at 2. Study physicians at 

the coordinating center in charge of randomization were unaware of the model 

specifications used. 

The study was conducted from January 2008 to August 2010 at the Academic 

Medical Center in Amsterdam, the Netherlands. The study was announced on 

a national level enabling physicians from other hospitals in the Netherlands to 

refer patients for participation. Patients who were admitted in referring hospitals 

were visited, included and randomized by the study physicians. All participants 

provided written informed consent prior to randomization. A data safety 

monitoring board consisting of an internist and a biostatistician monitored the 

trial on an ongoing basis for patient safety. The research protocol was approved by 

the Ethics Committee of the Academic Medical Center. The study was registered 

at the Dutch trial register, NTR1177 (The FECAL trial, Fecal therapy to Eliminate 

Clostridium difficile Associated Longstanding diarrhea).

The study was designed by MN, EK, JB, PS, MD, and JK. The data were gathered by 

EvN, AV, SF, EZ, and CV. The data were analyzed by EvN, SF, EZ, WdeV, JT, MD, and 

JK. All authors vouch for the data and the analysis. The paper was written by EvN, 

WdeV, EK, MD and JK. The initial version of the manuscript was written by EvN 

and JK. All authors contributed to the manuscript. EvN, MD and JK decided to 

publish the paper. There were no agreements concerning confidentiality of the 

data between the sponsor and the authors.
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Study population
Patients (≥18 years) with a life expectancy ≥ 3 months, and a microbiologically 

confirmed relapse of C. difficile infection after at least one course of adequate antibiotic 

therapy (≥ 10 days of vancomycin ≥ 125 mg q.i.d., or ≥ 10 days metronidazole 500 

mg t.i.d.) were included. C. difficile infection was defined as (i) diarrhea (≥ 3 loose or 

watery stools per day for at least 2 consecutive days, or ≥ 8 loose stools in 48 hours) 

and (ii) a positive C. difficile toxin stool test. Toxin stool tests of patients from referring 

hospitals were repeated in the central laboratory at the Academic Medical Center 

in Amsterdam, The Netherlands. The Meridian A/B toxin premier test was used. All 

follow up samples were scheduled to be performed in the central laboratory at the 

AMC. Available isolates were further investigated by PCR-ribotyping.1 

Exclusion criteria were an (expected) prolonged compromised immunity (due to 

recent chemotherapy, Human Immunodeficiency Virus (HIV) infection with a CD4 

count < 240, or prolonged use of prednisolone ≥ 60 mg per day), pregnancy, use 

of antibiotics other than for C. difficile infection at the day of inclusion, admission 

to an Intensive Care Unit or need for vasopressive medication for maintenance of 

normal blood pressure. 

Treatments
Patients received vancomycin 500 mg orally q.i.d. for four or five days, followed by 

bowel lavage with 4 liters macrogol solution (Klean-Prep®) on the last day of antibiotic 

treatment and infusion of fresh donor feces suspension through a nasoduodenal 

tube the next day; or vancomycin 500 mg orally q.i.d. for 14 days; or vancomycin 

500 mg orally q.i.d. for 14 days with bowel lavage using 4 liters macrogol solution 

(Klean-Prep®) at day four or five. Patients who developed recurrent C. difficile 

infection following the first infusion with donor feces were given a second infusion 

with donor feces solution from a different donor. Patients who failed on antibiotic 

therapy were offered treatment with donor feces infusion off protocol.

Donor feces infusion

Selection of donors

Donors (<60 years) were volunteers employed at our hospital without direct 

patient contact, or healthy blood donors from outside the hospital, or relatives of 

patients. Potential donors were not allowed to perform clinical work, which could 
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increase their chance of contracting Clostridium difficile between screening and 

feces donation. Donors were not paid for donation. Candidates had to fill out a 

questionnaire (see below). The answers were evaluated and discussed with the 

donor to clarify if there was a potential risk for transmittable diseases. 

Reasons for exclusion of candidates were: age > 60 years; behaviour associated 

with an increased risk for (contracting) infectious diseases in the phase between 

screening and donation of feces (such as a recent visit to a tropical area in the 

last three months, risky sexual behaviour defined as a new sexual contact in the 

last six months, recent needle stick accident, receiving blood  products, or getting 

a tattoo); any gastrointestinal illness or gastrointestinal complaints (abdominal 

discomfort, regularly loose stools, or constipation); a family history of intestinal 

cancer or inflammatory bowel disease; a general illness or use of medication that 

could be excreted in feces and pose a potential risk for recipients. 

Following approval of the questionnaire, blood and feces samples of candidates 

were screened for potentially transmittable diseases. Donor feces were screened 

for parasites (including Blastocystis hominis and Dientamoeba fragilis), Clostridium 

difficile, and enteropathogenic bacteria (Salmonella, Shigella, Yersinia enterocolitica 

and Campylobacter species). Blood was screened for antibodies to Human 

Immunodeficiency Virus (HIV); Human T-lymphotropic virus Type I and II (HTLV-1 

and II); Hepatitis A, B, C; cytomegalovirus, Epstein-Barr virus, Strongyloides stercoralis; 

and Entamoeba histolytica. 

The specific tests are listed in table S1. If donors tested positive for one of the above 

mentioned pathogens, they were excluded. A resolved EBV or CMV infection was 

not an exclusion criterion, if the patient who was scheduled to receive the donor 

feces had suffered from the same infections. If a donor had antibodies against 

Hepatitis A (IgG), but was IgM negative and did not visit a tropical country in the past 

six months, he or she was not considered at risk for Hepatitis A and therefore not 

excluded. Donors with a resolved Hepatitis B virus infection were excluded. Donors 

with Blastocystis hominis or Dientamoeba fragilis in their stool were excluded.

After approval, donors had to fill out a second questionnaire the day before donation 

(see below), concerning their stool frequency and pattern, general health, use of 

antibiotics and sexual behaviour. This was to screen for any acute (gastrointestinal) 
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illness, newly contracted infectious diseases or other situations that could pose a 

risk for the patients. If donors answered yes on one of the questions of the second 

questionnaire, they were excluded until they had undergone complete new 

microbiological and serological screening. 

A donor pool was created. Microbiological and serological screening was repeated 

every four months.  

Table S1. Screening of blood and feces from candidate donors. 

Blood tests: Cytomegalovirus (IgG and IgM) 

Epstein-Barr Virus (VCA IgM, VCA IgG, VCA, antiEBNA)

Hepatitis A  (total antibodies, and if positive also Hepatitis A IgM) 

Hepatitis B (HbsAg, antiHbsAg) 

Hepatitis C (anti HCV)

HIV-1 and HIV-2 (Combined HIV Antigen/Antibody test) 

Human T-lymphotropic virus types I and II (HTLV) (antibodies) 

Treponema pallidum (TPHA) 

Entamoeba histolytica (agglutination and dipstick test) 

Strongyloides stercoralis (ELISA)

Fecal tests: Bacteriological evaluation by local standards 

Parasitological evaluation by local standards (triple feces test)

Test for Clostridium difficile (toxin ELISA and culture)

Preparation of donor feces solution

Feces were collected by the donor on the day of infusion and immediately 

transported to the hospital in a clean closed plastic container. For patients 

admitted in referring hospitals, donor feces solution was prepared at the study 

center (Academic Medical Center, Amsterdam) and immediately transported and 

infused by a study physician. The donor feces solution was prepared in a laminar 

flow cabinet under semi-sterile conditions by one of the study physicians. Feces 

were weighed, and processing proceeded if > 50 gram was available. Feces were 

diluted with 500 cc sterile saline (NaCl 0.9%). 

The feces were poured in a container with saline (NaCl 0,9%), approximately 100 cc 

at a time, and stirred with spatulas or a small rudder. The upper part (“supernatant”) 

of stirred feces was poured in a funnel, in which two unfolded gauzes (10x10 cm) 
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served as a sieve and the solution was collected in a bottle that was closed after 

filling. This procedure was repeated until all saline was dissolved and a 500 cc 

bottle was filled.

Preparation of the patient prior to infusion

Patients were treated with vancomycin orally 500 q.i.d. 4 or 5 days before infusion 

of donor feces. Vancomycin was discontinued on the day of donor feces infusion. 

Bowel lavage using a standard four liter macrogol electrolyte suspension was 

followed by a light meal one day before donor feces infusion. Some patients did 

not succeed in drinking 4 liters, but all patients took at least 3 liters macrogol 

solution before donor feces infusion. On the day of donor feces infusion, patients 

were sober and a nasoduodenal tube (which fitted on a 50 cc luer-lock syringe) 

was placed using an electromagnetic sensing device (CortrakTM)2, or through 

duodenoscopy. The position of the tube was confirmed by X-ray.

Infusion of donor feces solution

The donor feces solution was infused slowly with a 50 cc syringe (approximately 

30 seconds per syringe) through the nasoduodenal tube. The first 4 or 5 syringes 

were infused in about 10 minutes. After a break of 10 minutes, the remaining 5 

syringes were infused. Patients were allowed to drink during the procedure (to 

set them at ease). The tube was flushed with tap water after infusing the donor 

feces suspension, and left in situ for at least 30 minutes after infusion. Immediately 

after removal of the tube, lemonade was offered to the patient. Patients were 

clinically monitored for two hours. Patients were advised to visit the toilet before 

going home, because most patients had loose stools after infusion of donor feces 

solution.

 

Outcomes
The primary endpoint was cure without relapse after 10 weeks of initiation of 

therapy. For patients randomized to donor feces infusion who required a second 

donor feces infusion, follow up was extended to 10 weeks after the second infusion. 

The secondary endpoint was cure without relapse after 5 weeks. Cure was defined 

as absence of diarrhea, or persisting diarrhea explained by other causes with 3 

consecutive negative stool toxin tests. Relapse was defined as diarrhea with a 

positive C. difficile toxin stool test. An adjudication committee blinded to treatment 

allocation decided which patients were cured without a relapse. The adjudication 

31773 Nood.indd   83 22-12-14   10:31



84

Chapter 3 Supplementary Appendix

committee consisted of two internists: MM Levi, MD PhD and H Büller, MD PhD. 

Patients kept a stool diary, and were questioned about stool frequency and 

consistency, medication use and adverse effects at day 7, 14, 21, 35 and 70 after 

initiation of vancomycin. C. difficile toxin stool tests were performed in a central 

laboratory (Meridian A/B toxin premier test) at day 14, 21, 35, and 70, and whenever 

diarrhea occurred. 

Analysis of Fecal Microbiota
In available samples from patients before and after donor feces infusion, as well 

as the respective samples from the donors, the fecal microbiota was analyzed for 

bacterial diversity by extracting DNA3, followed by the characterization of 16S rRNA 

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

microarray, as described previously.4 

DNA was isolated from fecal samples by mechanical disruption3 and subsequently 

used for microbiota diversity analysis using the Human Intestinal Tract Chip 

(HITChip)4. The HITChip is a custom made Agilent-based microarray that 

enables studying the GI tract microbiota at high spatio-temporal resolution, 

and combines the power of 16S rRNA-based phylogenetic fingerprinting and 

relative quantification from phylum to species level for all currently known GI 

tract microbes.  In short, 16S rRNA genes were PCR amplified using the fecal DNA 

samples as targets followed by in vitro transcription. After labeling with either Cy3 

or Cy5 the samples were hybridized to the microarrays for 16h followed by washing 

and drying of the microarrays. Data were extracted from microarray images using 

the Agilent Feature Extraction software, version 7.5 (www.agilent.com). Data were 

normalized using a set of R based scripts (http://www.r-project.org/), microarrays 

were analyzed in a custom designed relational database which runs under MySQL 

database management system (http://www.mysql.com/) using a series of custom 

R scripts as previously described4. The diversity of the microbiota expressed 

as Simpson index of the hybridization profiles on the HITChip. The Simpson’s 

reciprocal index of diversity (1/D) was calculated using the equation λ = 1/ΣPi2 

where Pi is the proportion of each probe signal compared to the total HITChip 

hybridization signal. Student t-tests were used to determine the significance of 

differences between microbiota diversities.
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Statistical analysis
The objective was to determine superiority of the treatment with feces compared 

to the treatment with vancomycin, both without and with bowel lavage. Based 

on previous data, a cure rate of 90% for donor feces infusion5,6 and 60% for 

conventional antibiotic therapy 7, 8 was assumed. It was calculated that 38 patients 

per group were needed to achieve a power of 80% to detect a difference between 

the donor feces infusion group and each antibiotic therapy group, using two 

continuity corrected Chi-square tests with one-sided 0.025 levels of significance. 

To account for 5% drop-out, 40 patients per group were to be included, or 120 

patients overall. Analysis was performed on an intention-to-treat basis. Differences 

in cure rates were assessed with Fisher’s exact probability test. As the trial had 

been terminated early according to Haybittle-Peto’s rule (i.e. with a P-value < 0.001 

for the primary endpoint), rate ratios for the primary endpoint (overall cure) were 

calculated with their (exact) 99.9% confidence interval (CI).

Descriptive data are reported as means ± standard deviation or median with 

range depending on distributional properties, in case of continuous data based 

on Kolmogorov-Smirnov tests. Depending on distributional properties, statistical 

significance of differences between groups at baseline was assessed with analysis 

of variance (e.g. age) or Kruskal-Wallis tests (e.g. leukocyte count) for continuous 

data and with Fisher’s exact test (e.g. ICU admission) or Chi-square tests (e.g. sex) 

for categorical data, with a 0.05 two-sided significance level. 

The diversity of the bacterial communities before and after donor feces infusion 

was estimated through Simpson’s Reciprocal Index of diversity,9 with statistical 

significance of a change in diversity assessed with a paired samples Student’s 

t-test. Multivariate statistical software Canoco 4.5 for Windows10 (Biometris, Plant 

Research International, Wageningen, The Netherlands) was used to perform a 

Principal Component Analysis (PCA) on log transformed probe signal intensity 

profiles derived from the HITChip phylogenetic microarray.4 Wilcoxon signed-rank 

tests were performed - while correcting for false discovery rate using the Benjamini-

Hochberg approach - to determine microbial groups that are significantly different 

in matched pairs of fecal samples from patients before and after infusion.11
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Appendix B: Questionnaires used for screening of donors

1. Questionnaire for initial screening of donors, used in the FECAL trial
1  What is your sex?

2  What is your weight?

3  What is your height?

4  Have you ever been rejected as a (blood?) donor? 

  If yes,  why?

5  Have you ever donated blood? 

  If yes,  when? 

6  Have you ever visited a medical specialist? If yes when, and for what reason

7  Have you ever been tested for diabetes? 

  If yes,  what was the result?

8  Has Creuzfeldt Jakob’s disease ever occurred in your family?

9   Were you born in a country outside Europe, or have you ever resided in a 

country outside Europe for more than 5 years? 

  If yes,  when and where?

10   Were you a resident of the United Kingdom between 1980 and 1996 for  

6 months or?

11  Do you have a profession that is associated with an elevated risk for blood-

 transmittable diseases? (e.g. daily contact with patients or inmates)

12   Have you ever had a “blood-incident” (e.g., an injury from a needle or 

another blood-stained object from someone else?). 

  If yes,  when?

13  Have you ever received blood products? 

  If yes,  when?

14  Have you ever used drugs intravenously?

15  Have you ever sniffed drugs?

16   Have you ever had a tattoo? 

  If yes,  when and in which country was the tattoo placed?

17   Have you ever had a piercing/earrings? 

  If yes,  when and in which country were the piercing/earrings placed?

18  Have you ever had acupuncture? 

  If yes,  when and in which country?

19  Have you ever undergone treatment with growth hormone?

20  Have you ever received a tissue transplantation? (e.g. cornea)
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21  Have you undergone a hair transplantation?

22   Have you ever had an operation or undergone clinical treatment with poor 

hygienical conditions (e.g. in a developing country)? 

  If yes,  when and where? 

23   Have you been to a tropical country in the last two years? 

  If yes,  where and when?

24  Have you ever had malaria? If yes, in what year?

25   Have you ever had a rare infectious disease? (e.g.: Trypanosomiasis, 

Tuberculosis, Herpes). 

  If yes,  which one? 

26 Have you received vaccinations (not immunoglobulin’s)?

  For Hepatitis A?

  For Hepatitis B?

   If yes,   was your antibody response for hepatitis B vaccination measured 

and adequate?

27   While visiting another country (for work or vacation), have you ever had 

sexual contact with people originating from that country? 

  If yes,  in what country?

28   Do you have a new sexual partner with whom you have commenced sexual 

relations within the last 12 months?

29  Have you ever had anonymous sexual contacts?

30  Have you ever had sexual contact with someone who uses IV drugs?

31 (for men) Have you ever had sexual contact with a man?

32   (for women) Have you ever had sexual contact with a bisexual or homosexual 

man?

33 In the last 12 months, have you had receptive anal sex with a new partner? 

34  Have you ever had sexual contact with someone who received money from 

you for this contact?

35  Have you ever had sexual contact with someone who turned out to be 

infected with HIV, HTLV, Hepatitis, or Syphilis?

36  Have you ever had a sexually transmittable disease?

37  Have you ever worked as a prostitute?

38  Are certain inheritable diseases more prevalent in your family?

  If yes,  which one?

39  Do you have regular bowel movements?

40  On average, how many bowel movements do you have in a day? .........times
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41  Are you, more than average, bothered by flatulence?

42  Have you ever been treated for an intestinal infection?

43   Do you have a chronic intestinal condition? (e.g. Crohn’s disease or Ulcerative 

Colitis)

44   Do you ever use any products with the sole purpose of changing or 

influencing your defecation frequency?

  If yes  how often?

  If yes  which products? (e.g. prunes, fibres or probiotics drinks)

45   Do you often (more than once a month) have difficulty defecating? (hard 

stools) 

46 Do you have haemorrhoids?

47 Do you often have abdominal cramps?

48 Do you have any family members with intestinal diseases?

  If yes,  which ones?

49  Do you have any family members with intestinal cancer or polyps?

  If yes,  in which relatives?

50 Have you used antibiotics in the past two months? 

51 Have you used antibiotics in the last year? If yes, when? What antibiotics?

52   Have you ever had blood in your stools? 

  If yes,  were additional investigations performed?  

  What were the results?

53 Have you had a fever in the past two weeks?

2. Questionnaire for donors, used one day before donation of feces
1  Have you developed diarrhea since the last screening? (diarrhea is defined 

as: >3 bowel movements per day, unformed stool, or > 8 bowel movements 

in 48 hours)

  If yes,  when?

  If yes,  how many bowel movements a day?

  If yes,  how many days?

  If yes,   did you have other complaints? (fever, abdominal or pain, nausea 

or vomiting) 

  If yes,   is there a possible explanation? (were other people ill, did you eat 

something that might have been the cause of the problems?) 

2 Have you been ill since your last screening?

  If yes, did you have a fever?
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  If yes,  where you jaundiced? 

  If yes,  did you notice swollen lymph glands? 

  If yes,  did you notice throat pain? 

3  Have you used antibiotics since your last screening?  

4  Have you gone abroad since your last screening?  

  If yes,  where did you go? 

5  Have you had a new sexual partner since your last screening? 

6  Have you had homosexual sexual contacts since your last screening?  
1* if diarrhea had occurred, donors could not participate until stool was tested and negative for bacterial and 
parasitological pathogens
2* if patients had been ill, they could not participate until a new screening was performed

Appendix C Donors (results)

Results of donor screening
Seventy-seven potential donors completed the initial questionnaire. Seven 

were excluded from further screening of blood and feces. This was because 

they performed clinical work (2), were considered too old (1), had riskful sexual 

behaviour (2) or had visited a tropical country in the months prior to screening 

(2). Seventy were screened following approval of their questionnaire, of them, 

25 subjects were approved for donation. Feces from 15 different donors were 

eventually used for treatment of patients randomised to donor feces infusion, 

or off protocol treatment of patients who initially failed on antibiotic therapy. 

Forty-five donors were excluded after screening of feces and blood because of 

the following reasons: two had a positive stool C. difficile toxin test, 23 tested 

positive for Blastocystis hominis, 4 patients tested positive for Dientamoeba 

fragilis, 3 donors carried both Dientamoeba and Blastocystis, one had positive 

Strongyloides antibodies, 10 patients failed to collect feces or blood, and 2 donors 

moved (see figure 1). The donors that had a positive toxin C. difficile stool test were 

asymptomatic, and not treated. The donors that carried Blastocystis hominis and/

or Dientamoeba fragilis were asymptomatic, and not treated. The donor that had 

serologic evidence of a Strongyloides infection reported a visit to the tropics 8 

years ago. He was empirically treated with Ivermectin. Follow up serology was not 

performed.
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Donors, donations and outcome of treatment per donor
Fifteen donors were used for donation. Their mean age was 44 years (SD 18.1). A 

total of 43 donations were performed (19 donations in patients randomised to 

donor feces infusion and 24 donations in patients who relapsed after vancomycin 

or vancomycin with bowel lavage and received donor feces infusion off protocol). 

Thirteen donations failed; these were given to patients as first infusion (10 of 34 

first infusions failed), or as a second infusion (3 of 9 second infusions failed). Seven 

donors donated once, 3 donors donated twice, 1 donor donated 3 times, 1 donor 

donated 4 times, 1 donor donated 5 times and two donors donated 9 times (43 

donations in total, mean of 2.9 per donor). Of the 7 donors that donated once, 

one was not successful. All three donors that donated twice had one successful 

donation and one failure. The donor that donated three times had one successful 

donation. The donor that donated four times had three successful donations. 

The donor that donated 5 times had 2 successful donations. The two donors that 

donated 9 times had 8 and 7 successful donations respectively.

Figure S1: results of donor screening

77 questionnaires were evaluated

   7 persons were excluded from screening blood and feces

    - 2 performed clinical work

    - 1 was considered too old (> 60 years)

    - 2 had riskful sexual behaviour in the last months

    - 2 recently visited a tropical country

70 persons were allowed to be screened for blood and feces    

   45 persons were excluded

    - 2 had positive C.difficile stool toxin test

    - 23 carried Blastocystis hominis in stool 

    - 4 carried Dientamoeba fragilis in stool

    -  3 carried both Dientamoeba fragilis and Blastocystis hominis in stool 

    - 1 had positive  antibodies

    - 10 failed to collect feces

    - 2 approved testing of blood and feces but moved

25 persons were suitable for donation       

  

15 persons donated stool for donor feces infusion during the course of the study
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Appendix D: Ad-hoc decision to perform an interim 
analysis for efficacy

In the course of 2009 the coordinating team consisting of the principal investigator 

(JJK), the study coordinator (EvN), the chair of the department of infectious 

diseases (PS) and the study statistician (MGWD) became aware of an (unexpected) 

extremely low response rate in the two control arms, which seemed much lower 

than the 60% used in the sample size calculation. The principal investigator 

subsequently requested the data safety monitoring board (DSMB) for advice. The 

DSMB consisted of an internist (J. van der Meer, MD PhD) and a biostatistician (J.G.P. 

