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Abstract

AIM: To characterize the colon microbiota in two
women histologically diagnosed with collagenous colitis
using a culture-independent method.

METHODS: Biopsies were taken from the ascending
colon and the total DNA was extracted. Universal bacte-
rial primers were used to amplify the bacterial 16S rRNA
genes. The amplicons were then cloned into competent
Escherichia coli cells. The clones were sequenced and
identified by comparison to known sequences.

RESULTS: The clones could be divided into 44 dif-
ferent phylotypes. The microbiota was dominated by
Firmicutes and Bacteroidetes. Seven phylotypes were
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found in both patients and constituted 47.5% of the
total number of clones. Of these, the most dominat-
ing were clones similar to Bacteroides cellulosilyticus,
Bacteroides caccae, Bacteroides thetaiotaomicron,
Bacteroides uniformis and Bacteroides dorei within
Bacteroidetes. Sequences similar to faecalibacterium
prausnitzii and Clostridium citroniae were also found in
both patients.

CONCLUSION: A predominance of potentially patho-
genic Bacteroides spp., and the presence of clones show-
ing similarity to Clostridium clostridioforme were found
but the overall colon microbiota showed similarities to a
healthy one. Etiologies for collagenous colitis other than
an adverse bacterial flora must also be considered.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Collagenous colitis (CC), an idiopathic inflammatory bowel
disease, is a subtype of microscopic colitis (MC) together
with lymphocytic colitis LOM. It is considered as a com-
mon cause of chronic diarrhea. In Sweden the incidence is
approx four to five cases per 100 0007, The incidence for
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both CC and LC in Europe and North America is almost
as high as for Crohn’s disease and ulcerative colitis”.

CC is clinically characterized by chronic non-bloody
diarrhea, often combined with abdominal pain and weight
loss™. The colonic mucosa appears macroscopically nor-
mal or near-normal and the diagnosis is made by micro-
scopic examination of mucosal biopsies that reveals diag-
nostic histopathological changes. CC was first described
in 1976 by Lindstrom" in a woman with chronic watery
diarrhea in whom histological examination revealed a
thick subepithelial collagenous deposition in the rectum.
In 1989, Lazenby ez al” proposed the term lymphocytic
colitis in a group of patients with chronic diarrhea and
normal colonoscopy with only minor histological changes,
where the microscopic evaluation of colonic biopsy speci-
mens revealed modestly increased inflammation in the
lamina propria without subepithelial collagen deposition
or other mucosal changes.

The peak incidence of MC is in individuals between
55 years and 70 years of age. The female:male ratio is
about 7:1 for CC. For LC the female predominance is
less pronounced, with a female:male ratio of 2-3:1",
However, the disease can occur at all ages, and a few
children with CC have been reported[6’7]. Bile acid mal-
absorption is found in about 27%-44% of patients with
CC and 9%-60% in patients with LC"*". Treatment
with bile acid binding medications is effective in patients
with bile-acid malabsorption but can also be effective in
patients without bile-acid malabsorption[m].

Both etiology and pathogenesis of MC are uncertain.
The most widely held hypothesis is that a noxious agent
in the lumen, probably originating from the bacterial mi-
croflora, may have a major pathogenic role in the chronic
intestinal inflammation. This is supported by regression
of symptoms and histopathological changes after diver-
sion of the fecal stream, and recurrence after restoration
of intestinal Continuity[“’lz]. Other observations sup-
porting this hypothesis are the sudden onset of diarrhea
and that treatment with antibiotics may have positive ef-
®1 The increased infiltration of lymphocytes in the
mucosa also indicates a proinflammatory component in

fects

the lumen. There are case reports of linking pathogenic
bacteria such as Clostridinm difficile, Yersinia enterocolitica,
Canpylobacter jejuni and Aeromonas hydrophila to MCP,

The human microbiota in healthy persons as well as
in patients with inflammatory bowel disease has been
analyzed in several studies using culture-independent
methods' ™. However, to our knowledge no such stud-
ies have been performed on patients diagnosed with CC.
The aim of the present study was to characterize the
mucosa-associated microbiota in the ascending colon in
two women histologically diagnosed with CC, by cloning
and sequencing of the bacterial 16S rRNA genes.

