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Abstract

Background: The normal colonic microbiota is associated with the etiology of ulcerative colitis (UC). Several bacterial species
are associated with the initiation and amplification of disease process. However, the etiology and mechanism of UC are poorly
understood. The present study aimed to investigate, characterize, and compare the main composition of the mucosa-associated
intestinal microflora in colonoscopic biopsy specimens of UC and non-UC patients.

Methods: Aerobic and facultative-anaerobic mucosa-associated bacteria were isolated and diagnosed from colonoscopic biopsy
specimens of 40 UC patients and 40 patients without UC. Patients were selected as control from the same centers and colonoscopy
was carried out for other reasons (mainly colorectal screening). Isolation and characterization for aerobic and facultative-anaerobic
intestinal bacteria were carried out by conventional culture techniques. DNA extraction from biopsies and polymerase chain
reaction (PCR) amplification of bacterial 16S rRNA with gene-targeted and species-specific primers was performed for detection
of anaerobic bacterial species.

Results: Several species of mucosa-associated aerobic and facultative anaerobic bacteria were found in biopsy specimens and
there were no significant differences between UC patients and non-UC patients. Our investigation for detection of the anaerobic
intestinal flora showed Faecalibacterium prausnitzii, Prevotella, and Peptostreptococcus productus were the predominant
microflora in controls and have significant differences (P = 0.002, 0.025 and 0.039, respectively).

Conclusion: This is the first investigation of the intestinal mucosa-associated microflora in patients with UC in Iran. These results,
although limited by sample size, allow a better understanding of changes in mucosa-associated bacterial flora in these patients,
showing that decrease of Faecalibacterium prausnitzii, Provetella, and Peptostreptococcus productus in the intestinal tract may
translate into a reduction in the important role of this beneficial bacterial species, which can lead to reduced protection of the gut
mucosa and UC development.

Keywords: Inflammatory bowel disease, Polymerase chain reaction, Ribosomal RNA, Ulcerative colitis

Cite this article as: Al-bayati L, Nayeri Fasaei B, Merat S, Bahonar A. Longitudinal analyses of gut-associated bacterial microbiota
in ulcerative colitis patients. Arch Iran Med. 2018;21(12):578-584.

Received: April 7, 2018, Accepted: October 7, 2018, ePublished: December 1, 2018

Introduction

The gut microbiota has an essential and important role in
the protection of mucosa,' and the gut contains trillions
of microbes that influence human health.? Inflammatory
bowel diseases (IBDs) are chronic gastrointestinal diseases,
which include 2 main clinical phenotypes, Crohn’s disease
(CD) and ulcerative colitis (UC) and the latter seems to
be more common in Iran.®> UC is characterized by mucosal
inflammation, which is limited to the colon, and it begins in
the rectum and extends to adjacent parts. In contrast, CD
occurs at any location in the gastrointestinal tract, from the
mouth to the anus, and it is more prevalent in young adults.*
Therefore, patients would be dealing with their illness for
a long time. UC affects the large bowel where bacteria are
more than any other part of the gut and the flow rate of
luminal contents is slowest.” UC develops in about 2 per
10000 adults yearly.*® Although UC has been known as

a medical entity since 1859,” the etiology is still unclear.?
However, it is commonly accepted that the cause may lay
in host genetics,” environmental factors,' and unregulated
immune responses.'!

Previous studies suggested an association between gut

2 as well as the association

microbiota and UC progress,’
between bacteria belonging to the common colonic
microbiota and the etiology and process of UC.” Bacteria
growing on the gut wall may lead to UC by colonizing
pathogenic organisms on the epithelial surface and attacking
the mucosa, or alternatively by inhibiting the adhesion sites
of non-pathogenic commensal species on the mucosa and
avoiding the attachment of bacteria.’?

However, until now, no single microbial agent has
been found in relation to the development of UC."* UC
is associated with a breakdown in the balance between
the different protective and harmful intestinal bacteria

*Corresponding Author: Bahar Nayeri Fasaei, Department of Microbiology and Immunology, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran.

Email: nayerib@ut.ac.ir


http://www.aimjournal.ir

Longitudinal Analyses of Gut-Associated Bacterial Microbiota in UC Patients

and a decrease in bacterial diversity.”” The beneficial
bacterial strains, such as Bifidobacterium and Lactobacilli,
were generally absent from mucosa-associated bacterial
flora in patients with active UC.'® On the other hand,
an increased mucosal concentration of Gram-negative
anaerobic bacteria, especially Escherichia coli, Fusobacterium
varium, and Bacteroides spp., along with a high frequency
of Peptostreptococcus spp. has recently been shown.” In
addition, genetic predispositions and inflammation of the
host induce a change in composition and metabolic process
of microbial populations, which has recently been termed
as dysbiosis.'® Conversely, the field remains descriptive, and
some of the most basic questions about the role of the gut
microbiota in IBD remain unanswered. New technology
explains the function of bacterial species, which might
be considered intestinal dysbiosis, as an initiation and
activation factor of UC.*

Many studies have observed imbalances or dysbioses in
the GI microbiomes of UC patients."” Therefore, the present
research aimed to investigate and compare differences
between the mucosa-associated microbiota in colonoscopy
biopsy specimens from patients with and without UC
(depending on detection of 16s rRNA-based amplification
analysis).

