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ABSTRACT

Received: 18 Apr 2022 [XTIE Celiac disease (CD) is a chronic autoimmune disease triggered by gluten and other environmental

Accepted: 22 May 2022 i factors, such as intestinal microbiota in genetically predisposed persons. This study aimed to evaluate the
Available Online:01Jul2022 i composition of the target gut microbiota population in patients with CD and to compare it with healthy
¢ individuals.

In this case-control study, Bifidobacterium and Lactobacillus were evaluated in the
fecal samples of 20 celiac patients on a gluten-free diet (GFD) with 20 healthy individuals referred to the
Celiac Disease Department, Tehran, Iran, from August 2019 to February 2020. Microbial DNA extracted
from fecal samples was evaluated by specific primer pairs using the real-time-polymerase chain reaction
(PCR) technique. Statistical analysis was performed using IBM SPSS Statistics version 21.

[FETE The results of the demographic information of participants regarding the gender and the mean

Key words: age as well as the Marsh classification showed no statistically significant difference between the two
Celiac disease, : groups (P>0.05). The comparison of intestinal microbiota between the two study groups revealed that
Gastrointestinal the rate of Bifidobacterium spp. and Lactobacillus spp. was significantly lower in celiac patients compared
microbiome, © tothe control group.

Dysbiosis, Diet [HTIERT The results of this study confirmed the dysbiosis in celiac patients compared to healthy sub-
gluten-free : jects. In addition, changes in the gut microbiome may contribute to the pathogenesis of the CD.
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Introduction

eliac disease (CD) is a chronic autoim-

mune disease triggered by gluten and oth-

er environmental factors, such as intesti-

nal microbiota in genetically predisposed

persons. Gluten consumption is the main
cause of clinical signs and symptoms of celiac disease.
When susceptible people are exposed to gluten, the tissue
transglutaminase enzyme leads to changes in this protein,
and as a result, an inflammatory reaction is created due to
the interaction between the immune system and the tissue
of the small intestine, and this reaction in the intestinal
mucosa causes atrophy of the intestinal villi, crypt hyper-
plasia, increased number of lymphocytes in the lamina
propria, and malabsorption syndrome. Currently, elimi-
nating gluten from the diet is the only available treatment
for celiac disease [2]. A gluten-free diet leads to improve-
ment in the clinical signs and symptoms of celiac disease,
small intestinal mucosal damage, and intestinal epithelial
integrity [3]. The prevalence of celiac disease is increas-
ing every year and the basic mechanism of this disorder
is not fully understood. Celiac disease usually appears in
early childhood after exposure to gluten; however, the
number of people with celiac disease who experience this
disease in early and late adulthood is also increasing [4].
For this reason, other environmental factors can also play
a role in the spread of this disease [5]. Among these en-
vironmental factors, we can mention the short duration
of breastfeeding, intestinal infections, and changes in the
digestive microbiota [6]. Gastrointestinal microbiota in-
cludes a large number of microbial species and the num-
ber of its genes is 150 times that of the host’s genome,
and it has a vital role in human health and is involved
in crucial functions of the host, such as body metabolism
and physiology [7]. Few studies have been conducted re-
garding the role of digestive microbiota in celiac disease;
however, the change in digestive microbiota-dysbiosis
is a critical environmental factor in the pathogenesis of
the celiac disease [8]. Digestive microbiota is vital in the
maturation of immunity in the body and homeostasis in
the intestine. The dysbiosis in the gastrointestinal micro-
biota may affect intestinal homeostasis and thus lead to
an immune response to food antigens, such as gluten [9].
Most studies show that dysbiosis occurs in the digestive
microbiota of people with celiac disease with active dis-
ease in the form of a significant decrease in the population
of beneficial gram-positive bacteria, such as Bifidobac-
terium and Lactobacillus in duodenal and stool samples.
This reduction provides suitable conditions for the colo-
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nization of pathogenic gram-negative bacteria in the mu-
cosal surfaces of celiac patients [10]. Also, the results of
studies conducted on a sample of twelve celiac patients
show that the Bifidobacterium population has decreased
in these patients [1]. The presence of the Bifidobacteria
family in the digestive tract leads to beneficial effects on
a person’s health, including creating resistance in the host
against pathogens [11]. In addition, studies conducted in
children with celiac disease show a decrease in the ratio
of Lactobacillus and Bifidobacterium to Bacteroides [12].
Different strains of Lactobacillus species exert more in-
ductive effects than suppressive effects on both the innate
and acquired immune systems of the body. Lactobacillus
casei strains lead to an increase in both local and systemic
T cell-mediated responses to gluten [13]. Considering
the importance of intestinal microbiota in the pathogen-
esis of celiac disease and the imbalance in the intestinal
microbiota of people with this disease, the present study
was conducted to investigate the balance of two benefi-
cial microbes, Lactobacillus and Bifidobacterium, in the
stool samples of patients with celiac disease compared to
healthy individuals.