MATERIALS AND METHODS

Subjects and samples
Two female patients, 51 years and 60 years old (A and B)
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with a known diagnosis of MC, took part in the study.
Patient A, otherwise healthy, started to experience wa-
tery, non-bloody diarrhea after an antibiotic treatment
for gastroenteritis 10 years earlier. Colonoscopy was per-
formed and she was diagnosed with LC. She was treated
with Loperamid® (Merck NM AB, Stockholm, Sweden).
Two years later she had a relapse of watery, non-bloody
diarrhea and a second colonoscopy was performed, still
indicating I.C. This time she improved spontancously. At
the time of the present study, after a period of stress and
a viral gastroenteritis, she started to lose weight and had
frequent, watery, non-bloody diarrhea. The present colo-
noscopy showed a slightly swollen mucosa and increased
vascular pattern. The histological examination revealed
a thickened subepithelial collagen layer as well as inflam-
mation in the lamina propria and a damaged surface
epithelial layer. Patient B had a history of chronic thy-
reoiditis but was otherwise healthy. She was diagnosed
with CC as well as with bile acid malabsorption 4 years
before the study. At that time she improved spontane-
ously but had a recurrence after a period of major stress.
Previously, she was treated with non-steroidal anti-in-
flammatory drugs due to muscular stiffness and actually
experienced an improvement of her bowel function by
this treatment. At the time of the present colonoscopy
her symptoms had improved due to dietary fat reduc-
tion. Colonoscopy showed an increased vascular pattern
in the right colon but was otherwise normal. Histological
examination could verify a collagenous colitis.

Neither patient had any medication at the time of the
colonoscopy. Celiac disease had been excluded in both
women. They were both non-smokers.

The patients were asked to avoid fiber-rich foods
such as fruits, vegetables, grains and seeds some days
before the colonoscopy. The day before the examination
they ate a plain breakfast, and no solid food was allowed
after noon. Intestinal cleansing was carried out with
Phosphoral® (Clean Chemical Sweden AB), a salt prepa-
ration with osmotic effects. Colonoscopy was performed
and serial biopsies throughout the colon as well as two
extra biopsies from the right colon were collected. The
histological examination followed routine procedures.
The latter were placed in tubes with TE-buffer [10
mmol Tris-HCI, 1 mmol ethylenediaminetetraacetic acid
(EDTA), pH 8.0], frozen immediately in liquid nitrogen
and stored at -80 C. The study was approved by the
Ethics Committee at Lund University. The women gave
written, informed consent before entering the study.

DNA extraction and amplification

Frozen tissue samples were thawed on ice and a single bi-
opsy was transferred to a 1.5 mL tube with 190 L Buffer
G2 (DNA Tissue Kit; Qiagen, Gmbh, Hilden, Germany)
and 10 pL. of Proteinase K (Qiagen). Eight to ten sterile
glass (2 mm) beads were added and the cells were lysed
at 56 'C for 3-4 h in a shaking water bath. Tubes were
cooled on ice and shaken for 30 min on an Eppendorf
Mixer 5432 (Eppendorf, Hamburg, Germany) at 4 C
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to disintegrate all bacteria. After centrifugation at 300 X
g for one minute, the solution was transferred to a Qia-
gen sample tube, and total DNA was extracted by using
Biorobot EZ1 (Qiagen) according to the manufacturer’s
instructions. DNA was eluted in 200 pL.

Polymerase chain reaction amplification and cloning

The bacterial 16S rRNA genes were amplified by the
universal primers ENV1 and ENV2 annealing to posi-
tions 8-27 and 1492-1511, respectively, according to
Escherichia coli (E. coli) numbering™. The reaction mix-
ture contained 5 pl. of 10X polymerase chain reaction
(PCR) buffer (100 mmol Tris-HCI, 15 mmol MgClz, 500
mmol KCI, pH 8.3), each deoxynucleotide phosphate
at a concentration of 200 umol, 2.5 U of Tag DNA
Polymerase (Roche Diagnostics, GmbH, Mannheim,
Germany) and 10 pmol of each primer. To each tube,
5 puL of extracted sample DNA was added and sterile
water was added to 50 pL. As negative controls, water
was added to the reaction mixture instead of DNA.
Amplification was performed on an Eppendorf Master-
cycler (Eppendorf AG, Hamburg, Germany). Initially,
the reaction was heated to 94 'C for 3 min, followed by
25 cycles of denaturing at 94 C for 1 min, annealing at
50 ‘C for 45 s and elongation at 72 ‘C for 2 min. Finally,
the reaction was held at 72 °C for 7 min before cooling
down to 4 C. Six PCR tubes were prepared from each
sample and then pooled. Forty-two uL of the pooled re-
action mixture from one sample was separated on a 1.5%
(w/v) agarose gel (Agarose Type IM; Sigma Aldrich, St
Louis, Mo., United States) in TBE-buffer (89 mmol Ttis,
89 mmol boric acid and 2.5 mmol EDTA, pH 8.3). The
agarose gel was stained with ethidium bromide (0.5 mg/
L) and the band was cut out from the gel. DNA was pu-
rified by using Wizard” SV Gel and PCR Clean-Up Sys-
tem (Promega Corp., Madison, WI, United States). For
cloning Promega pGEM®—T Vector System and E. co/i
JM 109 (Promega Corp.) competent cells were used as
described previously[zol. Colonies wete selected randomly
and recultivated on LB-agar containing ampicillin, and
then harvested and stored in freezing buffer at -80 C.