Materials and Methods

Sample Size

According to a literature review, we found that in the UC
group, 50% of patients are positive for Fusobacterium
prausnitzii but in non-UC patients (control), this bacteria
is present 85% of the time. For sample size estimation, the
following formula was used:

2
(Zi—%m + Zy_py/Po(1 = Po) + Py (1 — Pl))

(P = Po)?

n=

For a 95% confidence level and power of 80%, we needed
at least 36 people in each group.

Treatment of Biopsy Specimens
In the present study, 40 consecutive patients with a known
diagnosis of UC were selected from Masoud clinic and
Shariati hospital of Tehran University of Medical Sciences,
Iran. Forty patients were also selected as the control group
from the same centers in which colonoscopy was carried
out for other reasons (mainly colorectal screening). Subjects
were gathered from December 2015 to December 2016.
Patients who had received antibiotics within 3 months
or who had received corticosteroids within 4 weeks before
the study were excluded. In addition, subjects who did not
consent to the study were excluded. Endoscopic biopsies
were taken from the involved mucosa of UC patients and
from the rectum of non-UC patients. Each biopsy was placed
in 1 mL of sterile phosphate buffer saline solution.?® For the
bacteriological study, specimens were immediately processed
in the Microbiology Laboratory in Faculty of Veterinary
Medicine at University of Tehran, Iran. Biopsy washing

was done according to what mentioned in.?! Briefly, biopsy
samples (15 mg of each sample) were first washed with 500
pL of physiological saline with 0.016% dithioerythritol to
remove the mucus and then washed three times with 500 pL
of physiological saline by shaking for 30 s each time. Then,
the biopsy specimens were hypotonically lysed by overtaxing
for 30 min in 500 pL distilled water to analyze mucosal
aerobic and facultative-anaerobic bacteria or were processed
for DNA extraction to evaluate the molecular detection of
anaerobic bacteria.

Culture Conditions for Aerobic and Facultative Anaerobic
Bacteria

In order to study the aerobic and facultative anaerobic
bacteria, the cell debris after hypotonic lysis (100 pL)
was cultured in blood agar and MacConkey agar at
37°C overnight. A single colony was chosen for further
investigations, examination, and identification. Biochemical
characterization was performed using TSI, urea agar, Simon
citrate agar, indole medium, glucose, methyl red, motility
test, and oxidase test.

DNA Extraction

After the fourth washing, the biopsy specimens were
incubated with 180 pL (ATL) buffer and 20 pL proteinase
K was added. Finally, specimens were incubated at 55°C for
2 hours and then 20 pL lysozyme was added for a further 2
hours at 37°C. DNA was extracted with the DNeasy Tissue
Kit (MBST, Iran) based on the manufacturer’s instructions.
The quality and quantity of the extracted DNA were
determined by agarose gel electrophoresis and confirmed
by measuring the absorbance at 260 nm using a NanoDrop
spectrophotometer ND-1000 (Thermo Fisher Scientific,
Wilmington, DE, USA).

Polymerase Chain Reaction (PCR) Primers and Condition
The species-specific primers (Takapouzist, Iran) for anaerobic
bacteria detection were listed in Table 1. The reactions
mixture of PCR were 25 pL in total volume containing
6.5 pL of distilled water (dH20), 2.5 pL 10X buffer (200
mM Tris HCI [pH 8.4], 500 mM KClI) supplied with 1 ml
of 50 mM MgCl2, 1 pL of each primers (forward 0.5 pL
and reverse 0.5 pL from 10 pmol concentration), 4 pL of
genomic DNA, 1 pL dNTP from 10 pm concentration, 1
pL MgCI2 50 pm, and 0.5 pL Tag DNA Polymerase (2.5
unit). The PCR was performed using a DNA thermal
cycler (Master Cycler Gradiant, Eppendorf, Germany). The
thermocycler was programmed for each reaction as mention
in Table 2. The PCR products were electrophoresed in 1.5%
agarose (Fermentas) for 1 hours at 100 V and the gels were
stained with ethidium bromide (2 mg/mL) for 15 minutes.
Then they were photographed under UV transilluminator
(BIORADE, UK) for visualized fluorescent bands.