Materials and Methods

This is a case-control study from August 2018 to Feb-
ruary 2018 on 20 people with the celiac disease under a
gluten-free diet as a case group and 20 healthy people as
a control group who were referred to the celiac clinic of
the Digestive and Liver Diseases Research Center of Sha-
hid Beheshti University of Medical Sciences. This study
was approved with the ethics code IR.SBMU.RIGLD.
REC.1395.114 of the Ethics Committee of the Digestive
and Liver Diseases Research Center of Shahid Beheshti
University of Medical Sciences and Health Services and
with the registration code IRCT20171225038063N1 of
the Iranian Clinical Trial Registration Center (IRCT). Af-
ter obtaining approvals, all participants in this study were
informed about the objectives of this research project.
Before entering the study, all patients with celiac disease
had antibodies against tissue transglutaminase (t-TG) and
endomysial antibody (EMA) in their blood serum, and
their disease diagnosed by histology according to Marsh
classification (Marsh I-IIT) was also confirmed [14]. The
inclusion criteria included having a gluten-free diet for
at least 6 months before entering the study. Before the
study, the consent form was completed and approved by
each participant. The inclusion criteria included pregnant
women with celiac disease, people with gastrointestinal
diseases, such as Crohn’s ulcerative colitis, ulcerative
colitis, or ulcerative colitis, people with short bowel syn-
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drome, people who have consumed alcoholic beverages,
or people addicted to illegal drugs, people with a history
of mouth and stomach surgery, people with cancer or pos-
itive HIV, people with a history of taking steroid drugs 4
weeks before the study, antibiotics, and non-steroidal anti-
inflammatory drugs, and people with clinically abnormal
levels of urea, electrolytes, creatinine, or liver serum. De-
mographic information of the participants, including age,
sex, and pathology result of the patients was prepared and
recorded based on the Marsh classification as well as a
questionnaire. Before the study (day zero) and during the
study, stool samples from both patient and control groups
were collected in special plastic containers and kept at
-80°C until analysis.

Bacterial DNA was extracted from the stool samples
of the study subjects by the FavorPrepTM Stool DNA
Isolation Mini Kit (Favorgen® Biotech Corp., Pingtung,
Taiwan) according to the instructions mentioned in this
kit. Briefly, 200 mg of feces was placed in a sterile tube,
containing 300 uL of SDE1 buffer and 20 pL of protein-
ase K (10 mg/mL), and the rest of the protocol was per-
formed according to the kit manufacturer’s instructions.
After DNA extraction, its purity and concentration were
measured by measuring the absorbance ratio of A260/
A280 nm by NanoDrop®ND-1000 spectrophotometer
(Thermo Scientific, USA). If the absorption ratio of 260
to 280 is between 1.7 and 2, the DNA has sufficient purity
to perform a polymerase chain reaction [15]. The extract-
ed DNA was stored at -80°C. Two bacterial candidates,
Lactobacillus and Bifidobacterium, were investigated.