Sequencing

Selected clones were single-strand sequenced by MWG
Biotech (Ebersberg, Germany). ENV1 primer was used
as sequencing primer. Sequences were edited using
Bioedit Sequence Alignment editor 7.0.5.3%", Sequences
were identified by comparing them to sequences using
the option “seqmatch” available at the Ribosomal Da-
tabase Project™. Sequences were checked for chimeric
artifacts by using the Bellerophon server™ and by creat-
ing phylogenetic trees of both 5- and 3’- ends of the
sequences. DNAdist calculations were performed using
the Phylip DNAdist program using the “similarity table”
option (available at: http://mobyle.pasteur.fr/ cgi-bin/
portal.py?form=dnadist)””. Sequences representing the
different phylotypes have been submitted to Genbank
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and the accession numbers are HQ992999- HQ993042.

Diversity calculations

Shannon and Simpson’s indices were used for diversity
calculations. The Shannon index is based on the pro-
portional abundance of species and accounts for both
evenness and species richness. Simpson’s index is the
dominance measure where the abundance of common-
est species is considered more than species richness"™.
The Simpson’s index was expressed as 1/D.

RESULTS

Two clone libraries were constructed, one for patient A
with 87 clones and one for patient B with 90 clones. Five
clones were suspected chimeras and were removed from
the dataset before analysis. The lengths of the sequenced
fragments were approximately 750 bp. Sequences show-
ing > 98% similarity to each other were assigned to a
single phylotype and a total of 44 phylotypes were iden-
tified (Table 1).

Sequences could be grouped into 22 phylotypes in
patient A and 29 phylotypes in patient B. Shannon’ and
Simpsons diversity indices were calculated and both
the patients showed similar values. The Shannon index
was 2.61 for patient A and 2.78 for patient B, and the
Simpson index was 8.13 for A and 9.29 for patient B.
Firmicutes and Bacteroidetes were the dominating phyla
with 50.6% and 47.2% in patient A and 57.8% and 42.2%
in patient B, respectively (Figure 1).

In patient A Porphyromonadaceae constituted 1.2%
of the clones and in patient B, Porphyromonadaceae and
Rikenellaceae constituted 11.1% of the clones. Only two
clones (2.3%) similar to Enterobactetiaceae were found
in patient A.

The most common phylotypes were sequences simi-
lar to Blantia wexlerae (23 clones), Faecalibacterinm pransnit-
zii (13 clones) and Clostridinm citroniae (9 clones) within
Firmicutes, and Bacteroides dorei (29 clones), Bacteroides
caccae (16 clones) and Bacteroides cellulosilyticns (9 clones)
within Bacteroidetes (Table 1). These phylotypes showed
> 97% similarity to the closest type strain except for C.
citroniae. Out of the 44 phylotypes identified, the two pa-
tients had 7 in common and 5 of these were assigned to
Bacteroidetes and two to the Firmicutes. The phylotypes
in common constituted 84 clones (47.5%) of the total
number of clones. Sequences similar to F. prausnitzii and
C. citroniae were found in both patients (Table 1). Within
Bacteroidetes the shared phylotypes were most similar
to, Bacteroides thetaiotaomicron, Bacteroides uniformis, B. cellu-
losilyticus, B. caccae and B. dorei.