DNA Sequencing
As no control strains were available for the investigated
genes, the polymerase chain reaction (PCR) products were
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Table 1. Primers Used in This Study

Bacteria Primer Sequence (5'-3") PCR Product(bp) Reference
g-Prevo-F 5'- CACRGTAAACGATGGATGCC -3’
Prevotella 527-529 22
g-Prevo-F 5'- GGTCGGGTTGCAGACC -3’
» ) g-Bifid-F 5'- CTCCTGGAAACGGGTGG-3’
Bifidobacterim spp. " 549-563 2
g-Bifid-R 5'- GGTGTTCTTCCCGATATCTACA-3’
o . - 5'- GTGCCGCCGCTAACGCATTAAGTAT-3'
Clostridium butyrim 213 »
- 5'- ACCATGCACCACCTGTCTTCCTGCC-3’
. - 5'- GATAGAGGTAGTAACTGGCCTTTAC-3'
Lactobacilli 390 v
- 5'- GCGGAAACCTCCCAACA-3'
. » g-Bfra-F 5'- ATAGCCTTTCGAAAGRAAGAT-3'
Bacteroides fragilis group 501 2
g-Bfra-R 5'- CCAGTATCAACTGCAATTTTA-3'
) ) . BT-1 5'- GGCAGCATTTCAGTTTGCTTG-3’
Bacteroides thetaiotaomicrn 423 24
BT-2 5'- GGTACATACAAAATTCCACACGT-3’
. BV-1 5'- GCATCATGAGTCCGCATGTTC-3'
Bacteroides vulgatus 287 2
BV-2 5'- TCCATACCCGACTTTATTCCTT-3'
. . . BD-1 5'- GTCGGACTAATACCGCATGAA -3’
Bacteroides distasonis 273 24
BD-2 5'- TTACGATCCATAGAACCTTCAT-3’
» . . BIA-1 5'- GGAAAGATTCTATCGGTATGG-3’
Bifidobacterium adolescentis 244 2
BIA-2 5'- CTCCCAGTCAAAAGCGGTT-3'
» . BIL-1 5'- GTTCCCGACGGTCGTAGAG-3'
Bifidobacterium longum 153 2
BIL-2 5'- GTGAGTTCCCGGCATAATCC -3’
. . EBI-1 5'- GCTAAGGCCATGAACATGGA -3’
Eubacterium biforme 46 2
EBI-2 5'- GCCGTCCTCTTCTGTTCTC-3'
. o FPR-1 5'- AGATGGCCTCGCGTCCGA -3’
Fusobacterium prausnitzii 199 2
FPR-2 5'- CCGAAGACCTTCTTCCTCC-3’
PSP-1 5'- AACTCCGGTGGTATCAGATG -3’
Peptostreptococcus products 268 2
PSP-2 5'- GGGGCTTCTGAGTCAGGTA-3’

Table 2. PCR Amplification Programs for This Study

Bacteria

Initial Denaturation

Cycling (35 Cycles)

Denaturation

Final Extension

Annealing Extension

Provetella spp.
Bifidobacteriumn spp.
Clostridium butyricum
Lactobacilli spp.
Bacteroides fragilisgroup
Bacteroides thetaiotaomicron
Baccteriobes vulgatus
Bacteriods distasonis
Bifidobacter odelescentis
Bifidobacterium longum
Eubacterium biforme
Fusobacterium prausnitzii

Peptostreptococcus produs

95°C for 7 min
95°C for 7 min
95°C for 2 min
95°C for 2 min
95°C for 7 min
95°C for 7 min
95°C for 7 min
95°C for 7 min
95°C for 7 min
95°C for 7 min
95°C for 7 min
95°C for 7 min
95°C for 7 min

95°C for 1 min
94°C for 30 s
95°C for 1 min
95°C for 1 min
94°C for 20 s
94°C for 20's
94°C for 30's
94°C for 20 's
94°C for 30 s
94°C for 30's
94°C for 20 s
95°C for 1T min
95°C for 1 min

55°C for 1 min
57°C for 30's
67°C for 1 min
63°C for 1T min
57°C for 20's
60°C for 20 s
55°C for 10's
55°C for 10's
55°C for 30 s
57°C for30's
56°C for 10's
62°C for 1T min
58°C for 1 min

72°C for 7min
72°C for 5 min
72°C for 5 min
72°C for 5 min
72°C for 5min
72°C for 5 min
72°C for 2 min
72°C for 2 min
72°C for5 min
72°C for 5 min
72°C for 2 min
72°C for 7 min
72°C for 7 min

72°C for 1 min
72°C for 45 s
72°C for 45 s
72°C for 45 s
72°C for 30 s
72°Cfor30s
72°C for 35 s
72°Cfor35s
72°C for 45 s
72°C for 45 s
72°Cfor3 5s
72°C for 1 min
72°C for 1 min

confirmed by DNA sequencing.

Statistical Analysis

For comparisons between UC and non-UC groups, the
result of bacterial detection was considered as positive or
negative for each individual. Chi-square, Fisher exact test
and the 7 test were used for univariate analysis. Odds ratio
(OR), confidence interval (95% CI) and logistic regression
were used to determine the association between bacterial
species and UC in patients elder and younger than 35
years of age. In addition to age, the sex was also taken in
to consideration. P value <0.05 was considered statistically

significant. Statistical analysis of the data was conducted
using the SPSS 16.0 software program.