Tijssen, PhD), and was granted a mandate to perform a formal interim analysis 

for efficacy when at least 40 patients (one third of the anticipated total sample 

size12) had a complete follow-up. This singular interim analysis for efficacy was 

unforeseen and the biostatistician of the DSMB decided to apply the Haybittle-

Peto stopping boundary (p<0.001). At the time of the interim analysis complete 

follow-up-data were available for 43 patients. In addition, results of donor feces 

infusion in 17 patients who initially failed on vancomycin or vancomycin with 

bowel lavage were available. In preparation of the interim analysis, data on 

disease status of the included 43 patients were offered for endpoint assessment 

to an independent adjudication committee (MM Levi, internist; H Büller, internist) 

that was blinded for treatment allocation. One patient who was randomized to 

treatment with donor feces infusion required a course of high dose prednisolone 

because of a rapid decrease of renal graft function that was noted immediately 

after randomization but before study treatment was initiated. At that time, the 

nephrologist objected to treatment with donor feces infusion. The patient was 

treated with vancomycin (which was prescribed during 45 days on request of the 

nephrologist) and developed a recurrence 41 days after stopping vancomycin. This 

patient was subsequently cured by donor feces infusion that was given according 

to the protocol. This patient was included in the interim analysis as a responder 

on the (delayed) treatment with donor feces. In the final intention to treat 

analysis, however, this patient was excluded. Following this endpoint assessment 

procedure, the biostatistician of the DSMB applied the Fisher’s exact test twice to 

compare the experimental arm with each control arm for the primary outcome. 

The full DSMB advised the principal investigator to put the trial on hold.
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Appendix E: Adverse events

In patients treated with donor feces infusion (n=16), only mild adverse events 

were encountered. Immediately after infusion, most patients experienced diarrhea 

(94%). Furthermore, cramping (31%) and belching (19%) were present in some 

patients. One patient experienced nausea (6%) without vomiting, two patients 

experienced abdominal pain that was associated with cramping (13%) and one 

patient known with  autonomic dysfunction experienced dizziness combined 

with diarrhea following donor feces infusion.

During follow up, 3 patients (19%) had constipation for which laxatives were 

prescribed to two patients. Three patients reported  adverse effects that were 

considered unrelated to donor feces infusion: one patient was hospitalized for 

choledocholithiasis on day 56 for which ERCP was performed; one patient had 

fever during hemodialysis for which this patient received antibiotics; and one 

patient known with recurrent urinary tract infections experienced an urinary tract 

infection during follow up. 

In vancomycin treated patients (n=13), few and only mild adverse events were 

encountered. One patient experienced dyspeptic complaints, and one patient 

had constipation for which laxatives were prescribed. Two adverse events 

were considered unrelated to study therapy: one patient died 13 days after 

randomization after discontinuation of all his medication for known severe heart 

failure and chronic obstructive pulmonary disease; another patient had increased 

pain due to known rheumatoid arthritis during follow up, for which additional 

analgesics were required.

In patients treated with vancomycin with bowel lavage (n=13), few and only mild 

adverse events were encountered. Two patients had constipation, for which one 

received oral laxatives. Two patients had other gastrointestinal complaints: one 

patient reported excess gas and the other persistent diarrhea. The latter patient 

was eventually diagnosed with celiac disease. One patient had a urinary tract 

infection on day 10 for which ciprofloxacin was given for four days.
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Appendix F: Additional results of Microbiological testing

Clostridium difficile toxin testing (ELISA)
All patients had repeated positive toxin tests prior to inclusion, performed at the 

local microbiological laboratories. At inclusion in the study, a baseline sample of 

all patients was collected and (re)tested in the central microbiology laboratory at 

the AMC (Amsterdam, The Netherlands) with the Meridian Premier toxin A/B test. 

However, many of these samples were obtained after initiation of vancomycin at 

the referral hospital, and 19/43 baseline samples that were tested at the reference 

laboratory remained negative. 

The follow up samples were collected by patients and transported to our central 

hospital on the day of planned follow up visits. If patients were unable to travel 

to our hospital for follow up visits, they were visited by a study physician who 

collected the samples. Tests were performed at 171 of 179 planned time points 

(96%). Of these tests, 168 of 171 (98%) were performed in the central laboratory.

Culture
Of 43 patients included in the study, C. difficile was cultured from 39 patient stool 

samples collected before inclusion. Negative cultures were found in 2 patients 

belonging to the donor feces group, 1 patient in the vancomycin treated group 

and 1 patient in the vancomycin and bowel lavage treated group. 

In 13 of 20 patients who failed after study treatment, a positive toxin test was 

confirmed by a positive culture. One patient died and therefore did not provide 

follow up samples. In 6 patients with diarrhea and positive tested feces after study 

treatment, cultures were negative. Failure was not confirmed by a positive culture 

in the only patient who failed after donor feces infusion (culture was also negative 

before study entry of this patient), in 2 of 8 patients who failed after vancomycin, 

and in 3 of 10 patients who failed after vancomycin with bowel lavage. 

PCR Ribotyping
Of 39 patients with a positive C. difficile feces culture before inclusion, thirty-four 

isolates were characterized at the Netherlands reference laboratory at Leiden 

University Medical Centre by PCR ribotyping and the presence of toxin genes1. 

From five patients that were diagnosed in referring hospitals with a positive culture 
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prior to inclusion, no isolate was sent to the Netherlands reference laboratory. PCR 

ribotyping was not repeatedly performed after recurrence of Clostridium difficile 

infection. In the donor feces group, PCR ribotyping was performed in 14 of 17 

patients. Twelve C. difficile isolates were classified as: Type 027 (n=3), Type 001 

(n=4), Type 006 (n=1), Type 016 (n=1), Type 023 (n=1), Type 087(n=1), and “no 027” 

(not further specified)(n=1). Two patients were infected with C. difficile from which 

the PCR ribotype was not present in the library of the reference laboratory at the 

LUMC. 

In the vancomycin treated group, PCR ribotyping was performed in 9 of 13 

patients. Nine C. difficile isolates were classified as: Type 027 (n=1), Type 002 (n=1), 

Type 018 (n=1), Type 021(n=1), Type 029 (n=2), and “no 027” (not further specified)

(n=1). From one patient, no isolate was available prior to inclusion, but C. difficile 

PCR ribotype 228 was identified during follow up. One patient was infected with 

C. difficile of which the PCR ribotype was not present in the library of the reference 

laboratory at the LUMC.

In the vancomycin with bowel lavage group, ribotyping was performed in 11 of 

13 patients. Nine C. difficile isolates were classified as: PCR Type 001 (n=2), Type 002 

(n=1), Type 014 (n=3), Type 044 (n=1), Type 076 (n=1), and Type 122 (n=1).  Two 

patients were infected with C. difficile of which the PCR ribotype was not present 

in the library of the reference laboratory of the LUMC.

The percentage of the more virulent C. difficile Type 027 (9%) in our study is high 

compared to the sentinel surveillance data from the National Reference Laboratory, 

collected in the period January 2008 and March 2010. C. difficile Types 001 and 014 

predominated and Type 027 was found in 3% only 13. It is likely that this increased 

incidence in our patients group reflects the association of Type 027 with frequent 

relapsing CDI. The other more virulent C. difficile type 078 was not identified in 

patients in our study. 
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Appendix G: Analysis of fecal microbiota

Figure S2: Principal Component Analysis (PCA) of the microbiota of patients based on the HITChip microarray 
probe signals. Samples from the nine patients before (Pxb) and after (Pxa) infusion, and from their infused 
donor samples (Dx) are indicated with different symbols. The two first principal components (PC1 and PC2) 
and the percentage of variation they respectively explain are presented. Six patients (P1-P3, P5, P7, P9) were 
initially randomized to donor feces infusion. Three patients received donor feces infusion off-protocol: two 
patients (P4, P8) in the vancomycin with bowel lavage group and one patient (P6) in the vancomycin only 
group.

Table S2: Bacterial groups that significantly change in relative abundance (%) in microbiota of patients 
following donor feces infusion. Ten matched pairs of fecal samples from patients before and after donor 
feces infusion were used for this analysis with fecal samples from their donors (N=9) as reference. 
Comparisons were done using the Wilcoxon signed-rank test corrected for false discovery rate using the 
Benjamini & Hochberg approach. Corrected p values<0.05 were considered significant. Bacterial groups at 
phylum and genus-like levels are included that are present at a relative abundance of >0.5% and >0.05%, 
respectively.

Relative abundance (%±SD)

Phylum Phylum (Class) / Genus-like Donor Before After p value

Bacteroidetes Bacteroidetes 10.56±8.29 5.27±9.04 13.69±14.42 0.04

Allistipes et rel. 1.15±0.88 0.41±0.87 2.30±2.46 0.03

Bacteroides intestinalis et rel. 0.47±0.51 0.12±0.36 0.52±0.54 0.03

Bacteroides ovatus et rel. 0.46±0.37 0.30±0.91 0.91±0.94 0.03

Bacteroides plebeius et rel. 0.87±0.81 0.20±0.46 0.96±1.02 0.04

Bacteroides splachnicus et rel. 0.44±0.31 0.32±0.78 0.90±1.14 0.04

Bacteroides uniformis et rel. 0.64±0.68 0.31±0.73 0.98±1.16 0.04

Bacteroides vulgatus et rel. 0.93±1.17 0.09±0.25 1.21±1.61 0.02
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Relative abundance (%±SD)

Phylum Phylum (Class) / Genus-like Donor Before After p value

Parabacteroides distasonis et rel. 1.00±0.80 0.46±1.28 1.77±2.22 0.04

Prevotella ruminicola et rel. 0.15±0.09 0.16±0.49 0.34±0.31 0.04

Prevotella tannerae et rel. 0.83±0.76 0.25±0.74 0.78±0.87 0.03

Firmicutes Bacilli 2.69±2.71 41.46±27.69 8.11±6.54 0.01

Aerococcus 0.00±0.00 0.06±0.09 0.01±0.01 0.03

Granulicatella 0.00±0.00 0.10±0.12 0.02±0.03 0.04

Streptococcus mitis et rel. 0.75±0.78 8.84±6.72 2.23±2.13 0.04

Clostridium cluster IV 25.60±10.74 3.43±3.25 14.66±7.19 0.0001

Anaerotruncus colihominis et rel. 0.20±0.11 0.10±0.24 0.37±0.46 0.04

Clostridium cellulosi et rel. 0.73±0.42 0.13±0.23 1.01±1.07 0.04

Clostridium leptum et rel. 0.37±0.27 0.05±0.05 0.59±0.81 0.01

Faecalibacterium prausnitzii et rel. 13.62±8.68 0.89±2.42 3.44±2.99 0.04

Oscillospira guillermondii et rel. 3.25±3.47 0.15±0.13 1.95±3.55 0.03

Ruminococcus bromii et rel. 0.44±0.36 0.07±0.21 0.41±0.42 0.04

Ruminococcus callidus et rel. 1.72±1.41 0.02±0.03 0.77±1.23 0.02

Sporobacter termitidis et rel. 0.72±0.53 0.06±0.10 1.10±1.60 0.02

Subdoligranulum variable et rel. 2.59±1.40 0.26±0.30 3.00±3.66 0.02

Clostridium cluster XIVa 53.75±14.68 27.97±27.22 54.92±18.46 0.01

Anaerostipes caccae et rel. 2.59±1.15 1.26±2.96 1.96±1.23 0.04

Clostridium colinum et rel. 0.42±0.33 0.02±0.02 0.30±0.19 0.02

Clostridium sphenoides et rel. 2.96±1.73 0.94±0.91 2.45±1.45 0.04

Eubacterium rectale et rel. 3.49±1.53 0.92±1.52 2.31±1.47 0.04

Eubacterium ventriosum et rel. 2.10±0.48 0.63±1.43 1.22±0.67 0.04

Lachnobacillus bovis et rel. 2.16±1.09 0.33±0.53 1.33±0.79 0.03

Ruminococcus lactaris et rel. 0.84±0.57 0.25±0.42 0.79±0.38 0.04

Ruminococcus obeum et rel. 9.68±5.13 4.34±6.13 13.40±7.46 0.03

Uncultured Clostridiales 2.93±3.66 0.02±0.02 1.85±2.26 0.0005

Uncultured Clostridiales II 0.91±0.84 0.02±0.02 1.00±1.05 0.02

Proteobacteria Enterobacter aerogenes et rel. 0.01±0.01 1.36±2.30 0.01±0.01 0.02

Klebisiella pneumoniae et rel. 0.00±0.00 0.96±1.26 0.01±0.01 0.02

Proteus et rel. 0.00±0.00 0.19±0.36 0.00±0.00 0.04

Vibrio 0.00±0.00 0.06±0.05 0.00±0.00 0.02

Yersinia et rel. 0.00±0.00 0.27±0.44 0.00±0.01 0.03

Table S2: Continued
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Abstract

Recurrent Clostridium difficile infection (CDI) can be effectively treated by infusion 

of a healthy donor feces suspension. However, it is unclear what factors determine 

treatment efficacy. By using a phylogenetic microarray platform, we assessed 

composition, diversity and dynamics of fecal microbiota before, after and during 

follow-up of the transplantation from a healthy donor to different patients, to 

elucidate the mechanism of action of fecal infusion. Global composition and 

network analysis of the microbiota was performed in fecal samples from nine 

patients with recurrent CDI. Analyses were performed before and after duodenal 

donor feces infusion, and during a follow-up of 10 weeks. The microbiota data 

were compared with that of the healthy donors. All patients successfully 

recovered. Their intestinal microbiota changed from a low-diversity diseased state, 

dominated by Proteobacteria and Bacilli, to a more diverse ecosystem resembling 

that of healthy donors, dominated by Bacteroidetes and Clostridium groups, 

including butyrate-producing bacteria. We identified specific multi-species 

networks and signature microbial groups that were either depleted or restored 

as a result of the treatment. The changes persisted over time. Comprehensive and 

deep analyses of the microbiota of patients before and after treatment exposed a 

therapeutic reset from a diseased state towards a healthy profile. The identification 

of microbial groups that constitute a niche for C. difficile overgrowth, as well as 

those driving the reinstallation of a healthy intestinal microbiota, could contribute 

to the development of biomarkers predicting recurrence and treatment outcome, 

identifying an optimal microbiota composition that could lead to targeted 

treatment strategies.
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Introduction

During the last decade, the incidence and severity of diarrhoea associated with 

Clostridium difficile infection (CDI) has markedly increased.1, 2 C. difficile is a Gram-

positive, anaerobic, toxin-producing bacterium that typically affects the elderly and 

hospitalized patients following antibiotic use. However, the emergence of more 

virulent and antibiotic-resistant strains has made CDI an important health issue 

not only in other populations, such as patients suffering from inflammatory bowel 

disease3 but also in populations typically considered as healthy.1 Recurrences are a 

frequent and severe complication of CDI and can affect over 30% of the patients.4, 5

Therapies include, among others, antibiotic therapy effective in 70–85% of patients 

with an initial episode of CDI, but only in ~30% of patients with subsequent 

relapses.6 However, currently, the only effective treatment option for longstanding 

recurrent CDI is fecal microbiota transplantation (FMT) or donor feces infusion, with 

a cure rate of 94% in patients with antibiotic refractory disease.6, 7 FMT is defined 

as the transfer of intestinal microbiota from a healthy donor that leads to the 

restoration of a stable microbial community in the gut. 8, 9 Although FMT has been 

documented to exist for over 1000 years,10, 11 its application in the medical field was 

again reported over 50 years ago.12 Since then, FMT has been used to treat over 

500 cases of CDI and other disorders with a disturbed intestinal microbiota.13-16 

Although it is generally believed that the efficacy of FMT can be explained by 

restoration of healthy gut microbiota, there are still few studies addressing the 

microbial composition and dynamics triggered by FMT.17-20

The intestinal microbiota constitutes an organ by itself, with digestive 

functions and specific metabolic and signalling networks established between 

microorganisms and the host.21, 22 It is shaped by over 1000 species-like phylotypes 

and dominated by microorganisms, many of them not yet cultured, belonging to 

five major phyla (that is, Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria 

and Verrucomicrobia). The complexity of the intestinal microbial communities 

requires the application of high-throughput techniques, including metagenomics 

and 16S rRNA-based approaches. The microbiota composition fluctuates around 

a stable individual core, and the homeostasis of this intestinal ecosystem has 

been shown to be a key factor in the maintenance of health and development of 

disease.23-25 Recently, a metagenomics analysis of European subjects showed that 
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the intestinal microbiota of individuals can be assigned to one of three groups, 

named enterotypes, based on composition and relative abundance of certain 

key bacterial groups,26 which can fluctuate over time .24, 27 Currently, however, this 

concept is under extensive debate, where researchers rather favour a continuous 

gradient as opposed to separate enterotypes.28-30 Independent of whether these 

are distinct clusters or gradients, specific patterns of microbiota composition can 

be assigned not only in the gut but also across the human body, 31which could be 

of relevance in disease.29, 32

Patients with CDI harbour an intestinal microbiota with a characteristic reduced 

diversity owing to antibiotic use.33, 34 We hypothesized that patients with recurrent 

CDI also show a composition favourable for the overgrowth of C. difficile, 

lacking specific signature microbes that prevent them to return to a sustainable 

homeostatic status after infection, resulting in recurrences. The goal of the present 

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

its dynamics following FMT, by identifying potential signature microbes and key 

networks present in both healthy donors and patients. These results could expand 

the microbial knowledge of recurrent CDI, beneficial not only for early diagnostics 

but also for the development of novel general or individualized treatment 

strategies. Understanding how microbes behave during FMT and identifying an 

optimal microbiota composition that prevents recurrences could assist in the 

selection of optimal microbial features of a transplanted microbiota for a successful 

outcome.

Study design and population
Nine patients with recurrent CDI who were treated with FMT in a randomized 

open label trial (the FECAL trial) were studied.6 Available isolates of C. difficile were 

analysed by PCR ribotyping.35 Five patients were initially randomized to FMT; four 

patients were initially randomized to vancomycin treatment and received FMT 

after antibiotic treatment failed. To prepare for FMT, patients received 4 or 5 days 

vancomycin 500 mg four times a day followed by bowel lavage using a macrogol 

solution on the last day of antibiotic treatment. The next day, 500 ml of a solution 

consisting of >75 g of donor feces mixed with isotonic saline was infused through 

a nasoduodenal tube at a rate of ~20 ml min−1. Feces for FTM were collected from 

donors on the day of treatment and immediately transported to the hospital in 

a clean plastic container. The donor feces solution was infused within 6 h after 
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collection of the feces by the donor. Fecal samples were collected from donors 

and patients before FMT (day 0) and from patients at days 14, 21, 35 and 70 after 

treatment and stored at −80 °C until microbial analysis was performed.

A detailed protocol of donor selection, preparation of the donor feces solution 

and follow-up of patients was described previously.6 One of the donors (donor D4) 

was used in four different patients for FMT, owing to ready access to this donor. 

The FECAL trial was conducted at the Academic Medical Center Amsterdam, the 

Netherlands, and the research protocol was approved by its Ethics Committee 

(Netherlands Trial Register; www.trialregister.nl, number NTR1177). All participants 

were personally informed, received information and provided written consent 

before the study. Baseline demographics and clinical information are listed in 

Supplementary Table 1.

Microbiota composition: networks and dynamics
DNA was isolated from fecal samples as previously described36 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.37 This microarray provides information regarding both 

composition and relative quantity of bacteria that make up the human intestinal 

tract communities. Detailed information on HITChip procedure is provided as 

Supplementary Material.

To monitor the microbial dynamics as a result of FMT, a 1% relative abundance 

threshold was defined and bacterial groups above the threshold were followed for 

10 weeks. The cumulative relative abundance of the bacterial groups that passed 

the threshold (that is, relative abundance above 1%) accounted from 76–90% of 

the total intestinal microbiota in donors’ samples and patients’ samples from day 0 

to the end of the trial. Phylogenetic groups found above the threshold in donors’ 

samples and absent (or below threshold) in patients’ samples at day 0 were called 

‘donor signature’ groups. Conversely, groups found in patient samples before FMT 

and not in donor samples were termed ‘CDI signature’ groups.

In addition, a series of co-(and anti)occurrence networks were determined across 

individuals and calculated for donors, and for patients before and for 5 weeks after 

intervention. These networks were built using Spearman correlations calculated 
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based on the abundance of the 130 bacterial groups (at the approximate genus 

level) targeted by the HITChip, using thresholds of ρ>|0.8| and relative abundance 

>0.1%. Networks were visualized using the Gephi network visualization and 

exploration platform.38

The stability of the microbial composition established after FMT was evaluated by 

comparison of the signals for all probes included in the HITChip using the Pearson 

moving-window correlation of consecutive samples.

Statistical analyses
The bacterial composition of the samples was compared at the phylum level 

(grouped at the class level for the Firmicutes) and at the approximate genus level 

(130 phylogenetic groups with >90% 16S rRNA gene sequence similarity;37) using 

the Wilcoxon signed-rank test corrected for false discovery rate, in which a corrected 

P<0.05 was considered significant. Same testing was applied for bacterial diversity 

(Shannon index;39), richness and evenness (Pielou’s evenness index). Similarity 

indices were calculated with the Pearson product moment correlation on the log-

transformed signal intensities of all probes included in the HITChip microarray. This 

represents how similar the microbiota profiles are between the different samples.

Multivariate statistical analyses were performed with Canoco 5.40 Principal 

component analysis was performed on log-transformed probe signal intensity 

profiles derived from the HITChip phylogenetic microarray. Principal response 

curve (PRC) analysis was used to graphically summarize the global differences in 

the microbiota composition between patients and their respective donors over 

time41 PRC combines the amounts of taxa, after logarithmic transformation, to a 

new single variable. The taxa with large deviations weigh high in this combination, 

whereas taxa that have equal amounts in patients and donors have zero weight. 

The quality of the PRC graph is expressed by the ratio of the variance explained 

by the PRC axis and the variance of all deviations across time. For details on 

interpretation and implementation see Supplementary Material.

Changes in microbiota composition in CDI as a result of FMT
Nine patients with recurrent CDI caused by a variety of C. difficile ribotypes were 

treated by FMT with microbiota from a total of six healthy donors, one of which 

(donor D4) donated four times. All patients were cured by FMT without recurrence 
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during follow-up and to date. Fecal samples were collected from donors (at day 

0), and from patients before and four times after FMT during a follow-up period of 

10 weeks. The microbiota composition of the donors' samples before and after the 

dilution and filtration showed a high overall similarity (average Pearson correlation 

coefficient >88±4%, Supplementary Table 3). Hierarchical clustering showed that 

samples from patients after FMT were notably more similar to donor profiles than 

to their own profiles at day 0 (Figure 1a; Supplementary Figure 1).