DISCUSSION

In the present study the microbiota of the ascending co-
lon in the two female patients with CC showed similari-
ties to a normal colon microbiota with Firmicutes and
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Phylotype No. Closest type strain Acc. No' Similarity (%)> No. of clones® Distribution of clones®  Assignment of clones

1 Faecalibacterium prausnitzii AJ413954 98.4-98.5 9 8 (A); 1 (B) Ruminococcaceae

2 Faecalibacterium prausnitzii AJ413954 98.4-99.1 4 4 (B) Ruminococcaceae

3 Subdoligranulum variabile AJ518869 97.0 1 1(B) Ruminococcaceae

4 Anaerofilum agile X98011 90.6 1 1(B) Ruminococcaceae

5 Ruminococcus lactaris L76602 94.0 1 1(B) Ruminicoccaceae

6 Oscillibacter valericigenes AB238598 92.5 1 1(B) Ruminicoccaceae

7 Ruminococcus lactaris L76602 95.9 2 2(A) Ruminococcaceae

8 Ruminococcus lactaris L76602 95.1 2 2 (B) Ruminococcaceae
Clostridium jejuense AY494606 94.7 Lachnospiraceae

9 Marvinbryantia formatexigens AJ505973 95.7 1 1(B) Lachnospiraceae

10 Roseburia intestinalis AJ312385 94.1 1 1(B) Lachnospiraceae

11 Anaerostipes caccae AJ270487 99.2 2 2(A) Lachnospiraceae

12 Anaerostipes caccae AJ270487 95.8 1 1(B) Lachnospiraceae

13 Roseburia intestinalis AJ312385 100.0 2 2(A) Lachnospiraceae

14 Roseburia faecis AY305310 96.9 2 2 (B) Lachnospiraceae
Roseburia intestinalis AJ312385 97.1 Lachnospiraceae

15 Pseudobutyrivibrio ruminis X95893 94.2-94.3 2 2(A) Lachnospiraceae

16 Dorea longicatena AJ132842 94.9-95.2 3 3(A) Lachnospiraceae

17 Dorea longicatena AJ132842 96.4-97.0 5 5(A) Lachnospiraceae

18 Dorea longicatena AJ132842 100.0 3 3 (B) Lachnospiraceae

19 Dialister pneumosintes X82500 99.6 1 1(A) Veillonellaceae

20 Eubacterium plautii AY724678 91.5 1 1(B) Eubacteriaceae

21 Streptococcus thermophilus AY188354 99.9 1 1(B) Streptococcaceae

22 Blautia wexlerae EF036467 99.1-99.9 23 23 (B) Insertae cedis XIV

23 Clostridium citroniae DQ279737 95.1-96.2 9 7 (A); 2 (B) Unclass Clostridiales
Clostridium asparagiforme AJ582080 95.1-95.5 Unclass Clostridiales

24 Clostridium clostridioforme M59089 95.0-95.2 5 5(A) Unclass Clostridiales
Clostridium citroniae DQ279737 95.0 Unclass Clostridiales

25 Clostridium clostridioforme M59089 99.4-99.7 3 3(A) Unclass Clostridiales

26 Clostridium aldenense DQ279736 99.1 1 1(A) Unclass Clostridiales

27 Clostridium asparagiforme AJ582080 95.7 1 1(A) Unclass Clostridiales

28 Clostridium asparagiforme AJ582080 96.5 1 1(B) Unclass Clostridiales

29 Clostridium clostridioforme M59089 95.1-95.9 5 5 (B) Unclass Clostridiales

30 Clostridium ramosum X73440 100.0 2 2(A) Unclass firmicutes

31 Escherichia fergusonii AF530475 99.7-99.9 2 2(A) Gammaproteobacteria

32 Barnesiella intestinihominis AB267809 99.1-99.3 2 2 (B) Porphyrmonadaceae

B Barnesiella viscericola AB267809 92.1 1 1(B) Porphyrmonadaceae

34 Barnesiella viscericola AB267809 90.0 1 1(A) Porphyrmonadaceae

85 Parabacteroides distasonis AB238922 99.4-100.0 4 4 (B) Porphyrmonadaceae

36 Bacteroides cellulosilyticus AJ583243 97.6-98.9 9 4 (A); 5 (B) Bacteroidaceae

37 Bacteroides caccae X83951 99.4-99.9 16 2 (A); 14 (B) Bacteroidaceae

38 Bacteroides xylanisolvens AM230650 97.7 1 1(A) Bacteroidaceae

39 Bacteroides thetaiotaomicron AE015928 99.9 6 4 (A); 2 (B) Bacteroidaceae

40 Bacteroides thetaiotaomicron AE015930 99.3 1 1(B) Bacteroidaceae

41 Bacteroides uniformis AB050110 99.7-100.0 6 3(A);3(B Bacteroidaceae

42 Bacteroides dorei AB242142 97.3-98.7 29 26 (A); 3 (B Bacteroidaceae

43 Alistipes putredinis 116497 92.4-92.7 2 2 (B) Rikenellaceae

44 Alistipes onderdonkii AY974071 99.7 1 1(B) Rikenellaceae

The type strain showing the highest similarity to the sequence is shown. Assignment of the clones to bacterial family level was done using the “sequence

match” option in the Ribosomal data base®™. '

Accession number for the type strain; *Similarity to the closest type strain; *The total number of clones as-

signed to the phylotype; ‘Number of clones found in patient A and B, respectively.

