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Abstract

Background The gut microbiome has been identified as a pivotal factor in ulcerative colitis (UC), given its role as
the main reservoir of microbes in the body. This community of microorganisms, present in variable concentrations
in the digestive tract, makes a wide range of beneficial roles for the host. However, the role of the gut microbiome
in patients with refractory UC is still significant, so this study aimed to further investigate the role of these bacteria in
patients with refractory UC.

Methods This case-control study was conducted on stool samples from four distinct groups: the first group
comprised new patients diagnosed with ulcerative colitis (all of them had responded to treatment after follow-up)
(N=24); the second group consisted of patients with treatment-resistant ulcerative colitis (N=23); the third group
included first-degree relatives of group 1 patients (N=24); and the fourth group consisted of first-degree relatives of
group 2 patients (N=23). The research tools employed in this study included a questionnaire, quantitative real-time
PCR (gPCR) test, and culture on stool samples.

Result The mean age of patients in groups 1 and 2 was 45.88+ 18.51 and 41.30+ 13.01 years, while the mean age of
controls in groups 3 and 4 was 37.29+9.62 and 40.96+ 13.01 years, respectively. Stool culture results for pathogenic
bacteria were negative in all four groups. The of history of consuming dairy products containing probiotics was
highest in Group 1, with 22 (91.67%) subjects, while the lowest was observed in Group 3, with 16 (66.67%). The
highest history of self-administered antibiotic use was observed in Group 2, with 13 cases (56.52%), while the lowest
was noted in Group 3, with 4 cases (16.67%). The findings indicated a statistically significant relationship (P <0.05)
between Groups 2 and 4 with respect to the E. coli and Bifidobacterium ssp. microbial population. Additionally, a
significant relationship was identified between the Lactobacillus ssp., Bifidobacterium ssp., and Bacteroides ssp. microbial
community between groups 1 and 2 (P<0.05).
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Conclusion The findings of this study demonstrated that several intestinal microbiomes have a substantial impact
on the management of ulcerative colitis. The results of this study suggest that by comparing the gut microbiome

of treatment-resistant and individuals newly diagnosed with ulcerative colitis, we can gain a better understanding

of microbiome differences that may influence treatment outcomes. The results of this study may also lead to the
identification of new therapeutic strategies that are based on regulating the gut microbiome. These strategies could
include the use of fecal microbiome transplantation (FMT), probiotics, prebiotics, or specific bacteria-based therapies.

Introduction

Ulcerative colitis (UC) is a type of inflammatory bowel
disease (IBD) that causes inflammation and ulcers in the
colon [1-2]. This condition can lead to symptoms such as
abdominal pain, bloody diarrhea, weight loss, and fatigue
[3]. The exact cause of UC is unknown, but it appears
that genetic, environmental, and immune factors play a
role in its onset [1, 4]. The gut microbiome has garnered
significant attention as an important factor in this dis-
ease [5—6]. The gut microbiota coexists with its host in
varying concentrations in the gastrointestinal tract, with
their amounts in the colon reaching 10! to 10'? cells per
gram of gastrointestinal contents [7]. This community
makes a wide range of beneficial roles for the host, con-
taining digesting substrates inaccessible to host enzymes,
enhancing the immune system, and preventing coloniza-
tion by harmful microorganisms [8—9]. Several studies
have shown that these gut bacteria may have protective
effects against inflammatory bowel diseases, including
ulcerative colitis [10-12]. In patients with UC, signifi-
cant changes in the diversity and composition of the gut
microbiome, with reduced microbial diversity compared
to healthy individuals [10-12]. Certain bacterial species,
such as Bacteroides vulgatus, are strongly associated with
the severity of UC, to the extent have been observed that
the proteolytic activity of this bacterium can exacerbate
disease symptoms [13]. The gut microbiome also plays
an important role in the production of short-chain fatty
acids (SCFAs), especially butyrate, which helps maintain
the health and integrity of the intestinal epithelium. A
reduction in these SCFAs can lead to increased intesti-
nal permeability and inflammation [14—17]. Probiotics,
as a promising therapeutic approach, can be very help-
ful in treating ulcerative colitis by changing the intestinal
microbiota, so that in one study, the consumption of Bifi-
dobacterium infantis reduced inflammation in this dis-
ease, and therefore the consumption of such probiotics
can reduce the risk of developing this type of disease [18].
However, the effectiveness of probiotics depends on the
type of bacterial strain and the results in different stud-
ies vary due to heterogeneity in bacterial formulation and
host factors. Significant advancements in molecular tech-
nologies technology over the past decade have facilitated
research on the microbiome in various diseases, includ-
ing ulcerative colitis. A substantial corpus of research