FMT had a marked effect on diversity, richness and evenness of the microbiota of 

CDI patients (Figure 1b). Before FMT (day 0), patients showed significantly lower 

diversity levels compared with healthy donors (4.5±0.4 and 5.7±0.2 respectively, 

P=0.00006), which were increased and maintained after FMT, with scores at day 70 

(5.7±0.3) in the range of those of healthy donors. A similar significant increase was 

observed for richness and evenness levels, lower in patients with recurrent CDI 

before FMT and successfully restored and maintained after treatment.

Comparison of the microbiota composition in patients with recurrent CDI revealed 

an immediate shift after FMT to a distribution more similar to that of healthy donors, 

both individually per patient and globally in all patients (Figure 2a). Before FMT, CDI 

patients showed a common characteristic profile dominated by members of the 

Proteobacteria and Bacilli. All post-transplant samples were enriched with bacteria 

from the Bacteroidetes and Clostridium clusters IV and XIVa, the latter two groups 

being recognized to include most of the known intestinal butyrate producers. 

These Clostridium clusters, normally representative of healthy donor microbiota, 

also increased in diversity (Supplementary Table 4).
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Figure 1. 

(a) Hierarchical cluster with a heatmap of samples from patient P4 and its corresponding donor (D4).  
(b) Diversity, richness and evenness scores for healthy donors and CDI patients before and after fecal 
transplantation. Symbols correspond to individual patients, and average values are shown with black lines. 
Day 0 averages for diversity, richness and evenness are significantly different to donors and the rest of the 
time points (P<0.003).
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Figure 2. 

(a) Fecal microbiota composition at the phylum level (class level for the Firmicutes) of healthy donors and CDI 
patients before and after fecal transplant (shown are groups with relative abundance >0.5%). (b) Heatmap of 
relative abundances of bacterial groups (approximate genus level) that differ significantly between donors 
and CDI patients before fecal transplant and at the end of the study (P<0.05).

31773 Nood.indd   107 22-12-14   10:31



Chapter 4

108

Differences in the microbiota were also found when compared at a higher 

resolution at the approximate genus level (Figure 2b). As expected, a pronounced 

contrast was found between healthy donors and pre-transplantation samples (day 

0). Relative abundances of 41% of the genus-level phylogenetic groups targeted 

by the HITChip were significantly different between donors and CDI patients 

before FMT (P<0.05). These differences were largely reduced after FMT, with only 

13% of all groups remaining different at day 70 (Supplementary Table 2). The 

microbiota of the CDI patients were characterized by a high level of signals derived 

from potentially pathogenic taxa belonging to the Proteobacteria (for example, 

Enterobacter, Klebsiella, Sutterella or Proteus spp.). After FMT, these groups returned 

to low levels comparable to those found in the microbiota of healthy individuals.

Effect of the donor microbiota on post-transplant ecosystem
To predict optimal features of a microbiota that leads to a successful FMT, we 

compared samples from patients that received material from the same donor 

(donor D4, n=4) and those receiving from different donors (n=5). The microbiota of 

D4 was stable between the different samples provided, with an average similarity 

index of 0.93±0.02, a value in line with those previously observed for healthy 

adults24 (Figure 3a).

When comparing the microbiota composition of patients and donors before FTM, 

those assigned to D4 and the ones assigned to different donors showed comparable 

low similarity values with their respective donors (r=0.35±0.19 or r=0.34±0.07, 

respectively). However, at the end of the trial, samples from patients assigned to 

D4 were found to be significantly more similar between them (r=0.73±0.05) than 

when comparing those receiving from different donors (r=0.65±0.04, P=0.01). 

Interestingly, at the end of the trial the similarity of patients' microbiota with their 

corresponding donors tended to be higher in patients receiving FMT from D4 

(r=0.79±0.08) than in those obtaining from other donors (r=0.66±0.11), although 

this difference was not significant (P=0.08) (Figure 3a). This suggests that some 

microbiota compositions may leave a more prevalent and stable imprint on the 

patients' fecal microbial composition, which is maintained even between different 

individuals.
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A more detailed analysis of the microbiota of D4 revealed a significantly higher 

abundance of Bacteroides spp. (more specifically those related to B. intestinalis, B. 

plebeius and B. uniformis) as compared with other donors, with average relative 

abundances of 3.81±0.31% for D4 and 1±0.12% for other donors (P=0.01).

Figure 3. 

A

    

B

    

Pearson’s similarity indices at the probe level of the HITChip microarray. (a) Similarity of microbiota 
composition of samples of donor D4 (four different FMT samples); donor D4 and other donors and CDI 
patients at day 0; CDI patients receiving from donor D4 and other donors at the end of the trial (*P=0.01); 
donor D4 and other donors and CDI patients at day 70. (b) Similarity of microbiota composition of all donors 
and CDI patients over time; similarity of samples from CDI patients at day 70 compared with their own day 0 
and their corresponding donor (*P=0.0001).

*

*
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Reshape and network dynamics of the microbial environment after FMT
As indicated above, FMT had an immediate repairing effect on the intestinal 

microbiota of CDI patients. To further investigate how microbes behave during 

transplant by looking at global dynamics triggered by the treatment, we developed 

an approach to identify potential signature bacterial characteristic of CDI as well 

as those responsible for microbiota restoration. These signature bacterial groups 

were selected based on their relative abundance (over 1%) and monitored 

throughout the duration of the study (Supplementary Figure 2; Figure 4). 'CDI 

signature' groups, initially accounting for almost half of the total microbiota of the 

patients at day 0 (41±22.1%), were reduced over fivefold just 14 days after FMT (to 

6.5±2.8%). Simultaneously, the 'donor signature' groups absent in CDI patients at 

day 0 increased to 22.8±8.4%. These changes were maintained for the 10-week 

duration of the study, as seen by the monitoring of the relative abundance of the 

different signature groups.

Figure 4. 

Figure 4. 

Reshape of the intestinal microbial environment as a result of fecal transplantation. Bacterial signature 
groups (relative abundance >1%) were followed up for a period of 10 weeks after FMT. Changes in ‘donor 
signature’, ‘CDI signature’, ‘donor+CDI (common)’ and ‘non-signature’ phylotypes over time.

Among the donor signature bacteria increasing in patients after FMT, members of 

the Bacteroidetes as well as butyrate producers from Clostridium clusters IV and XIVa 

were found, including those related to Fecalibacterium prausnitzii and Butyrivibrio 
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crossotus (Table 1). Among the CDI signature groups displaced by the intervention, 

we found populations of bacteria generally occurring at lower densities in the 

small intestine such as Enterococcus, Lactobacillus or Veillonella. Remarkably, the 

levels of potentially pathogenic bacteria were reduced, including C. difficile that 

dropped immediately from 4±2.1% at day 0 to 0.2±0.2% post transplantation, the 

latter values being similar to those found in healthy donors. Proteobacteria, such 

as Enterobacter aerogenes and Escherichia coli, changed from 4.6±9.9% at day 0 

to 0.1±0.1% 14 days after the intervention. These findings confirm an immediate 

shift from an ecosystem dominated by potentially pathogenic bacteria to a donor-

like microbiota.

An in-depth analysis of co- and anti-occurrence networks strengthened the 

concept of the phylum Bacteroidetes as an essential component in this process 

(Figure 5). A network formed by members of this phylum, central in the microbiota 

from healthy donors, was absent in networks of CDI patients at day 0, with members 

of this network being even below the selected threshold. Microbial networks 

observed in the fecal profiles of CDI patients were characterized by a dominance of 

potential pathogens such as Klebsiella pneumoniae and E. aerogenes, negatively 

correlated to known butyrate-producing bacteria such as Eubacterium rectale and 

Roseburia intestinalis. Network analyses after FMT showed that the Bacteroidetes 

cluster and its connections were successfully restored after FMT.

Stability of the intestinal microbiota after FMT

The intestinal microbial ecosystem restored by FMT stabilized quickly over time 

(Figure 3b). The microbiota of CDI patients was found to be stable from 14 days 

after FMT, with similarity indices typically found in healthy individuals (r=0.9±0.02 

s.d.). This stability was maintained throughout the 10 weeks post-transplant 

follow-up with no significant changes. As expected, at the end of the trial the 

microbial composition of patients resembled more their respective donors than 

each patient΄s own pre-transplant sample (day 0), with similarity indices of 0.7±0.1 

s.d. and 0.4±0.1 s.d., respectively (P=0.0001) (Figure 3b).
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Table 1. Signature bacterial groups of donors and CDI patients’ microbiota

Donor signature (total 44 %) CDI signature (total 41%) Common >1% (total 44%)

Actinobacteria Bifidobacterium

Bacteroidetes Allistipes et rel.  

 Bacteroides vulgatus et rel.  

 Parabacteroides distasonis et rel.  

Prevotella melaninogenica et rel.

Firmicutes

Bacilli Enterococcus Streptococcus bovis et rel.

 Lactobacillus plantarum et rel.

 Lactobacillus salivarius et rel.

 Streptococcus intermedius et rel.

  Streptococcus mitis et rel.

Clostridium 
cluster I

 Clostridia

Clostridium 
cluster IV

Faecalibacterium prausnitzii et rel. Clostridium orbiscindens et rel.

 Oscillospira guillermondii et rel.  

Ruminococcus callidus et rel.

 Sporobacter termitidis et rel.  

 Subdoligranulum variable at rel.  

Clostridium 
cluster IX

 Veillonella

Clostridium 
cluster XI

 Clostridium difficile et rel.

Clostridium 
cluster XIVa

Butyrivibrio crossotus et rel. Anaerostipes caccae et rel.

 Eubacterium ventriosum et rel. Bryantella formatexigens et rel.

 Lachnobacillus bovis et rel. Clostridium nexile et rel.

 Clostridium sphenoides et rel.

 Clostridium symbiosum et rel.

 Coprococcus eutactus et rel.

 Dorea formicigenerans et rel.

 Eubacterium hallii et rel.

 Eubacterium rectale et rel.

 Lachnospira pectinoschiza et rel.

 Outgrouping clostridium cluster 
XIVa

 Roseburia intestinalis et rel.

 Ruminococcus gnavus et rel.

 Ruminococcus obeum et rel.

Uncultured 
Clostridiales

Uncultured Clostridiales I
Uncultured Clostridiales II

 
 

Proteobacteria Enterobacter aerogenes et rel.

 Klebisiella pneumoniae et rel.

 Proteus et rel.

  Sutterella wadsworthia et rel.

Donor, CDI and common signature groups (that is, those present in both donors and CDI patients above 
threshold) add up to 44%, 41% and 44% of the total microbiota before transplantation, respectively. 
Signature groups highlighted in red were detected at the end of the study above a threshold of 1% relative 
abundance. Groups shown in blue were reduced (<1%) or depleted after fecal transplantation.
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Figure 5 

Bacterial networks of (a) donors, (b) patients before FMT and (c) patients for 5 weeks after treatment. Shown 
groups with Spearman correlations >|0.8| and relative abundance >0.1% in at least 50% of the samples. Green 
lines and red lines indicate co- and anti-occurrence respectively (that is, positive and negative correlations).
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Figure 6. 

•   Principal component analysis of CDI patients over time based on their microbiota composition. First and 
second ordination axes are plotted, explaining 30 and 10% of the variability in the data set, respectively.  
(b) Principal response curve analysis summarizing the differences in total microbiota composition between 
patients and their respective donors over time. The graph shows 35% of all time-dependent differences in 
microbiota composition between patients and their donors. Bacterial groups shown are the main drivers 
of the differences between patients and donors: groups that have a positive weight on the response curve 
follow the observed curves, whereas those with negative weights follow the opposite pattern.
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To visualize the global changes of the microbiota of CDI patients after fecal 

transplant throughout the follow-up period, we performed a multivariate 

analysis specifically geared towards visualization of trends over time. A principal 

component analysis (Figure 6a) demonstrated that patients’ samples immediately 

shift and stabilize after FMT towards those from the healthy donor. A principle 

response curve (PRC, Figure 6b) further confirmed our previous observations that 

samples at day 0 of patients were highly different from those of their donors and 

that these differences globally decreased over time, were patients tended to have 

a microbiota more in line with that of a healthy donor. The main components of 

the observed changes in composition were Bacilli (mostly small intestinal bacteria) 

and Proteobacteria (including vancomycin-resistant and potentially pathogenic 

bacteria). The direction of change of these groups over time was opposite to 

that of the Bacteroidetes and several members of the Clostridium clusters IV and 

XIVa, including F. prausnitzii, E. rectale, R. intestinalis and other known butyrate-

producing bacteria.

Discussion

In this study we showed that FMT by donor feces infusion results in a normalization 

of the disturbed microbiota as seen in patients with longstanding recurrent CDI. 

In particular diversity, including richness and evenness, significantly reduced in all 

patients before FMT, recovered to normal values immediately after treatment. We 

were also able to identify specific signature groups and networks of bacteria that 

could be involved both in the development of an ecosystem prone to recurrences, 

as well as in the restoration of a healthy microbiota after donor feces infusion.

In CDI the use of broad-spectrum antibiotics is believed to create an ecosystem 

that deviates from the normal predominance of members of the Bacteroidetes and 

Firmicutes to a one dominated by Bacilli and Proteobacteria.33, 42 The microbiota 

of CDI patients is characterized by an absence or reduction of Bacteroidetes 

spp., as observed both by cultivation43  as well as with 16S rRNA gene-targeted 

molecular approaches.17, 44 This was confirmed in our study, where patients at 

day 0 showed significant reduction in the relative abundance of several groups 

belonging to the Bacteroidetes, as well as displaying complete absence of the 

central co-occurrence networks involving these bacteria. Bacteroides spp. have 
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been shown to have a role in the resistance against C. difficile infection 43, 45, 46  and 

are involved in carbohydrate metabolism and regulation of immune functions.47-49 

In mice, Bacteroides was found to be one of the genera involved in the recovery 

of disease after bacteriotherapy using a mix of bacteria.50 These results in mice 

suggest that not a complete microbiota is needed, which may be promising for 

future therapeutic developments. In a mouse model for obesity, B. uniformis was 

found to reduce metabolic and immune dysfunction.51

In our study, the microbiota of CDI patients before FMT was also characterized by 

an abnormal overgrowth of Proteobacteria, with considerably higher amounts of 

low-level pathogens such as E. aerogenes and related species. Network analyses of 

samples at day 0 were dominated by potential pathogens such as K. pneumoniae. 

This proteobacterial overgrowth could lead us to hypothesize a constant low-grade 

intestinal inflammation that prevents the microbiota to return to a homeostatic 

status. An increase in Proteobacteria has also been reported in several models of 

antibiotic treatment and in obesity-induced inflammation.52-54

An enrichment of bacteria generally associated with the small intestine, such as 

Veillonella, Streptococcus or Lactobacillus species, was previously observed in 

patients with recurrent CDI before FMT.17, 55 Many of these trends can be explained 

by the history of antibiotic use of these patients 7, as most Lactobacillus spp. are 

intrinsically resistant to vancomycin.56 In our study, bacteria related to Lactobacillus 

plantarum and Streptococcus intermedius had relative abundances that were 

between 3 and 50-fold higher in CDI patients than in healthy donors, returning to 

levels more similar to those observed in donor samples after FMT.

As already mentioned, extended periods of antibiotic treatment have a profound 

impact on the microbiota composition, which makes it very difficult to separate 

signature groups owing to the treatment or the disease. In an attempt to uncouple 

these signatures we compared the microbiota composition of a group of healthy 

volunteers, receiving a standard vancomycin treatment without developing 

CDI, with that of the CDI patients at day 0. We were able to assess differences 

in microbiota composition that could be a trigger for the development of 

recurrent CDI.7 These differences were found predominantly in species within the 

Bacteroidetes (sixfold higher in non-CDI patients, P=0.009), and the Firmicutes, 

more specifically members of the Clostridium clusters IV and XIVa (6.5-fold and 
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11-fold higher, respectively, in non-CDI patients, P<0.002). Species related to the 

Clostridium cluster IX butyrate producer Megasphaera elsdenii were found 10-fold 

higher in non-CDI subjects as compared with CDI patients (P=0.01). Butyrate is a 

short-chain fatty acid shown to have signalling and protective effects on the gut.57, 

58 A deficiency of butyrate in the colon can promote growth and toxin production 

of C. difficile ,52 whereas its delivery to the colon decreases pain sensation.58 This 

comparison of subjects undergoing antibiotic treatment that leads (or not) to CDI 

is key for understanding the role of different microbial groups in its pathogenesis, 

as well as for identifying potential factors for recurrence, and it is currently under 

research.59

Fecal transplantation triggered a therapeutic reset in the intestinal community of 

our patients. By defining a threshold to identify ‘donor signature’ and ‘CDI signature’ 

bacterial groups, we were able to monitor the reshaping of the transplanted 

microbiota over time. As a result of FMT, members of the Bacteroidetes showed 

the most substantial changes. Networks including these groups, absent in 

day 0 samples, were immediately re-established after FMT as a central and key 

component of the co- and anti-occurrence networks. Donor signature bacterial 

groups were identified including bacteria often associated with health (for example, 

the potentially anti-inflammatory F. prausnitzii)60 as well as microbes associated 

with different steps of the complex carbohydrate fermentation scheme, such as 

primary complex carbohydrate degradation or secondary fermenters, like butyrate 

producers. Assessing a resilient and stable colonization of the gastrointestinal tract 

by a healthy microbiota and its networks is the key to identify an optimal ‘healthy’ 

microbiota composition, ideal for a successful FMT.7, 61, 62

A previous study using denaturing gradient gel electrophoresis revealed a durable 

establishment of donor bacteria up to 24 weeks post transplantation, with slight 

changes in the composition over time.44 In our study, using a more comprehensive 

microarray-based profiling approach, we confirmed that the microbiota of CDI 

patients stabilized immediately after FMT, by adopting specific donor signatures 

that are stably maintained over time.

In addition, our findings suggest that there is a role of the donor microbiota 

composition in the outcome of FMT. Although all patients successfully recovered, 

a microbiota imprint could be observed, where some donors can make a larger 

impact on the microbiota compared with others. Donor D4 seemed to create 
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a more prevalent and stable environment as compared with other donors over 

time. An in-depth analysis of D4 microbiota revealed a four-time higher relative 

abundance of Bacteroides spp. (that is, those related to B. intestinalis, B. plebeius 

and B. uniformis) compared with other donors. In contrast, groups generally 

considered pathogenic, such as B. fragilis and B. vulgatus, were not found 

significantly higher in this donor. The higher stability could lead to hypothesize 

into what makes a better microbiota composition to be used for FMT, and which 

are the drivers for a durable and stable recovery. Future larger and longer studies 

are needed to increase our understanding in the effect of donor microbiota on 

treatment outcome, enabling to look at functions of microbes within a group to 

select the ‘perfect donor composition’ for treatment of CDI.

As demonstrated in this study, the identification of bacterial signatures and central 

networks as drivers for the restoration of a healthy intestinal microbiota, as well 

as the dynamics of FMT, could allow us to predict the success of the treatment. 

Overall, we identified the existence of key groups and networks that represent 

ecosystem and metabolic drivers, and are likely to be central for the development 

of recurrent CDI or the maintenance of homeostasis in the microbiota of healthy 

individuals, and could be therefore used as predictors of recurrence and treatment 

outcomes. These results could lead not only to early diagnostics of CDI recurrence 

but also to the development of novel general or individualized targeted treatment 

strategies. This could ultimately lead to the identification of a defined and essential 

microbial core as a cure for CDI patients in next-generation therapies,11 identifying 

and selecting signature bacterial groups sufficient for treating this potentially fatal 

disease.
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Supplementary Materials & Methods

1.1 Microbiota analysis
DNA was isolated from fecal samples as previously described (Salonen et al, 2010) 

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 more than 

1,100 intestinal bacterial phylotypes (Rajilic-Stojanovic et al, 2009). This microarray 

provides information regarding both composition and relative quantity of bacteria 

that make up the human intestinal tract communities. Full-length 16S rRNA genes 

were amplified, and PCR products were in vitro transcribed into RNA, labeled with 

Cy3 and Cy5 and fragmented. Hybridizations were performed in duplicate, and data 

was extracted from microarray-scanned images using Agilent Feature Extraction 

software, version 10.7.3.1 (http://www.agilent.com). Array normalization was 

performed as previously described using a set of R-based scripts (http://r-project.

org) in combination with a custom designed relational database which runs under 

the MySQL database management system (http://www.mysql.com) (Jalanka-

Tuovinen et al, 2011). Duplicate hybridizations with a Pearson correlation >98% were 

considered for further analysis. Ward’s minimum variance method was used for the 

construction of hierarchical clusters of the total microbiota probe profiles, with the 

distance matrix being based on complete observation correlations. 

1.2 Principal response curve (PRC)
Principal Response Curve analysis (PRC)(van den Brink and ter Braak, 1999) is an 

analysis of repeated measurements data. It differs from standard repeated measures 

in that there is more than one response variable. In our analysis there were 130 

response variables (relative abundances of 130 microbial taxa). A standard PRC 

takes one of the treatments as control treatment and expresses the time course of 

the mean difference between each treatment with the control. The difference is 

measured in terms of a new variable that linearly combines the relative abundances 

of taxa, after logarithmic transformation, to a new single variable. The taxa with large 

deviations weigh high in this combination while taxa that have equal amounts in 

patients and donors  have zero weight. The weights of the taxa are obtained by an 

Eigen analysis known as partial redundancy analysis(Legendre and Legendre, 2012) 

and the in absolute value largest ones are plotted vertically at the right-hand side 

of the PRC graph. In our analysis, patients were taken as treatments which are then 
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to be compared with their respective donors. The resulting PRC graph shows nine 

time-courses, one for each patient, representing how the differences between 

the microbial composition of the patients and their donor developed in time. 

Numerically, a deviation for a particular patient (p), time (t) and taxon (k), as fitted 

by PRC, is the product of the coefficients b
k
 and c

pt
 issued by PRC. Here b

k
 is the 

weight of the kth taxon  and c
pt

  is the coefficient of the  pth patient at the tth time 

(k=1,…,130; p = 1,…,9 and t= 1,…, 5). In our analysis the five time points are 0, 14, 

21, 35, and 70 days after transplant. Because of the initial transformation to natural 

logarithm, the fitted amount in the patient at time t is exp(b
k
 * c

pt
) times that in the 

donor (van den Brink and ter Braak, 1999).  The quality of the PRC (explained variance 

percentage) measures how well these fitted amounts compare to the amounts 

observed in the data and is expressed as percentage. To our best knowledge, this 

is the first PRC analysis that does not compare treatments to a single control. In our 

PRC analysis, each particular patient (treatment) is compared to its particular donor. 

This is achieved by adjusting the analysis by a factor, each level of which comprises 

all measurements of a donor and the receiving patient. 

The PRC was carried out using Canoco 5(ter Braak and Šmilauer, 2012) as follows. 