The real-time polymerase chain reaction (PCR) tech-
nique was used to identify and measure the number of
copies of the 16S rRNA gene related to Bifidobacterium
species and to determine the number of this bacterium in
the intestinal microbiota, specific Bifid-F primers with
the oligonucleotide sequence -GGGATGCTGGTGTG-
GAAGAG-3’5 and Bifid-R with the oligonucleotide
sequence 5’-TGCTCGCGTCCACTATCCAG-3> was
used. For Lactobacillus species, specific primers Lacto-F
with the oligonucleotide sequence 5°’-TGGATGCCTTG-
GCACTAG-3’ and Lacto-R with the oligonucleotide se-
quence 5-AAATCTCCGGATCAAAGCTTAC-3" was
used. The number of reaction components, including 10
pL of BioFACT™ 2X Real-Time PCR Master Mix (For
SYBR Green I, BIOFACT, South Korea) and 10 nM of
each reverse primer and 2 pL of extracted DNA were cal-
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culated. Real-time PCR program for each replication as
an initial denaturation temperature of 95°C for 15 min,
40 cycles with an initial denaturation at 95°C for 20 s, an-
nealing of primers at 56°C for 30 s, elongation at 72°C for
20 s, followed by the melting curve step according to the
device instructions was performed. After performing the
polymerase chain reaction, the temperature range of 52°C
to 95°C was considered to determine the melting tempera-
ture and consecutive readings with a temperature gradient
(Ramp) of 0.5°C. Melting curve analysis was performed
to confirm the specificity of amplification. Primer con-
centrations and thermocycler programs were optimized
for each specific polymerase chain reaction. Standard
curve to determine the number of copies of the Swedberg
16 ribosomal RNA gene of each of the candidate bacteria
by producing a 10-fold dilution series from 101 to 1010
copies of the Swedberg 16 ribosomal RNA gene in each
reaction using Escherichia coli strain DNA BL21 (Esch-
erichia coli BL21 strain) was performed. The number of
16S rRNA gene copies in the group of candidate bacteria
in stool samples was determined by comparing the cy-
cling threshold (CT) values of the samples with standard
curves. All reactions were performed in triplicate.

Statistical analysis was performed using SPSS statistical
software version 21 (Armonk, NY: IBM Corp). Differ-
ences in demographic criteria between the study groups
were evaluated using the Pearson chi-square test for cat-
egorical variables. Two different groups were compared
by t test. The obtained results were expressed as mean
+ standard deviation (SD). In all cases, the significance
level of the tests is less than 0.05. All analyzes were as-
sessed for gut microbiota abundance based on a threshold
cycle number.

Results

Demographic information in two groups of celiac pa-
tients under gluten-free and healthy diets was fully stud-
ied and statistically analyzed with related probability val-
ues (P value). Enumeration of intestinal microbiota in 20
people with celiac disease, including 9 men and 11 wom-
en, who were on a gluten-free diet (GFD) before entering
the study and during the study as a case group, as well
as 20 healthy people without celiac disease, including 10
men and 10 women, were examined as a control group in
terms of composition. No statistically significant differ-
ence was observed in terms of gender and the average age
of people in the two studied groups (P>0.05) (Figure 1).
As shown in Figure 2, in terms of pathology results, most
people with celiac disease were placed in Marsh group 3
(18 people). The results of the study showed no signifi-
cant difference between the case group and control group
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in terms of Marsh classification (P>0.05). The number of
target bacteria in fecal samples in both case and control
groups was measured by the threshold cycle and shown
as mean = standard deviation in Table 1. The results of
this study show that the threshold cycle of Bifidobacte-
rium and lactobacillus bacteria in people with celiac dis-
ease is significantly higher compared to the healthy group
(P<0.05). Since the threshold cycle has an inverse rela-
tionship with the count rate, as a result, the count rate of
these two useful bacteria in celiac patients is significantly
lower compared to healthy people (P<0.05).