has been dedicated to the examination of the role of the
gut microbiome in ulcerative colitis (UC). Therefore,
this study aimed to further investigate the role of these
bacteria in two important groups of patients with treat-
ment-resistant UC and new patients who have ultimately
responded to treatment. The reason we chose these two
specific groups is because comparing them could help
identify microbiome differences that may contribute to
treatment resistance. These differences could include
changes in microbial diversity, microbial composition,
and microbial function. By identifying these differences,
we can gain a better understanding of the mechanisms of
treatment resistance and find new ways to improve treat-
ment for this disease.

Materials and methods
Study community
With a power of 80% and a type I error rate of 0.05, and
assuming an effect size of 0.80, the required sample size
was calculated to be 21 individuals per group. However,
our study included more participants than this minimum
requirement. Additionally, by incorporating three control
groups, we anticipate that the effect size estimates will be
more precise and the risk of type II errors will be reduced.
This study was conducted as a case-control study on stool
samples from four distinct groups: Group 1: individuals
newly diagnosed with ulcerative colitis (all of them had
responded to treatment after follow-up) (24 individuals).
Group 2: individuals with treatment-resistant ulcerative
colitis (23 individuals). Group 3: first-degree relatives of
individuals newly diagnosed with ulcerative colitis (these
individuals were healthy and numbered 24). Group 4:
first-degree relatives of individuals with treatment-resis-
tant ulcerative colitis (23 individuals), who were also
healthy. It should be noted that in this study, the defini-
tion of first-degree relatives includes siblings, children,
and biological parents who live in the same household
and are genetically identical because they share the same
diet and lifestyle, reducing potential confounding factors
that may affect the composition of the gut microbiome.
The inclusion criteria encompassed patients who had
been recently diagnosed with ulcerative colitis, patients
with treatment-resistant ulcerative colitis, and healthy
individuals who did not have ulcerative colitis. Con-
versely, individuals with concurrent conditions such as
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diabetes, rheumatism, colon cancer, or immunodefi-
ciency, and history of antibiotic use six months before
sampling were excluded from the study.

Diagnosis of ulcerative colitis

The diagnosis of ulcerative colitis was made on the basis
of clinical symptoms, biochemical tests, pathology, and
colonoscopy, and was subsequently confirmed by a gas-
troenterology specialist.

Diagnosis of treatment-resistant ulcerative colitis

In this study, treatment-resistant ulcerative colitis (UC)
patients were defined as those who did not respond to
three stages of treatment: the first stage involving 5-ami-
nosalicylic acid, the second stage involving glucocor-
ticoids and azathioprine, and the third stage involving
anti-TNF-« therapy. Conversely, patients who responded
to any of these three stages of treatment were categorized
as treated individuals. This classification allows for a
comparative analysis between the microbiomes of treat-
ment-resistant and treatment-responsive UC patients.

Collecting samples

Following the identification of subjects for the study from
each group, two stool samples were collected and 5 cc of
blood was taken to separate the serum for test C-reactive
protein (CRP). These samples were then transferred to
the laboratory in a refrigerated. Diagnostic culture tests
were performed on one of the stool samples for patho-
gen bacterial identification, while the second sample was
stored at -70 °C for subsequent molecular testing. To
measure CRP the commercial kit of Pishtaz Teb Zaman
Diagnostics (Tehran, Iran) was used.

