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Abstract 

Background: Irritable bowel syndrome (IBS) is a common functional disorder of the gastrointestinal 

tract (GIT). Despite the prevalence of this disease, our understanding of the etiology remains limited. 

However, there is no doubt that microbial factors play a key role in the pathophysiology of IBS. The 

aim of the study: To investigate the microbiological composition of the intestines of patients with 

IBS-D. Materials and methods: We used the next-generation sequencing (NGS) method, aimed at 

targeted sequencing of the hypervariable region V3 of the 16S rRNA gene, which allowed us to study 

in detail the changes in the microbiome composition in patients. Results: An increase in the number 

of members of the genera Streptococcus and Haemophilus was revealed in the group of patients with 

IBS-D, they are mainly represented by opportunistic pathogens and are associated with the develop-

ment of IBS. At the same time, there was a decrease in bacterial genera: Ruminococcaceae NK4A214, 

Butyricimonas, Christensenellaceae R-7, Ruminococcaceae DTU089, Coprobacter, Enterococcus 

and Sciscionella compared to the healthy group. Significant results were also obtained in the correla-

tion analysis between bacteria, showing the relationship of bacteria associated with IBS. Conclusion: 

Genetic analysis revealed significant differences between the groups of healthy and IBS patients in 

the composition of the bacterial microbiome. Our results show that the composition of the gut micro-

biome changes in people with IBS. Thus, this study contributes to understanding the development of 

IBS-D in terms of microbiome changes. 
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Introduction. IBS is a common func-

tional disorder of the GIT, and it is now clear 

that this pathology is associated with immune 

activation and changes in the composition and 

functions of the intestinal microbiota and the 

intestinal mucosal barrier [1]. According to 

studies, the amount of the population world-

wide suffering from IBS ranges from 9% to 

23%, while the pathophysiology of this disease 

is still not fully understood [2]. IBS signifi-

cantly affects the quality of a patient’s life and 

causes several problems in diagnosis and treat-

ment [3]. The diagnosis of IBS is not con-

firmed by specific tests or structural abnormal-

ities. The Rome IV criteria are currently the 

gold standard for IBS diagnosing [4]. The use 

of intestinal biomarkers in clinical practice can 

become critical to the precise diagnosis of IBS.  

Gut microbial biomarkers have been reported 

to have great potential for detecting inflamma-

tory bowel disease (IBD), colorectal cancer, 

and autoimmune hepatitis [5]. 

There are three types of IBS depending 

on the predominant symptom: diarrhea-pre-

dominant (IBS-D), constipation-predominant 

(IBS-C) and IBS with mixed symptoms of both 

constipation and diarrhea (IBS-M) [6]. In all 

appearances, IBS-D is the most common sub-

type, affecting approximately 40% of patients 

[7]. Emerging evidence suggests that abnormal 

changes in the gut microbiota are strongly as-

sociated with IBS-D [8]. Despite a large num-

ber of studies, there is still no universal algo-

rithm for IBS-D treatment [9]. The diagnosis 

of IBS-D is primarily based on clinical charac-

teristics, and there are no objective diagnostic 

tests or validated biomarkers for the diagnosis 

of IBS-D [10]. 

The aim of the study. Our research is 

aimed to study the microbiological composi-

tion of the intestines of patients with IBS-D us-

ing 16S rRNA gene sequencing on the Ion Tor-

rent Personal Genome Machine (PGM) plat-

form. This work contributes to a better under-

standing of clinical features and interactions of 

the IBS-D microbiome and also highlights the 

potential applications of bacterial biomarkers 

in the early diagnosis of IBS. 

Materials and methods. A total of 20 

patients took part in the study. Ten patients 

were diagnosed with IBS-D based on a com-

plex of complaints, anamnesis data and clinical 

symptoms (classified using the Rome IV crite-

ria (2016) for irritable bowel syndrome), as 

well as laboratory diagnostic data, including 

the following methods: clinical and biochemi-

cal blood tests, determination of antibodies to 

tissue transglutaminase, gliadin, IgA, IgG in 

blood serum, determination of the level of thy-

roid hormones, fecal analysis to detect latent 

blood, fecal analysis to detect bacteria of the 

intestinal group (Shigella spp., Salmonella 

spp., Yersinia spp.); toxins A and B of Clos-

tridium difficile; coprogram; analysis of faeces 

for fecal calprotectin, as well as instrumental 

research methods: hydrogen breath test with 

lactulose; ultrasound examination of the ab-

dominal organs. Women were additionally 

consulted by a gynecologist, according to the 

indications of pelvic organs ultrasound exami-

nation. Ten healthy people without gastrointes-

tinal symptoms were selected with the same 

method. The selection of patients was carried 

out at the Olympus of Health Clinic (Voro-

nezh, Russia). All participants gave written 

consent to the use of their anonymized per-

sonal data for research purposes before the ex-

amination at the clinic. All procedures were 

conducted by the ethical standards of the re-

sponsible committee on human experimenta-

tion (institutional and national) and the Hel-

sinki Declaration of 1964 and later versions. 

Informed consent or a substitute was obtained 

from all patients for their participation in the 

study. The experiment was carried out by the 

recommendations of the Biomedical Research 

Ethics Committee of Voronezh State Univer-

sity (protocol No. 42-03 of 10/11/2021).  

Fecal samples were obtained from all pa-

tients, each sample (approximately 1 gram) 

was collected into an Eppendorf tube using 

disinfected plastic equipment after defecation. 
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The samples were immediately cooled and 

transported in compliance with temperature 

control to the laboratory. 

To study the microbiome composition of 

faeces obtained from participants examination, 

DNA was isolated from samples using the Zy-

moBiomics DNA Miniprep Kit (Zymo Re-

search, Los Angeles, CA, USA) according to 

the protocol. During the DNA extraction step, 

we added a sample containing Milli-Q water 

used in the laboratory as a negative control. 