Discussion

Recent evidence regarding celiac disease has shown that
innate immunity is vital in triggering the immune re-
sponse through the stimulation of the acquired immune
response and mucosal damage. The connection of intesti-
nal microbiota with the intestinal mucosal wall is done
through the same receptors that can activate innate im-
munity. Therefore, changes in gut microbiota may lead to
the activation of this inflammatory pathway [16]. Benefi-
cial species of the intestinal microbiota are reduced in pa-
tients with celiac disease, and on the other hand, patho-
genic species are potentially increased compared to
healthy people. In these patients, although dysbiosis in the
intestinal microbiota is decreased after a GFD, it is not
eliminated. Therefore, the intestinal microbiota plays a
crucial role in the pathogenesis of the celiac disease [17-
19]. On the other hand, fewer studies have investigated
the number and composition of intestinal microbiota and
its role in the pathogenesis of the celiac disease, as well as
comparing the composition of intestinal microbiota in
people with celiac disease compared to people without
this disease. Therefore, in the current study, the composi-
tion of specific intestinal microbiota, including Bifidobac-
terium and Lactobacillus, was investigated in patients
with celiac disease compared to healthy individuals, and it
was shown that the population of intestinal microbiota in
celiac patients is significantly different compared to
healthy individuals so that sick people have a lower
amount of beneficial intestinal bacteria Bifidobacterium
and Lactobacillus than healthy people. The diversity of
intestinal microbiota in people with celiac disease com-
pared to healthy people has been investigated in various
studies that confirm the results of the present study [10,
20]. Golfetto et al. agreed with the results of the present
study regarding the low level of Bifidobacterium and dys-
biosis in the intestinal microbiota in patients with celiac
disease, even despite following a GFD, which supports
the pathological process of the disease [21]. Similar to the
present study is the study of Moraes et al. who reported
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the difference in the microbial profile between children
with celiac disease and the control group and showed that
celiac patients have a lower amount of Lactobacillus and
Bifidobacterium compared to healthy individuals. Studies
have shown that Bifidobacterium and Lactobacillus,
which are also part of probiotics, can play a role in the
digestion or change of gluten polypeptides. On the other
hand, some bacterial species belonging to the genera Lac-
tobacillus and Bifidobacterium have a protective role on
epithelial cells against the damage caused by gliadin [22].
Collado et al. in a study identified specific intestinal bac-
teria related to celiac disease in the diagnosis and post-
treatment with GFD in stool samples of children with
untreated celiac disease and under GFD. Biopsy samples
of untreated celiac patients under GFD and stool samples
and biopsies of healthy children as a control group were
examined to compare the two groups and real-time PCR
was used to measure intestinal bacteria. The results of this
study show the difference between the number of some
intestinal microbiota, such as Bacteroidetes and Clostrid-
ium leptum in children with celiac disease compared to
the control group regardless of the stage of the disease, as
well as the difference in the number of E.coli. and showed
Staphylococcus in untreated celiac children compared to
the control group. Also, in this study, a lower amount of
Bifidobacterium was reported in the feces of both groups
of patients and biopsies of untreated individuals com-
pared to the control group [10]. In another similar study,
Sanz et al. analyzed the fecal microbiota count in the
population of children with celiac disease compared to
age-matched controls by a polymerase chain reaction and
denaturing gradient gel electrophoresis and reported a sig-
nificant increase in the stool microbiota population in pa-
tients with celiac disease compared to healthy individuals.
On the other hand, they observed the specific presence of
Lactobacillus curvatus species in celiac patients and Lac-
tobacillus casei as a characteristic bacterial species in the
healthy group. Also, the number of Bifidobacterium spe-
cies in the celiac group was significantly lower than in the
healthy group [21]. Nistal et al. conducted a study to in-
vestigate the difference in intestinal microbiota in adults
with celiac disease and healthy individuals. Using the
techniques of gradient genetic electrophoresis and gas-
liquid chromatography of short-chain fatty acids, the mi-
crobial communities were measured in stool samples of
untreated celiac patients, celiac patients treated with GFD,
and healthy population and they observed a decrease in
the diversity of Lactobacillus and Bifidobacterium spe-
cies in treated celiac patients. Also, the treated celiac
group showed a significantly higher amount of Bifidobac-
terium bifidum than healthy adults. The overall results of
this study showed the difference in the fecal microbiota of
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Figure 1. Demographic Information of Participants

untreated celiac patients compared to healthy people.
Consistent with the present study, Nistal et al. showed that
although the GFD in celiac patients partially restores the
digestive microbiota to a normal state, the diversity of
Lactobacillus and Bifidobacterium decreases significant-
ly [23]. In another similar study conducted by Nylund et
al. on patients with celiac disease and gluten-sensitive
people without celiac disease under a GFD and healthy
people consuming oats, the composition of fecal micro-
biota in the studied groups was investigated and the re-
sults showed that although the frequency of Bifidobacte-
rium in healthy adults tended to be higher compared to
celiac patients and the non-celiac gluten-sensitive group,
it did not show a significant difference in terms of diver-
sity in the microbial composition in the studied groups
[33]. Also, Di Biase et al. compared the composition of
the digestive microbiota in the stool samples of twelve
children with celiac disease at the beginning of the disease
with the healthy group. The results of this study are also
similar to the current study, the difference in the digestive
microbiota in children showed celiac disease at the begin-
ning of the disease compared to the healthy group. A de-
crease in the abundance of beneficial bacteria, such as

4]

T
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Bacteroides/Prevotella and Akkermansia was observed in
stool samples of celiac disease patients compared to the
healthy group [34]. In addition, some other studies also
confirm the results of the present study and prove that two
beneficial bacteria, Bifidobacterium and Lactobacillus,
can play a protective role in patients with celiac disease
against the inflammatory response and mucosal damage
caused by gliadin peptides. They also explain the thera-
peutic roles of these probiotics [18-24]. Reducing the
number of beneficial bacteria, such as Lactobacillus and
Bifidobacterium in patients with celiac disease leads to an
increase in opportunistic pathogens in patients with celiac
disease and eventually leads to a defect in the immune
system of these patients [26]. According to previous stud-
ies, the intestinal microbiota in patients with celiac dis-
ease is not completely restored despite following a GFD
[10] and the amount of some useful digestive bacteria,
such as Bifidobacterium in people with celiac disease is
still significantly lower than in healthy people despite this
type of diet. The results of most studies conducted in the
field of investigating the diversity of the intestinal micro-
biota of celiac patients under a GFD and comparing it
with healthy people all over the world show the diversity