PRC requires the control treatment to be repeatedly measured. Therefore, the 

measurements of each donor were duplicated as many times in the data as needed to 

ensure that for each measurement of a receiving patient there was a corresponding 

donor measurement of the same day. This modification of the data does not invalidate 

the analysis as PRC focusses on the patient-donor differences after adjusting for the 

differences among days. After this modification, we defined a factor “treatment”, with 

as the base level donor and nine other levels coding for patients, and a factor “time” 

with levels coding for the days of measurement. This is the standard PRC setup with 

model formula “responses ~ treatment + treatment.time | time”, where ~ stands for 

“is modelled as a function of” and “|” denotes “conditional on”. We modify the model 

to “responses ~ treatment + treatment.time | (time + donor group)”, where donor 

group is a factor, each level of which comprises all measurements of a donor and 

the receiving patient. PRC is closely related to another recently developed method: 

ANOVA-simultaneous component analysis (ASCA)(Jansen et al, 2005; Smilde et al, 

2005). It differs from ASCA in that PRC sets the control treatment to 0, whereas ASCA 

sets the mean of the coefficients to 0. This has no effect on the fitted differences. 

Moreover, PRC is more general than ASCA in that it can analyze unbalanced data 

such as ours; not all patients are measured at all five time points.
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Supplementary Table 2: Microbial groups that differ significantly between healthy donors and CDI patients 
(before (day 0) and after (day 70) fecal microbiota transplantation). 

Relative contribution (% ±SD)

Phylum/Class Genus-like Donor Day 0 Day 70

Actinobacteria Collinsella 0.26 ±0.21 0.12a ±0.53 0.24 ±0.56

Bacteroidetes Allistipes et rel. 1.35 ±0.80 0.26a ±0.92 2.62* ±1.34

Bacteroides fragilis et rel. 0.26 ±0.21 0.69a ±0.62 2.69a* ±3.13

Bacteroides intestinalis et rel. 0.56 ±0.48 0.08a ±0.38 0.97* ±0.56

Bacteroides ovatus et rel. 0.47 ±0.38 0.21a ±0.96 2.81* ±4.15

Bacteroides plebeius et rel. 0.94 ±0.78 0.12a ±0.49 1.73* ±0.73

Bacteroides splachnicus et rel. 0.46 ±0.29 0.22a ±0.82 1.49* ±1.20

Bacteroides stercoris et rel. 0.26 ±0.25 0.16a ±0.52 1.10* ±0.66

Bacteroides uniformis et rel. 0.74 ±0.68 0.22b ±0.24 2.00* ±1.45

Bacteroides vulgatus et rel. 1.05 ±1.12 0.06a ±0.26 1.34* ±0.81

Parabacteroides distasonis et rel. 1.11 ±0.76 0.32a ±1.34 2.70* ±1.93

Prevotella oralis et rel. 0.20 ±0.12 0.21a ±0.87 0.76* ±0.59

Prevotella ruminicola et rel. 0.14 ±0.07 0.11a ±0.52 0.77a* ±0.76

Prevotella tannerae et rel. 0.69 ±0.48 0.17a ±0.78 2.36* ±2.96

Tannerella et rel. 0.33 ±0.22 0.06a ±0.22 0.85a* ±0.43

Firmicutes

Bacilli Aerococcus 0.00 ±0.00 0.11a ±0.09 0.01b ±0.01

Bacillus 0.00 ±0.00 0.10b ±0.08 0.01b ±0.02

Enterococcus 0.00 ±0.01 3.84b ±1.98 1.04b ±1.54

Granulicatella 0.00 ±0.00 0.20a ±0.12 0.02b ±0.04

Lactobacillus plantarum et rel. 0.04 ±0.12 5.65b ±17.9 0.10 ±0.16

Lactobacillus salivarius et rel. 0.00 ±0.00 1.41b ±2.53 0.03b ±0.03

Streptococcus intermedius et rel. 0.08 ±0.11 2.86a ±2.86 0.84 ±0.95

Weissella et rel. 0.00 ±0.00 0.13a ±0.47 0.03 ±0.05

Clostridium cluster III Clostridium stercorarium et rel. 0.54 ±0.24 0.07a ±0.26 0.26 ±0.28

Clostridium cluster IV Anaerotruncus colihominis et rel. 0.20 ±0.09 0.01b ±0.04 0.17* ±0.15

Clostridium cellulosi et rel. 0.81 ±0.33 0.07b ±0.23 0.88 ±1.05

Clostridium leptum et rel. 0.44 ±0.27 0.03b ±0.05 0.53* ±0.56

Eubacterium siraeum et rel. 0.48 ±0.47 0.01b ±0.06 0.02b ±0.03

Faecalibacterium prausnitzii et rel. 15.60 ±8.92 0.69b ±2.52 3.32a ±4.47

Oscillospira guillermondii et rel. 5.22 ±5.30 0.08b ±0.13 3.00* ±2.86

Ruminococcus bromii et rel. 0.27 ±0.26 0.05a ±0.22 0.55 ±0.76

Ruminococcus callidus et rel. 1.99 ±1.41 0.00b ±0.03 0.71 ±0.97

Sporobacter termitidis et rel. 1.28 ±1.46 0.05b ±0.07 1.00* ±1.22

Subdoligranulum variable at rel. 3.02 ±1.21 0.16b ±0.19 0.77a ±0.87

Clostridium cluster IX Peptococcus niger et rel. 0.04 ±0.03 0.00b ±0.00 0.00a ±0.01
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Relative contribution (% ±SD)

Phylum/Class Genus-like Donor Day 0 Day 70

Clostridium cluster XIVa Clostridium colinum et rel. 0.40 ±0.30 0.04b ±0.01 0.31* ±0.36

Clostridium sphenoides et rel. 2.26 ±1.11 1.10a ±0.67 2.31 ±2.01

Eubacterium ventriosum et rel. 2.02 ±0.73 0.68a ±1.55 1.23 ±0.55

Lachnobacillus bovis et rel. 2.15 ±1.14 0.34b ±0.57 1.15 ±0.58

Roseburia intestinalis et rel. 2.23 ±0.59 1.78a ±2.03 2.27 ±1.53

Ruminococcus lactaris et rel. 0.58 ±0.44 0.27a ±0.24 0.87* ±0.64

Clostridium cluster XV Anaerofustis 0.00 ±0.00 0.08b ±0.13 0.01b ±0.01

Eubacterium limosum et rel. 0.00 ±0.00 0.34b ±1.53 0.01 ±0.04

Clostridium cluster XVI Bulleidia moorei et rel. 0.00 ±0.00 0.06a ±0.16 0.01 ±0.02

Eubacterium cylindroides et rel. 0.00 ±0.00 0.13 ±0.49 0.03a ±0.06

Unc. Clostridiales Uncultured Clostridiales I 2.67 ±3.09 0.00b ±0.00 0.10a ±0.27

Uncultured Clostridiales II 1.50 ±0.96 0.00b ±0.02 0.66* ±0.66

Proteobacteria Enterobacter aerogenes et rel. 0.00 ±0.01 1.93b ±2.44 0.02 ±0.05

Escherichia coli et rel. 0.00 ±0.00 0.79b ±2.26 0.20b ±0.36

Haemophilus 0.00 ±0.00 0.02a ±0.05 0.00a ±0.01

Klebisiella pneumoniae et rel. 0.00 ±0.00 1.00a ±1.32 0.08 ±0.17

Proteus et rel. 0.00 ±0.00 1.22a ±0.37 0.00 ±0.00

Vibrio 0.00 ±0.00 0.07b ±0.06 0.00a ±0.01

Yersinia et rel. 0.00 ±0.00 0.31a ±0.47 0.04 ±0.09

Verrucomicrobia Akkermansia 0.03 ±0.01 0.20a ±0.04 0.06 ±0.06
ap values <0.05; bp values <0.01; *Groups significantly different in CDI patients’ microbiota before and after 
fecal transplantation.

Supplementary Table 3: Pearson correlation at the probe level of the HITChip data for native fecal samples 
and infusion samples used for FMT (i.e. solutions made from native fecal samples). 

Infusion used in FMT Pearson

Infusion1 0.89

Infusion2 0.88

Infusion3 0.84

Infusion4 0.82

Infusion5 0.88

Infusion6 0.96

Infusion7 0.91

Supplementary Table 2: Continued
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Supplementary Table 4: Changes in diversity (Shannon index) of Clostridium clusters IV and XIVa over time. 
Diversity indices were calculated with the relative abundances (at the genus-like level) of the bacterial 
groups present in the HITChip microarray included in these Clostridium clusters.

Diversity C. cluster IV C. cluster XIVa

Donors 1.57 ± 0.29 2.66 ± 0.17

Day0 1.38 ± 0.33 2.46 ± 0.20

Day14 1.74 ± 0.27 2.54 ± 0.17

Day21 1.74 ± 0.34 2.60 ± 0.10

Day35 1.83 ± 0.27 2.65 ± 0.14

Day70 1.86 ± 0.21 2.30 ± 0.26

Supplementary Figures

Supplementary Figure 1: Hierarchical clustering (with heatmap) of patients fecal sample profiles and their 
corresponding donor.
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Supplementary Figure 2: Reshape of the intestinal microbial environment as a result of faecal transplantation. 
Bacterial signature groups (relative abundance >1%) were followed up for a period of 10 weeks after FMT. 
Changes in “Donor signature”, “CDI signature” and “Donor+CDI (common)” phylotypes over time (non-stacked 
barplot version with error bars of Figure 3 in the manuscript).
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Abstract

Recurrent Clostridium difficile infection (CDI) poses a health threat to patients 

and a health care burden to society. Fecal Microbiota Transplantation (FMT) or 

donor feces infusion is a promising treatment modality to treat recurrent CDI. 

Cost-effectiveness and cost-utility analyses were performed comparing FMT with 

conventional antibiotic therapy with vancomycin, with or without a whole bowel 

lavage.  Analyses were performed from a societal perspective with the costs per day 

free of diarrhoea, and the costs per quality adjusted life-year as primary outcome 

measures. The original trial was prematurely stopped because of overwhelming 

clinical evidence in favour of FMT. Based on available data at the moment of trial 

termination, the extra costs per day free of diarrhea amounted to €19.5, while the 

extra costs per QALY equalled €20,111, with the assumption that patients failing on 

vancomycin treatment remain untreated. Accounting for downstream treatment 

costs of non-response to vancomycin, mean cost savings of €429 per patient 

were observed. Donor feces infusion is an efficient health care intervention when 

compared to conventional therapy with vancomycin, with or without bowel lavage. 
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Background

Clostridium difficile infection (CDI) is the most prominent cause of antibiotic 

associated diarrhea.1 Infections are mostly seen as secondary infection in patients 

who are initially admitted and treated with broad spectrum antibiotics for other 

illnesses. A small proportion of patients is admitted for an initial (primary) CDI. Both 

primary and secondary infections are linked to a marked increase in hospital costs. 

Although there is considerable variability in registration due to sample size and 

variation in comorbidity, several studies demonstrate, on average, a doubling of 

hospital costs when a nosocomial C. difficile infection (secondary CDI) is involved.2-5 

Increased length of stay, nursing in isolation or development of severe CDI are 

independent contributing factors for increasing hospital costs. In persistent disease 

with recurrent relapses costs increase even further.6 Previous data have estimated 

the cost of recurrent disease at 3000 dollars  per episode,7 but with the increase of 

hypervirulent strains, and the increasing older population, the attributable costs of 

recurrent disease are currently deemed higher and are estimated around 11.000 

dollars.6 

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.8, 

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

or diminished abundance of intestinal flora are held responsible.10-13

Suggested therapies are longer courses of tapered vancomycin regimens, 

immunoglobulin infusions, or newer antibiotics such as fidaxomicin.14, 15 However, 

for recurrent disease, these treatment strategies are not evidence based.  An 

ultimatum refugium is often found in a donor feces infusion or Fecal Microbiota 

Transplantation (FMT), in which a suspension of feces from a healthy, screened 

donor is infused in the bowel.16-18 Numerous case reports and case series as well 

as a recent trial report impressive success rates of  more than 90%.19-21  Alongside 

this trial cost-effectiveness and cost-utility analyses were planned to assess the 

efficiency of FMT against conventional antibiotic treatment with vancomycin in 

patients with CDI. 
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Methods

Design of clinical study
The design and clinical outcomes of the trial have been extensively reported 

elsewhere.22 In short, patients with a proven relapse of CDI, both in and outside 

the hospital, were either randomised to an experimental treatment with donor 

feces infusion, or a conventional treatment with vancomycin; the latter was given 

solely or combined with a whole bowel lavage. The intervention arm, in which 

donor feces infusions were given, consisted of pre-treatment with four days of 

oral vancomycin (500 mg qid), followed by whole bowel lavage, and a donor feces 

infusion through a nasoduodenal tube. Feces of screened, healthy volunteer donors 

were used. Patients who failed after a first infusion were given a second infusion. 

Follow up was 10 weeks. Patients who failed in one of the two antibiotic arms were 

offered a donor feces infusion off protocol. The study was prematurely stopped 

following an advice of the safety committee, due to the overwhelming contrast in 

response among the different intervention groups in favor of donor feces infusion. 

Type of economic evaluation, perspective and time horizon
The economic evaluation of donor feces infusion was performed as a cost-

effectiveness as well as a cost-utility analysis with the costs per day free of diarrhea 

and the costs per quality adjusted life year (QALY) as primary outcomes respectively. 

The cost-effectiveness analysis enables the comparison of different interventions 

for patients with CDI, while the cost-utility analysis enables the comparison of 

different interventions across different patient populations and different health 

care settings. Both analyses were performed from a societal perspective with a 

time horizon of 10 weeks. The societal perspective was chosen to include the non-

reimbursable expenses made by patients; however, production losses resulting 

from sick leave from work were marginally addressed, because of the high average 

age of patients. In view of the episodic nature of CDI, a 10-weeks’ time horizon was 

considered sufficiently long to observe potential recurrent disease of the initial 

CDI episode. 

The comparator
In the clinical study, donor feces infusion was both compared to (i) vancomycin-

only treatment as well as to (ii) vancomycin treatment with bowel lavage. Because 

a whole bowel lavage was part of the donor feces infusion protocol, differences in 
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health effects with vancomycin only treatment as most prevailing practice in the 

Netherlands could theoretically originate from the bowel lavage rather than the 

donor feces. Hence, the second comparator was added to enable the attribution of 

differences in health effects to the use of donor feces. In the economic evaluation, 

both antibiotic treatment groups (vancomycin only and vancomycin combined 

with bowel lavage) were pooled into a single comparator for donor feces infusion. 

Both vancomycin regimes showed similar clinical results,22 the extra costs of the 

bowel lavage was limited to just €16, and pooling of the comparators reduced 

the uncertainty that resulted from the small patient numbers following the early 

stopping of the trial. 

Used resources and data gathering
Volumes of antibiotic treatment, bowel lavage, donor feces infusion, tube placement, 

inpatient hospital stay, days spent in isolation, outpatient hospital treatment and 

out-of-hospital treatment (by general practitioner, dietician, social worker, other) 

were gathered with clinical report forms and patient questionnaires taken at days 0, 

14, 35 and 70. Following failure of therapy no further questionnaires were taken. Also, 

if a patient failed on one of the two conventional antibiotic arms and was offered 

a donor feces infusion off protocol, no further questionnaires were taken. Potential 

donors were screened extensively. Donors were unpaid volunteers and completed 

a questionnaire to exclude persons with a lifestyle that might have put them at 

risk for contracting or carrying infectious diseases. Feces and blood of donors were 

screened for pathogenic organisms that could be transferred through a donor feces 

infusion. In order to prevent costly screening for all pathogens, feces of donors were 

initially screened for parasites, Clostridium difficile, and enteropathogenic bacteria. If 

no pathogens were found, potential donors were subsequently screened in blood 

for the presence of antibodies against the Human Immunodeficiency Virus (HIV), 

human T-cell lymphotropic virus (HTLV) types 1 and 2; hepatitis A, B and C virus; 

cytomegalovirus (CMV); Epstein-Barr virus (EBV); Treponema pallidum; Strongyloides 

stercoralis; and Entamoeba histolytica. Additional testing was performed if a CMV 

IgG test or a total hepatitis A test was positive (IgM for CMV, IgM for hepatitis A) 5% at 

maximum of all donors), to discriminate between a chronic and an acute infection. 

Recipients of donor feces were also screened for CMV and EBV.

Out-of-pocket expenses for non-reimbursable resources like over-the-counter 

medication, adjusted diet, home care or domestic help, devices (e.g. bedpan) and 
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health care related travel were gathered with an adapted version of the Dutch 

Health and Labour questionnaire.23 Patients reported the out-of-pocket expenses 

spent, not the related volumes of resources. As expected, the age of patients at 

inclusion was high; production losses associated with C. difficile infection were 

measured with the same questionnaire, but were annotated rather than reported. 

Unit costing
Unit costs of FMT included the unit costs of the (patient and donor) screening 

tests, bowel lavage, four days of vancomycin treatment, and the infusion of donor 

feces through a nasoduodenal tube. A bottom-up unit costing exercise in the trial 

coordinating center was performed that reflected the costs of personnel, material 

and overhead of the donor feces infusion protocol. FMT was offered to outpatient 

patients in day care setting, for which the unit costs of a single day care treatment 

(see below) was added. Unit costs of the different vancomycin regimens (500 mg 

four times daily for four days in case of donor feces infusion, or alternatively, 14 days 

of 500 mg four times daily for the comparator treatment) were based on the Dutch 

Pharmacotherapeutic Compass.

The unit costs of different cost components (hospital inpatient day, day care 

treatment, days spent in a nursing home, hospital visits, providers of extramural care) 

were taken from the Dutch costing guideline for health care research.24 The unit 

costs of nursing in isolation per inpatient hospital day were derived from research 

on screening for Staphylococcus aureus infection25; these unit costs were further 

differentiated to cover the higher cleaning costs of preventing further spread of the 

CDI. The out-of-pocket expenses were estimated from the patients’ self-reports on 

the provided questionnaires in Euros per week and per type of non-reimbursable 

resource used. These costs were multiplied with the number of weeks in-between 

successive measurements and summed over the follow-up period. Unit costs were 

expressed in Euros for the base year 2014; unit costs from other calendar years 

were price indexed using the national general consumer price indices as published 

by Statistics Netherlands (statline.cbs.nl/StatWeb/publication/?PA=71311ned; 

September 2014, access date November 9th, 2014). 

Outcomes
The number of days without diarrhea during the study period was counted. The 

number of days free from failure was calculated as free of diarrhea, the maximal 
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amount of days without diarrhea was 70. The health status of patients was 

additionally measured with the EQ-5D (The EuroQol Group, 1990), at day 0 and 

at days 14, 35 and 70 following intervention. The EQ-5D measured to what extent 

(none, some, serious) patients experienced problems for each of the following 

dimensions: mobility, self-care, usual activities, pain/discomfort, or mood (anxiety/

depression). If a patient failed in one of the conventional antibiotic arms, and 

received a subsequent FMT no further questionnaires were taken.  For these 

situations two different scenarios were applied to the remainder of the follow-up. 

In the base case scenario it was assumed that patients did not receive a donor 

feces infusion, and their health status had returned to its original level before 

initiation of treatment (realistic scenario). In a second scenario it was assumed that 

patients did not receive a donor feces infusion, and that the last available health 

status assessment prior to failure would be representative for the remainder of the 

follow-up period (optimistic scenario). The valuations – in terms of assigning health 

utility scores - of the observed and partially assumed EQ-5D scoring profiles were 

derived from previous research based on the time trade-off elicitation technique 

during interviews with adults from the general population. Health utilities for Dutch 

inhabitants were used in the primary analysis26 (range: -0,323 for serious problems 

in all domains to 1 for no problems at all in any domain; death takes the value of 0); 

alternatively,  the internationally frequently used health utilities for UK inhabitants 

were applied 27 (ranging from -0.59 to 1 with death taking the value of 0). To calculate 

the number of QALYs per patient, the product sum of the derived health utilities 

with the lengths in years of the periods between the actual measurements and the 

previous ones was taken. The quality-adjusted life year (QALY) is routinely used as a 

summary measure of health outcome for economic evaluation, which incorporates 

the impact on both the quantity and quality of life. Each year in perfect health is 

assigned the value of 1.0 down to a value of 0.0 for being dead.

Confidence intervals
Because of skewed distributions and to account for uncertainty resulting from 

sampling variability, differences between groups were assessed by calculating 95% 

confidence intervals for the mean differences after correction for bias and using 

accelerated non-parametric bootstrapping, drawing 1,000 samples of the same 

sizes as the original groups (17 patients in the donor feces infusion group and 

26 patients in the vancomycin with or without whole bowel lavage group) with 

replacement.
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Analyses
Patient characteristics in the comparator groups at baseline were compared with the 

Chi-square test for categorical data and the Student’s T-test for numerical data. The 

extra costs per additional day free of diarrhea and the extra costs per additional QALY 

were calculated for FMT in comparison with the pooled vancomycin treatments. 

Bootstrap results for the extra costs per additional QALY were reported with a cost-

effectiveness figure with differences in costs on the Y-axis and differences in QALY 

on the X-axis. Subsequently, a cost-effectiveness acceptability curve for donor feces 

infusion was derived, expressing the probability of donor feces infusion being cost-

effective for various levels of society’s willingness-to-pay per QALY (ranging from € 

0 to € 100,000 per QALY).

Scenario analyses were performed to study the impact of applying the international 

health utilities and of applying the optimistic scenario for a patient’s health status 

following failure of vancomycin treatment. A sensitivity analysis was performed 

to account for the downstream cost-consequences of off-protocol donor feces 

infusion to patients who failed on vancomycin treatment. The primary analysis was 

limited to the time horizon of 10 weeks. If patients failing on vancomycin treatment 

with or without bowel lavage were to be left untreated, then the negative health 

effects would endure beyond this limited time horizon of 10 weeks, which should 

then have to be prolonged to provide an unbiased comparison of donor feces 

infusion with the combined vancomycin group. Instead of prolonging the time 

horizon, the costs of treating patients with donor feces infusion after failure of the 

vancomycin regimen were estimated. A second sensitivity analysis was performed 

to account for potential differences at baseline in health utility levels of the 

compared study groups. This was accomplished by assuming that in absence of 

treatment the baseline health utility levels would not have changed during the 10 

week’s time horizon. Their QALY equivalents (the baseline health utility levels times 

10, divided by 52) were subtracted from the actual QALYs calculated for patients 

and a new comparison was made. Given low patient numbers of this study no 

subgroup analyses were performed. 
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Results

Patient characteristics
Table 1 shows the baseline demographic and clinical characteristics in the 

comparator groups. Patients receiving FMT were slightly older and showed higher 

baseline health utility. As for the other characteristics, these differences were not 

significant, but the sample sizes are low. The probable clinically relevant difference 

in health utility level may bias the QALY results in favor of donor feces infusion. 