Results

Age and Gender Susceptibility

There was no strong evidence to relate disease duration in
UC and non-UC groups with different ages and genders.
The median (range) age and gender were 41.55 and 47.20
years for UC and non-UC groups, while the male/female
ratio was 18/22 for UC patients and 14/26 for Non-UC
patients (Table 3).
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Table 3. Characteristics of UC and Non-UC Patients

Value for Group

Characteristic UC Patients Non-UC Controls
No. of subjects 40 40
Gender (male/female) 18/22 14/26

Age range (y) (mean = SEM)  (41.55 + 2.754) (47.20+ 2.367)

Abbreviations: UC, ulcerative colitis.

Identification of Aerobic and Facultative-anaerobic Bacterial
From Biopsy Colon

Among bacteria isolated from biopsy specimens of all
groups (UC and non-UC patients), 97.5% (78 out of 80)
were positive for acrobic and facultative-anaerobic bacterial
culture. When the occurrence of bacterial species in each
patient group was analyzed, Gram-negative organisms in
samples of UC patients were identified as E. coli 12(30.0%),
Klebsiella spp. 9 (22.5%), and Proteus spp. 5 (12.5%),
while in non-UC patients E. coli, Klebsiella spp. and Proteus
spp. were 10 (25%) 9 (22.5%), 12 (30%) and 10 (25%),
respectively . On the other hand, Gram-positive bacterial
populations in UC patients were Staphylococcus spp. 5
(12.5%), Streptococcus spp. 4 (10%), and Enterococcus spp.
2(5%), but in the non-UC patients were Staphylococcus spp.
5 (12.5%), Streprococcus spp. 3 (7.5%), and Enterococcus
spp- 2 (5%). Our results showed non-significant differences
between
population between UC and non-UC patients (Table 4).

aerobic and facultative anaerobic bacterial
After adjusting OR for age and sex, our results revealed no

significant difference between aerobic bacterial species and

UC (Table 5).

Percentage of Patients in Anaerobic Bacterial Groups’ PCR
Assay

Variety of mucosa-associated anaerobic flora from biopsy
specimens were assessed by PCR. Thirteen primer sets
for different mucosal bacteria were used to analyze biopsy
specimens from the UC and non-UC patients (Table 1).

The selection of the anaerobic bacterial groups was based

on previous studies that treated the relative frequency
of bacterial species found in the human intestinal tract
associated with the mucosa of healthy people and patients
with [BD.!7:2224

All primer sets were highly specific and gave positive
results only for the corresponding target bacteria with
the expected product size. From these positive results, 3
bacterial spp had significant differences; Faecalibacterium
prausnitzii, Prevotella and  Peptostreptococcus  productus,
(P values 0.002, 0.025 and 0.039 respectively, Table 6).
Bug, after adjusting OR for age and sex the Prevotella did
not show any significant difference (Table 7). While, 10
bacterial population groups had non-significant differences
(Bifidobacterium spp, B. adolescentis, B. longum, Bacteroides
[fragilis group, B. thetaiotaomicron, B. distasonis, B. vulgatus,
E. biforme, Lactobacilli and Clostridium butyricum, Table 6).
Furthermore, the OR of the 10 bacterial population groups
mentioned above indicate non-significant differences when
adjusted for age and sex (Table 7). The results of sequencing
confirmed the accuracy of the PCR assay. The sequence
of all obtained amplicons was 91%-99% identical to the
corresponding GenBank sequence.

Discussion
The composition of the intestinal microflora is unique
but it is stable for each individual.” It has a critical role in
modulating the immune response of the gut as well as the
initiation and continuation of IBD. In healthy individuals,
the protective cell-mediated and humoral immune responses
against enteropathogenic microorganisms were allowed
to progress, while responses to normal microflora were
prevented.” This homeostasis might be disrupted. Then
the commensal flora could act as a replacement bacterial
pathogen, and because the host response is unable to
eliminate the flora, the inflammation in IBD occurs.”
Previous culture and molecular studies showed that a
dysbiosis might occur in anaerobic bacteria populations in
UC patients.?® Specific PCR primers were selected to cover

Table 4. Numbers and Percentages of Aerobic and Facultative-anaerobic Bacteria Identified

E. coli Klebsiella spp. Proteus spp. Staphylococcus spp.  Streptococcus spp.  Enterococcus spp.
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
UC samples 12 (30.0%) 9 (22 .5%) 5(12.5%) 5(12.5%) 4 (10.0%) 2 (5.0%)
Non-UC samples 9 (22.5%) 12 (30.0%) 10 (25.0%) 5 (12.5%) 3 (7.5%) 2 (5.0%)
OR (95% CI) 1.47 (0.54-4.02) 0.67(0.24-1.84) 0.42(0.130-1.39) 1.00 (0.26- 3.76) 1.37(0.28 -6.55)  1.00 (0.13 —7.47)
P <0.05 0.446 0.446 0.152 1.000 0.692 1.000
Table 5. Logistic Regression of Association Between Aerobic and Facultative-Anaerobic Bacterial Species and UC?
Aerobic Bacterial Species Adjusting OR (95% CI) P Value
E.coli 1.807 0.613-5.325 0.283
Klebsiella spp. 0.742 0.258-2.131 0.579
Proteus spp. 0.390 0.110-1.381 0.145
Staphylococcus spp. 0.970 0.245-3.845 0.966
Streptococcus spp. 1.082 0.210-5.567 0.925
Enterococcus spp. 0.713 0.090-5.655 0.749