5
£ 5

L 0] 1

Figure 2. Pathology Results of Patients Based on Marsh Classification
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Table 1. Intestinal microbiota counts based on the threshold cycle (CT) in the two study groups (n=20)

mean+SD
Variables P
Patients With Celiac Healthy People
Bifidobacterium 22.2+6.8 12.145.1 0.001"
Lactobacillus 24.5+5.8 11.943.2 <0.001"

and a different number of the intestinal microbiota of
these patients and healthy people. [27]. All these results
confirm the results of the present study. In the current
study, the target population was middle-aged patients and
healthy people in an urban society with an average and
normal diet. Compared to the group of healthy people,
these people had an imbalance in the number of natural
probiotics of flora. The amount of Lactobacillus and Bifi-
dobacterium excreted in these people is less than in the
healthy group, which is a reflection of the condition of the
intestinal flora of these people, which is caused by the
poor condition of the microbial flora and the lack of pro-
biotic bacteria in the digestive system of these people. On
the other hand, some studies showed no difference be-
tween the intestinal microbiota of patients with the celiac
disease under a GFD and the control group and declared
that the intestinal microbiota does not seem to play a role
in the pathogenesis of the celiac disease [31]. On the other
hand, having this type of diet in these patients, based on
the results of previous studies, only leads to the improve-
ment of a part of the intestinal microbiota [32], but the
reasons are not known. However, factors such as the ge-
netics of a patient with celiac disease, despite a GFD, can
most likely affect the composition of the intestinal micro-
biota [33]. On the other hand, gluten has a prebiotic-like
function, and removing this protein from a GFD can also
create a different intestinal microbiota in these patients
compared to healthy people [34]. Therefore, it can be said
that modifying the nutritional system with the approach of
strengthening the probiotic system of the digestive system
and regulating their reliability and viability can moderate
the complications of celiac disease, which is a kind of
defect in the gene system with epigenetic stimuli. Physi-
ologically, according to the atrophy of the intestinal villi
in this disease, perhaps the defect in maintaining the bal-
ance of the natural microbial flora can be considered as
one of the complications caused by this disease, in an-
other approach, this factor can be considered as the cause
of the exacerbation of this disease. According to other ef-
fective environmental and biological factors, this series of
factors is the occurrence of nutritional poverty and defi-
ciencies in the natural levels of micronutrients. Factors in
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the present study, the intestinal microbiota and the de-
crease in the amount of Bifidobacterium and Lactobacil-
lus were different between the two studied groups and
decreased in the group with celiac disease, but according
to the sample size reported, this difference between the
microbiota cannot be determined with certainty. Rohedei
reported that the studies on healthy and celiac patients
need to have a larger sample size. As shown in the find-
ings section, the results of two Pearson chi-square tests for
categorical variables and t test for numerical variables,
which were performed to determine the integrity between
the two groups of cases and controls in the statistical anal-
ysis of demographic data, show that the two studied
groups have no significant differences in terms of demo-
graphic data. This problem is the strength of the present
study in the sense that these results have confirmed the
integration between the two studied groups and the two
groups can be easily compared and examined. The pres-
ent study had limitations. First, this study was conducted
in a small sample size and a single center in Tehran City,
Iran. Another limitation of the present study was the lim-

ited duration of the study and patient selection.

Conclusion

The present study, consistent with other studies, shows
the phenomenon of imbalance of intestinal microbiota in
patients with celiac disease compared to healthy people.
As aresult, it can be said that examining stool microbiota
can be a good indicator of intestinal microbiota imbalance
in celiac patients and can be used to monitor microbiota
restoration during a gluten-free diet. The metabolic data
along with the assessment of the intestinal microbiota of
patients can help doctors evaluate the role of intestinal
microbiota in the pathogenesis of celiac disease and also
further investigations.
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9. Melting Curve
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14. Clostridium leptum
15. E.coli

16. Staphylococcus

17. Lactobacillus Curvatus
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