Table 1 The of primers for detection of bacteria used in gPCR

Target Primer/sequences (5-3) PCR Ref-
taxon product er-
(bp) ence

Firmicutes F: GGAGATGTGGTTTAATTCGAAGCA 126 [20]
R: AGCTGACGACAACCATGCAC

Bacteroides F: GAAGGTCCCCCACATTG 410 [21]

spp. R: CAATCGGAGTTCTTCGTG

E. coli F: TCCAGGTGTAGCGGTGAAAT 236 [22]
R: TGAGTTTTAACCTTGCGGCC

Lactobacillus  F: GAGGCAGCAGTAGGGAATCTTC 132 [21]

spp. R: GGCCAGTTACTACCTCTATCCTTCTTC

Clostridium F: AAATGACGGTACCTGACTAA 440 [23]

coccoi- R: CTTTGAGTTTCATTCTTGCGAA

des group

Bifidobacte-  F: GCGTGCTTAACACATGCAAGTC 442 [24]

rium spp. R: CACCCGTTTCCAGGAGCTATT

Akkermansia  F: CAGCACGTGAAGGTGGGGAC 327 [25]

muciniphila  R: CCTTGCGGTTGGCTTCAGAT
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Stool culture

In order to identify pathogenic bacteria, a culture test
was performed, for which Hektoen Enteric Agar, Xylose
Lysine Deoxycholate agar, and Salmonella Shigella Agar
selective media, as well as differential media such as
Triple Sugar Iron Agar, Lysine Iron Agar, Sulfide Indole
Motility, Methyl Red, and Voges-Proskauer reactions,
and Simmons Citrate Agar, were used [18].

DNA extraction

Stool DNA extraction was performed using the Favor-
Prep™ kit (FAVORGEN Biotech Corporation, Taiwan)
according to the kit’s protocol. The extracted DNA sam-
ples were subsequently stored at -20 °C until the molecu-
lar tests were conducted.

Standard curve preparation to determine the copy number
of the studied bacteria

The standard curve was obtained by utilizing standard
bacteria. These bacteria were obtained from the Pasteur
Institute of Iran and the Iranian Biological Resource Cen-
ter. DNA extraction was performed on bacteria using
the Sinaclon extraction kit (Tehran, Iran). Subsequently,
a polymerase chain reaction (PCR) was conducted
employing the primers shown in Table 1 to amplify the
16 S rRNA gene of the bacteria. Then gene purification
was carried out using the Sinaclon gene purification kit.
The concentration of purified DNA was measured with
a Nanodrop (BioTek Synergy HTX Reader, USA), and
serial dilutions ranging from 107! to 10~ were prepared
for utilization as standards in quantitative real-time PCR
(gqPCR). The following formula was used to estimate the
copy number of bacteria [19]:

number of copies/ ul
_ 6.022x 1023 (molecules/mole) x DN A concentrations (g/p 1)
- Number of bases pairsx 660 daltons

Quantitative real-time PCR

For qPCR, the quantitative method utilized 16 S rRNA
primers (Table 1) and a 2X-PCR master mix from Syber
(Yekta Tajhiz Azma, Iran). Each reaction contained 5 uL
of 2X Syber green Master Mix, 2 uL of DNA, 1uL of for-
ward primer, 1uL of reverse primer, and 1uL of RNase-
free water. The amplification program was conducted on
a Rotor Gen 6000 machine (Germany) with the follow-
ing steps: initial denaturation at 94 °C for 5 min, followed
by 35 cycles of denaturation at 94 °C for 30 s, annealing
at 60 °C for 30 s, extension at 72 °C for 45 s, and a final
extension at 72 °C for 5 min.

Statistical analysis

The statistical analyses were conducted using SPSS
20. A t-test was utilized to compare the control group
with the case group. In instances where the normality
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assumption was not fulfilled, the Mann-Whitney test was
employed. Fisher’s exact and chi-squared tests evaluated
the relationship between categorical variables based on
frequency distribution, with p-values less than 0.05 indi-
cating significant differences.

