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THE MICROBIOME

The term ‘microbiome’ includes the collection of bacteria, viruses, and fungi that 
live in and on the human body.1 While the major content of our stool consists of 
bacteria, there is a small niche for eukaryotes (0.5%), archaea (0.8%) and viruses 
or bacteriophages (up to 5.8%).2 Eukaryotes differ from Prokayotic cells (Bacteria 
and Archea) by their membrane bound organelles (e.g. the nucleus) enclosed by a 
nuclear envelope.
The microbiota – the collection of microorganisms present in a defined environ-
ment- from the gastrointestinal tract contains by far the highest number of cells (101-3 
colony-forming unit (CFU)/ml in the stomach up to 1012 CFU/ml in the distal colon), 
which is 10 times more than the number of cells we exist of.3 The gastrointestinal 
tract microbiota has the highest diversity when compared to other sites in and on 
the human body such as the oral cavity, skin and vagina.3–5 The microbiota are a 
great help in food digestion, production of vitamins K and B, providing metabolites 
by fermentation of food as an energy source for colonic cells, and modulation of 
the host immunity. Furthermore, it provides a dynamic barrier against pathogens.6–11 
The inner lumen of the colon is separated by a single cell epithelial layer covered 
by a mucus layer that protects our body from invading pathogens. The majority of 
gut bacteria are commensals (non-pathogenic), but the intestinal microbiota harbors 
some pathogens. Pathogenic microorganisms can be present in the intestinal tract 
of healthy individuals in high numbers without further consequences as long as the 
epithelial barrier is intact and there is an adequate immune response.12

TECHNIqUES TO STUDY MICROORGANISMS

Microscopy
In the beginning of the 17th century, Antoni van Leeuwenhoek modified one of the 
first mircoscopes by developing a powerful lens equipped with a 250-fold magnifica-
tion, that enabled him to study the microscopic world including microorganisms. 
In 1676 he identified the first bacteria: Selenomonads.13 Selenomonads are mostly 
found in the intestinal tract of mammals that are able to ferment plant-based foods in 
their specialized stomach prior to digestion (e.g. cattle, goats, sheep and giraffes).13 
Van Leeuwenhoek found these motile crescent-shaped bacteria as colonizers of the 
mouth in human.14–16 By investigating dental plaques (called biofilms in literature later 
on) in two men who had never cleaned their teeth, many others were discovered.17

Culture and molecular techniques
Since the discovery of the first bacteria by van Leeuwenhoek, knowledge was 
gathered on different species by culture-dependent approaches.18 Currently, the 
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cultivable fraction of the gastrointestinal tract microbiota is estimated at 30% and 
includes approximately 450 bacterial species.19,20

In the late nineties, culture-independent techniques based on small subunit ribo-
somal RNA (SSU rRNA) approaches increased this number up to 2000 different 
species recovered from the human gastrointestinal tract.20 The majority of these 
species belong to the 4 major phyla; Firmicutes, Bacteroidetes, Actinobacteria and 
Proteobacteria. The first three represent around 80% of the intestinal microbiota 
in healthy individuals.21 The SSU rRNA gene is present in all organisms and can be 
used for identitication and classification of bacteria. 16S rRNA genes can be used 
as a target in culture independent approaches to study the bacterial composition in 
an ecosystem. This approach has led to a better understanding of the microbiota, in 
particular due to ongoing developement of high troughput approaches as microarray 
and sequencing. Nevertheless, culturing of microbes remains crucial for the selec-
tive isolation and studying of representatives of key functional groups, including 
pathogens.22