*Adjusted OR for age and sex
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an extensive range of bowel bacteria at group, genus, and
species levels. By using DNA-based molecular techniques
in this research, the obvious difference was seen only in £
prausnitzii, Prevotella and I productus in UC and non-UC
patients (a significant reduction was observed).

Faecalibacterium prausnitzii is an important commensal
bacterium and one of the abundant anaerobic species in the
gastrointestinal tract of humans and accounts for around 8%
of the total bacterial population in the colon.” Moreover, it
plays an essential role in maintaining intestinal health.*® £
prausnitzii, that were first classified as F prausnitzii, were
more closely related to members of Clostridium cluster
1V (the Clostridium leptum group).>® The main action of
these bacteria is to provide energy.”? The major product of
glucose fermentation by F prausnitzii is butyrate.® This
substance plays a major role in gut physiology, protection
against pathogen invasion, and modulation of the immune
system.> On the other hand, it is responsible for inhibition
of histone deacetylase activity.”> Therefore, butyrate may
contribute to the anti-inflammatory effect and might lead
to the alleviation of oxidative stress in the epithelial layer
of the gut followed by inhibition of the growth of potential
pathogens such as E. coli.’®

In  contrast, Enterobacteriaceae-induced
inflammation represses the growth of F prausnitzii close to

pathogenic

the mucus layer by creating oxidative stress.”” The majority
of recent studies suggest that changes in the population of
E prausnitzii might be related to different human disorders
such as CD, active UC, and alternating-type irritable bowel
syndrome (IBS-A).*® Our observation is in agreement with
the study by Machiels et al.*® They found that the number
of F prausnitzii bacteria in UC patients was significantly
lower than the control group. Therefore, treatments such as
probiotics or prebiotics that increase F prausnitzii levels in
patients with IBD might be helpful.*

Genus Peptostreptococcus is a member of the Clostridiaceae.

It is dominant in the lower part of the gastrointestinal
tract.” This is only one of the few bacterial populations
that can damage intestinal mucin. Overexpression of mucin
may result in overgrowth of bacteria and is associated
with many types of cancer. Therefore, the presence of this
microorganism in the intestine is important. Our results
indicated significant differences and low levels of 2 productus
in UC patients, which was in agreement with other research
also showing this microorganism was decreased in UC
patients.®

Prevotella spp. is the most abundant microbial population
associated with the colonic mucosa and plays an important
role in maintaining the community structure of human gut
microbiome.*! Prevotella spp. has an essential role in the
biosynthesis of vitamin B1% and play an essential role in
digesting carbohydrate-rich food.” In this study, a decrease
in the population of Prevotella in UC patients was found,
which is in agreement with some other studies. Although,
some other studies have shown that the population of this
bacterium in colon biopsy specimens from patients with UC
was higher than in controls.”

The results of this investigation help to understand
variations in the bacterial flora among UC and non-UC
patients. Indeed, these data support the hypothesis that the
composition of the intestinal microflora is associated with
induction, continuation, and reactivation of IBD through
interaction with the host, which produces inappropriate
immune reactions and results in uncontrolled inflammation
and dysbiosis. Imbalance of the gut ecosystem leads to
abnormal reactivity of the mucosal immune system against
enteric anaerobic bacteria. Moreover, it may resultin a change
in butyrate production, intestinal mucin, biosynthesis
of vitamin B1, and degradation of polysaccharides. This
underscores the importance of unbalanced microbiota in
etiology of IBD.

In conclusion, our study presented a comprehensive

Table 6. Number and Percentage of UC and Non-UC Groups With Positive Polymerase Chain Reaction for Anaerobic Bacterial spp.

Anaerobic Bacterial Species Uijz?;t:/;:;es Non-;J:l f;:r;ples OR (95% Cl) P Value
Bifidobacterium spp. 26 (65.0) 19 (47.5) 2.05 (0. 83 -5.04) 0.115

B. adolescentis 22 (55.0) 30 (75.0) 0.40 (0.15-1.05) 0.061

B. longum 33 (82.5) 27 (67.5) 2.27(0.79-6.48) 0.121

Prevotella spp 17 (42.5) 27 (67.5) 0.356 (0.14 - 0.88) 0.025°
Bacteroides fragilis group 26 (65.0) 24 (60.0) 0.75(0.29-1.97) 0.644