Direct medical costs and out-of-pocket expenses
Table 2 shows the unit costs, the mean use of health care and the related mean costs 

per patient for both the donor feces infusion group (n=17) and the vancomycin 

group with or without whole bowel lavage (n=26). Also, the mean out-of-pocket 

expenses by patients themselves are displayed. The unit costs of FMT excluding the 

unit costs of day care treatment were €1,184. It encompassed the costs of screening 

(€547), the material costs of bowel lavage, vancomycin and nasoduodenal tube 

(€592) and the personnel costs of preparation of the fecal suspension and tube 

placement (€45), all including 25% overhead. On average, patients needed 1.12 feces 

infusions, costing €1,324. The mean costs of the combined comparator treatments 

of vancomycin with or without bowel lavage amounted to €1,224. FMT was further 

associated with 5.8 hospital inpatient days (including day care treatments), costing 

€2,719, and 5.5 days in a nursing home, costing €1,455. Vancomycin treatment with 

or without bowel lavage was associated with 4.9 hospital inpatient days, costing 

€2,433, and 6.1 days in a nursing home, costing €1,609. The total mean cost per 

patient for the FMT group was €6,358 (95% CI: €2,952 to €10,594). In the antibiotic 

group (with or without bowel lavage) these costs were €5,784 (95% CI: €3,561 to 

€8,252). The difference of €573 between both groups was not significant (95% CI: 

minus €3,783 to €5,745).

Indirect non-medical costs of production loss 
Seven patients (16.3%) had a paid job at the moment of inclusion. Six of these seven 

patients were randomized to the vancomycin with or without bowel lavage group. 

Two of them indicated they worked their normal number of hours per week or 

more, 2 patients indicated to have worked fewer hours per week for a reason other 

than their intestinal infection, 1 patient indicated to have worked fewer hours due 

to intestinal infection (20 hours less on day 14 and day 35, 12 hours less on day 70), 
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and 1 patient did not specify the reason for working fewer hours a week. The only 

patient with a paid job in the FMT group indicated at day 14 to have worked 40 

hours per week less because of intestinal infection, and at day 70 to have worked 

40 hours less because of a reason other than the intestinal infection. At a unit 

cost of approximately €30 per lost working hour24 these figures would result in 

mean costs of production loss of €141 in the donor feces infusion group and €185 

in the combined vancomycin treatment group. Considering the low number of 

patients with a paid job and the overrepresentation (by chance) of these patients 

in the combined vancomycin group, it was decided that the cost estimates for 

production loss were too unreliable and should therefore not be included in the 

total costs in Table 2.

Number of diarrhea-free days and number of QALYs
The number of days free of diarrhea in the donor feces infusion group averaged 

66.5 days (95% CI: 62.9 to 70.0), in the vancomycin with or without bowel lavage 

group 37.1 days (95% CI: 29.3 to 46.6). The difference between the two groups was 

29.4 days (95% CI: 17.1 to 39.6) in favor of patients who underwent a donor feces 

infusion (p=0.001). 

The maximum amount of QALY’s a patient could generate in the follow-up period 

of 10 weeks was 0.1923 (= 10/52). Based on the Dutch valuation of health states, 

patients who underwent FMT generated on average 0.1104 QALYs (95% CI: 0.0834 

to 0.1360) in both the realistic and the optimistic scenario (see methods). The 

vancomycin with or without bowel lavage group generated an average of 0.0819 

QALYs (95% CI: 0.0540 to 0.1070) under the realistic scenario and a mean 0.0848 

QALYs (95% CI: 0.0562 to 0.1106) under the optimistic scenario. The difference in 

QALYs between the groups was 0.0285 (95% CI:  minus 0.0099 to 0.0651) under the 

realistic scenario and 0.0256 (95% CI: minus 0.0112 to 0.0613) under the optimistic 

scenario. In comparison, based on the internationally most frequently used valuation 

of health states, donor feces infusion generated on average 0.0934 QALYs (95% CI: 

0.0614 to 0.1245) under the realistic and optimistic scenarios. Vancomycin with or 

without bowel lavage was associated with 0.0568 QALYs on average (95% CI: 0.0219 

to 0.0881) under the realistic scenario and 0.0614 QALYs on average (95% CI: 0.0273 

to 0.0925) under the optimistic scenario. The difference between treatment groups 

was 0.0367 (95% CI: minus 0.0087 to 0.0786) under the realistic and 0.032 (95% CI: 

minus 0.0128 to 0.0747) under the optimistic scenario. 
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Incremental costs-effectiveness ratios and scenario analyses
The extra costs per additional day free of diarrhea were €19.5. The extra costs per 

additional QALY were €20,111 under the realistic and €22,389 under the optimistic 

scenarios respectively. Applying the UK rather than Dutch health utility values, the 

extra costs per additional QALY were €15,660 under the realistic and €17,911 under 

the optimistic scenarios respectively. Figure 1a shows the differences in costs 

(vertical axis) and QALYs (horizontal axis; based on Dutch health utilities under the 

realistic scenario) between FMT and vancomycin with or without bowel lavage 

after 1,000 bootstrap replications. FMT is more effective and cheaper (lower right 

quadrant in Figure 1a) than vancomycin with or without bowel lavage in 40.7% of 

the bootstrap replications; in 7% of the bootstraps replications FMT is less effective 

and more expensive (upper left quadrant). In 51.7% of the bootstrap replications, 

FMT is more effective, but also more expensive (upper right quadrant). In 0.6% 

of the bootstrap replications, FMT is less effective, but also cost saving (lower left 

quadrant). 

Figure 1b shows the corresponding cost-effectiveness acceptability curve with the 

probability of donor feces infusion being cost-effective (vertical axis) for various 

levels of willingness-to-pay per QALY (horizontal axis). It shows that if society is not 

willing to pay for additional QALYs, then the probability of donor feces infusion 

being cost-effective equals 0.413 (summing the percentages of the lower left and 

lower right quadrants in Figure 1a). If society is willing to pay all the related costs 

as long as it is more effective than a vancomycin regimen, then the probability 

of donor feces infusion being cost-effective is 0.924 at maximum (summing the 

percentages of the upper and lower right quadrants in Figure 1a). At a reasonable 

upper limit of society’s willingness to pay per QALY in the Netherlands of €80,000, 

the probability equals 0.674. 

Sensitivity analyses
Accounting for health utility levels at baseline, the QALY gain following FMT would 

remain non-significantly higher compared to the pooled vancomycin regimens 

(realistic scenario: 0.0104, 95%CI: minus 0.0106 to 0.0336; optimistic scenario: 0.0075, 

95%CI: minus 0.0183 to 0.0349). This would increase the extra costs per additional 

QALY from €20,111 to €55,112 under the realistic and from €22,389 to €77,454 

under the optimistic scenario. Eighteen patients who failed on a vancomycin 

regimen received one or two donor feces infusions off-protocol. The mean costs 
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per patient treated with vancomycin with or without bowel lavage (n=26) of these 

off-protocol donor feces infusions were €1,002 (95% CI: €683 to €1,366). Under 

the assumption that donor feces infusion as rescue treatment would compensate 

for the health loss in terms of QALYs following failure of a vancomycin regimen, 

it would mean that starting with donor feces infusion as first line treatment in all 

patients would be cost saving by €1,002 minus €573 (the initial mean difference 

between both comparators), or €429 per patient. 

Discussion

This study shows that FMT or donor feces infusion is very likely to be cost-effective 

when compared to treatment with vancomycin with or without bowel lavage 

as treatment modality for recurrent CDI. Cost-effectiveness was demonstrated 

comparing two groups who eventually both were offered FMT. If a comparison 

could be made between patients who receive donor feces infusion and those who 

have no access to donor feces infusion as rescue treatment, the difference in cost 

would be expected to be significantly larger, in favor of FMT. In our study, patients 

who were treated with vancomycin and failed were offered FMT directly after failure. 

With the high success rate of FMT in these patients, they were not exposed to future 

antibiotic courses, which limits future cost of treatment. However, with regard to 

available data, patients with recurrent disease who do not receive FMT would 

be dependent on repeated courses of vancomycin, often combined with other 

expensive rescue therapies with extremely low success rates, leading to increasing 

costs.1, 14 Although the differences in QALYs between the groups - both in the most 

plausible and the optimistic scenario at treatment failure as well in the national and 

international preference values for health states – were not statistically significant 

due to the small number of patients, the observed relative gain in QALYs is clinically 

relevant and also reflects the clear difference in diarrhea-free days between the 

two groups. Patients who received donor feces had in general lower performance 

status, higher age and comorbidity, which further contributes to the imbalance 

between the groups. 

FMT is a strategy that comes with significant cost, mainly attributable to donor 

screening. Half of the cost of FMT is derived from donor screening. Decrease in cost 

can be reached if a single (periodically) screened donor can be used for several 

31773 Nood.indd   142 22-12-14   10:31



5

Economic evaluation of FMT  

143

infusions. Restricting donor feces infusions to a certain number of health care 

facilities can therefore be economically preferable. The development of frozen stool 

batches, from a single donor is another promising option, although effectiveness 

of frozen products needs to be demonstrated.28, 29 Eventually, the development of 

standardized bacterial preparations with the right combination of bacteria to treat 

recurrent C. difficile should ideally replace FMT, which would make donor screening 

unnecessary. As in previous clinical data, our study displays that recurrent CDI 

occurs mainly in an older population, with low performance status and significant 

comorbidity, in which loss of work or loss of productivity can not be taken into 

account. This limits the value of the cost effectiveness analysis from a societal 

perspective. Another limitation of our study is the small patient population, which 

limits the interpretation of the utility of donor feces infusion. 

C. difficile infection severely impairs a patient’s health, and often several different 

expensive treatment modalities are given in clinical practice.1 However, it is important 

to determine what the acceptable costs of an effective treatment might be. With 

the burden of disease and the additional costs of persistent and recurrent disease, 

for a successful treatment the upper limit of Dutch society’s willingness to pay 

per additional QALY of €80,000 would be a reasonable threshold. Using this upper 

limit, already two out of three cases of donor feces infusion could be designated 

as efficient health care. This assumes that patients failing  vancomycin treatment 

are left untreated. If the downstream costs of treating failures to vancomycin by 

offering off-protocol FMT as rescue treatment are taken into account, donor feces 

infusion will be the dominant treatment  because it eventually saves money and 

results in at least equal QALY gains, irrespective of health utility levels at baseline. 

Recurrent C. difficile infection has tremendous impact, both physically for patients 

and economically for society. In this light, with the demonstration that FMT is not only 

clinically superior to current antibiotic therapies but also economically preferable, 

this study gives an additional reason not to withhold this unconventional therapy 

until an equally successful alternative has been developed.
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Table 1. Baseline demographic and clinical characteristics

Donor feces 
infusion

(N=17)

Vancomycin +/- 
bowel lavage 

(N=26)

Difference P-value

Age in years (95% CI) 72.4

(66.9 to 77.8)

67.3

(61.4 to 73.1)

5.1

(-2.2 to 12.0)

0.25

Male gender, n (%) 8 (47.1) 16 (61.5) 0.35

Admitted at randomisation, n (%) 5 (29.4) 8 (30.8) 0.93

Charlson comorbidity index  (95% CI) 2.4

(1.9 to 2.9)

2.2

(1.4 to 3.1)

0.2

(-1.0 to 1.2)

0.76

Karnofsky  (95% CI) 51.2

(44.1 to 58.8)

53.1

(45.8 to 60.4)

-1.9

(-11.9 to 8.4)

0.75

Health utility (Dutch valuations) 0.484

(0.317 to 0.637)

0.39

(0.24 to 0.527)

0.094

(-0.12 to 0.294)

0.42

Difference in mean QALYs (realistic scenario)
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Figure 1a. Cost-effectiveness plane, showing differences between donor feces infusion and vancomycine 
with or without bowel lavage after 1,000 bootstrap replications. Differences in mean total costs are shown 
on the Y-avxis, differences in mean QALYs based on Dutch valuations of health states and under the realistic 
scenario (see text) are shown on the horizontal axis.
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Table 2. Volume of care and cost of donor feces infusion compared to vancomycin with or without bowel 
lavage, means per patient. 

Donor feces infusion (N=17) Vancomycin +/- bowel 
lavage (N=26)

Resource Unit  
cost in 
2014 €

Mean volume 
per patient 

(95% CI)

Mean costs 
per patient 

(95% CI)

Mean 
volume 

per patient 
(95% CI)

Mean costs 
per patient 

(95% CI)

Mean 
difference in 

costs (95% CI)

Donor feces 
infusion without 
day care 
treatment*

1,184 1.12

(1.1 to 1.18)

1,324

(1,184 to 1,463)

- - 100

(-41 to 308)

Vancomycin with 
or without bowel 
lavage

1,232

1,215

- - 1.0 1,224

(1,221 to 1,226)

Hospital days &

day care 
treatment

496**

277

5.8

(2.4 to 9.9)

2,719

(980 to 4,891)

4.9

(1.8 to 8.5)

2,433

(878 to 4,220)

276

(-2,792 to 3,532)

Nursing home 
days

263 5.5

(0 to 11.3)

1,455

(0 to 2,971)

6.1

(1.4 to 12.9)

1,609

(364 to 3,404)

-154

(-2,683 to 2,426)

Isolation during 
inpatient stay in 
days

31 5.1

(2.1 to 8.9)

161

(67 to 280)

6.6

(3 to 10.7)

208

(96 to 338)

-47

(-249 to 163)

Outpatient clinic 
visits

78** 3.0

(0.9 to 6)

234

(73 to 472)

0.9

(0.4 to 1.5)

72

(33 to 117)

162

(-18 to 430)

General 
practitioner 
consults

31 0.2 

(0.1 to 0.4)

7 

(4 to 11)

0.3 

(0.1 to 0.5)

8 

(2 to 15)

-1 

(-12 to 9)

Other care 
giver*** consults

22 to 36 0.1 

(0 to 0.1)

2 

(0 to 4)

0.2 

(0.1 to 0.4)

6 

(1 to 12)

-5 

(-12 to 2)

Home care in 
hours

39 10.3 

(2.5 to 20.6)

399 

(98 to 799)

4.9 

(1.1 to 9.8)

188 

(43 to 379)

211

(-154 to 638)

Incontinence 
material in days

2.2 8.4 

(2.4 to 15.5)

18 

(5 to 34)

3.4 

(1.1 to 6.5)

7 

(2 to 14)

11 

(-4 to 28)

Out-of-pocket 
expenses

38 

(0 to 76)

18 

(0 to 48)

20 

(-36 to 102)

Total 6,358

(2,952 to 10,594)

5,784

(3,561 to 8,252)

573 

(-3,783 to 5,745)

* this includes personnel, material, whole bowel lavage, 5 days of vancomycin, but excludes day care 
admission; **assumption: 90% general, 10% academic; *** dietician, specialized nurse, social worker
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Figure 1b. Cost-effectiveness acceptability curve, showing the probability of FMT being cost-effective on 
the Y-axis at different levels of society’s willingness-to-pay per QALY on the X-axis.
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Abstract:

Recurrent Clostridium difficile is difficult to treat and Fecal Microbiota Transplantation 

(FMT) or donor feces infusion is considered a last resort treatment. A randomized 

trial demonstrated superiority over vancomycin in treatment of patients with 

recurrent disease, but the long term effects of FMT are unknown. Long term follow 

up of patients demonstrated that FMT protected for future recurrences despite 

exposure to new courses of antibiotic therapy. Of all patients treated with FMT, 

9% developed a new CDI during follow up, but no recurrent disease. In addition, 

patients were satisfied with FMT infused through a nasoduodenal tube and are 

willing to undergo a repeat treatment if necessary. 
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Introduction

Clostridium difficile infection (CDI) may manifest itself as diarrheal disease after 

antibiotic use.1 Treatment strategies for a first infection are metronidazole, 

vancomycin or fidaxomicin for 10-14 days.2,3  For mild to moderate infection, success 

rates of 80-85% are commonly reported.4, 5 Patients with a relapse have a chance of 

definite cure of approximately 60%, which further declines with each subsequent 

relapse and antibiotic course.  

Fecal microbiota transplantation (FMT) or donor feces infusion is an effective 

rescue treatment for patients with recurrent CDI.6-8 Donor feces infusion seems to 

cure CDI by restoring the disturbed microbiota, resulting in renewed colonization 

resistance preventing further outgrowth of Clostridium difficile. Multiple case series 

report a success rate above 90%.8, 9 In addition, a randomized trial that compared 

FMT to standard vancomycin therapy for patients with recurrent CDI confirmed 

the superiority of FMT.10 However, the long-term effects of FMT are unknown. Here 

we describe the outcome of the-long term follow up of patients included in the 

trial. In addition we report the results of a survey among these patients about their 

perception of FMT treatment.

Patients and Methods 

Between 2008 and 2010, 43 patients with recurrent CDI were randomized to a 

control treatment consisting of either 14 days vancomycin 500 mg q.i.d. or 14 days 

of vancomycin combined with bowel lavage using a macrogol solution, or to the 

experimental treatment with 4 days vancomycin followed by bowel lavage and 

subsequent infusion of a donor feces solution through a nasoduodenal tube as 

previously described.10 Patients that were randomized to antibiotic treatment and 

failed were offered FMT off- protocol. After an interim analysis the trial was stopped 

prematurely in 2010, after inclusion of 43 patients, of whom 17 were randomized 

to FMT, and 13 to both control arms. Of these patients, 16 were treated with FMT 

according to study randomization, and 18 patients were treated with FMT off-

protocol after failure of study treatment. The study was stopped because of a large 

difference in effect between the standard treatment arm and the experimental 

arm, with a beneficial effect in favor of FMT. 
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Collection of follow up data
Long term data about survival, recurrent CDI, general health and antibiotic use were 

collected from all trial patients by contacting patients and their family. Information 

regarding recurrent CDI and hospital admissions were retrieved from hospital 

records and treating physicians. General practitioners were contacted for additional 

information if patients were unable to provide information or were untraceable. 

Patients treated with FMT (both per protocol and off-protocol) were interviewed 

using a structured questionnaire addressing their experience with FMT and attitude 

towards a future FMT if needed. Questions are listed in Appendix 1. 

Outcome measures and statistical analysis
Outcome measures were recurrence of CDI, mortality and long term complications 

of CDI and FMT. Statistical analysis was performed in a descriptive manner by an 

intention to treat principle. 

Results

Patient survival 

Of all 43 randomized patients, 19 (35%) patients had died during follow up. One 

patient died during the trial due to a cause not related to CDI or the treatment, 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 (see below). The 

other patients who died during follow up died because of causes not related to CDI 

or the earlier treatment with either antibiotics or donor feces.  

Follow up

Antibiotic only treatment group

Nine patients had not received FMT during the trial. Two were not considered cured 

at the end of the trial. One had died, and one patient was diagnosed with celiac 

disease with longstanding positive C. difficile. The other patients were cured. One 

patient who was initially cured with antibiotics developed a new CDI one year 

after the trial. He was known with a traumatic paraplegia and recurrent severe 

pneumonia. He refused further treatment for a new pneumonia and CDI and died.
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FMT treatment group

A total of 34 patients were treated with FMT. Sixteen patients received FMT as 

they were allocated to treatment with donor feces, and 18 patients received off 

protocol FMT after failure of their allocated treatment with antibiotic therapy, with 

or without a whole bowel lavage. The mean follow up after completion of the 

study protocol was 44.2 months (SD± 22.3). The majority of patients (74%) were 

prescribed new antibiotic courses, for varying reasons. Four patients had initially 

failed treatment with donor feces, of which two had died during follow up, both 

to causes unrelated to FMT. Of the remaining 30 patients who initially were cured 

with FMT, three patients (9%) had a new episode of CDI, that was in all preceded by 

antibiotic use. These new episodes of CDI were treated successfully with antibiotics 

in two patients, without recurrence. The third patient was treated with peritoneal 

dialysis, and developed a peritonitis, which was complicated by a new CDI, 13 

months after completion of the trial. He died. 

Questionnaires
All 18 surviving patients who were treated with FMT were asked to participate in a 

survey. Two patients were not able to participate due to cognitive deterioration, with 

loss of memory. The remaining 16 participated in the survey. Two of these patients 

had previously failed FMT. All patients said they would definitely (13) or most likely 

(3) undergo a new FMT if they would experience a new episode of recurrent CDI. 

The bowel lavage was considered the most cumbersome part of the treatment, 

compared to vancomycin tablets or the placement of the duodenal tube. Four 

patients would definitely or most likely prefer colonic infusion if a new FMT should 

be necessary. Seven patients would prefer the nasoduodenal route over colonic 

route, and 5 patients didn’t have a preference for colonic or nasoduodenal route. 

Four patients considered the idea of a known family donor preferable over an 

anonymous donor. Eight patients preferred an anonymous donor, four patients 

had no preference. One patient thought the color of the given suspension was 

distasteful. All other patients either did not remember the color (2), or did not 

consider the color as distasteful (13).  Additionally, 8 patients suggested not to wait 

too long with FMT for new patients.
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Table 1. Long term outcome of Fecal Microbiota Transplantation*

Baseline

Number of patients 34 

CDI cured following completion of the trial by FMT*, no. (%) 30 (88%)

Age at inclusion° 71.7 ± 11.6

Median Charlson comorbidity index at inclusion# 2.53 ±2.1

Karnofsky performance status at inclusion§ 51 ±18

Mean number of FMT given per patients 1,26

Follow up

Alive at follow up (%) 16 (47%)

Duration of follow up (months) 43 ±21

New CDI during follow up, no. (%) 3 9%

Antibiotic therapy during follow up, no. (%) 25 74%

Long term complications of FMT 0

Long term complications of CDI no. (%) 1 (3%)

*  Fecal microbiota transplantations that were given both per protocol and off protocol
°  Plus-minus values are means ±SD.
§   Karnofsky Performance Status ranges from 0 to 100, with higher scores indicating improved functional 

status. Measured at inclusion
#   Scores on the Charlson comorbidity index range from 0 to 6 for each of 17 indicators with higher scores 

indicating greater severity of illness. 

Discussion

Although most patients were exposed to new antibiotic courses during follow 

up, only a small number of patients developed a new Clostridium difficile infection. 

Patients with a new CDI following FMT did not develop recurrent disease during 

follow up, which suggests a more resilient microbiota, compared to their earlier 

course of disease. All new episodes of CDI were preceded by antibiotic use, which 

suggests a renewed imbalance in the restored microbiota as provided by the 

previous FMT.

The mortality rate was high among all patients included in the follow up, confirming 

the fragility of this particular group of patients. Previous studies have also shown 

that CDI, particularly in older patients, is associated with high mortality rates during 

follow-up.11 The mortality rates in our study are comparable to previous data. The 

high mortality rate in the group of patients receiving a FMT is most likely reflecting 

more significant comorbidities, lower performance status, and higher age in this 

group. No link between the cause of death and the performed FMT could be found. 
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Two deaths were in part related to a newly acquired episode of CDI, in both patients 

preceded by antibiotic use. This further emphasizes the fragility of this group of 

patients.

Almost all patients were satisfied with the FMT. All patients expressed their 

willingness to undergo a possible new FMT if required, even the patients who failed 

earlier treatment with donor feces. Additionally, most patients advised to consider 

FMT in an earlier stage of the disease. With hindsight, all patients feel that they 

had been treated too long with antibiotics prior to the FMT. This is in agreement 

with earlier questionnaires indicating that patients are open for FMT in order to be 

cured.12-14 Other studies have addressed the option of donor feces in patients who 

had not received the treatment. The high rate of willingness to undergo a new 

treatment in our study suggests a limited psychological impact of the treatment. 