Results

The mean age of patients in groups 1 and 2 was
4588+18.51 and 41.30+£13.01 years, respectively,
while the mean age of controls in groups 3 and 4 was
37.29+9.62 and 40.96+13.01 years. The patient groups
included 16 (34.05%) women and 31 (65.95%) men, while
the control groups comprised 31 (65.95%) women and 16
(34.05%) men.

The stool culture results for pathogenic bacteria were
negative for all groups. The highest history of consuming
dairy products containing probiotics use was observed in
Group 1 with 22 (91.67%) subjects while the lowest use
was reported in Group 3 with 16 (66.67%) subjects. The
highest history of self-administered antibiotic use was
observed in Group 2 with 13(56.52%) cases while the
lowest was noted in Group 3 with 4 (16.67%) cases. The
findings of this study demonstrated a significant relation-
ship between Groups 2 and 4 with respect to the E. coli
and Bifidobacterium spp. microbial population (P<0.05).
Additionally, a significant relationship was identified
between the Lactobacillus spp., Bifidobacterium spp., and
Bacteroides spp. microbial community in Groups 1 and 2
(P<0.05).

Furthermore, a significant correlation was observed
between Clostridium coccoides in Groups 1 and 3
(P<0.05). The average copy numbers (mean + SD) of bac-
terial in stool samples of the four studied groups is shown
in Table 2.

The investigation into the correlation between the clas-
sification and extent of ulcerative colitis (which encom-
passes four distinct types: distal colitis, extensive colitis,
left colitis, and pancolitis) and the composition of the
gut microbiome revealed that the Firmicutes microbial
community exhibits a substantial association with dis-
tal colitis. Conversely, the Lactobacillus spp. microbial
community demonstrated a significant association with
two types (extensive colitis and pancolitis), of involve-
ment while the E. coli microbial community exhibited
a significant association with all four types of involve-
ment. Figure 1 illustrates the relationship between the
gut microbial populations and the four ulcerative colitis
involvement types.

Furthermore, the findings of this study demonstrated
a substantial correlation between self-administered anti-
biotic utilization and Clostridium coccoides bacteria
(P.value: 0.04). Conversely, no substantial correlation was
observed between BMI and probiotic consumption with
the gut microbiome. Table 3 presents the findings related
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to the association between BMI, history of self-admin-
istered antibiotic use, and history of consuming dairy
products containing probiotics with the gut microbiome.
The analysis of gut microbiome data in conjunction
with C-reactive protein (CRP) and the geographical loca-
tion of subjects revealed an absence of a statistically sig-
nificant correlation between the two variables (Table 4).

Discussion

In this study, the role of the gut microbiome was exam-
ined and analyzed in four groups, two of which were con-
sidered patients (groups 1 and 2) and the other two as
healthy individuals (groups 3 and 4). Unlike many other
studies, the healthy individuals were selected from first-
degree relatives of the patients. The reason for selecting
these individuals was that they lived in the same place
and community and had used the same dietary sys-
tem throughout their lives. Also, the reason for choos-
ing these microbiomes in our study is that in previous
studies, they have been investigated as key bacteria in
inflammatory diseases of the digestive tract due to their
role and close relationship with intestinal microbiota
dysbiosis and disease progression. The difference is that
in our study, they were simultaneously investigated in
4 different groups so that targeted modulation of these
bacteria could improve the therapeutic potential in this
disease, because the reduction of these bacteria disrupts
immune homeostasis, the barrier function of intestinal
epithelial cells, and the production of metabolites, and
causes chronic inflammation. Our study results showed
that Lactobacillus ssp., Bifidobacterium ssp., and Bacte-
roides ssp.. could play a very important role in the treat-
ment process of ulcerative colitis. On the other hand,
comparing the microbial community between groups
1 and 3 (individuals who had just been diagnosed with
ulcerative colitis and their first-degree relatives) showed
that the Clostridium coccoides microbial community
was different. This is while in Ostadmohammadi’s 2021
study, the role of the Firmicutes and Enterobacteriaceae
microbial community was more prominent [26], and this
difference in the microbial community could be due to
the type of healthy individuals selected, as the healthy
individuals in our study were first-degree relatives of the
patients. In another study conducted by Kabeerdoss J in
2015, the frequency of Bacteroides ssp. and Lactobacillus
ssp.. was higher in UC patients compared to the control
group, which was healthy individuals [27]. However, in
our study, the frequency of Bacteroides ssp. and Lactoba-
cillus ssp. was different between people with refractory
ulcerative colitis and people who had just been diagnosed
with ulcerative colitis, not between people with ulcerative
colitis and healthy individuals. This was probably due to
the difference in the participants in the study and also the
type of sample tested. In our study, stool samples were
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Table 2 The relationship between the copy numbers of bacteria with variables in all groups
Variable Group1; N=24;  Group3; P-Value? Group2; Group4; P-Value® P-Val-