This sample was further treated in the same 

way as the test samples and was sequenced and 

analyzed. This step is necessary to exclude 

contamination of the studied samples during 

the bioinformatic analysis of sequencing data, 

which allows obtaining an accurate picture of 

the microbiome. To study the microbiome, we 

chose the hypervariable region V3 of the 16S 

rRNA gene. We used a pair of universal pri-

mers 337F, 518R for targeted amplification of 

the study area. Amplification was performed 

using 5×ScreenMix-HS Master Mix kit (Evro-

gen, Moscow, Russia) under the following 

temperature conditions: 94 ℃ for 4 min; 37 cy-

cles of 94 ℃ for 30s, 53 ℃ for 30s, and 72 ℃ 

for 30s; and final elongation at 72 ℃ for 5 min. 

Then we proceeded to prepare sequencing li-

braries for the Ion Torrent PGM platform. For 

this, we used the commercial NEB-Next Fast 

DNA Library Prep Kit (New England Biolabs, 

Ipswich, MA, USA) according to the manufac-

turer's instructions. The libraries were bar-

coded using NEXTflex DNA Barcodes – Ion 

Torrent-Compatible – 64 adapters (Perki-

nElmer, Inc., Waltham, MA, USA). The librar-

ies were then purified with MPureXP magnetic 

particles (Beckman Coulter, Brea, CA, USA) 

and quality controlled by qPCR using the Ion 

Torrent Platforms Library Quantification Kit 

(Kapa Biosystems, Wilmington, MA, USA). 

Sequencing was performed on the Ion Torrent 

PGM system using the Ion PGM Hi-Q View 

OT2 Kit (ThermoFisher Scientific, Madison, 

WI, USA) and the Ion PGM Hi-Q View Se-

quencing Kit (ThermoFisher Scientific, Madi-

son, WI, USA) reagents. 

Sequences for each sample were ob-

tained in BAM format. For further analysis, we 

converted the files to the FASTQ format 

(FileExporter plugin). Raw sequencing data 

were available from the NCBI BioProject da-

tabase (BioProjectID: PRJNA 817720). Bioin-

formatics processing and phylogenetic analy-

sis of the obtained data were performed using 

the R programming language in the R-studio 

environment (VSEARCH v.2.8.2 software). 

All received reads were subjected to the pro-

cesses of filtering low-quality sequencing 

reads, as well as trimming the reads to a con-

stant length and demultiplexing. Filtering was 

carried out using the maximum expected error 

threshold equal to 1.0 (DADA2 package). At 

the end of these manipulations, we performed 

dereplication, which combined all identical se-

quencing reads into unique sequences. Then 

we proceeded to search for operational taxo-

nomic units (OTUs). Taxonomy at the genus 

level was determined with 100% identity with 

amplicon sequence variants using version 132 

of the SILVA database (https://www.arb-

silva.de, accessed 30 August 2022). Using the 

phyloseq package, we combined the obtained 

phylogenetic data. At this stage, we carried out 

the identification and subsequent removal of 

possible laboratory contaminants (decontam 

package). After that we proceeded to taxo-

nomic filtering, assessment of the prevalence 

in samples of individual taxa and agglomera-

tion (phyloseq package). 

To compare relative abundances be-

tween experimental groups, we used the gen-

eralized linear modelling (GLM) method im-

plemented in the DeSEQ2 R package.  P-val-

ues for each OTU are obtained using with Ben-

jamini-Hochberg multiple inference correc-

tion. Alpha diversity for each group was calcu-

lated with the Shannon and Chao1 indexes. We 

use the nonparametric Mann-Whitney test and 

pairwise adjusted (Holm) p-values to assess 

differences in alpha diversity scores between 

groups. Beta diversity was represented by 

Principal Coordinate Analysis (PCoA), and the 

distance between the microbial compositions 

of the samples was calculated using Bray-Cur-

tis dissimilarity. The presence of statistically 

significant differences in microbial composi-

tion between the two study groups was as-

sessed using permutation multivariate analysis 
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of variance (PERMANOVA). Diversity visu-

alization was performed using the phyloseq 

package. The correlation of the genera for each 

group was statistically analyzed using the 

Spearman correlation. All the used genera 

nodes were R > |0.8| and p≤0.05. 

Results and discussion. Progress in the 

development of high-throughput sequencing 

methods and bioinformatics tools has led to a 

shift from clinical microbiology to a genomic 

nature of research. NGS has expanded our un-

derstanding of the human microbiome by  

allowing the detection and characterization of 

non-culturable microbes [11]. This work in-

cluded a study of the microbiome profile at the 

genus level in 20 patients who were divided 

into two equal groups. As a result of sequenc-

ing, we obtained 767362 reads in total, which 

corresponded to 229 genera. For further analy-

sis, all bacterial genera, the total abundance of 

which was less than 0.005 for each research 

group, were combined into Other genus. Fig-

ure 1 shows the most common bacterial genera 

found in patients. 

 

 
Fig. 1. The abundance of the top 46 most common bacterial genus in groups 

 

The distribution of the most enriched genera was different between groups (Fig.2). 

 

Members of the genus Faecalibacterium 

predominated in both groups, in the healthy 

group it was 0.1020±0.0138 while in the dis-

ease group it was 0.1907±0.0152. The next 

largest genus in both cases is Bacteroides 

0.0776±0.0194 in the healthy group vs. 

0.0844±0.0258 in the IBS-D. The next in the 

healthy group were Blautia 0.0569±0.0128, 

Staphylococcus 0.0508±0.0504, Christensen-

ellaceae R-7 group 0.0438±0.0280, Roseburia 

0.0375±0.0126, Bifidobacterium 

0.0348±0.0174, Lactococcus 0.0310±0.0233, 

Sutterella 0.0294±0.0155 and Subdoligranu-

lum 0.0284±0.0086. At the same time the IBS-

D group the next genus dominated: Bifidobac-

terium 0.0655±0.0244, Blautia 

0.0636±0.0145, Cronobacter 0.0413±0.0262, 

Dialister 0.0383±0.0111, Escherichia/Shigella 

0.0367±0.0273, Roseburia 0.0361±0.0632, 

Streptococcus 0.0336±0.0148 and Parasutter-

ella 0.0281±0.0095. 