FMT was given through a nasoduodenal tube. Historically, FMT have been 

administered in the upper or lower gastrointestinal tract. Success rates were 

comparable, although an meta-analysis suggested a higher success rate in the 

colonic route.9 Until a trial compares the two treatment routes there will remain 

uncertainty on the optimal way to infuse the feces. By performing a colonoscopy 

in an inflamed colon, the risk of perforation is increased, whereas FMT in the upper 

gastrointestinal tract demands placement of a nasoduodenal tube and guarantees 

passage through the small intestine in order to prevent vomiting. Most patients in 

this study did not have a preference for a nasoduodenal or a rectal route. Potential 

bias could be that the majority of patients were cured. 

In conclusion, FMT is a treatment option for recurrent CDI that is tolerated and 

perceived well and seems to establish long-term protection against future recurrent 

disease. 
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Questionnaire for patients receiving a FMT
1  Did you experience a new Clostridium difficile infection following the 

previous treatment with donor stool? 

  If yes

2 How often did you experience a new Clostridium difficile infection. 

3 Did you use antibiotics prior to the new infection? 

4 How were the infections treated? 

5  Did you experience long term negative effects following the new Clostridium 

difficile infection

6  Did you receive any antibiotic treatment following your participation in the 

study? 

  If yes, how many times? 

Related to FMT:
7 How did you experience the treatment with donor feces in general? 

8  Did your friends and relatives initially disapprove the treatment with feces 

when they first heard of it?  

8  Did you consider a whole bowel lavage prior to the donor feces infusion to 

be a nuisance? 

9  Would you reconsider taking another whole bowel lavage for this treatment 

if this would be necessary in the future? 

10  Did you consider taking the vancomycin tablets prior to the donor feces 

infusion to be a nuisance? 

11  Would you reconsider taking vancomycin tablets again for this treatment if 

this would be necessary in the future?

12  Did you consider positioning the nasoduodenal tube to be a nuisance? 

13  Would you reconsider having another nasoduodenal tube again prior to 

this treatment if this would be necessary in the future? 

14  If you would be able to choose, would you prefer to receive a donor feces 

infusion through enema or colonoscopy, or would you prefer the infusion 

of donor feces through positioning of a nasoduodenal tube? 

15 Did you consider the journey to the hospital to be a nuisance? 

16 Did you consider the duration of the treatment to be a nuisance?  

17 Did you consider the idea of receiving feces from someone else unpleasant? 
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18 Did you receive feces from a relative or friend? 

19  Do you consider the idea of receiving feces from a relative or friend less 

distasteful  than feces from someone unknown? 

20  Did you find it awkward to talk with relatives or friends about the treatment 

with donor feces ? 

21 Did you consider the color of the infused feces distasteful? 

22  Would you rather receive an infusion with a suspension with a different 

color, that does not remind you of feces? 

23  Would you rather receive an infusion with a suspension of donor feces, and 

not be able to see the color of the liquid 

24 Did you consider the smell of the infused suspension to be distasteful?

25 Would you rather have an odourless  suspension to be infused? 

26  Was there anything else that you wished to be performed differently during 

the donor feces infusion?

27  Would you have rather seen things to be differently after the treatment ? 

28  Are there other aspects of the treatment that you consider to be important 

to be communicated to future patients?

29  What grade between 0 and 10 would you give your quality of life prior to 

the treatment

30 What grade between 0 and 10 would you give your quality of life today
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Abstract

Alterations in intestinal microbiota are associated with obesity and insulin resistance. 

We studied the effects of infusing intestinal microbiota from lean donors to male 

recipients with metabolic syndrome on the recipients’ microbiota composition and 

glucose metabolism. Subjects were assigned randomly to groups that were given 

small intestinal infusions of allogenic or autologous microbiota. Six weeks after 

infusion of microbiota from lean donors, insulin sensitivity of recipients increased 

(median rate of glucose disappearance changed from 26.2 to 45.3 µmol/kg/min; 

P < .05) along with levels of butyrate-producing intestinal microbiota. Intestinal 

microbiota might be developed as therapeutic agents to increase insulin sensitivity 

in humans.

31773 Nood.indd   164 22-12-14   10:32



7

FMT for metabolic syndrome

165

Accumulating data suggest that intestinal microbiota contributes to host 

metabolism.1 In animal models obesity is associated with substantial changes in the 

composition and metabolic function of gut microbiota.2, 3 The colonic microbiota 

in obese mice shows a lower microbial diversity and is enriched of carbohydrate 

and lipid-users.2, 3 However, in humans beings consensus regarding the specific 

bacterial species involved and evidence for a causative role of the microbiota 

in host metabolism is lacking.4, 5 Most studies focus on the colonic microbiota, 

whereas the proximal intestine is crucial for carbohydrate and fat uptake resulting 

in obesity and insulin resistance.4 Furthermore, because small intestinal sensing 

mechanisms exist to improve insulin sensitivity via neuronal circuits,6 changes in 

small intestinal microbiota could be one of the stimuli driving this mechanism. We 

thus hypothesized that re-balancing the obesogenic microbiota by small intestinal 

infusion of gut microbiota from a lean donor would positively affect (host) energy 

metabolism and insulin sensitivity in subjects with metabolic syndrome.

A detailed description of patient selection and methods is available in the 

Supplementary Materials and Methods. Briefly, treatment-naive male subjects with 

metabolic syndrome underwent small- intestine biopsies and subsequent bowel 

lavage through a duodenal tube, followed by random assignment to either an 

allogenic (from lean male donors with body mass index<23 kg/m2, n=9) or autologous 

gut microbiota infusion (reinfusion of own collected feces, n=9) (Supplementary 

Figure 1 and Supplementary Table 1). Insulin sensitivity was measured before and 

6 weeks after gut microbiota infusion by means of a hyperinsulinemic euglycemic 

clamp using [6,6 2H
2
]-glucose to measure endogenous glucose production (EGP), 

hepatic and peripheral insulin sensitivity (Rate of disappearance, Rd)7. Large (fecal 

samples) and small- (duodenal biopsies) intestine gut microbiota composition and 

fecal short-chain fatty acids were measured at baseline and 6 weeks after infusion 

as previously published.8, 9 

We found an improvement in peripheral insulin sensitivity 6 weeks after allogenic 

gut microbiota infusion (median rate of glucose disappearance, Rd: from 26.2 to 

45.3 μmol/kg/min, P<.05) (Figure 1A). A trend towards improvement in hepatic 

insulin sensitivity, expressed as EGP suppression was observed in the allogenic 

group (Median EGP suppression: from 51.5 to 61.6 %, P=.08) (Figure 1B). No 

differences in diet composition, resting energy expenditure (REE) or counter-

regulatory hormones were found between all clamps (Supplementary Table 2). 
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Fecal microbiota of obese subjects was characterized by lower microbial diversity, 

higher amounts of Bacteroidetes and decreased amounts of Clostridium cluster 

XIVa as compared with lean donor healthy subjects. Quantitative polymerase 

chain reaction analysis showed no change in the total numbers of fecal bacteria 

(allogenic: from 10.8±0.2 to 11.0±0.4 vs autologous: from 11.6±0.6 to 11.3±0.4 log
10

 

bacteria/gram feces, non-significant [ns]) and Archaea (allogenic: from 6.7± 0.9 to 

6.8±0.8 vs autologous: from 6.3±0.4 to 6.7±0.7 log
10

 bacteria/gram feces, ns) after 

gut microbial infusion. Gut microbial diversity was increased significantly after 

allogenic gut microbiota infusion (from 178±62 to 234±40 species, P<.05), but 

was unchanged in the autologous group (from 184±71 to 211±50, ns). Sixteen 

bacterial groups increased significantly in the allogenic treatment group, including 

those related to the butyrate-producer Roseburia intestinalis, which showed a 

2.5-fold increase. Moreover, a subset of six bacterial groups differed significantly 

between the allogenic and autologous treatment groups after 6 weeks, including 

the oxalate-converting Oxalobacter formigenes and other Firmicutes (Figure 2A and 

Supplementary Table 3). Also, fecal short-chain fatty acids decreased after allogenic 

gut microbiota infusion (median acetate from 49.5 to 37.6, P<.05; butyrate, from 

14.1 to 8.9, P<.05 and propionate, from 18.2 to 16.3 mmol/kg feces, ns) compared 

to non-significant changes in the autologous group. 

All small intestinal biopsies showed normal histology. Total bacterial abundance in 

biopsies showed no differences after either allogenic or autologous microbial fecal 

infusion (allogenic, from 7.0±0.2 to 7.0±0.3 vs autologous, from 7.1±0.2 to 7.0±0.2 

log10
 bacteria/cells per biopsy; ns). Archaea were below the detection limit in both 

groups. No significant differences were found with respect to microbial diversity 

in both treatment groups (allogenic: from 91.3±54.7 to 68.1±15.7, ns; autologous: 

from 73.6±23.3 to 83.6±52, ns). A total of 7 bacterial groups were altered within 

the allogenic treatment group after 6 weeks, including an increase of the butyrate-

producer Eubacterium hallii (Supplementary Table 4). In contrast, E. hallii showed an 

almost 2-fold reduction in the autologous treatment group. Three bacteria differed 

significantly between the allogenic and autologous treatment groups at 6 weeks 

(Figure 2B) including the nitric oxide producer Alcaligenes faecalis and the Gram-

negative Escherichia coli. 

In conclusion, our data point towards a regulating role for butyrate derived from 

gut microbial metabolism leading to an improvement in insulin sensitivity. First, 
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we observed a significant modification in intestinal microbiota composition in 

fecal samples after allogenic gut microbiota infusion, including a 2.5-fold increase 

in the number of bacteria related to the butyrate-producing R. intestinalis (Figure 

2A).4 Second, we found that bacteria related to the similarly butyrate-producing E. 

hallii (anaerobic, phylotype Clostridium Cluster XIVa)10  were increased in the small 

intestine mucosa  following allogenic gut microbiota transfer (Figure 2B). Butyrate 

is produced by microbiota both in the large and small intestine for energy and 

signalling purposes,11, 12  with orally administrated butyrate having a direct effect 

on glucose metabolism.13 

Our data confirm that increased gut microbiota diversity also is associated with 

improved insulin resistance.14 Whether diversity or changes in specific bacterial 

species contribute to this effect is unknown, although it has been suggested 

that butyrate produced by certain bacteria prevents translocation of endotoxic 

compounds derived from the gut microbiota,14, 15 which has been shown to drive 

insulin resistance.14 Whether oral administration of identified microbiota can result 

in comparable effects on glucose metabolism is currently under study. If confirmed, 

this could offer a rationale for novel therapeutic interventions aimed at improving 

insulin sensitivity in humans.

Funding Supported by an NWO-VENI grant 2008 ( 016.096.044 to M.N.), Netherlands 

Foundation for Cardiovascular Excellence ( 2008-5 to A.V.), an NWO-ZONMW VEMI 

grant ( 170881001 to E.v.N.), and an NWO-Spinoza grant 2008 (W.M.d.V.).
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Figure legends

Figure 1. Boxplots and individual changes between baseline and after 6 weeks for peripheral (A) and hepatic 
insulin sensitivity (B). 

* P<.05 between lean controls and each treatment group.  

A.
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Figure 2. Heatmaps of fecal (A) and small intestinal (B) gut microbiota with significant differences between 
both treatment groups depicted as a red box. The color value shows log

10
 fold changes.

A.
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Methods

Obese subjects
Male Caucasian obese subjects were recruited by newspaper advertisements and 

screened for characteristics of the metabolic syndrome, specifically with a Body 

Mass Index (BMI) > 30 kg/m2 or waist circumference > 102 cm and fasting plasma 

glucose > 5.6 mmol/l (Supplementary Table 1).1 As animal studies have shown 

that gut microbiota composition is affected by several factors including bile acid 

composition, subjects with a history of cholecystectomy were excluded, as well 

as subjects who used any medication, probiotics and/or antibiotics in the past 

three months.2 Written informed consent was obtained from all subjects. The study 

was approved by the Institutional Review Board and conducted at the AMC in 

accordance with the Declaration of Helsinki (updated version 2008). The study was 

registered at the Dutch Trial Register (NTR1776). 

Screening of lean donors 
Lean healthy Caucasian males (BMI< 23 kg/m2) were also recruited by newspaper 

advertisements and matched for age and sex. They completed questionnaires 

regarding diet and bowel habits, travel history, comorbidity including (family 

history of ) diabetes mellitus and lack of medication use. They were screened for 

the presence of infectious diseases according to an adapted version of the Dutch 

Red Cross donor questionnaire.3 Blood was screened for presence of antibodies to 

human immunodeficiency virus; human T-lymphotropic virus; Hepatitis A, B, and 

C; cytomegalovirus; Epstein–Barr virus; Strongyloides stercoralis and amoebiasis. 

Donors were also excluded if screening of their feces revealed the presence of 

parasites (e.g. Blastocystis hominis or Dientamoeba fragilis), Clostridium difficile or 

other pathogenic bacteria (Shigella, Campylobacter, Yersinia, Salmonella). 

Experimental design
On the first study day a hyperinsulinemic clamp was performed in all study subjects 

to measure insulin sensitivity (see hyperinsulinemic–euglycemic clamp). On the 

second day, after an overnight fast, study subjects and donors brought freshly 

produced morning stool for processing; study subjects were randomized in a double-

blind fashion to either allogenic (from lean male donors) or autologous (from own 

collected feces) gut microbial infusion via gastro-duodenal tube (see gut microbiota 

transfer procedure). Gastroduodenoscopy without sedation was performed and 
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small intestinal biopsies were taken. Biopsy samples were immediately collected 

in sterile tubes, snap-frozen in liquid nitrogen and processed as described.4 A 

duodenal tube was positioned and bowel lavage with polyethylene glycol  solution 

(Macrogol or Klean-Prep®) was performed over 5 hours to clean out endogenous fecal 

contamination followed by gut microbial infusion. Gastroduodenoscopy-assisted 

biopsies and the hyperinsulinemic euglycemic clamp were repeated after 6 weeks. 

The experimental study design is shown in Supplementary Figure 1. Of note, the 

main reason for choosing infusion of intestinal microbiota into the small rather than 

the large intestine were a) metabolic role of the small intestine as compared to the 

colon and b) in our experience the nasoduodenal route provides better access 

and tolerability in patients while being equally effective in administrating large 

amounts of intestinal microbiota.5

Hyperinsulinemic–euglycemic clamp 
Glucose metabolism was measured in the basal state and during a two step 

hyperinsulinemic euglycemic clamp using [6,6 2H2]-glucose to measure 

endogenous glucose production (EGP), hepatic and peripheral insulin sensitivity 

(Rate of disposal, Rd)6. Body fat composition was measured using bioimpedance 

analysis. Resting energy expenditure (REE) was measured using indirect calorimetry. 

Participants were allowed to keep their own diet, but were asked to keep a 

weekly online nutritional diary (www.dieetinzicht.nl) to monitor caloric intake 

including amount of dietary carbohydrate, fat, protein and fibres. Details of the 

hyperinsulinemic euglycemic clamp are shown in Supplementary Table 2.  

Subjects refrained from heavy physical exercise for 24h before the clamp. After a 12h 

fast, a catheter was inserted into an antecubital vein for infusion of stable-isotope 

tracer [6,6-2H
2
]glucose (Cambridge Isotopes, Andover, MA), insulin and glucose. A 

second catheter was inserted retrogradely in the contralateral hand vein and kept 

in a thermoregulated (60°C) clear plastic box for sampling of arterialized venous 

blood. Saline was infused as 0.9% NaCl at a rate of 50 mL/h to keep the catheters 

patent. At t = 0 h (0800), blood samples were drawn for determination of background 

enrichments. Then, a primed continuous infusion of isotope [6,6-2H
2
]glucose was 

started (prime: 8.8 µmol/kg; continuous: 0.11 µmol/kg–1/min–1) and continued until 

the end of the clamp. After a 2-h equilibration period, blood samples were drawn 

for isotope enrichments and samples for glucoregulatory hormones and free fatty 

acids (FFAs). Thereafter (t = 2.0 h), a 2-step hyperinsulinemic euglycemic clamp 
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was started: step 1 included an infusion of insulin at a rate of 20 mU / m–2 / min–1 

(Actrapid 200 IU/mL; Novo Nordisk Farma BV, Alphen aan den Rijn, Netherlands) 

to assess hepatic insulin sensitivity. Glucose 20% was started to maintain a plasma 

glucose concentration of 5 mmol/L. Plasma glucose concentrations were measured 

every 5 min at the bedside using a Beckman glucose meter. After 2 h (t = 4 h), 

blood samples were drawn at 5-min intervals for the measurement of glucose 

concentrations and isotopic enrichments. Another blood sample was drawn for 

measurement of glucoregulatory hormones and FFAs. Hereafter, insulin infusion 

was increased to a rate of 60 mU · m–2 · min–1 (step 2) to assess peripheral insulin 

sensitivity. After another 2 h (t =6 h), blood sampling was repeated. 

Body composition was measured at baseline and after 6 weeks with bioelectrical 

impedance analysis (Maltron BF906; Maltron, Rayleigh, UK). Oxygen consumption 

(VO2) and CO2 production (VCO2) were measured continuously during the 

final 20 min of both the basal state and the hyperinsulinemic euglycemic clamp 

by indirect calorimetry using a ventilated hood system (Sensormedics model 

2900; Sensormedics, Anaheim, CA). Resting Energy Expenditure (REE) including 

carbohydrate oxidation (CHO), and fatty acid oxidation (FAO) rates were calculated 

from oxygen consumption and carbon dioxide production. Rate of appearance 

(Ra) and rate of disappearance (Rd) of glucose were calculated using the modified 

form of the Steele equations for non-steady-state measurements as described 

previously.7 Endogenous glucose production (EGP) was calculated as the difference 

between the rate of appearance of glucose and the glucose infusion rate. Both 

peripheral (Rd) and hepatic insulin sensitivity (suppression of EGP) were calculated 

and expressed as median with a range.

Gut microbiota transfer procedure
At the day of infusion the patient and donor delivered feces produced within 6 

hours before use.5 Fecal samples were taken before and after processing to study 

procedural effects on microbial composition. Immediately after delivery, the feces 

was covered with sterile saline (500 cc 0.9% NaCl) to reduce exposure to oxygen, 

transferred to a blender and mixed for 10 minutes. The homogenized solution 

was then filtered twice through a clean metal sieve. Subsequently, the filtrate was 

transferred to a 1000 ml sterile glass bottle and stored at room temperature until 

the patient had finished the bowel lavage. Finally, the gut microbiota solution was 

gradually infused through the duodenal tube in approximately 30 minutes. 
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Gut microbiota analysis
Donor and study subjects collected a morning stool sample at baseline and after 

6 weeks to determine the microbiota composition. Samples were collected into 

two plastic containers, immediately frozen at -20°C and transferred to -80°C within 

a week. The microbiota composition of the small intestinal biopsies and fecal 

samples was determined by analyzing RNA signatures using the Human Intestinal 

Tract Chip (HITChip), a custom-made Agilent microarray (Agilent Technologies, Palo 

Alto, CA, USA) containing approximately 5,500 specific oligonucleotide probes that 

cover over 1,000 intestinal phylotypes.8, 9 

DNA was isolated from fecal samples and purified using the repeated bead-beating 

plus column method as described previously.10 For DNA isolation of the biopsies we 

used a different bead beating protocol.11 In short, 0.5 gram (wet weight) of feces 

was suspended in Lysis buffer (500 mM NaCl, 50 mM Tris-HCl pH 8, 50 mM EDTA, 4 

% SDS) plus Zirconia beads and glass beads. The tube was shaken with Fastprep at 

5.5.ms for 3 min at 4°C, followed by incubation at 95°C for 15 min. The DNA in the 

supernatant was precipitated with ammonium acetate and isopropanol, washed 

with 70% ethanol and afterwards treated with proteinase K and DNase-free RNase. 

Finally, the DNA was purified on a QIAamp spin column (Qiagen) according to 

the manufacturer’s instructions. DNA concentration was quantified using the 

NanoDrop 1000 spectrophotometer (NanoDrop® Technologies, Wilmington, DE).

Quantification of total bacteria and methanogens in fecal and small intestinal 

biopsies was performed with the same bacterial DNA used for HITChip analysis. 

Quantitative PCR was performed with a Real-time PCR system, PRISM 7900HT (Applied 

Biosystems, Foster City, Ca). All reactions were performed at least in duplicate. To 

facilitate comparison with other bacterial quantification methods, the number of 

detected molecules (DNA) was converted to cell equivalents (CE). A bacterial culture 

of the stated reference strain (grown in the appropriate media and collected at 

stationary phase) was used to generate a standard curve-relating cycle threshold to 

bacterial cell number (determined microscopically with Diaminido-2-phenylindole 

(DAPI) staining from a dilution series of the reference strains). Standard curves of DNA 

from Bifidobacterium longum and Methanobrevibacter smithii were created using 

106 to 1010 cells. Samples were analyzed in a 25-µl reaction mix consisting of 12.5 µl 

SYBR Premix (50 mM KCl, 20 mM Tris-HCl, pH 8.4, 0.2 mM of each deoxynucleoside 

triphosphate (dNTP), 0.625 U TaKaRa Taq. 3 mM MgCl2, 10 nM fluorescein), 0.2 µM 
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of each primer and 5 µl of DNA. For detection of total bacteria and methanogens 

in feces and small intestine, serial dilutions (100 to 1000) of the extracted DNA were 

subjected to qPCR using Uni331F (5’-TCCTACGGGAGGCAGCAGT -3’) and Uni797R 

(5’-GGACTACCAGGGTATCTAATCCTGTT-3’).11 For methanogenic Archaea, primers 

targeting the Methanobacteriales order Mtb857F (5’-CGWAGGGAAGCTGTTAAGT-3’) 

and Mtb1196R (5’-TACCGTCGTCCACTCCTT-3’) were used as described earlier.12 

The following conditions of qPCR used were: 95°C for 10 min, followed by 35 

cycles of denaturation at 95°C for 15 sec, annealing temperature of 60°C for 20 

sec, extension at 72°C for 30 sec and a final extension step at 72°C for 5 min. A 

melting curve was performed at the end of each run to verify the specificity of the 

PCR amplicons by slowly heating the final reaction mix to 95°C (0.5°C per cycle). 

Data analysis was performed using the Sequence Detection System (Version 2.3) 

software (Applied Biosystems). Using cycle threshold values in the linear range of 

the assay, bacterial equivalents were interpolated from a standard curve generated 

in the same experiment and then weight corrected to yield a value in bacterial cell 

equivalents/g feces.