frequency (%) N=24; frequency N=23; fre- N=23; frequency (%) ue€

(%) quency (%)

History of consuming
dairy products contain-
ing probiotics
No 2(833) 8(33.33) 0036 4(17.39) 5(21.74) 0.500" 0312
Yes 22 (91.67) 16 (66.67) 19(82.61) 18 (78.26)
Consumption of local
dairy products
No 1(4.17) 2(833) 1.00° 1(4.35) 3(13.04) 0608 1.00°
Yes 23(95.83) 22(91.67) 22 (95.65) 20 (86.96)
History of self-medica-
tion with antibiotics
No 15 (62.50) 20 (83.33) 0.193" 10 (43.48) 16 (69.57) 0.074" 01917
Yes 9(37.50) 4(16.67) 13(56.52) 7 (30.43)
E.coli: 426%10° 2.90%10° 0.354* 3.02x10° 3x10'° <0.001* 0.395°
Median [IQR(Q1,Q3)] [1.95%10'°( [1.19%10'°( [4.99%10° ( [4.88x 10"

1.51%10°, 137%10° 240x10°, 2.08x10'°,

2.10%x10'9)] 1.33x10'° 7.40%10%)] 6.97%10'%]

]

Akkermansia muciniphila; 6.54x 108 339%10° 0.070* 3.15% 107 987x10° 0.489* 0.360*
Median [IQR(Q1,Q3)] [3.27%x10°( [2.84%10'( [6.66x 10 ( [1.99%x 10"

2.92% 108, 5.03% 108, 5.59% 108, 647 %108,

3.560x 107%)] 2.85%10')] 7.02%10%)] 2.05%10'%]
Lactobacillus spp, Median  2.79x10'° 2.23x%10'° 0.483* 1.88x10" 166x10" 0.701* <0.001%
[IQRQ1,Q3)] [1.11x 10" ( [2.86x10'( [5x10" ( 14.06x10"(

562% 108, 3.79% 108, 521%10'°, 435x10'°,

1.11x10')] 2.87x10')] 5.53%x10")] 449x10")]
Bacteroides spp; Median ~ 1.69x10° 369%10° 0.409* 3.80% 10" 7.08%10° 0.531% 0.007*
[IQRQ1,Q3)] [2.27%10'°( [4.79%10"% [1.75%10'( [2.86x10'(

1.93x 105, 6.81% 108, 9.18% 107, 3.74% 108,

229%10'9] 486x10'%] 1.76x10') 2.86%10'?)]
Bifidobacterium spp; 3.79%10'° 1.82x10" 0.224* 321x10 508x10° <0.0017 0.008*
Median [IQR(Q1,Q3)] [6.89%x10'( [1.97x10'( [3.76x 10" ( [4.73x10'%(