DEvELOPEMENT OF THE MICROBIOTA IN THE GASTROINTESTINAL 
TRACT

Neonates are exposed to a variety of microorganisms immediately at time of deliv-
ery. Vaginally delivered ones acquire their mothers’ vaginal microbiota, characterised 
by Lactobacillus, Prevotella, or Sneathia spp.23 In contrast, neonates born after a 
ceasarian section receive bacterial communities regularly found on the surface of 
the skin dominated by Staphylococcus, Corynebacterium, and Propionibacterium 
spp.23 A substantial reduction of Bifidobacterium spp. known to colonize the vagina 
and colon of mothers was found in ceasarian born neonates.24 Bifidobacteria are 
predominant in breast-fed infants while formula-fed infants gather a more diverse 
microbiota that contains, apart from bifidobacteria, also Bacteroides, Clostridia and 
Streptococci.25,26 Meconium sampled from preterm babies in Spain showed a spe-
cific core community consisting of Bacilli and other Firmicutes, which was different 
from fecal samples collected in the first three weeks of life. In these fecal samples, 
the microbial community consisted of Proteobacteria mainly, which was confirmed 
by culture and a 16S rRNA based approach.27 While their mothers carried different 
microbial communities at different body sites, neonates harbored undifferentiated 
bacterial communities across multiple body habitats.23

At the age of one year, a more or less stable microbiota community has been built 
and the diversity already reaches adult levels.28
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FACTORS AFFECTING THE MICROBIOTA COMPOSITION AND 
OBSERvATIONS IN HEALTH AND DISEASE

In humans, the gastrointestinal tract microbiota community is relatively stable.29,30 
However, it is variable from person to person.30 Many intrinsic (gastric acid, motility, 
mucus, antimicrobial peptides) and extrinsic factors (diet, pre-, pro- and antibiotics, 
medication) are known to affect the distribution and composition of the microbiota 
along the gastrointestinal tract.22 Long-term diets were associated with higher levels 
of Bacteroides (protein and animal fat diet) and Prevotella (carbohydrate diet).31 A 
controlled feeding study in which the diet of 10 study subjects was changed from a 
high fat to a low fiber diet and vice versa showed that the microbiota composition 
changed within 24 hours. Nevertheless, the overall composition remained stable 
during 10 study days.31

Many aberrancies in composition, diversity and richness of the fecal microbiota have 
been observed in obese individuals, patients with diabetes, colorectal cancer, infec-
tious diseases and auto-immune diseases such as reumatoid artritis and inflamma-
tory bowel diseases (IBD).32–36 Currently, over 25 diseases or syndromes have been 
linked to the intestinal microbiota.34 Whether there is a causal relationship between 
disease and microbiota composition is still unclear.34 So far, causal effects were 
determined for the cultured pathogens Helicobacter pylori, Listeria monocytogenes, 
Clostridium difficile and members of the Enterobacteriaceae only.37

Despite the fact that diseased populations were compared to healthy controls in 
many studies, unfortunately no standard is available for health, nor for a healthy 
microbiota.

INFLAMMATORY BOWEL DISEASES

Inflammatory bowel disease (IBD) consists of Crohn’s disease (CD) and ulcerative 
colitis (UC). Both chronic inflammatory diseases present in a relapsing and remit-
ting manner.38 Patients suffer from complaints such as bloody diarrhea, abdominal 
cramps, anemia and weight loss. While CD can affect the entire mucosa of the 
gastrointestinal tract leading to inflammation, ulceration, fistula and abscesses, UC 
only affects the colon and does generally not lead to fistula or abscesses.
IBD is a multifactorial disorder and is supposed to originate from a combination of 
genetic susceptibility, the host immune system, the intestinal microbiota and other 
environmental factors such as stress, diet and hygiene.38,39

These chronic inflammatory diseases are most prevalent in the Western world 
(North America and Europe).40,41 In 2000, IBD affected 0.5 - 1.0% of the population in 
Western Europe during their life time.42 Worldwide, the incidence of IBD seems to 
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increase, yet some studies suggested a plateau phase.42,43 In developing countries, 
IBD used to be rare. However, along with industrialization, the incidence of IBD has 
increased in Asia.44