A comparative assessment of alpha di-

versity, calculated using the Shannon and 

Chao1 indexes, is shown in Figure 3. 
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Fig. 2. Distribution of bacteria genera in each group 

 

 
 

Fig. 3. Alpha diversity scores for the control group and the IBS-D group 
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There were no statistically significant 

differences in alpha diversity scores on both 

tests between groups (Shannon Index, non-par-

ametric Mann-Whitney test with Holm. cor-

rected p=0.32). 

Beta diversity is shown by the dissimilarity

among samples according to the microbial 

composition depicted in the PCoA analysis 

(Bray-Curtis). According to our data the mi-

crobial composition of the healthy and the 

IBS-D groups was not different (Fig. 4). 

 
Fig. 4. Beta diversity for the control and the IBS-D is grouped by the bacterial compositional  

dissimilarities 

 

Analysis of differences in microbiome 

composition in the IBS-D group compared 

with the healthy group at the genus level was 

performed using the DeSEQ2. P-values for 

each OTU are obtained using with Benjamini-

Hochberg multiple inference correction. As a 

result, statistically significant differences were 

found for nine genera (Fig. 5). 
According to the data obtained in the 

group of IBS-D patients, an increased number 
of two genus Streptococcus by 2.1586 times 
(p=0.0002) and Haemophilus by 4.6669 times 
(p=0.0001) was observed compared with the 
control. At the same time, in the group of pa-
tients, a decrease in the genera Ruminococca-
ceae NK4A214 group by 2.2899 times 
(p=0.0019), Butyricimonas by 2.7718 times 
(p=0.0015), Christensenellaceae R-7 group by 
2.9933 times (p=0.0004), Ruminococcaceae 

DTU089 by 3.6969 times (p=0.0002), Copro-
bacter by 3.7335 times (p=0.0016), Entero-
coccus by 4.1824 times (p=0.0001) and Scis-
cionella by 7.3759 times (p=0.0006) was reg-
istered compared to the healthy group. 

Spearman's correlation analysis using a 
two-tailed p-value showed that in the healthy 
group there is a complete correlation (R=1.0, 
p<0.05) between the genus Kosakonia and the 
genera Ochrobactrum (p=0.0111) and Pseudo-
chrobactrum (p=0.0111); Sporobacter and Al-
loscardovia (p=0.0111); Brevundimonas and 
Phyllobacterium (p=0.0111). In the IBS-D 
group, we observed a complete correlation be-
tween the genera Corynebacterium and Erysi-
pelatoclostridium (p=0.0001); the genus Leu-
cobacter and the genera Polymorphobacter 
(p=0.0014) and Phyllobacterium (p=0.0014); 
Polymorphobacter and Phyllobacterium 
(p=0.0014). 
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Fig. 5. Quantitative changes in the genetic composition of the intestinal microbiome in a group  

of IBS-D patients compared with the healthy group (**p <0.01, ***p <0.001) 

 
The genus Faecalibacterium, which was 

characterized by the highest abundance in both 
groups, directly correlated in the control group 
with the genera Tyzzerella (R=0.8061, 
p=0.0072), Peptococcus (R=0.8815, 
p=0.0014), Ruminococcaceae V9D2013 group 
(R=0.8283, p=0.0052), Negativibacillus 
(R=0.8182, p=0.0058), Ruminiclostridium 5 
(R=0.8571, p=0.0025), Oscillospira 
(R=0.8303, p=0.0047), Faecalitalea 
(R=0.8942, p=0.0011), Anaerofilum 
(R=0.8598, p=0.0029). In the group of patients 
with IBS-D, Faecalibacterium was negatively 
correlated only with the genus Anaerostipes 
(R=-0.8303, p=0.0047).  

The use of NGS methods aimed at tar-
geted sequencing of hypervariable regions of 
the 16S rRNA gene makes it possible to study 
in detail changes in the taxonomic composition 
compared to classical microbiological ap-
proaches.  

Our study revealed changes in the com-
position of the gut microbiota in patients with 

IBS-D. In particular, an increase in the number 
of bacteria of the genera Streptococcus and 
Haemophilus was found. 

The genus Streptococcus belongs to phy-

lum Firmicutes and consists of 104 recognized 

species, including both commensal and patho-

genic microorganisms [12]. Since the limita-

tion of our research method is the impossibility 

of identifying bacteria to the species, we can-

not reliably state the number of which benefi-

cial or pathogenic members of this genus in-

creased. However, our results are consistent 

with previous findings that an increase in 

Streptococcus bacteria may cause IBS symp-

toms [13-16].  

The genus Haemophilus belongs to the 

family Pasteurellaceae and the class Gam-

maproteobacteria [17]. Members of this genus 

are ubiquitous in the human oral cavity, upper 

respiratory tract and intestines [18]. The genus 

consists of a variety of species, including some 
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that are pathogenic to humans [19]. It was pre-

viously noted that in IBS, the content of bacte-

ria of the genus Haemophilus increases [20, 

21, 22]. In our study, we also observed an in-

crease in the number of members of this genus. 

It can be concluded that most likely these bac-

teria do play an important role in the develop-

ment of IBS. 

We also observed a decrease in the num-

ber of bacteria of some genera, in particular 

Ruminococcaceae NK4A214 group. Microor-

ganisms belonging to this genus are producers 

of butyrate [23]. Bacteria that produce short-

chain fatty acids (SCFAs) are known to be gen-

erally reduced in the faeces of people with IBS 

compared to healthy people, consistent with 

our results [24].  