Bacteroidetes as dominating phyla, making up 97.7% and
100.0% of the clones in patient A and B, respectively.
Only two clones close to Enterobacteriaceae were found
in patient A. In several studies, the microbiota of healthy
persons have been analyzed by sequencing of the 16S
rRINA genes using either fecal samples or tissue samples
from the intestinal mucosa'™"**** All these studies
showed a predominance of Firmicutes and Bacteroide-
tes while Verrucomicrobia, Actinobacteria and gamma
proteobacteria were detected at lower frequency.

The proportion of clones belonging to Bacteroides
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was 47.0% in patient A and 31.1% in patient B. These
were higher figures than Wang er al™, using a similar
methodology, found in biopsies taken from the ascend-
ing colon from a healthy, 54-year old woman where Bac-
teroides constituted 24.4% of the clones. Hayashi e al'”
analyzed fecal samples of 3 healthy men aged 27, 34 and
54 years, and the proportion of Bacteroides was 4.2%,
3.4% and 14.9%, respectively. In another study of fecal
samples from a healthy 40-year old man, Bacteroides con-
stituted 14.4% of the total number of clones™. Delgado
et al”” analyzed clones from the descending colon from
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A Enterobacteriaceae (2.3%)
Unclass Firmicutes (2.3%)

Porphyromonadaceae (1.2%)

Unclass Clostridiales (19,59

Bacteroidacpae (46.0%)

Ruminococcacea

Lachnospiraceae (16.1%)

Veillonellaceae (1.2%)

Figure 1 Distribution of clones at family level. Assignment of the clones were done using the Ribosomal Data Base Project Release 10 and the option “seqmatc

A: Patient A; B: Patient B.

a healthy 45-year old man and found one clone out of
20 (5%) belonging to Bacteroides. Of the 44 phylotypes
found here, the two patients had only 7 in common.
However, these shared phylotypes constituted 47.5% of
the total number of clones. Within Bacteroides five phylo-
types were common to both patients. Of these the most
dominating were clones similar to B. caccae and B. dorei
making up 25.4% of the total number of clones (Table 1).
Both species belong to the Bacteroides fragilis group that
are opportunistic pathogens isolated from a variety of
anaerobic infections and cause about 50% of all anaero-
bic bacteremias™".

A subgroup of B. fragilis, enterotoxigenic B. fragilis
(ETBF), that can secrete a proinflammatory enterotoxin,
has been found to be implicated in traveller’s diarrhea®".
In a study by Zhang ez al®, significantly more ETBF
were found in patients with watery diarrhea (26.8%) than
in the control group (12.4%). ETBF was also found at a
higher frequency in patients over 30 years of age com-
pared to the control group. Additonally, it was shown
that 27.0% of patients over the age of 60 carried ETBF
compared to 3.7% for the control group. It has been
suggested that Bacteroides fragilis toxin can bind to recep-
tors on the epithelial cells, leading to a signal cascade and
clevage of cadherine promoting an increased intestinal
permeability™. An increased intestinal permeability was
shown in one patient with CC, using an Ussing cham-
ber!"”. Permeability was measured on biopsies taken
from the sigmoid colon and it was shown that the intes-
tinal integrity was improved after a fecal diversion by an
ileostomy, but after restoration of the bowel continuity
the permeabilty increased again'?. Some improvement
has been reported when CC patients were treated with
metronidazole, penicillin or erythromycin®™. Bacteroides
are sensitive to metronidazole and that might point to
Bacteroides as a possible disease-provoking agentm. On
the other hand, the positive effect shown with penicillin
and erythromycin speaks against Bacteroides™.

It has been shown that Akkermansia mucinciphila and
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Incertia sedis XIV (.