The HITChip, a phylogenetic microarray, was used for the high throughput profiling 

of the microbiota in feces and small intestinal biopsies as described previously.8 

Advantage of the HITChip method is that phylogenetic profiling of microbiota 

goes beyond the depth of canonical pyrosequencing.13, 14 Disadvantage is that 16S 

rRNA gene profiling gives only insight into population dynamics, not into microbial 

activity.

In short, 10 ng DNA was used to amplify the 16S rRNA genes using the T7prom-Bact-

27-for and Uni-1492-rev primers followed by in vitro transcription and labelling with 

Cy3 and Cy5, respectively for fecal samples. The primer Prok-1369-rev was used as 

reverse primer for the biopsy samples because Uni-1492-rev was majorly targeting 

the overabundant human DNA, resulting in its depletion for efficient bacterial 16S 

rRNA gene amplification (data not shown). Equal molar mixes of Cy3/Cy5 labelled 

16S rRNA targets were fragmented and subsequently hybridized on the microarrays 

at 62.5˚C for 16h in a rotation oven (Agilent Technologies, Amstelveen, The 

Netherlands) followed by washing and drying of the slides. Samples were arrayed 

in duplex for technical replication, which resulted in exclusion of 1 fecal sample in 

autologous treatment group as well as 1 biopsy sample in each treatment group). 

After scanning of the slides the data was extracted from the microarray images 

using the Agilent Feature Extraction software, versions 7.5-9.1 (http://www.agilent.
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com). Subsequently, the microarray data were minimum-maximum normalized 

and further analyzed using a set of R-based scripts (http://www.r-project.org/) 

in combination with a custom designed relational database which runs under 

the MySQL database management system (http://www.mysql.com). Hierarchical 

clustering of probe profiles was carried out using Pearson correlation-based 

distance and complete linkage method. Gut microbial diversity was determined 

by Simpson reciprocal index as previously described.15

Determination of fecal and plasma SCFA 
In short, 0.2-0.5 g feces was weighed and resuspended in phosphate-buffered 

saline (PBS) so that a 10x dilution was obtained. 350 µl of homogenized feces was 

mixed with 200 µl formic acid (5 %, by vol.), 100 µl 2-ethylbutyric acid (1.25 g/l; 

Sigma-Aldrich, Zwijndrecht, the Netherlands) and 350 µl MilliQ. Fecal samples were 

centrifuged for 5 min at 15 000 x g to remove large particles, filtered and protein-

free samples were subjected to vacuum distillation after the addition of an internal 

standard solution containing 1:1 mmol/L methylbutyric acid and 110 mmol/L [13C]-

formic acid.16 Short Chain Fatty Acids (SCFA) acetic, propionic and butyric acids 

were  quantitatively determined using a Shimadzu GC2010 gas chromatograph 

(Shimadzu Corporation, Kyoto, Japan) equipped with a flame ionisation detector. 

Statistics
Sample size calculations showed that to detect 30% difference in peripheral 

insulin sensitivity upon allogenic treatment, compared to 5% difference following 

autologous treatment with 80% power, the sample size in each group was 

estimated to be 9. Accepting 10% drop-out per group, we enrolled 20 patients in 

total. Two subjects (one in each treatment arm) were excluded from analyses due to 

antibiotic use during the trial unrelated to the microbial infusion. Statistical analyses 

were performed with SPSS software, version 16. Depending on the distribution 

of the data, data are expressed as mean ± standard error to the mean or median 

with range. The primary outcome was effect of lean donor gut microbiota infusion 

on insulin sensitivity after 6 weeks. Secondary outcome was change in specific 

small and large gut microbiota as well as produced fecal short chain fatty acids. 

For significant changes between and within treatment groups, clinical parameters 

were tested with (paired) Student’s T-test or Mann Witney test (differences between 

groups) and Wilcoxon Signed (differences within treatment group) depending on 

distribution of the data. Expression analysis for HITChip was carried out with non 
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linear mixed effects (nlme) package in R.17 Differences between treatment groups at 

6 weeks for both fecal samples and small intestinal biopsies were computed using 

linear mixed model, and the p-values were then corrected for multiple comparisons 

by q-value package.18, 19 To detect differences within each treatment group in these 

samples, a multivariate mixed model taking into account the effects of repeated 

measurements, treatment group and individual temporal stability of gut microbiota 

was constructed. Moreover, due to low small intestinal gut microbiota diversity we 

could not detect differences between treatment groups using models mentioned 

above; we thus used Random Forests multivariate analyses to detect differences in 

small intestinal bacteria within treatment groups after 6 weeks.20

Supplementary Figure 1. Overview study scheme

31773 Nood.indd   180 22-12-14   10:32



7

FMT for metabolic syndrome

181

Supplementary Table 1. Characteristics of Study Subjects at Baseline and After 6 Weeks

Allogenic group
(N=9)

Autologic group
(N=9)

Baseline 6 weeks Baseline 6 weeks 

Age (yr) 47 ± 4 53 ± 3

Length (cm) 185 ± 2 178 ± 2

Weight (kg) 123 ± 6 122 ± 6 113 ± 7 113 ± 7

Body-mass index (kg/m2) 35.7 ± 1.5 35.6 ± 1.4 35.6 ± 1.5 35.7 ± 1.6

Body fat mass (%) 40 ± 1 40 ± 1 39 ± 2 39 ± 1

Fasting plasma glucose 
(mmol/l)

5.7 ± 0.2 5.7 ± 0.2 5.7 ± 0.2 5.7 ± 0.2

Glycated haemoglobin 
(mmol/mol)

39 ± 1.1 38 ± 1.2 40 ±1.5 39 ± 3

Cholesterol (mmol/liter)
   HDLc
   LDLc
   TG

4.5 ± 0.4
1.0 ± 0.1
3.1 ± 0.4
1.4 ± 0.3

4.6 ± 0.4
1.0 ± 0.1
3.0 ± 0.3
1.5 ± 0.4

4.8 ± 0.3
1.0 ± 0.1
2.9 ± 0.2
1.6 ± 0.3

4.8 ± 0.2
0.9 ± 0.1
2.9 ± 0.2
1.8 ± 0.4

Plasma FFA (mmol/liter) 0.5 ± 0.1 0.5 ± 0.1 0.7 ± 0.2 0.5 ± 0.1

Systolic blood pressure (mmHg) 138 ± 3 132 ± 6 140 ± 2 142 ± 8

Diasystolic blood pressure (mmHg) 85 ± 2 83 ± 5 84 ± 2 86 ± 6

NOTE. Values are expressed as mean ± standard error of the mean. The body mass index is the weight in 
kilograms divided by the square of the height in meters. No significant differences in clinical variables were 
found between baseline and 6 weeks in both treatment groups. HDLc, high-density lipoprotein cholesterol; 
LDLc, low-density lipoprotein cholesterol; TG, triglycerides. 
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Supplementary Table 2. Glucose kinetics and glucoregulatory hormones in the allogenic (donor) and 
autologous gut microbiota infusion group. 

Basal state Clamp (step 1) Clamp (step 2)

First clamp: 
baseline

Allogenic Autologous Allogenic Autolgous Allogenic Autologous

Glucose (mmol/L) 5.4 
(5.0-6.9)

5.4
(4.8-6.6)

5.2
(4.7-5.4)

5.2 
(4.7-5.5)

4.9 
(4.2-5.3)

5.1
(4.6-5.8)

Insulin (pmol/L) 74
(40-230)

135
(26-220)

217
(127-390)

280
(230-400)

626 
(405-900)

750 
(620-880) 

Glucagon(ng/L) 60 
(44-90)

65 
(38-150)

52
(35-76)

68
(29-78)

33 (26-71) 46 
(23-68)

FFA (mmol/L) 0.5 
(0.3-1.0)

0.6 
(0.3-2.0)

0.1 
(0.1-0.4)

0.2 (0.1-0.3) -1 -1

Cortisol (nmol/L) 239 
(118-320)

230 
(203-363)

230 
(100-475)

175 
(135-466)

217 
(101-348)

238 
(156-406)

EGP (µmol.kg.min) 10.0 
(8.9-13.0)

10.0 
(8.2-12.1)

3.8 
(2.9-9.8)

4.6 
(2.6-12.1)

-2 -2

Rd (µmol.kg.min) – – 11.6 
(8.4-19.5)

10.5 
(7.7-14.3)

26.2
(12.6-55.1)

18.9
(10.8-35.9)

Caloric intake 
(kcal/day)

2100
(1460-2750)

1970
(1500-2800)

– – – –

REE (kcal/day) 2168
(1990-2473)

1937 
(1796-2237)

– – 2230
(1810-2487)

1989
(1670-2183)

Second clamp: 6 weeks after fecal transplant

Glucose (mmol/L) 5.4 
(4.8-6.6)

5.5 
(5.3-6.9)

5.0 
(4.8-5.6)

5.0 
(4.9-5.3)

5.0 
(4.3-5.8)

5.0 
(4.7-5.3)

Insulin (pmol/L) 77 
(18-250)

140 
(30-287)

220 
(150-350)

306 
(190-370)

561 
(415-900)

760 
(650-890)

Glucagon(ng/L) 69 
(44-100)

76 
(50-115)

52 
(35-76)

68 
(46-68)

39 
(21-61)

46 
(23-68)

FFA (mmol/L) 0.4 
(0.3-0.8)

0.5 
(0.3-0.8)

0.1 
(0.0-0.3)

0.2 
(0.1-0.5)

-1 -1

Cortisol (nmol/L) 230 
(100-475)

175 
(135-466)

217 
(109-466)

193 
(78-364)

207 
(56-322)

216 
(137-450)

EGP (µmol.kg.min) 9.8 
(9.4-12.5)

10.3 
(8.8-12.5)

3.8 
(1.2-7.8)

4.8 
(3.9-12.5)

-2 -2

Rd (µmol.kg.min) – – 13.6 
(7.9-19.9)

10.3 
(8.7-13.9)

45.3
(10.6-62.0)

19.5
(13.5-33.2)

Caloric intake 
(kcal/day)

1990
(1440-4020)

2000
(1566-2603)

– – – –

REE (kcal/day) 2113 
(1875-2419)

1905
(1600-2580)

– – 2165
(1834-2790)

1836 
(1600-2280)_
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Basal state Clamp (step 1) Clamp (step 2)

Healthy lean volunteers

Glucose (mmol/L) 5.0 (4.0-5.5) 4.9 (4.6-5.1) 4.9 (4.8-5.3)

Insulin (pmol/L) 24 (8-83) 162 (132-194) 504 (426-712)

Glucagon(ng/L) 51 (38-86) 35 (30-54) 37 (22-44)

FFA (mmol/L) 0.4 (0.3-0.8) 0.1 (0.0-0.2) -1

Cortisol (nmol/L) 215 (128-422) 214 (164-474) 191 (113-298)

EGP (µmol.kg.min) 13.0 (11.4-14.0) 2.2 (1.3-6.4) -2

Rd (µmol.kg.min) – 22.5 (18.8-42.9) 65.0 (44.3-82.9)

REE (kcal/day) 1951 (1598-2514) – 1990 (1670-2488)

NOTE. All values are medians (minimum-maximum); n=9. 
1 FFA were below detection limit
2 EGP was completely suppressed during step 2 clamp

Supplementary Table 3. Gut microbiota in fecal samples

Fold Change 
after/before 
Allogenic 
infusion

q-value 
after/before 
Allogenic 
infusion

Fold Change 
after/before 
Autologous 
infusion

q-value 
after/before 
Autologous 
infusionPhylum level Bacterial taxa

Firmicutes Dorea formicigenerans et rel. a 1.92 0.02 1.4 0.26

Firmicutes Ruminococcus gnavus et rel. 1.74 0.02 1.22 0.33

Firmicutes Clostridium sphenoides  et rel. a 1.95 0.02 1.29 0.32

Firmicutes Clostridium symbiosum et rel. 1.71 0.05 1.45 0.18

Firmicutes Coprobacillus catenaformis et rel. a 1.65 0.02 1.18 0.33

Firmicutes Clostridium ramosum et rel. 1.51 0.02 1.13 0.3

Firmicutes Aneurinibacillus 1.26 0.04 1.1 0.33

Firmicutes Ruminococcus lactaris et rel. a 2.47 0.02 1.47 0.3

Firmicutes Clostridium nexile et rel. a 2.09 0.03 1.38 0.32

Firmicutes Anaerotruncus colihominis et rel. 1.49 0.01 1.14 0.31

Firmicutes Eubacterium siraeum et rel. 1.56 0.02 1.00 0.6

Firmicutes Sporobacter termitidis et rel. 1.39 0.05 1.31 0.18

Proteobacteria Oxalobacter formigenes et rel. a 1.70 0.02 1.27 0.24

Firmicutes Ruminococcus callidus et rel. 1.63 0.02 1.15 0.42

Firmicutes Ruminococcus bromii et rel. 2.49 0.02 1.65 0.2

Firmicutes Roseburia intestinalis et rel. 2.45 0.05 1.22 0.52

NOTE. Significant changes in 16 fecal gut microbiota within the allogenic lean donor gut microbiota 
treatment group after 6 weeks are shown, whereas no significant change was seen after autologous gut 
microbiota treatment. Moreover, a total of 6 different gut microbiota were identified between allogenic and 
autologous treatment groups (a P< .05; for description of statistical models see the Supplementary Materials 
and Methods section). 

Supplementary Table 2. Continued
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Supplementary Table 4. Gut microbiota in small intestinal biopsies

Phylum level Bacterial Group

Fold-change after/
before
allogenic infusion

Fold-change after/
before autologous 
infusion

Proteobacteria Escherichia coli et rel. a 0.58 2.21

Actinobacteria Corynebacterium spp. a 0.87 1.34

Proteobacteria Alcaligenes faecalis et rel. a 1.18 0.97

Bacteroidetes Prevotella ruminicola et rel. 0.99 1.01

Firmicutes Streptococcus bovis et rel. 0.89 1.23

Firmicutes Lachnobacterium bovis et rel. 0.63 0.98

Firmicutes Eubacterium hallii et rel. 1.09 0.61

NOTE. Seven groups of small intestinal gut microbiota were changed within the allogenic lean donor gut 
microbiota treatment group after 6 weeks. Moreover, a total of 3 different gut microbiota were identified 
between allogenic and autologous treatment groups (a P< .05; for description of statistical models see the 
Supplementary Materials and Methods section).
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A 60-year-old Caucasian male with end stage renal disease resulting from 

longstanding hypertension underwent his first post-mortal renal allo-

transplantation in 2000, which was complicated by a steroid resistant acute 

rejection episode and subsequently resulted in transplantectomy within three 

months thereafter. In 2003, he underwent his second post-mortal renal allo-

transplantation. From 2006 onwards he suffered from recurrent episodes of 

transplant pyelonephritis. In the following years his serum creatinine rose slowly 

and proteinuria developed. In 2008 a biopsy of the renal allograft showed chronic 

interstitial damage and tubular atrophy compatible with chronic rejection and 

pyelonephritis. Between 2011 and 2012 he was admitted eight times for recurrent 

episodes of transplant pyelonephritis caused by an Extended Spectrum beta-

Lactamase (ESBL) producing Escherichia coli (E. coli). Each episode was associated 

with an acute further decline in renal function that only partially recovered upon 

treatment. In 2012 the patient reached end stage renal disease due to graft failure 

caused by recurrent transplant pyelonephritis and chronic allograft nephropathy. 

He started with peritoneal dialysis and underwent transplantectomy. Hereafter, he 

remained colonized by ESBL producing E. coli in the large intestine as was shown by 

at least three ESBL positive swab cultures from his rectum. As the risk for recurrent 

pyelonephritis by ESBL producing E. coli due to persistent colonization yielded a 

relative contraindication for another renal transplant procedure, he was not been 

placed on the renal transplant waiting list. In an attempt to decolonize the patient 

from the ESBL producing E. coli, he underwent fecal microbiota transplantation 

(FMT) in May 2013. The donor feces infusion was performed according to the 

protocol as used in the FECAL trial.1 In summary, donor feces were obtained from a 

young healthy Caucasian adult, who was periodically screened for various infectious 

and gastro-intestinal diseases. Feces from the donor were collected and processed 

within six hours after production. First, the feces were diluted with sterile saline, 

and then poured through unfolded gauze in a funnel, in order to obtain a solution 

which was free of debris and solid particles. This solution was immediately infused 

in the patient through a nasoduodenal tube. Donor feces infusion was preceded 

by full colon lavage without prior use of antibiotics.

Within the first two days after donor feces infusion the patient experienced mild 

diarrhea and abdominal cramps, but no other adverse events occurred. Follow-

up ESBL swab cultures of the rectum, perineum and throat were taken at week 

one, two, four, and twelve after the donor feces infusion. Two weeks after donor 

31773 Nood.indd   188 22-12-14   10:32



8

FMT for eradication of ESBL producing bacteria

189

feces infusion, all swab cultures became and remained negative during the twelve 

week follow-up. Thanks to this successful eradication, the patient is now on the 

waiting list for renal transplantation. Donor feces infusion, which is also called 

fecal microbiota transplantation and fecal bacteriotherapy, is an intervention that 

has been elaborately evaluated against Clostridium difficile (C. difficile) infection. 

Most published data about this intervention were case series and case reports 

of which systematic reviews were written.2-4 These systematic reviews reported 

that fecal microbiota transplantation could be a promising intervention against 

C. difficile infection. Additional evidence was recently provided by the FECAL trial1 

which demonstrated in an open label randomized controlled trial that donor feces 

infusion is indeed very effective against recurrent C. difficile infection. Therefore 

we hypothesized that donor feces infusion is not only effective against C. difficile, 

but could also be effective against ESBL producing Enterobacteriaceae residing in 

the large intestine. To study this hypothesis a proof of principal study about the 

effectiveness of FMT for eradication of intestinal colonization by ESBL producing 

Enterobacteriaceae is currently being performed within our hospital.
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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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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 
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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 
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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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Een fecestransplantatie is een behandeling waarbij ontlasting van een gezonde 

donor in het maagdarmkanaal van een patiënt wordt ingebracht. In dit proefschrift 

worden verschillende aspecten van fecestransplantaties belicht. Historisch gezien 

zijn deze behandelingen voornamelijk gegeven voor chronische diarree ontstaan 

na antibioticagebruik. Deze diarree wordt meestal veroorzaakt door de bacterie 

Clostridium difficile (C. difficile). 

C. difficile infecties (CDI) worden eigenlijk uitsluitend gezien als secundaire infecties 

bij patiënten die aanvankelijk zijn behandeld met breedspectrum antibiotica voor 

een andere aandoening. Infecties veroorzaakt door C. difficile worden zelf ook weer 

behandeld met antibiotica, van oudsher metronidazol of vancomycine. Een recidief 

treedt na antibiotische behandeling op bij  20-25% van de patiënten, waarbij 

patiënten bij het gebrek aan andere therapieen opnieuw worden behandeld met 

dezelfde antibiotica. Een klein deel van de patiënten reageert hierop onvoldoende 

en ervaart terugval na terugval. Bij elke volgende door C. difficile veroorzaakte 

infectie neemt de kans op genezing verder af. Meerdere factoren dragen bij 

aan het terugkeren van de infecties; een blijvend verstoorde darmflora, een 

verminderd functionerend immuunsysteem en het gecontinueerde aanwezigheid 

van de bacteriëen. Wetenschappelijk onderzoek waarbij gekeken is naar de beste 

behandeling voor patiënten met recidiverende infecties ontbreekt. Uiteindelijk 

wordt vaak langdurig antibiotica gegeven, met beperkt effect. Daarbij wordt in de 

literatuur de behandeling met donorontlasting gezien als laatste redmiddel. 

De eerste beschrijving van het gebruik van menselijke ontlasting als medicijn is 

afkomstig uit de Chinese oudheid, waarbij “yellow soup” geadviseerd werd als 

oplossing voor een grote verscheidenheid aan ziekten. In de moderne medische 

literatuur is infusie van ontlasting van gezonde donoren voor het eerst beschreven 

in 1958, waarbij de Amerikaanse chirurg Eiseman een indrukwekkende respons zag 

bij patiënten met antibiotica geassocieerde diarree die hij behandelde met klysma’s 

waarin donorontlasting was opgelost. In de decennia erna werden mondjesmaat 

nieuwe casus gepubliceerd waarin over deze onorthodoxe behandelstrategie 

bericht werd.

Halverwege het eerste decennium van deze eeuw werd Nederland (en de rest van 

de wereld) geconfronteerd met een alarmerende toename van C. difficile infecties. 

In Nederland werden vanaf 2005 vrij plotseling uitbraken gerapporteerd in diverse 
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ziekenhuizen en verpleeghuizen. Deze infecties werden mede veroorzaakt door 

een hypervirulente Clostridium stam (ribotype 027 ), die een ernstiger ziektebeeld 

veroorzaakte dan eerder was gerapporteerd, waarbij hogere sterftecijfers en een 

forse toename van het aantal infecties werden gezien. Dit resulteerde in een groei 

van het aantal patiënten met terugkerende infecties, waarvoor geen adequate 

therapie beschikbaar was. Na een succesvolle behandeling met donorontlasting 

van een klein aantal van deze patiënten in Amsterdam startte de studie die het 

belangrijkste onderdeel vormt van dit proefschrift. Het doel van deze studie 

was het vergelijken van de behandeling met donorontlasting met de standaard 

behandeling met antibiotica.

Zelfs voordat de resultaten van de studie beschikbaar waren groeide de interesse voor 

fecestransplantaties exponentieel. Deze belangstelling wordt enerzijds verklaard 

door de genoemde sterke stijging van het aantal patiënten met recidiverende 

C.difficile infecties en daarnaast het (eveneens exponentieel) groeiende inzicht in 

de samenstelling van de darmflora en het voortschrijdend inzicht in de rol van 

darmflora bij gezondheid en ziekte.

In hoofdstuk 1 worden de opties voor de behandeling van recidiverende CDI 

beschreven. Vergelijkende klinische studies speciaal ontworpen voor (antibiotische) 

behandeling van recidiverende CDI ontbreken. Centraal in hoofdstuk 1 staan de 

gepubliceerde casus van patiënten die behandeld werden met donorontlasting 

(die beschikbaar waren op het moment dat de studie van start ging).  In 2008 waren 

meer dan 150 patiënten beschreven die behandeld waren met donorontlasting, 

met een gemiddeld succespercentage van 91 %. Er is daarbij een grote variatie 

in de manier waarop een de fecestransplantatie wordt uitgevoerd (wel of geen 

voorbehandeling met antibiotica, de aan- of afwezigheid van een darmspoeling 

voorafgaand aan de infusie van de donorontlasting, het infunderen van een 

kleine (5 gram) of juist heel grote (300 gram) hoeveelheid ontlasting) waardoor 

het succes van de behandelstrategiëen niet goed met elkaar te vergelijken is. Van 

de gerapporteerde patiënten kreeg 80 % een fecestransplantatie door middel 

van klysma of colonoscoop. Bij de overige patiënten werd de ontlasting via 

een neussonde in de maag of duodenumsonde in de dunne darm ingebracht. 