We found a decrease in the members of 

the genus Butyricimonas in patients with IBS-

D. Members of this genus are Gram-negative 

anaerobic bacteria belong to butyrate produc-

ers [25]. They are present in the intestinal tract 

of several mammals, including rats and hu-

mans [26]. A hypothesis based on research 

data suggests that Butyricimonas species have 

a positive effect on the host's energy metabo-

lism and are also involved in commensal ho-

meostasis between the gut microbiota and the 

health status of the host. Treatment of meta-

bolic disorders with metformin and statins has 

been shown to significantly increase the rela-

tive abundance of Butyricimonas spp. in the in-

testine, which significantly correlated with 

metabolic parameters [27, 28]. However, the 

metabolic mechanisms by which Butyrici-

monas exerts metabolic improvements are not 

understood. According to some studies, bacte-

ria of this genus have therapeutic potential and 

are used as one of the components of the pre-

vention and treatment of IBS in patients [29]. 

Thus, our study also showed a positive effect 

on the human body and an exceptional correla-

tion with IBS-D. 

Also, the results of our study indicate the 

depletion of the genus Christensenellaceae R-

7 group in patients with IBS-D. This genus be-

longs to the family Christensenellaceae, which 

was recently isolated from the human intestine 

and shows a strong relationship with the health 

of the host [30]. The relationship between the 

high number of the Christensenellaceae R-7 

group and normal body mass index (BMI) is 

known [30, 31]. Christensenellaceae family 

and the genus Christensenellaceae R-7 group 

in particular is also known to be depleted in 

IBD patients such as ulcerative colitis and 

Crohn’s disease [32]. Several studies have also 

reported a reduction in the number of Chris-

tensenellaceae in IBS, a gastrointestinal disor-

der characterized by abdominal pain and ab-

normal bowel movements, compared with 

healthy individuals. Several studies have noted 

a positive correlation between Christensenel-

laceae and longer transit times or even consti-

pation. In our study, we studied the microbiota 

in patients with IBS-D, which is characterized 

by diarrhea. Thus, our observations are con-

sistent with the findings that Christensenel-

laceae is depleted under conditions associated 

with inflammation and rapid transit [33, 34, 

35]. 

The Ruminococcaceae family has been 

identified as one of the biomarkers of healthy 

microbiota [36]. In our study, we found a de-

crease in the genus Ruminococcaceae DTU-

089 in the IBS-D patient group, however, no 

statistically significant aberrations were ob-

served at the level of the Ruminococcaceae 

family compared to the healthy group. This ge-

nus is poorly researched and its role and mech-

anisms in the human gut are not fully under-

stood. It is only known that some bacteria Ru-

minococcaceae DTU-089 can produce me-

thane [37]. The degree of methane production 

is associated with greater severity of constipa-

tion in IBS-C, however, in our study, the type 

of IBS associated with diarrhea was studied, 

which may explain the decrease in methane-

producing microorganisms, particularly Rumi-

nococcaceae DTU-089 [38]. One study inves-

tigating the effects of arabinogalactan on the 

gut microbiome showed that it modulates the 

gut microbiome by significantly reducing Fir-

micutes and increasing Bacteroidetes and 

Bifidobacterium as well as Ruminococcaceae 

DTU-089. It can also modulate the metabolic 

functions of the gut microbiota [37]. Based on 

the available literature data, further studies of 

the genus Ruminococcaceae DTU-089 and its 
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functional and metabolic effects in the human 

intestine are needed. 

It is known that the bacterial genus 

Coprobacter belongs to the family Porphy-

romonadaceae, the order Bacteroidales and the 

type Bacteroidetes [38]. It is known that mem-

bers of the genus Coprobacter are widely dis-

tributed in the human intestinal microbiota and 

are noted as a genus capable of producing pro-

pionic acid [39, 40]. In our study, this genus of 

bacteria showed a decrease in the population 

with IBS. However, the significance of mem-

bers of the genus Coprobacter on human 

health is still not fully known. 

Enterococcus is an important pathogen 

that can damage the intestinal mucosa and 

thereby cause dysfunction of the immune de-

fenses in patients with IBS [41]. A systematic 

review of studies by Zhuang and colleagues 

(2017) found a higher level of Enterococcus in 

patients with IBS compared with healthy peo-

ple [42]. However, according to the results of 

our study, a decrease in the number of this bac-

terial genus was noted in patients with diag-

nosed IBS in comparison with the healthy 

group. 

The bacterial genus Sciscionella, first 

described in 2009, belongs to Gram-positive, 

aerobes, marine actinomycetes [43]. Data re-

porting an association of the genus Scis-

cionella with symptoms of IBS has not been 

described. According to the results of our 

study, in the IBS-D group, members of this ge-

nus decreased in comparison with the control 

group. Previously, this bacterial genus was as-

sociated with the development of infection in 

humans [44]. Also, in a study by Sáez-Nieto et 

al. (2021), the genus Sciscionella was identi-

fied in isolates of clinical specimens [45].  

Spearman's correlation analysis using a 

two-tailed p-value showed that in the healthy 

group there is a complete correlation (R=1.0, 

p<0.05) between the genus Kosakonia and the 

genera Ochrobactrum (p=0.0111) and Pseudo-

chrobactrum (p=0.0111); Sporobacter and Al-

loscardovia (p=0.0111); Brevundimonas and 

Phyllobacterium (p=0.0111). In the IBS-D 

group, we observed a complete correlation be-

tween the genera Corynebacterium and Erysi-

pelatoclostridium (p=0.0001); the genus Leu-

cobacter and the genera Polymorphobacter 

(p=0.0014) and Phyllobacterium (p=0.0014); 

Polymorphobacter and Phyllobacterium 

(p=0.0014).  

The bacterial genera Ochrobactrum and 

Pseudochrobactrum belong to the family Bru-

cellaceae [46, 47]. These genus shows re-

sistance to antibiotics [48]. The bacterial genus 

Ochrobactrum is considered opportunistic for 

humans, producing the development of infec-

tion in an organism with a weakened immune 

system [49]. 

Members of the genus Alloscardovia, 

considered to be anaerobic bacteria, are re-

ferred to as Bifidobacterium and have been 

identified in various biological specimens: 

urine, blood, oral cavity, urethral specimens, 

tonsil and lung abscess specimen, and aorta 

[50, 51]. In turn, members of the genus are 

considered pathogenic for the body associated 

with infectious diseases [52, 53]. Also associ-

ated with infectious diseases is the bacterial 

genus Brevundimonas [54]. 