B. thetaiotaomicron 30 (75.0) 27 (67.5) 1.44 (0.54-3.82) 0.459

B. distasonis 5(12.5) 1(2.5) 5.57 (0.62 — 50.03) 0.090

B. vulgatus 26 (65.0) 28 (70.0) 0.79(0.31 v 2.03) 0.633

E. biforme 1(2.5) 0(0) - 0.5

F. prausnitzii 24 (60.0) 36 (90.0) 0.16 (0.05 - 0.56) 0.002"
P. productus 26 (65.0) 34 (85.0) 0.32 (0.11 -0.96) 0.039°
Lactobacilli 18 (45.0) 19 (47.5) 0.90 (0.904 - 2.18) 0.823

Clostridium butyricum 28 (70.0) 22 (55.0) 1.90(0.76 - 4.78 ) 0.166

UC = ulcerative colitis; %, percentage of anaerobic bacterial strains isolated in colon mucosa biopsy specimens calculated as number of isolates
found with respect to total bacterial isolates detected in each group, OR (95% Cl), odds ratio (95% confidence interval), and, P < 0.05.

* Significant difference, ** high significant difference.
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Table 7. Logistic Regression of Association Between Anaerobic Bacterial Species and UC?

Anaerobic Bacterial Species Adjusting OR 95% CI P Value
Bifidobacterium spp. 2.241 0.850-5.910 0.103
B. adolescentis 0.417 0.154-1.130 0.086
B. longum 2.018 0.673 — 6.054 0.210
Prevotella spp 0.425 0.158 - 1.146 0.091
Bacteroides fragilis group 0.730 0.280 - 1.905 0.520
B. thetaiotaomicron 1.736 0.614 -4.913 0.298
B. distasonis 5.703 0.588 — 55.286 0.133
B. distasonis 0.999 0.372 -2.686 0.999
B. vulgatus - - -

E. biforme 0.166 0.046 — 0.594 0.006°
F. prausnitzii 0.285 0.090-0.910 0.034¢
Lactobacilli 1.003 0.397 -2.534 0.994
Clostridium butyricum 1.509 0.575 - 3.960 0.403

Abbreviations: UC, ulcerative colitis; OR, odds ratio.
*Adjusted OR for age and sex

>High significant difference.

<Significant difference.

analysis of mucosal microbiota in the gut of Iranian patients
with UC and suggested a possible protective benefit of
E  prausnitzii, Prevotella, and P productus against the
development of UC. Therefore, treatment with probiotics
or prebiotics which increase the levels of £ prausnitzii,
Prevotella, and P productus in UC may help to maintain
a normal intestinal microbiota in the gut. However, these
results are preliminary and confirmation by further studies

is required.

Authors’ Contribution

LA is the first author who carried out all laboratory experiments,
collected data and drafted the manuscript. SM is the
gastroenterologists who conducted colonoscopies and provided
the specimens from all cases. LA participated in the collection
of the specimens. AB participated in statistical analysis. BN has
supervised all parts of the study. All authors read and approved the
final manuscript.

Conflict of Interest Disclosures
The authors have no conflicts of interest.

Ethical Statement

This study was approved by the ethics committee of Ministry of
Science, Research and Technology, University of Tehran, Iran
(permission no: 27211.6.5). All participants provided written
informed consent for the biopsies taken to conduct this study.

Acknowledgments

This project is a part of Albayati’s Ph.D. dissertation. The authors
are grateful for financial support by research grants from Tehran
University, Iran. We would like to acknowledge the staff of the
colonoscopy unit at the Shariati Hospital and Masoud clinic. The
authors would like to thank all patients involved in this study.

References

1. Macpherson AJ, Harris NL. Interactions between commensal
intestinal bacteria and the immune system. Nat Rev Immunol.
2004;4(6):478-85. doi: 10.1038/nri1373.

2. Ramakrishna BS. Role of the gut microbiota in human nutrition
and metabolism. ] Gastroenterol Hepatol. 2013;28 Suppl 4:9-
17.doi: 10.1111/jgh.12294.

3. Daryani NE, Bashashati M, Aram S, Hashtroudi AA, Shakiba
M, Sayyah A, et al. Pattern of relapses in Iranian patients with

ulcerative colitis. A prospective study. ] Gastrointestin Liver
Dis. 2006;15(4):355-8.

4. Dalal SR, Chang EB. The microbial basis of inflammatory
bowel diseases. ] Clin Invest. 2014;124(10):4190-6. doi:
10.1172/jci72330.

5. Andres PG, Friedman LS. Epidemiology and the natural course
of inflammatory bowel disease. Gastroenterol Clin North Am.
1999;28(2):255-81, vii.

6. Carter MJ, Lobo AJ, Travis SP. Guidelines for the management
of inflammatory bowel disease in adults. Gut. 2004;53 Suppl
5:V1-16. doi: 10.1136/gut.2004.043372.

7. Lukas M, Bortlik M, Maratka Z. What is the origin of ulcerative
colitis? Still more questions than answers. Postgrad Med J.
2006;82(972):620-5. doi: 10.1136/pmj.2006.047035.