The aim of therapy in both CD and UC is to achieve ‘induction’ and ‘remission’ mean-
ing treating relapses and preventing them. While patients who do respond to therapy 
may experience long periods of remission, unfortunately they cannot be cured. IBD 
is a progressive disease and in case of CD most patients will develop a stricturing or 
perforating complication one day.45

Extra-intestinal manifestations and primary sclerosing cholangitis
IBD is accompanied by extra-intestinal manifestations that can present after the 
manifestation of IBD symptoms or even before. Involvement of joints (arthritis and 
arthropathies), skin (erythema nodosum and pyoderma gangrenosum), and eyes 
(episcleritis, iridocyclitis, and uveitis) are the most prevalent extra-intestinal manifes-
tations.46 Rare manifestations are primary sclerosing cholangitis (PSC), pancreatitis, 
various lung disorders, osteoporosis and thromboembolic events.46

PSC is a cholestatic liver disease caused by inflammation and fibrosis of the biliary 
tree. It is a progressive disease that can lead to biliary cirrhosis, portal hypertension 
and hepatic failure.47 PSC patients may experience clinical symptoms as fatigue, 
jaundice, weight loss, right upper quadrant pain and pruritis. Only 5% of UC patients 
have concomitant PSC, while PSC itself is highly associated with IBD which is preva-
lent in 70% of patients.48 IBD patients, in particular those with PSC, are at risk for 
developing colon cancer.48,49

THE MICROBIOTA IN INFLAMMATORY BOWEL DISEASES

The link between IBD and microbiota
When breaking down the generally accepted hypothesis on the etiology of IBD as 
‘an agressive acquired immune response to a subset of commensal enteric bacteria 
that occurs in a genetically susceptible host’ to the role for microbiota, there are 
different hypotheses: (I) a single etiological pathogenic species is responsible for 
IBD (II) IBD is a result of an excessive immune response to the normal microbiota 
colonizing the gastrointestinal tract, or (III) an altered composition of microbiota leads 
to a disturbed epithelial barrier function resulting in a pathological mucosal immune 
response.38,39 While many studies failed to demonstrate a single species responsible 
for IBD (I), there is substantial evidence for the link between microbiota and the 
pathogenesis of IBD (II and III).50 In areas of the bowel with the highest bacterial 
counts inflammation occurs and diversion of the fecal stream has beneficial effects 
on the course of CD and relapse occurs with restoration of the fecal stream.50,51 
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Antibiotic treatments with metronidazole, ciprofloxacin, or rifaximin were associated 
with clinical improvent including perianal disease activity in CD52. Several antibiot-
ics induced remission in UC, and increased bacterial translocation was observed in 
CD.53–56

The microbiota in patients with IBD
The composition of the microbiota in IBD patients is characterized by a decreased 
diversity, a decreased abundance of Firmicutes (in particular Clostridium cluster 
IV (Faecalibacterium prausnitzii), Clostridium cluster XIVa and Bacilli), a decreased 
abundance of Bacteroidetes, and increased abundance of Proteobacteria (including 
Enterobacteriaceae).38,54,57 The aberrant microbiota composition observed in IBD has 
been linked to a decreased production of short chain fatty acids (SCFAs) such as 
butyrate and propionate.6,58,59 SCFAs play a role in inflammatory processes by regula-
tion of pro-inflammatory cytokines.60 Low levels of Faecalibacterium prausnitzii, a 
butyrate producer, measured in mucosal samples from CD patients were associated 
with a higher risk of recurrence of CD after surgery.61 The Firmicutes Faecalibacte-
rium prausnitzii and Roseburia hominis; also one of the butyrate producers, were 
found in lower abundance in feces from UC patients.62 Recovery of Faecalibacterium 
prausnitzii was associated with maintainance of clinical remission in UC patients.63 
For species within the Bacteroides phylum: strains of Bacteroides vulgatus and 
enterogenic Bacteroides fragilis (ETBF, causing peritonitis or appendicitis) have been 
implicated in IBD but the mechanism of action is not yet fully understood.64