Members of the genus Phyllobacterium 

are nonpathogenic bacteria that were first iso-

lated from leaf nodules of some plant families 

[55]. However, a high number of members of 

Phyllobacterium was noted in gastric carci-

noma and cystic fibrosis, as well as in gastric 

cancer [56, 57, 58].  

Members of the genus Corynebacterium 

are typical human skin bacteria often found in 

the nasal cavity [59]. Literature data on associ-

ation with inflammatory processes in the body 

were not found. It is also known that the genus 

Leucobacter contains genes encoding glyco-

side hydrolases and carbohydrate binding 

modules that are directed to the breakdown of 

starch and oligosaccharides [60]. Previous 

studies have noted that patients with gout have 

an increased number of opportunistic microor-

ganisms of the bacterial genus Erysipelato-

clostridium in the fecal microbiome [61]. But 

literature data confirming the relationship of 

these births with intestinal health was not 

found. There are also no data on the association 

of the bacterial genera Kosakonia, Sporobac-

ter, Polymorphobacter with the intestinal mi-

crobiome. 
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The genus Faecalibacterium, which was 

characterized by the highest abundance in both 

groups, directly correlated in the control group 

with the genera Tyzzerella, Peptococcus, Ru-

minococcaceae V9D2013 group, Negativiba-

cillus, Ruminiclostridium 5, Oscillospira, 

Faecalitalea, Anaerofilum. Members of the 

genera Tyzzerella, Peptococcus and Negativi-

bacillus are normal colonizers of the human in-

testine, but an increase in their number may be 

associated with the appearance of various pa-

thologies, including the digestive tract [61-66]. 

Members of the genus Ruminiclostridium 5 

and Oscillospira can produce butyrate and are 

associated with positive effects on host health, 

a direct association of abundance with low fat, 

in addition to solid feedback with IBD [67, 68, 

69]. Faecalitalea and Anaerofilum are also po-

tentially beneficial bacterial genera that play 

an essential role in the pathogenesis of diabetes 

mellitus and reduce insulin secretion, as well 

as having an inverse relationship with over-

weight [70, 71]. 

In the group of patients with IBS-D, Fae-

calibacterium was negatively correlated only 

with the genus Anaerostipes which is consid-

ered one of the key intestinal genera associated 

with human health and disease, as its members 

are capable of producing butyrate, which is 

known to have beneficial effects on intestinal 

functions [72]. 

Thus, in the group with IBS, we ob-

served an increase in such genera as Strepto-

coccus and Haemophilus, which are mainly 

represented by opportunistic pathogens and, in 

accordance with the literature data, are associ-

ated with the development of IBS. At the same 

time, we found a decrease in SCFA-producing 

bacteria such as Ruminococcaceae NK4A214 

group, Butyricimonas and Coprobacter in the 

group of IBS patients. Significant results were 

also obtained in the correlation analysis be-

tween bacteria, showing the relationship of 

bacteria associated with IBS.  However, our 

study has a limitation of a relatively small sam-

ple size, but this is comparable to sample sizes 

in similar published studies. Together with 

previously published data, our results show 

that the composition of the gut microbiome 

changes in people with IBS. 

Conclusion. We found significant dif-
ferences between the groups of healthy and 
IBS patients in the composition of the bacterial 
microbiome. Thus, this study contributes to 
understanding the development of IBS-D in 
terms of microbiome changes, which may lead 
to the development of new strategies in the pre-
ventive diagnosis and treatment of this disease 
in the future. All this emphasizes the need for 
further work aimed at studying the microbiome 
composition and its contribution to the devel-
opment of IBS-D. 
 

Financial support 

This work was supported by the Ministry of 
Science and Higher Education of the Russian 
Federation in the framework of the “Science” 
national project (project FZGW-2020-0001, 
unique number of the Register of State Tasks 
075001X39782002).  

 

Conflict of interests  

The authors have no conflict of interest to de-

clare. 

References 

1. Raskov H, Burcharth J, Pommergaard 

HC, et al. Irritable bowel syndrome, the microbiota 

and the gut-brain axis. Gut Microbes. 

2016;7(5):365-383. DOI: 

https://doi.org/10.1080/19490976.2016.1218585 

2. Saha L. Irritable bowel syndrome: path-

ogenesis, diagnosis, treatment, and evidence-based 

medicine. World Journal of Gastroenterology. 

2014;20(22):6759-6773. DOI: 

https://doi.org/10.3748/wjg.v20.i22.6759 

3. Defrees DN, Bailey J. Irritable Bowel 

Syndrome: Epidemiology, Pathophysiology, Diag-

nosis, and Treatment. Primary Care - Clinics in Of-

fice Practice. 2017;44(4):655-671. DOI: 

https://doi.org/10.1016/j.pop.2017.07.009 

4. Radovanovic-Dinic B, Tesic-Rajkovic 

S, Grgov S, et al. Irritable bowel syndrome - from 

etiopathogenesis to therapy. Biomedical papers of 

the Medical Faculty of the University Palacky, 

Olomouc, Czechoslovakia. 2018;162(1):1-9. DOI: 

https://doi.org/10.5507/bp.2017.057 

5. Zhu X, Hong G, Li Y, et al. Under-

standing of the Site-Specific Microbial Patterns to-

wards Accurate Identification for Patients with Di-

arrhea-Predominant Irritable Bowel Syndrome. 

Microbiology spectrum. 2021;9(3):e0125521. 

DOI: https://doi.org/10.1128/Spectrum.01255-21 



 
Оригинальная статья 
Original article 

 

  

Smirnova YuD, et al. Study of microbiome aberrations in patients … 456 

 

6. Holten KB, Wetherington A, Bankston 

L. Diagnosing the Patient with Abdominal Pain 

and Altered Bowel Habits: Is it Irritable Bowel 

Syndrome? American Family Physician. 