8. Campieri M, Gionchetti P. Bacteria as the cause of ulcerative
colitis. Gut. 2001;48(1):132-5.

9. Noor SO, Ridgway K, Scovell L, Kemsley EK, Lund EK,
Jamieson C, et al. Ulcerative colitis and irritable bowel
patients exhibit distinct abnormalities of the gut microbiota.
BMC Gastroenterol. 2010;10:134. doi: 10.1186/1471-230x-
10-134.

10. Alonso C, Guilarte M, Vicario M, Ramos L, Ramadan Z,
Antolin M, et al. Maladaptive intestinal epithelial responses
to life stress may predispose healthy women to gut mucosal
inflammation. Gastroenterology. 2008;135(1):163-72.e1. doi:
10.1053/j.gastro.2008.03.036.

11. Andoh A, Yagi Y, Shioya M, Nishida A, Tsujikawa T, Fujiyama
Y. Mucosal cytokine network in inflammatory bowel disease.
World ] Gastroenterol. 2008;14(33):5154-61.

12. Gwee KA. Post-Infectious Irritable Bowel Syndrome, an
Inflammation-Immunological Model with Relevance for Other
IBS and Functional Dyspepsia. ] Neurogastroenterol Motil.
2010;16(1):30-4. doi: 10.5056/jnm.2010.16.1.30.

13. Fite A, Macfarlane, Furrie E, Bahrami B, CummingsJH, Steinke
DT, et al. Longitudinal analyses of gut mucosal microbiotas in
ulcerative colitis in relation to patient age and disease severity
and duration. J Clin Microbiol. 2013;51(3):849-56. doi:
10.1128/jcm.02574-12.

14. Guarner F. Microecology as a target for therapeutic intervention
ininflammatory bowel disease. IDrugs. 2003;6(9):868-73.

15. Paul J, Verma AK, Verma R. Role of gut flora in inflammatory
bowel disease-a state of art. Communicating Current Research
and Educational Topics and Trends in Applied Microbiology.
2007;2:705-18.

16. Kleessen B, Kroesen AJ, Buhr HJ, Blaut M. Mucosal and
invading bacteria in patients with inflammatory bowel

Arch Iran Med, Volume 21, Issue 12, December 2018 583



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

disease compared with controls. Scand | Gastroenterol.
2002;37(9):1034-41.

Macfarlane S, Furrie E, Cummings JH, Macfarlane GCT.
Chemotaxonomic analysis of bacterial populations colonizing
the rectal mucosa in patients with ulcerative colitis. Clin Infect
Dis. 2004;38(12):1690-9. doi: 10.1086/420823.

Mondot S, Barreau F, Al Nabhani Z, Dussaillant M, Le Roux K,
Dore J, et al. Altered gut microbiota composition in immune-
impaired Nod2(-/-) mice. Gut. 2012;61(4):634-5. doi:
10.1136/gutjnl-2011-300478.

Rigottier-Gois L. Dysbiosis in inflammatory bowel diseases:
the oxygen hypothesis. ISME J. 2013;7(7):1256-61. doi:
10.1038/ismej.2013.80.

Walujkar SA, Dhotre DP, Marathe NP, Lawate PS, Bharadwaj
RS, Shouche YS. Characterization of bacterial community
shift in human Ulcerative Colitis patients revealed by Illumina
based 16S rRNA gene amplicon sequencing. Gut Pathog.
2014;6:22. doi: 10.1186/1757-4749-6-22.

Swidsinski A, Ladhoff A, Pernthaler A, Swidsinski S, Loening-
Baucke V, Ortner M, et al. Mucosal flora in inflammatory
bowel disease. Gastroenterology. 2002;122(1):44-54.
Matsuki T, Watanabe K, Fujimoto J, Takada T, Tanaka R. Use
of 16S rRNA gene-targeted group-specific primers for real-
time PCR analysis of predominant bacteria in human feces.
App! Environ Microbiol. 2004;70(12):7220-8. doi: 10.1128/
aem.70.12.7220-7228.2004.

Bartosch S, Fite A, Macfarlane GT, McMurdo ME.
Characterization of bacterial communities in feces from
healthy elderly volunteers and hospitalized elderly patients by
using real-time PCR and effects of antibiotic treatment on the
fecal microbiota. Appl Environ Microbiol. 2004;70(6):3575-
81. doi: 10.1128/aem.70.6.3575-3581.2004.

Wang RF, Cao WW, Cerniglia CE. PCR detection and
quantitation of predominant anaerobic bacteria in human
and animal fecal samples. Appl Environ Microbiol.
1996;62(4):1242-7.

Sokol H, Seksik P, Rigottier-Gois L, Lay C, Lepage P, Podglajen
I, et al. Specificities of the fecal microbiota in inflammatory
bowel disease. Inflamm Bowel Dis. 2006;12(2):106-11. doi:
10.1097/01.MIB.0000200323.38139.c6.