As mentioned earlier, eukaryotes only represent 0.5% of the intestinal microbiota.2 
While eukaryotes only represent a small niche of the intestinal microbiota, members 
of the eukaryotes are in a persistent competition with all other gut inhabitants.2 
Although the knowledge on the role for Eukaryotes in IBD is scarce, Blastocystis sp. 
remains a matter of debate. No consensus has been achieved whether this organism 
is related to intestinal symptoms such as nausea, abdominal pain and diarrhea.65,66 
Studies on the effect of eradication of Blastocystis hominis in IBD patients and the 
impact on abdominal symptoms are conflicting.67,68

The microbiota in patients with primary sclerosing cholangitis
There is a close connection between the gut microbiota and the liver via the hepatic 
portal vein. The association between PSC and IBD was hypothesized to be related to 
bacterial translocation from the gut to the liver.69 Data on the link between the micro-
biota and PSC are derived from animal studies. From animal studies we learned that 
bacterial translocation in rats induces PSC-like changes.70 In an experiment in which 
IL-10 knock out mice were given a diet enriched in saturated fats, specific changes 
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in the bile acid pool were seen that led to alterations in the intestinal microbiota 
which increased the susceptibility to IBD of those mice from 25% to over 60%.71 
Descriptive studies in human are expected.

THERAPY BASED ON THE MICROBIOTA COMPOSITION, FECAL 
MICROBIOTA TRANSPLANTATION

Fecal Microbiota Transplantation (FMT) refers to the procedure of infusion of a fecal 
suspension from a heathy donor into the gastrointestinal tract of a patient to cure 
a specific disease.72 Remission of disease by restoration of the aberrant microbiota 
composition is the goal of therapy when applying FMT in patients UC. While the use 
of antibiotics and probiotics appear to be beneficial in the treatment of IBD, FMT is 
supposed to achieve a radical boost of the microbiota of the recipient.73,74 J. Bennet 
was the first UC patient who replaced his own microbiota with that from a disease-
free donor by infusion of a fecal suspension via large retention enemas.75 He was 
symptom free for at least six months afterwards and could cease his medication.75 To 
date, over 1000 patients treated with a suspension of donor feces were reported in 
the medical literature concerning a variety of indications: refractory and recurrent C. 
difficile infection (CDI), UC and CD, pouchitis, irritable bowel syndrome (IBS), chronic 
constipation, metabolic syndrome, chronic fatigue syndrome, idiopathic thrombocy-
topenic purpura and even multiple sclerosis.75-87 Different protocols were used with 
regard to; preparing fecal specimens, screening procedures, the choice for a healthy 
donor and the route of administration (either via the upper gastointestinal tract by 
duodenal or gastric tube infusion or via the lower intestinal tract via rectal enemas or 
infusion via a colonoscope).72 We systematically reviewed the efficacy of FMT used 
as clinical therapy (Chapter 5).
CDI is the most common indication for which FMT is currently being implemented 
in treatment protocols for patients who have a recurrent CDI failing on antibiotic 
treatment. In a randomized controlled trial performed in the Netherlands, 94% of 
patients were cured from CDI after receiving one or two duodenally infused FMT’s.87

Medio 2014: 122 IBD cases; 79 UC patients and 39 CD patients, who received FMT 
were reported in the medical literature.88 These publications consisted of case series 
and a single randomized controlled trial. Results from studies on FMT in both UC 
and CD are conflicting. Overall, approximately 45% of IBD patients reported in the 
literature achieved clinical remission after FMT.88

For both patients and physicians, FMT is interesting as a ‘natural’ therapy due to the 
presumable lack of side effects that are associated with regular medicinal therapy.
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The aim of this thesis is to study the microbiota composition in inflammatory bowel 
diseases and the impact of Fecal Microbiota Transplantation (donor feces infusion) 
on UC patients and their microbiota.
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