2003;67(10):2157-2162. 
7. Altomare A, Di Rosa C, Imperia E, et 

al. Diarrhea Predominant-Irritable Bowel Syn-
drome (IBS-D): Effects of Different Nutritional 
Patterns on Intestinal Dysbiosis and Symptoms. 
Nutrients. 2021;13(5):1506. DOI: 
https://doi.org/10.3390/nu13051506  

8. Zhan K, Zheng H, Li J, et al. Gut Mi-
crobiota-Bile Acid Crosstalk in Diarrhea-Irritable 
Bowel Syndrome. BioMed Research International. 
2020;2020:3828249. DOI: 
https://doi.org/10.1155/2020/3828249 

9. Lacy BE, Chey WD, Cash BD, et al. 
Eluxadoline Efficacy in IBS-D Patients Who Re-
port Prior Loperamide Use. American Journal of 
Gastroenterology. 2017;112(6):924-932. DOI: 
https://doi.org/10.1038/ajg.2017.72 

10. Kim J, Cho K, Kim JS, et al. Probiotic 
treatment induced change of inflammation related 
metabolites in IBS-D patients/double-blind, ran-
domized, placebo-controlled trial. Food Science 
and Biotechnology. 2019;29:837-844. DOI: 
https://doi.org/10.1007/s10068-019-00717-2 

11. Wensel CR, Pluznick JL, Salzberg SL, 
Sears CL. Next-generation sequencing: insights to 
advance clinical investigations of the microbiome. 
Journal of Clinical Investigation. 
2022;132(7):e154944. DOI: 
https://doi.org/10.1172/JCI154944 

12. Krzyściak W, Pluskwa KK, Jurczak A, 
et al. The pathogenicity of the Streptococcus genus. 
European Journal of Clinical Microbiology and In-
fectious Diseases. 2013;32:1361-1376. DOI: 
https://doi.org/10.1007/s10096-013-1914-9 

13. Mars RAT, Yang Y, Ward T, et al. Lon-
gitudinal Multi-omics Reveals Subset-Specific 
Mechanisms Underlying Irritable Bowel Syn-
drome. Cell. 2020;182(6):1460-1473. DOI: 
https://doi.org/10.1016/j.cell.2020.08.007 

14. Kassinen A, Krogius-Kurikka L, 
Mäkivuokko H, et al. The fecal microbiota of irri-
table bowel syndrome patients differs significantly 
from that of healthy subjects. Gastroenterology. 
2007;133(1):24-33. DOI: 
https://doi.org/10.1053/j.gastro.2007.04.005 

15. Rajilić-Stojanović M, Biagi E, Heilig 

HG, et al. Global and deep molecular analysis of 

microbiota signatures in fecal samples from pa-

tients with irritable bowel syndrome. Gastroenter-

ology. 2011;141(5):1792-1801. DOI: 

https://doi.org/10.1053/j.gastro.2011.07.043 

16. Xiao L, Liu Q, Luo M, et al. Gut Micro-

biota-Derived Metabolites in Irritable Bowel Syn-

drome. Frontiers in Cellular and Infection Microbi-

ology. 2021;11:729346. DOI: 

https://doi.org/10.3389/fcimb.2021.729346 

17. Pozuelo M, Panda S, Santiago A, et al. 

Reduction of butyrate- and methane-producing mi-

croorganisms in patients with Irritable Bowel Syn-

drome. Scientific Reports. 2015;5:12693. DOI: 

https://doi.org/10.1038/srep12693 

18. Kerr GRD, Forbes KJ, Williams A, et 

al. An analysis of the diversity of Haemophilus 

parainfluenzae in the adult human respiratory tract 

by genomic DNA fingerprinting. Epidemiology 

and Infection. 1993;111(1):89-98. DOI: 

https://doi.org/10.1017/s0950268800056715 

19. Fink DL, Geme JW. The Genus. The 

Prokaryotes. 2006;1034-1061. 

20. Saulnier DM, Riehle K, Mistretta TA, 

et al. Gastrointestinal microbiome signatures of pe-

diatric patients with irritable bowel syndrome. Gas-

troenterology. 2011;141(5):1782-1791. DOI: 

https://doi.org/10.1053/j.gastro.2011.06.072 

21. Mokha JS, Hyams JS. Irritable bowel 

syndrome. Pediatric Neurogastroenterology: Gas-

trointestinal Motility and Functional Disorders in 

Children: Second Edition. 2016;399-410. 

22. Liu Y, Yuan X, Li L, et al. Increased Il-

eal Immunoglobulin A Production and Immuno-

globulin A-Coated Bacteria in Diarrhea-Predomi-

nant Irritable Bowel Syndrome. Clinical and Trans-

lational Gastroenterology. 2020;11(3):e00146. 

DOI: 

https://doi.org/10.14309/ctg.0000000000000146 

23. Chen Z, Radjabzadeh D, Chen L, et al. 

Association of Insulin Resistance and Type 2 Dia-

betes With Gut Microbial Diversity: A Microbi-

ome-Wide Analysis From Population Studies. 

JAMA network open. 2021;4(7):e2118811. DOI: 

https://doi.org/10.1001/jamanetworko-

pen.2021.18811 

24. Fredericks E, Theunissen R, Roux S. 

Short chain fatty acids and monocarboxylate trans-

porters in irritable bowel syndrome. Turkish Jour-

nal of Gastroenterology. 2020;31(12):840-847. 

DOI: https://doi.org/10.5152/tjg.2020.19856 

25. Liu Y, Yu X, Yu L, Tian F, Zhao J, 

Zhang H, et al. Lactobacillus plantarum 

CCFM8610 Alleviates Irritable Bowel Syndrome 

and Prevents Gut Microbiota Dysbiosis: A Ran-

domized, Double-Blind, Placebo-Controlled, Pilot 

Clinical Trial. Engineering 2021;7:376-385. DOI:  

https://doi.org/10.1016/j.eng.2020.06.026 



 
Оригинальная статья 
Original article 

 

  

Научные результаты биомедицинских исследований. 2023;9(4):446-460 
Research Results in Biomedicine. 2023:9(4):446-460 

457 

 

26. Sakamoto M, Tanaka Y, Benno Y, et al. 

Butyricimonas faecihominis sp. nov. and Butyrici-

monas paravirosa sp. nov., isolated from human 

faeces, and emended description of the genus Bu-

tyricimonas. International Journal of Systematic 

and Evolutionary Microbiology. 