5.72%10°, 5.13%10'°, 533%x10'°, 2.35%10°,

6.89%10'19)] 248x10')] 381x10'9)] 497%10'9)]
Clostridium coccoides; 15.97%10'0 592x10" 0.003* 2.89% 10" 1.85x10" 0.362° 0.115°
Median [IQR(Q1,Q3)] [245%x 10" ( [1.75x10'( [243% 10" ( [2.91x10'(

8.10%10°, 1.77%10'", 9.75% 10°, 152%10'°

2.53%x10')] 1.93x10'9)] 244%10') 3.06x10')]
Firmicutes; 1.22x10" 2.54%10" 0433% 1.56x 10" 1.87x10" 0.328F 0.349*
Median [IQR(Q1,Q3)] [243x10" ( [4.81x10'( [5.73x10"( [1x10'%(

3.89%10'°, 5.28x10'°, 3.72%10'°, 4.85x10'%1%10')]

2.82x10'M)] 534x10')] 6.10x10™)]

1: From t-test

*: From Fisher's exact test

$: From Mann-Whitney test

**:From Pearson’s chi-squared

a: P-value from the comparison of Group 1 and Group 3

b: P-value from the comparison of Group 2 and of Group 4
c: P-value from the comparison of Group 1 and Group 2

IQR: Interquartile range

examined, but in their study, biopsy samples were ana-
lyzed. Luma Al-Bayati’s study in 2023 showed that there
is a significant relationship between the microbial com-
munity of Faecalibacterium prausnitzii, Provetella and

Peptostreptococcus with ulcerative colitis [28]. The results
of their study were contrary to our study, and this may be
due to the selection of the type of gut microbiome com-
munity for analysis and the type of groups participating
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Fig. 1 Graph of gut microbial populations by types of ulcerative colitis involvement. D: distal colitis; P: pancolitis; E: extensive colitis; L: left colitis; *: P-

value <0.05;**: P-value < 0.001;***: P-value <0.0001; ns: no significant

in our study. The results of our study showed that the
gut microbial community in the two groups of patients
(groups 1 and 2) also differs based on the type of ulcer-
ative colitis involvement, so the type of patient involve-
ment can also affect the decrease or increase in the gut
microbiome population. A notable point in our study was
that there was no significant association between place of
residence and history probiotic dairy products with the
gut microbiome community, while various studies have
shown that probiotic consumption can affect the gut
microbial population [29-31]. This difference in results
could possibly be due to the fact that we analyzed his-
tory of dairy products containing probiotics in the study,

not pharmaceutical probiotics consumption during the
study. Studies have shown that multi-strain probiotics
can have very variable effects on diseases, because these
compounds are composed of several types of beneficial
bacteria, each of which can have different effects on the
immune system and gut microbiome, and these vari-
able effects are due to reasons such as differences in the
mechanism of action, interaction with the gut micro-
biome, effect on the immune system and differences
in individual resistance. Therefore, the effectiveness of
multi-strain probiotics can be highly variable, with very
favorable results in some cases and less effective in others
[32-33]. Analysis of the history of spontaneous antibiotic