Streptococcaceae (1.1%)”

Eubacteriaceae (1.1%)

Unclass Clostridiales (8.9%) Porphyromonadaceae (7.8%)

Rikenellaceae (3.3%)

Bacteroidaceae (31.1%)

Ruminococcaceae (11.1%) Lachnospiraceae (10.0%)

hu[ZZ]

strains of Clostridium, Prevotella and Bacteroides are able
to degrade mucin>, The type strain B. thetaiotaomicron
NCTC 10582 was shown to express glycosidases and gly-
cosulphatase and could degrade pig gastric mucin®”, In
the present study 4 clones from patient A and 3 clones
from patient B showed high similarity (99.3%-99.9%)
to the type strain B. thetaiotaomicron NCTC 10582 (Table
1). Clones belonging to Agkermansia muciniphila were
not found. However, it has been shown that this species
represents only about one percent of the microbiota in
healthy children and adults™. One might speculate that
specific components present within the microbiota of
the CC patients, i.e., Bacteroides spp., that has an impact
both on the colonic mucin layer and the intestinal per-
meability, leading to an immune response.

The clones resembling Clostridium clostridioforme, Clos-
tridium citroniae, Clostridium aspargiforme and Clostridium
aldenense were distributed into 7 phylotypes showing
95%-99.7% similarity to the different type strains. Four
clones from patient A showed high similarity to C. clos-
tridioforme and C. aldenense. Also in patient B, 5 clones
resembling C. clostridioforme were found, but they showed
lower similarity to the type strain. They are all related
and belong to cluster XIVa as defined by Collins e7 al™,
Warren e al™ and Mohan ez al"". Strains of C. costridi-
oforme and closely related species have been involved in
a variety of infections'™”. In a study of autistic children,
all of whom had gastrointestinal symptoms, high counts
of fecal isolates showing 95% similarity to C. clostridi-
oforme were found in the diseased children but not in the
controls. It cannot be excluded that the presence of se-
quences resembling C. clostridioforme might play a role in
the disease in the patients analyzed here.

Clones identified as F. prausnitzii of the Ruminococ-
caceae family were found in both patients and consti-
tuted about 7% of the total number of clones. These
bacteria together with Eubacterinm rectale and Roseburia spp.
are known as butyrate producers and usually make up
about 5%-10% of the human microbiota and can be re-
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garded as commensals'™”. No clones resembling Lactoba-
cillus nor Actinobacteria or Verrucomicrobia were found.
This can probably be explained by the fact that too few
clones were sequenced and that they usually constitute
a minor part of the microbiota. Previously published
case reports have suggested Clostridium difficile, Yersinia
enterocolitica, Campylobacter jejuni and Aeromonas hydrophila
to CC as possible pathogensm’mml. This could not be
confirmed in the present study. As different pathogens
are described, and the fact that the colonic microbiota
was similar to a healthy one, the etiology to CC may not
primarily depend on abnormal microbiota, and antibiot-
ics may not be the treatment of choice in this entity, as it
is sometimes considered”.

This study has some limitations. Only two patients
were examined and the method applied here only detects
the dominant bacteria. Future research needs to examine
the presence of common pathogens in the bowel, but also
etiologies of CC other than bacteria must be considered.

To the best of our knowledge, this is the first study
of the intestinal microbiota in patients with a histologi-
cally diagnosed CC, by a culture-independent method.
The overall composition of the colonic microbiota was
similar to a healthy one with dominance of Firmicutes
and Bacteroidetes. Due to the fact that only two patients
were analyzed it is difficult to draw any conclusions, but
in both patients a high proportion of potentially patho-
genic species of Bacteroides and clones related to C. cos-
tridioforme were found.
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Background

Collagenous colitis (CC) is an idiopathic inflammatory bowel disease character-
ized by chronic non-bloody diarrhea. CC is regarded as a subtype of micro-
scopic colitis. The etiology is unknown but a noxious agent, probably originating
from the microbiota, in the intestinal lumen has been proposed to have a patho-
genic role. However, no attempt to analyze the microbiota in diseased patients
has been done.

Research frontiers

The intestinal mucosa is colonized by a huge number of bacteria that are im-
portant for health and disease. In several studies the gut microbiota has been
analyzed by culture-independent methods in patients with intestinal inflamma-
tory diseases such as ulcerative colitis and Crohn’s disease.

Innovations and breakthroughs

Having the opportunity to obtain histologically well-defined collagenous colitis
samples, the authors have characterized the dominant microbiota in two dis-
eased patients.

Applications

Culture-independent methods can be used for analyzing the dominant mucosa-
associated microbiota in collagenous colitis.

Terminology

The meaning of the word microbiota here is synonymous to the bacterial flora in
the intestine.

Peer review

It is well organized. Several papers have been presented in support of micro-
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biota from controls, but no speculation have been made about findings in this
paper and clinical applications, limitations of the study and future of research in
this field.
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