2014;64(Pt_9):2992-2997. DOI: 

https://doi.org/10.1099/ijs.0.065318-0 

27. Lee H, Lee Y, Kim J, et al. Modulation 

of the gut microbiota by metformin improves met-

abolic profiles in aged obese mice. Gut Microbes. 

2018;9(2):155-165. DOI: 

https://doi.org/10.1080/19490976.2017.1405209 

28. Kim J, Lee H, An J, et al. Alterations in 

Gut Microbiota by Statin Therapy and Possible In-

termediate Effects on Hyperglycemia and Hyper-

lipidemia. Frontiers in Microbiology. 

2019;10:1947. DOI: 

https://doi.org/10.3389/fmicb.2019.01947 

29. Simrén M, Wold A, Adlerberth I, et al. 

inventors. Use of butyricimonas and/or oxalobacter 

for treating irritable bowel syndrome. Patent 

WO/2018/046485. 2018 Mar 15. 

30. Waters JL, Ley RE. The human gut bac-

teria Christensenellaceae are widespread, heritable, 

and associated with health. BMC Biology. 

2019;17(1):83. DOI: 

https://doi.org/10.1186/s12915-019-0699-4 

31. Goodrich JK, Waters JL, Poole AC, et 

al. Human genetics shape the gut microbiome. 

Cell. 2014;159(4):789-799. DOI: 

https://doi.org/10.1016/j.cell.2014.09.053 

32. Mancabelli L, Milani C, Lugli GA, et 

al. Identification of universal gut microbial bi-

omarkers of common human intestinal diseases by 

meta-analysis. FEMS Microbiology Ecology. 

2017;93(12):153. DOI: 

https://doi.org/10.1093/femsec/fix153 

33. Hollister EB, Cain KC, Shulman RJ, et 

al. Relationships of Microbiome Markers With Ex-

traintestinal, Psychological Distress and Gastroin-

testinal Symptoms, and Quality of Life in Women 

With Irritable Bowel Syndrome. Journal of Clinical 

Gastroenterology. 2020;54(2):175-183. DOI: 

https://doi.org/10.1097/MCG.0000000000001107 

34. Tigchelaar EF, Bonder MJ, Jankiper-

sadsing SA, et al. Gut microbiota composition as-

sociated with stool consistency. Gut. 2016;65:540-

542. DOI: http://dx.doi.org/10.1136/gutjnl-2015-

310328 

35. Jalanka J, Major G, Murray K, et al. 

The Effect of Psyllium Husk on Intestinal Microbi-

ota in Constipated Patients and Healthy Controls. 

International Journal of Molecular Sciences. 

2019;20(2):433. DOI: 

https://doi.org/10.3390/ijms20020433 

36. Lo Presti A, Zorzi F, Del Chierico F, et 

al. Fecal and mucosal microbiota profiling in irri-

table bowel syndrome and inflammatory bowel 

disease. Frontiers in Microbiology. 2019;10:1655. 

DOI: https://doi.org/10.3389/fmicb.2019.01655 

37. Chen O, Sudakaran S, Blonquist T, et 

al. Effect of arabinogalactan on the gut microbi-

ome: A randomized, double-blind, placebo-con-

trolled, crossover trial in healthy adults. Nutrition. 

2021;90:111273. DOI: 

https://doi.org/10.1016/j.nut.2021.111273 

38. Chatterjee S, Park S, Low K, et al. The 

degree of breath methane production in IBS corre-

lates with the severity of constipation. American 

Journal of Gastroenterology. 2007;102(4):837-

841. DOI: https://doi.org/10.1111/j.1572-

0241.2007.01072.x 

39. Chaplin AV, Efimov BA, Khokhlova 

EV, et al. Draft Genome Sequence of Coprobacter 

fastidiosus NSB1T. Genome Announcements. 

2014;2(2):e00122-14. DOI: 

https://doi.org/10.1128/genomea.00122-14 

40. Biasato I, Ferrocino I, Grego E, et al. 

Gut Microbiota and Mucin Composition in Female 

Broiler Chickens Fed Diets including Yellow 

Mealworm (Tenebrio molitor, L.). Animals. 

2019;9(5):213. DOI: 

https://doi.org/10.3390/ani9050213 

41. Chen YJ, Wu H, Wu SD, et al. Para-

sutterella, in association with irritable bowel syn-

drome and intestinal chronic inflammation. Journal 

of Gastroenterology and Hepatology. 

2018;33(11):1844-1852. DOI: 

https://doi.org/10.1111/jgh.14281 

42. Zhuang X, Xiong L, Li L, et al. Altera-

tions of gut microbiota in patients with irritable 

bowel syndrome: A systematic review and meta-

analysis. Journal of Gastroenterology and Hepatol-

ogy. 2017;32(1):28-38. DOI: 

https://doi.org/10.1111/jgh.13471 

43. Tian XP, Tang SK, Dong JD, et al. Scis-

cionella marina gen. nov., sp. nov., a marine acti-

nomycete isolated from a sediment in the northern 

South China Sea. International Journal of System-

atic and Evolutionary Microbiology. 