De optimale route voor donor ontlasting is onduidelijk: de slagingspercentages 

zijn min of meer hetzelfde. In de meeste casus werd binnen enkele dagen na de 

behandeling klinische verbetering opgemerkt. Follow-up varieerde van een week 
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tot twee jaar. Bijwerkingen zijn afwezig of niet vermeld in de meeste studies, 

behalve in één studie die (voorbijgaande) verschijnselen noemt; een zere keel na 

plaatsing van de duodenumsonde, winderigheid, misselijkheid en een opgeblazen 

gevoel na de colonoscopie. 

In hoofdstuk 2 wordt de eerste Nederlandse groep patiënten beschreven die een 

fecestransplantatie kreeg voor recidiverende C. difficile infectie. Er worden zeven 

patiënten met recidiverende CDI beschreven (waarbij twee patiënten drager 

waren van het hypervirulente C. difficile PCR ribotype 027), die allemaal succesvol 

werden behandeld met ontlasting door middel van een colonoscopie (n = 3) of 

via een duodenumsonde(n = 4). Twee patiënten, waarvan één geïnfecteerd was 

met de hypervirulente 027 stam, hadden een recidiverende infectie na hun eerste 

fecestransplantatie, maar genazen na een tweede infusie met donorontlasting. 

Na de behandeling trad er geen recidief op gedurende een mediane follow-

up periode van 150 dagen (met een spreiding van 30-364 dagen). Eén patiënt 

overleed 1 maand na de fecestransplantatie als gevolg van een longontsteking, 

niet gerelateerd aan de behandeling met donorontlasting.

Hoofdstuk 3 beschrijft de eerste gerandomiseerde studie waarin feces-

transplantaties vergeleken zijn met standaard antibiotische behandeling 

voor recidiverende CDI , waarbij patiënten of een standaard behandeling met 

14 dagen vancomycine (met of zonder een darmspoeling ) kregen, of een    

fecestransplantatie, die voorafgegaan werd door vier dagen antibiotica en een 

darmspoeling. De studie werd vroegtijdig gestopt na een tussentijdse analyse 

vanwege een groot verschil in effect tussen de standaardbehandeling en de 

experimentele behandelgroep. Van 16 patiënten in de infusie groep genazen 

13 (81%) na de eerste infusie met donorontlasting. De 3 resterende patiënten 

kregen na het terugkeren van de infectie een tweede infusie met ontlasting 

van een andere donor, waarna nog 2 patiënten genazen. In totaal waren 15 (94 

%) patiënten genezen na een of twee infusies met ontlasting. Bij de patiënten 

die lootten voor de behandeling met respectievelijk vancomycine alleen of de 

behandeling met vancomycine gecombineerd met een darmspoelig genas 4 

van de 13 patiënten (31%) en 3 van 13 patiënten(23%). Dit was een significant 

verschil in succes in de vergelijking met de infusiegroep.  Van de patiënten 

die faalden na standaard antibiotische therapie kregen 18 patiënten een “off 

protocol” fecestransplantatie, waardoor alsnog 15 patiënten (83%) genazen. 
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Er werden daarnaast geen verschillen gezien in bijwerkingen tussen de drie 

onderzoeksgroepen, behoudens milde diarree en buikkramp in de met ontlasting 

behandelde groep op de dag van infusie. 

Hoofdstuk 4 beschrijft in meer detail de veranderingen in de darmflora die 

gezien worden na een fecestransplantatie. Patiënten met Clostridium difficile 

infecties hebben een darmflora (ook wel microbiota genoemd) waarvan zowel de 

verscheidenheid als het absolute aantal bacteriën is afgenomen, ten gevolge van 

het eerder gebruik van antibiotica en de infectie met C. difficile.  In de ontlasting 

van patiënten en donoren werd de bacteriële samenstelling geëvalueerd, met 

behulp van de Human Intestinal Tract Chip (HITChip). Dit is een techniek waarbij 

de samenstelling van de microbiota in kaart kan worden gebracht door middel 

van het aantonen van het genetisch materiaal (DNA) van de bacteriën, waardoor 

verschillende soorten van elkaar te onderscheiden zijn. De analyse toont aan 

dat patiënten met recidiverende CDI voorafgaand aan een fecestransplantatie 

inderdaad een verminderde diversiteit hebben, waarbij een duidelijke afname 

gezien wordt van de onder normale omstandigheden in grote getale aanwezige 

bacteriële groepen Firmicutes en Bacteroidetes. Daarnaast zijn andere potentieel 

ziekmakende bacteriën (Proteobacteriën) juist in overmaat aanwezig. Een 

fecestransplantatie heeft  een indrukwekkende en blijvende “herstellende” invloed 

op de samenstelling van microbiota van de patiënt, waarbij de microbiota van 

de ontvanger vergelijkbaar wordt met die van de donor. De veranderingen in de 

microbiota blijven hierbij langdurig bestaan. Samenvattend wordt in deze studie 

aangetoond dat een fecestransplantatie leidt tot een normalisatie van de verstoorde 

microbiota bij patiënten met langdurige terugkerende CDI. 

In hoofdstuk 5 wordt ingegaan op de economische aspecten van een 

fecestransplantatie. De economische evaluatie van fecestransplantatie in 

vergelijking met standaard behandeling met antibiotica werd in dit hoofdstuk 

uitgevoerd als zowel een kosteneffectiviteits- als een doelmatigheidsanalyse, 

waarbij respectievelijk de kosten per dag vrij van diarree en de kosten per quality 

adjusted life year (QALY) als primaire uitkomstmaat golden. Een stijging in QALY’s 

door een behandeling bij een patient, vormt een maat voor het aantal levensjaren 

in goede gezondheid, en levert daarbij een manier om de doelmatigheid van een 

behandeling uit te drukken. Het aantal dagen zonder diarree was significant hoger 

in de groep patiënten behandeld met een fecestransplantatie. Daarbij genereerden 
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patienten die een fecestransplantatie kregen meer QALY’s in zowel een berekend 

realistisch als optimistisch scenario in vergelijking met de patiënten die niet met 

ontlasting behandeld zouden worden. De totale gemiddelde kosten per patiënt 

uit  de fecestransplantatiegroep waren € 6.358. In de antibiotisch behandelde 

groep patiënten (met of zonder darm lavage) bedroegen deze kosten € 5.784. Het 

verschil van € 573 tussen beide groepen was niet significant. De extra kosten per 

extra dag vrij van diarree en de extra kosten per extra QALY werden berekend voor 

fecestransplantatie in vergelijking met de beide vancomycine behandelingen. De 

extra kosten per extra dag vrij van diarree waren € 19,5. De extra kosten per extra QALY 

waren respectievelijk € 20.111 in het realistische en € 22.389 in het optimistische 

scenario. Samenvattend generen patienten die een fecestransplantatie ondergaan 

meer QALY’s dan patienten die dit niet zouden ondergaan, waarbij de kosten 

voor een behandeling met ontlasting vrijwel vergelijkbaar zijn. Patienten die 

falen op de behandeling met antibiotica krijgen als toevoeging nu ook nog een 

fecestransplantatie, waarbij het geven van een fecestransplantatie als eerstelijns 

behandeling bij alle patiënten dus kostenbesparend zou zijn, met een besparing 

van ten minste € 429 per patiënt. De waargenomen relatieve winst in QALYs is 

klinisch relevant en weerspiegelt ook het verschil in diarree vrije dagen tussen 

de twee groepen. Doordat patiënten die een fecestransplantatie krijgen minder 

vaak een terugkerende infectie ontwikkelen is deze behandelstrategie niet alleen 

effectiever, maar uiteindelijk ook goedkoper. 

Hoofdstuk 6 beschrijft de lange termijn follow-up resultaten en de ervaringen 

van patiënten die deelnamen aan de trial zoals die beschreven is in  

hoofdstuk 3. Terugkerende Clostridium difficile infecties treffen met name kwetsbare 

patiënten, waarbij hoge leeftijd, een lage performance status en een uitgebreide 

comorbiditeit onafhankelijke risicofactoren zijn. De gemiddelde follow-up duur 

bedroeg 44 maanden. Van alle 43 patiënten waren 19 patiënten overleden. Een 

patiënt was al overleden tijdens de studie, van de overige overleden patiënten 

overleden er twee in relatie met een nieuwe CDI. De meerderheid van de patiënten 

die een fecestransplantatie had ondergaan kreeg  tijdens de follow up nieuwe 

antibiotische behandeling, niet voor C. difficile maar voor andere aandoeningen, 

waarna drie patiënten een nieuwe C. difficile infectie ontwikkelden. Twee patiënten 

genazen vervolgens na een eenmalige behandeling met antibiotica, één patiënt 

daarentegen ontwikkelde CDI na behandeling met antibiotica voor een CAPD 

peritonitis en stierf. De behandeling met ontlasting lijkt te beschermen tegen 
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nieuwe terugkerende infecties. Daarnaast werden in dit hoofdstuk de persoonlijke 

ervaringen van patiënten beschreven. Patiënten meldden een hoge mate van 

bereidheid om een nieuwe fecestransplantatie te ondergaan indien nodig in de 

toekomst. De darmlavage voorafgaand aan de fecestransplantatie werd als het 

meest vervelende gedeelte van de behandeling gezien. Er was geen duidelijke 

voorkeur bij patiënten voor de route van infusie van donor ontlasting, via een 

coloscopie of een sonde. Samenvattend is terugkerende CDI een aandoening die 

gezien wordt in een fragiele groep patiënten, met een hoge sterfte in de follow 

up. Daarbij lijkt een fecestransplantatie te beschermen tegen nieuwe infecties, en 

kijken patiënten met voldoening terug op de behandeling. 

In het tweede deel van het proefschrift worden andere indicaties voor 

fecestransplantaties onderzocht. 

In hoofdstuk 7 wordt een proef bij mannelijke patiënten met metabool syndroom 

beschreven, waarbij het effect van fecestransplantatie op insulineresistentie wordt 

bestudeerd. Dit onderzoek komt voort uit het gegeven dat infusie van “magere 

darmflora” bij zwaarlijvige muizen leidt tot een significant afname van het totale 

lichaamsvet  ten opzichte van infusie met een “dikke darmflora”. Dit wijst op een 

rol voor microbiota in de ontwikkeling van obesitas. Proefpersonen kregen ofwel 

een allogene suspensie van donorontlasting van slanke donoren, of een autologe 

fecestransplantatie van hun eigen geprepareerde ontlasting. Er werd een tijdelijke 

vermindering van de perifere insulineresistentie gevonden bij patiënten behandeld 

met “dunne” ontlasting. Daarnaast werd na een allogene fecestransplantatie 

verlaging van het nuchtere lipidenprofiel gevonden. Het effect van fecale therapie 

op de stofwisseling wordt mogelijk verklaard door de verhoogde productie van 

specifieke korte-keten vrije vetzuren, zoals butyraat, geproduceerd door bacteriën 

aanwezig in de donorontlasting. Ofschoon veelbelovend voor de toekomstige 

behandeling of beinvloeding van obesitas en metabole aandoeningen, moeten 

de resultaten van nieuwe onderzoeken worden afgewacht. Momenteel lopen er 

verschillende studies die dit onderzoek verder uitbreiden.

Een veranderde microbiota kan in theorie een oorzakelijke rol spelen bij een 

oneindig groot aantal ziekten. Prikkelbare darm syndroom, non alcoholische steato-

hepatitis, coeliakie, allergieën, neurologische stoornissen, endocrinopathieën, 

en andere auto-immuunziekten zijn allemaal gekoppeld aan een verandering in 
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de darmflora. Of een fecestransplantatie deze relatie kan beïnvloeden moet nog 

blijken. Een andere veelbelovende ontwikkeling is de eventuele eradicatie van 

Extended Spectrum Beta-lactamase producerende bacteriën uit de darm.

In hoofdstuk 8 wordt een casus beschreven van een 60-jarige patiënt die bekend 

is met nierfalen en een eerdere niertransplantatie. Hij maakte terugkerende 

episodes van transplantaat gerelateerde pyelonefritis door, veroorzaakt door een 

Extended Spectrum Beta-lactamase (ESBL) producerende Escherichia coli (E. coli). 

Bij achteruitgang van de nierfunctie ten gevolge van de terugkerende infecties en 

afstoting van het niertransplantaat volgde transplantectomie, waarbij hij opnieuw 

startte met nierdialyse.  Hierbij bleef hij drager van de ESBL-producerende E. Coli 

in de darm. Dit leverde een relatieve contra-indicatie op voor een plek op de 

wachtlijst voor een mogelijke nieuwe niertransplantatie. In een poging om de 

ESBL producerende E. Coli te verwijderen onderging hij een fecestransplantatie 

met ontlasting van een gezonde (ESBL negatieve) donor. Twee weken na de 

fecestransplantatie waren alle kweken negatief. Dit bleven zij tijdens de twaalf 

weken follow-up.
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Dankwoord

In de eerste plaats wil ik de patiënten bedanken die deelnamen aan de Fecal trial. 

Vaak op hoge leeftijd en met weinig uitzicht op genezing na maandenlange diarree, 

gaven ze toestemming voor een behandeling die op zijn minst als onorthodox 

beschouwd kan worden. Dankzij hen hebben we kunnen aantonen hoe goed de 

behandeling werkt.  

Dank ook aan de donoren, die de vanzelfsprekendheid van poepen in alle rust en 

anonimiteit opgaven door hun ontlasting (soms onder hoge druk) op te vangen. 

De sms “the eagle has landed” kreeg een nieuwe betekenis. 

Dank aan mijn promotor, professor Peter Speelman. 

Beste Peter, ik heb zoveel van je geleerd. Veel dank voor je helicopterview, voor de 

rust en onverstoorbaarheid bij elke hobbel op de weg. En alle grappen over poep, 

het ouderschap en met name de combinatie. 

Veel dank aan de copromotoren. 

Beste Josbert, met je onvermoeide energie en je continu borrelende vrij 

associërende geest vol ideeën is het een plezier met je te werken. Het feit dat 

we elkaar de afgelopen jaren vooral tussen 7.50 en 8.00 ’s ochtends en 23.00 en 

23.10 ‘s avonds spraken deed niet af aan de pret. Veel dank voor je steun en je 

grenzeloze optimisme. Alleen dankzij jouw uithoudingsvermogen is het gelukt de 

toch kleine studie die we gedaan hebben de grootst mogelijke impact te laten 

hebben. Stelling 6 is zeker niet op jou van toepassing.

Beste Marcel , veel dank voor alle statistische en wereldwijze input. Bij elke deadline 

waren de nachtelijke telefoontjes altijd verhelderend, wat moet het vermoeiend 

zijn geweest om steeds opnieuw het verschil tussen doelmatigheid en effectiviteit 

uit te leggen. Op naar je vijfde ingelijste stuk!

Max, dank dat je een voorbeeld bent van hoe je met promovendi omgaat, ik heb 

een hoop van je geleerd! Je bent als geen ander in staat tot extreem efficiënte 

communicatie, waarbij soms twee woorden genoeg zijn om een carrière te 

veranderen. 
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Beste leden van de promotiecommissie, Professor drs. J.F.W.M. Bartelsman, Professor 

dr. J.B.L. Hoekstra, Professor dr. E.J. Kuijper, Professor dr. M.M. Levi, Professor dr. 

J.M. Prins, Professor dr. H.L. Zaaijer, hartelijk dank voor het beoordelen van mijn 

proefschrift en de bereidheid plaats te nemen in mijn promotiecommissie.

Aparte dank aan Ed Kuijper, de ongekroonde Clostridium difficile koning, in ieder 

geval van Europa, en wat mij betreft ook van het heelal. Als vraagbaak vanuit het 

referentiecentrum voor Clostridium difficile in Nederland verwees je patiënten, 

was in je lab alles mogelijk wat elders niet lukte en was je het allersnelst met het 

terugsturen van manuscripten en reacties. 

Marcel Levi, bedankt voor het bedenken van de studie! Dit hele boekje had niet 

bestaan als je niet de suggestie had gedaan om op een A4tje nog “even een 

subsidievoorstel” voor ZonMW te schrijven. 

Wageningen University, Willem de Vos, Susana Fuentes, Erwin Zoetendal. Your 

impressive work has enriched the results of the fecal trial in a great deal. The 

evaluation of the composition of microbiota before and after transplantation is such 

an important step in understanding its effect. I am honored to have contributed 

to your work. 

Hans Zaaijer en Tom van Gool bedankt voor alle hulp bij het bedenken van een 

goed donorscreeningsprotocol. Uiteindelijk valt of staat toch alles met goede 

screening! Dank aan de afdeling Medische Microbiologie / Parasitologie van het 

AMC, Carolien Visser voor alle tijd, en zeker ook de andere microbiologen, Rob 

Weijts voor praktische hulp, Anneke Oei voor nooit aflatende interesse, heren van 

de sterilisatie voor het toch altijd weer aannemen van die verontreinigde trechter. 

Analisten van zowel de bacteriologie voor het tolereren van de pakketjes in de 

koelkast, serologie voor het tolereren van deze promovenda met blinde vlek voor 

pipetteren en de parasitologie voor het uitlenen van jullie zuurkast. Dank aan de 

afdeling MDL van het AMC  voor het plaatsen van sondes (An, Lydia, Sam!), Paul 

Fockens en Joep Bartelsman voor alle interesse in en steun bij de studie, en de dokters 

in de deelnemende centra, waarbij jullie METC vaak  meewarig en soms ronduit 

afkeurend het protocol beoordeelde op alles behalve lokale uitvoerbaarheid, en 

de inhoud van de trial met hand en tand verdedigd moest worden. Zinzi, Isaie en 

Iuke dank voor jullie hulp! 
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De diabetesgang, waar ik natuurlijk eigenlijk helemaal niet bij hoorde, (er is geen 

enkele glucose gemeten bij de patiënten in hoofdstuk 3), maar waar ik toch mee 

mocht lunchen. Bregje, Jeroen, Saar, Sanne, Wanda, Airin, Arianne, Josephine, 

Marjolijn en natuurlijk SPSSYuri, jullie hebben het er een stuk leuker door gemaakt!

Lieve nieuwe collega’s van het Havenziekenhuis, dank voor het geweldige eerste 

jaar, ik verheug me op de toekomst aan de Maas!

Mijn paranimfen Anne en Fleur. Anne, jouw efficiëntie (een jaar later begonnen, 

twee jaar eerder klaar, houdster van het huidig record van een fecestransplantatie 

in 4 minuten) en het feit dat je zo’n ongelooflijk ochtendmens bent, maakt met je 

sportiviteit dat je drie eigenschappen in grote mate bezit die ik ontbeer. Toch ben 

ik ontzettend blij dat we met elkaar de onderzoeken hebben gedaan en het hokje 

op F4 hebben gedeeld. En dank voor de introductie in de wereld van goji bessen, 

spelt, noten, zaden, nog meer spelt en biologische thee.

Fleur, dag één van de introductie, dezelfde mentorgroep en zie waar we gekomen 

zijn! Je rust, en relativerend vermogen en natuurlijk je goede eigenschap om altijd 

alles zo goed bij te houden, sms-end of, jawel, whatsappend zijn altijd een meer 

dan welkome afleiding!

Soms leek het heelal te cirkelen om de combinatie proefschrift en werk. Gelukkig 

zijn er mensen die me bij tijd en wijle hebben laten weten dat dit toch echt 

geen echt bestaand natuurkundig verschijnsel is;  Lieke, Margriet, Liane, Thecla, 

Philippinne, Steffelien en Jolanda,  Annika, Alien, Saskia, Celia en de buurtjes tot 

heel snel allemaal. 

Lieve Ada en Paul, Ad en Nadine, Henk en Truus. Bedankt voor jullie eeuwigdurende 

interesse en steun, op elk vlak. Soms meewarig en bezorgd, maar altijd heel 

enthousiast hebben jullie gekeken hoe druk het was, wat ik nou weer op mijn 

hals haalde, wat fijn dat jullie er allemaal zijn, hopelijk ben ik wat vaker op tijd voor 

het eten! Jim bedankt voor de passende sinterklaassurprise, zelfs nog voordat het 

allemaal begonnen was! 

Lieve zussen, wat heerlijk dat jullie er zijn als het echt belangrijk is (en ook als het 

natuurlijk helemaal niet belangrijk is).

Sander, na jouw eigen dankwoord in je proefschrift vorig jaar kun je niets anders 

dan het mooiste dankwoord verwachten. Bedankt dat je bij me hoort, en ik bij jou. 

Je weet (ondanks het feit dat je geen donor was in de studie) dat ik zoveel aan je 

te danken heb. Eefje en Casper, lieve schattige apies, hierna is het klaar! Denk ik. 
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PhD portfolio

PhD training Year Workload

ECTS

Courses AMC Graduate School

Clinical data management 2007 0.3

The AMC world of science 2008 0.7

Good Clinical Practice 2008 0.9

Practical Biostatistics 2008 1.1

Clinical Epidemiology 2008 0.6

Infectious diseases 2008 1.3

Other courses:

Boerhaave course: infection control measures and new 

treatment modalities for emerging CDAD 2008 0.4

Ruysch lectures 1.0

Weekly department seminars 4.0

Presentations

Oral presentations

Duodenal Infusion of Donor Feces for Recurrent 

Clostridium difficile infection, results of a randomized 

controlled trial,  Dutch Internal Medicine convention 2013 0.5

Duodenal Infusion of Donor Feces for Recurrent 

Clostridium difficile infection, results of a randomized 

controlled trial,  President Select, 

voorjaarsbijeenkomst NVGE 2013 0.5

Pathogenesis and treatment of recurrent CDI,  

ECCMID London 2012 0.5 

Recurrent CDI, when the shit hits the fan, LUMC 2012 0.5

Overview on treatment of Clostridium difficile infections.

Infectious diseases symposium, AMC 2011 0.5 

Clostridium difficile anno 2011, Amsterdam Symposium 

Internal Medicine, Beurs van Berlage 2011 0.5 
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PhD training Year Workload

ECTS

Recurrent Clostridium difficile infections and donor 

feces infusions, SWAB symposium Utrecht 2011 0.5 

Clostridium difficile, a zoonosis? Infectious diseases 

Symposium, Academic Medical Center Amsterdam. 2011 0.5

Poster Presentations

Efficacy of fecal therapy for recurrent Clostridium difficile

associated diarrhea, ECCMID Barcelona: 2008 0.5

(Inter)national conferences

European Conference on Clinical Microbiology 

and Infectious diseases, Barcelona 2008 0.25

Internistendagen 2009 0.5

Internistendagen 2012 0.5

European Conference on Clinical Microbiology 

and Infectious diseases,, London 2012 0.25

Internistendagen 2013 0.5

Annual scientific meeting of the NVGE 2013 0.25

Teaching

Lecturing

Cinima Course Infectious diseases 2009-2012 3

Student Coaching for their scientific course

Zinzi Hegeman, asymptomatic carriage of C.difficile 2009 1

Iuke Douwes Dekker, cultivability of donor feces 2011 1
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