Conte MP, Schippa S, Zamboni I, Penta M, Chiarini F, Seganti L,
etal. Gut-associated bacterial microbiota in paediatric patients
with inflammatory bowel disease. Gut. 2006;55(12):1760-7.
doi: 10.1136/gut.2005.078824.

Haller D, Jobin C. Interaction between resident luminal
bacteria and the host: can a healthy relationship turn sour? J
Pediatr Gastroenterol Nutr. 2004;38(2):123-36.

Faith JJ, Guruge JL, Charbonneau M, Subramanian S, Seedorf
H, Goodman AL, et al. The long-term stability of the human
gut microbiota. Science. 2013;341(6141):1237439. doi:
10.1126/science.1237439.

Walker AW, Ince J, Duncan SH, Webster LM, Holtrop G, Ze X,
et al. Dominant and diet-responsive groups of bacteria within
the human colonic microbiota. ISME J. 2011;5(2):220-30. doi:
10.1038/ismej.2010.118.

Miquel S, Martin R, Rossi O, Bermudez-Humaran LG, Chatel
JM, Sokol H, et al. Faecalibacterium prausnitzii and human
intestinal health. Curr Opin Microbiol. 2013;16(3):255-61.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

doi: 10.1016/j.mib.2013.06.003.

Suau A, Bonnet R, Sutren M, Godon JJ, Gibson GR, Collins
MD, et al. Direct analysis of genes encoding 16S rRNA
from complex communities reveals many novel molecular
species within the human gut. Appl Environ Microbiol.
1999;65(11):4799-807.

Cao'Y, Shen J, Ran ZH. Association between Faecalibacterium
prausnitzii Reduction and Inflammatory Bowel Disease:
A Meta-Analysis and Systematic Review of the Literature.
Gastroenterol ~ Res  Pract.  2014;2014:872725.  doi:
10.1155/2014/872725.

Duncan SH, Louis P, Flint HJ. Lactate-utilizing bacteria,
isolated from human feces, that produce butyrate as a
major fermentation product. Appl Environ Microbiol.
2004;70(10):5810-7. doi: 10.1128/aem.70.10.5810-
5817.2004.

Macfarlane GT, Macfarlane S. Fermentation in the human
large intestine: its physiologic consequences and the potential
contribution of prebiotics. J Clin Gastroenterol. 2011;45
Suppl:S120-7. doi:  10.1097/MCG.0b013e31822fecfe.
Varela E, Manichanh C, Gallart M, Torrejon A, Borruel N,
Casellas F, et al. Colonisation by Faecalibacterium prausnitzii
and maintenance of clinical remission in patients with
ulcerative colitis. Aliment Pharmacol Ther. 2013;38(2):151-
61. doi: 10.1111/apt.12365.

Winter SE, Winter MG, Xavier MN, Thiennimitr P, Poon V,
Keestra AM, et al. Host-derived nitrate boosts growth of E. coli
in the inflamed gut. Science. 2013;339(6120):708-11. doi:
10.1126/science.1232467.

Harmsen HJ, Pouwels SD, Funke A, Bos NA, Dijkstra G.
Crohn’s disease patients have more IgG-binding fecal bacteria
than controls. Clin Vaccine Immunol. 2012;19(4):515-21. doi:
10.1128/cvi.05517-11.

Machiels K, Joossens M, Sabino J, De PreterV, Arijs |, Eeckhaut
V, etal. A decrease of the butyrate-producing species Roseburia
hominis and Faecalibacterium prausnitzii defines dysbiosis in
patients with ulcerative colitis. Gut. 2014;63:1275-83.

Garrity GM, Bell JA, Lilburn T. The revised road map to the
manual. In: Brenner DJ, Krieg NR, Staley JT, Garrity GM, eds.
Bergey’s Manual® of Systematic Bacteriology: Volume Two:
The Proteobacteria, Part A Introductory Essays. New York:
Springer US; 2005:159-87.

Kushkevych 1V. Etiological role of sulfate-reducing bacteria
in the development of inflammatory bowel diseases and
ulcerative colitis. Am ] Infect Dis Microbiol. 2014;2(3):63-73.
Yatsunenko T, Rey FE, Manary MJ, Trehan |, Dominguez-Bello
MG, Contreras M, et al. Human gut microbiome viewed
across age and geography. Nature. 2012;486(7402):222-7.
doi: 10.1038/nature11053.

Arumugam M, Raes J, Pelletier E, Le Paslier D, Yamada T,
Mende DR, et al. Enterotypes of the human gut microbiome.
Nature. 2011;473(7346):174-80. doi: 10.1038/nature09944.
De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet
JB, Massart S, et al. Impact of diet in shaping gut microbiota
revealed by a comparative study in children from Europe and
rural Africa. Proc Natl Acad Sci U SA. 2010;107(33):14691-6.
doi: 10.1073/pnas.1005963107.

(©)_® | ©2018The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

584

Arch Iran Med, Volume 21, Issue 12, December 2018