Page 7 of 10

(2025) 25:254

Ahmadi et al. BMC Microbiology

abueu 3|13uenbisU| YOI
1591 ASUNYM-UUR WO

JUSIDLYS0D UOIIR|S1I0D UOSIRG WOI iy

[ [

[

SO1301GI3UR YIIM UOIIRIIPIW-J|3S JO KI0ISIH

Buiurejuod sydnpoud Aiep buiwnsuod jo K101s1H

(,,0L X9 (,,01 X899 (,,0LX¥8S [(,,01x€eL6
‘00l XP6E '00LX6/ T ‘0 0LX0LY LOLX6ETL
) L0LXTTY] ) 1,0LX079] ) L0LX €] ) ,0LX€€g]
¥250 LOLX 1 LOLX9P| Y670 L0LX9T| LOLXYES 7690 %00 sapnojuily
[ [ [
(1,01X85°¢ (OLX 1YL (;,0LX80'L [;,0Lx0LL
'OLXS/6 001 X8T€ 0,01 X99'L "LOLXIET
) 0L X8¥¢] ) 2 0LXLLL] ) 2, 0LX90L] ) ,0LX0.8]
A 001X 199 LOLXY6T z1eo L0LXS81 LoLxele 1450) 9900 dnoib s3pj03202 Wniplso|
[ [ [ [
(1,0LX0.8 (L OLXEYS (1,0LX0L9 (;,01XS8¢
'OLXELL 0L X19G ‘0L X719 OLX¥9€e
) 1,01X298] ) 1,01 X8€G] ) 1, 0LX$99] ) 2,01%X587]
0r60 0101 XS 001X 06 €eLo 001X /9°G L0LX8TL S€60 6000 ‘dds winua)opqopyig
[ [ [ [
(,,0Lx/5€ (,,0LXE9'1 (,,01x98'1 G OLXELL
'OLX/91 ‘0L XGHT ‘0L X 10T 'OLXTLE
), 0LX/5€] ) L0LX€9L] ) 1,01%x98°L] )2 0LXx2/L]
[/80 0l 0LX /9L 0L XTS5y 6¥C0 0L X0€9 LoLxt €560 9000 dds sapioia1o0g
[ [ [ [
(1,01 X65°¢ (,,01X/9C (L0LX/LT (1,01X99¢
00LXZSL 'OLX¥LT 'OLX 16 ‘0L X/E9
) L0LXErE] ) 1,01 X497 ) 01Xz ) 20LX65T]
76£0 0 OLX LT, 0l0LXSLY YrE0 001 X887 LOLXPLL 9550 7900 dds snjj1opqo1n]
[ [ [ [
(5101 XS (L0LXT8'L (501X 59T (501X S8'L
0L XS6°€E ‘0L X0y ‘0L X¥8€ 0L X€9T
) 0,01 X6] ) 0101 X8/°1] ) 0,01 X797] ) 0,01 X65L]
S¥S0 0L X/86 601 X901 (9440 01 X796 0L XE9E LCE0 010 pIydiupnNW pIsubuLYYY
[ [ [ [
(0L X9K€E (5,01 X88°€ (0L Xzee (OLXSLYZ
‘0L X9%T OLX/81 ‘0L X66'L 0L X98Y
) 001 X8L€] ) 0101 X69°€¢] ) 0101 X¢€] ) 0101 X999]
€890 OL XYy 0L X766 L¥C’0 0L X08% 0l0LX¢ SS€0 9600 11029
(ANjeA [(€D'LO)YDI] uelpay “4oqwinu Adod (AnjeA [(€D'LD)YOI] uelpay “42qwinu Adod anjea
d SOA ON d SOA ON d SU0}e|0410] dsIMmIled
sonoiqoad

Ing a|qeniep

soi301qoud Bujuieluod s3onpold Allep bujunsuod Jo A103s|Y puUR 35N J0IGIUER PIRISIUILPE-JS JO AIOISIY ‘|G UM [eli1ded Jo Jaquuinu Adod ayy usamiaqg diysuonejsl 3yl € ajqel



Ahmadi et al. BMC Microbiology (2025) 25:254

Page 8 of 10

Table 4 The relationship between CRP, residence location of individuals and the copy number of bacterial

Variable CRP Residence location
Positive Negative P-value* Urban Rural P-value*
copy number; Median [IQR(Q1,Q3)] copy number; Median [IQR(Q1,Q3)]
Ecoli 3.50%10° 9.21x10° 0.204 482x10° 1.18%10'° 0483
[3.74x10'°( [3.17x10'( [3.57x10'°( [3.32x 10"
134%10°, 261%10° 1.77%10° 2.73%10°,
3.88%10'9 343x10'9 3.75%10'9 360%10'%
] ] ] ]
Akkermansia muciniphila 124x10° 9.87x108 0834 1.25%10° 1.02x10° 0.822
[4.81x10'( [1.78x10'°( [476%10'°( [5.39% 107 (
4.08x 108, 410108, 3.99% 108, 446X 108,
485x10'9 1.82x10'9 480x10'9 5.84%10%
] ] ] ]
Lactobacillus spp. 469x10'° 1x10" 0.381 5.75%10'° 534x10'° 0.502
[1.98x 10" ( [3.18x 10" ( [342x10'" ( [1.86x 10" (
2.19%10°, 834%10°, 3.57%10°, 142x10'°
2x10™) 3.27%x10™) 346x10'") 2x10™)
] ] ] ]
Bacteroides spp. 3.12x10° 167x10'° 0445 6.86x10° 7.05%x10° 0372
[8.56x10'°( [3.66x 10" ( [334x 10" ( [8.06x 10" (
222x108, 221x108, 2.16x108, 2.66% 108,
8.58x10'% 366x10") 3.34x10') 809x%10'%
] ] ] ]
Bifidobacterium spp. 502x10'° 1.09%10" 0.118 943x10'° 5.76x10'° 0652
[2.01x10" ( [9.11%x 10" ( [3.13% 10" ( [9.42x 10" (
334x%10°, 9.14% 107, 5.63%10°, 9.05% 107,
2.04x10") 9.20x10") 3.19%10') 9.51x10'")
] ] ] ]
Clostridium coccoides group 231x10" 207x10" 0.701 2.10x 10" 1.71x10" 0.856
[1.11%x10'( [8.87x 10" ( [1.15% 102 ( [6.78x 10" (
1.92x10'°, 1.78%10'°, 163%x10'C 230%10'C,
1.13x10'?) 9.05x10') 1.16x10') 701%10"™)
] 1 ] ]
Firmicutes 139x 10" 141x10" 0.946 140x 10" 138x10" 0.941
[6.18x 10" ( [568x 10" ( [6.26x 10" ( [466x 10" (
3.72x10'°, 428x10'°, 3.50%10'°, 496x10'°,
6.56x10'") 6.10x10') 6.61x10'") 5.16x10')

] ]

] ]

$: From Mann-Whitney test
IQR: Interquartile range

use among the participants in our study showed that the
spontaneous use of antibiotics only affected the Clostrid-
ium coccoide population and did not affect other micro-
biomes. Although many studies have shown that the use
of antibiotics has a significant impact on the intestinal
microbiome [34-35], it should be noted that this impact
can be based on the type of antibiotic and its dose. On
the other hand, sampling of the people in our study was
not done immediately after taking antibiotics and their
samples were taken 6 months before taking antibiotics. In
general, what the results of this study show is that a num-
ber of intestinal microbiomes can play an important role
in the treatment process of ulcerative colitis and they can
be used as a line of treatment in clinical trials for this dis-
ease. The limitations of this study are manifold, including
the lack of investigation of the role of bacteriophages, the
utilization of a specific probiotic treatment protocol for

patients, the utilization of non-family groups, the inves-
tigation of other microbiomes, and the investigation of
metabolic factors. Addressing these limitations in sub-
sequent studies such as the concurrent examination of
the gut microbiome and phages utilizing metagenomics
technique given the established role of phages in regulat-
ing the gut microbial community and clinical trial studies
such as the administration of probiotics and using fecal
microbiota transplant (FMT) in patients, also studying
patients’ metabolites alongside the gut microbiome will
contribute to the advancement of treatment methodolo-
gies for this condition.

Conclusion

The findings of this study demonstrated that several
intestinal microbiomes have a substantial impact on
the management of ulcerative colitis. The results of this
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study suggest that by comparing the gut microbiome of
treatment-resistant and individuals newly diagnosed
with ulcerative coliti, we can gain a better understand-
ing of microbiome differences that may influence treat-
ment outcomes. The results of this study may also lead
to the identification of new therapeutic strategies that are
based on regulating the gut microbiome. These strategies
could include the use of fecal microbiota transplantation
(FMT), probiotics, prebiotics, or specific bacteria-based
therapies.
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