2009;59(5):222-228. DOI: 

https://doi.org/10.1099/ijs.0.005231-0 

44. Sinha M, Shivaprakash MR, 

Chakrabarti A, et al. Bacteraemia caused by Scis-

cionella marina in a lymphoma patient: phenotypi-



 
Оригинальная статья 
Original article 

 

  

Smirnova YuD, et al. Study of microbiome aberrations in patients … 458 

 

cally mimicking Nocardia. Journal of Medical Mi-

crobiology. 2013;62(6):929-931. DOI: 

https://doi.org/10.1099/jmm.0.053561-0 

45. Sáez-Nieto JA, Carrasco G, Pino SD, et 

al. Identification and antimicrobial susceptibility of 

Streptomyces and other unusual Actinobacteria 

clinical isolates in Spain. New Microbes and New 

Infections. 2021;44:100946. DOI: 

https://doi.org/10.1016/j.nmni.2021.100946 

46. Teyssier C, Marchandin H, De 

Buochberg MS, et al. Atypical 16S rRNA gene 

copies in Ochrobactrum intermedium strains reveal 

a large genomic rearrangement by recombination 

between rrn copies. Journal of Bacteriology. 

2003;185(9):2901-2909. DOI: 

https://doi.org/10.1128/JB.185.9.2901-2909.2003 

47. Metcalf JL, Wegener Parfrey L, Gonza-

lez A, et al. A microbial clock provides an accurate 

estimate of the postmortem interval in a mouse 

model system. eLife. 2013;2:e01104. DOI: 

https://doi.org/10.7554/eLife.01104 

48. Priest A. Antibiotic resistant bacteria in 

water environments in Louisville [dissertation]. 

Kentucky. College of Arts & Sciences Senior Hon-

ors Theses; 2018. 

49. Teyssier C, Marchandin H, Jean-Pierre 

H, et al. Molecular and phenotypic features for 

identification of the opportunistic pathogens 

Ochrobactrum spp. Journal of Medical Microbiol-

ogy. 2005;54(10):945-953. DOI: 

https://doi.org/10.1099/jmm.0.46116-0 

50. Mahlen SD, Clarridge JE. Site and clin-

ical significance of Alloscardovia omnicolens and 

Bifidobacterium species isolated in the clinical la-

boratory. Journal of Clinical Microbiology. 

2009;47(10):3289-3293. DOI: 

https://doi.org/10.1128/JCM.00555-09 

51. Naidoo CC, Nyawo GR, Sulaiman I, et 

al. Anaerobe-enriched gut microbiota predicts pro-

inflammatory responses in pulmonary tuberculo-

sis. eBioMedicine. 2021;67:103374. DOI: 

https://doi.org/10.1016/j.ebiom.2021.103374 

52. De Seta F, Campisciano G, Zanotta N, 

et al. The Vaginal Community State Types Micro-

biome-Immune Network as Key Factor for Bacte-

rial Vaginosis and Aerobic Vaginitis. Frontiers in 

Microbiology. 2019;10:2451. DOI: 

https://doi.org/10.3389/fmicb.2019.02451 

53. Kingkaw A, Nakphaichit M, Sura-

tannon N, et al. Analysis of the infant gut microbi-

ome reveals metabolic functional roles associated 

with healthy infants and infants with atopic derma-

titis using metaproteomics. PeerJ. 2020;8:e9988. 

DOI: https://doi.org/10.7717/peerj.9988 

54. Dutta D, Lim SH. Bidirectional interac-

tion between intestinal microbiome and cancer: op-

portunities for therapeutic interventions. Bi-

omarker Research. 2020;8:31. DOI: 

https://doi.org/10.1186/s40364-020-00211-6 

55. Flores-Félix JD, Silva LR, Rivera LP, 

et al. Plants Probiotics as a Tool to Produce Highly 

Functional Fruits: The Case of Phyllobacterium 

and Vitamin C in Strawberries. PLoS ONE. 

2015;10(4):e0122281. DOI: 

https://doi.org/10.1371/journal.pone.0122281 

56. Ferreira RM, Pereira-Marques J, Pinto-

Ribeiro I, et al.Gastric microbial community pro-

filing reveals a dysbiotic cancer-associated micro-

biota. Gut. 2018;67:226-236. DOI: 

http://dx.doi.org/10.1136/gutjnl-2017-314205 

57. Boutin S, Graeber SY, Weitnauer M, et 

al. Comparison of Microbiomes from Different 

Niches of Upper and Lower Airways in Children 

and Adolescents with Cystic Fibrosis. PLoS ONE. 

2015;10(1):e0116029. DOI: 

https://doi.org/10.1371/journal.pone.0116029 

58. Liatsos C, Papaefthymiou A, Kyriakos 

N, et al. Helicobacter pylori, gastric microbiota and 

gastric cancer relationship: Unrolling the tangle. 

World Journal of Gastrointestinal Oncology. 

2022;14(5):959-972. DOI: 

https://doi.org/10.4251/wjgo.v14.i5.959 

59. Ramakrishnan VR, Hauser LJ, Frank 

DN. The sinonasal bacterial microbiome in health 

and disease. Current Opinion in Otolaryngology 

and Head and Neck Surgery. 2016;24(1):20-25. 

DOI: 

https://doi.org/10.1097/MOO.0000000000000221  

60. Weon HY, Anandham R, Tamura T, et 

al. Leucobacter denitrificans sp. nov., isolated from 

cow dung. Journal of Microbiology. 2012;50:161-

165. DOI: https://doi.org/10.1007/s12275-012-

1324-1 

61. Yu D, Meng X, de Vos WM, et al. Im-

plications of Gut Microbiota in Complex Human 

Diseases. International Journal of Molecular Sci-

ences. 2021;22(23):12661. DOI: 

https://doi.org/10.3390/ijms222312661 
62. Kulinich A, Wang Q, Duan XC, et al. 

Biochemical characterization of the endo-α-N-
acetylgalactosaminidase pool of the human gut 
symbiont Tyzzerella nexilis. Carbohydrate Re-
search. 2020;490:107962. DOI: 
https://doi.org/10.1016/j.carres.2020.107962 

63. Daniel N, Choi B, Houde V, et al. Die-
tary Proteins Relevant to Human Consumption Im-
pact the Development of Obesity and Type 2 Dia-
betes in Association with Major Changes in the Gut 



 
Оригинальная статья 
Original article 

 

  

Научные результаты биомедицинских исследований. 2023;9(4):446-460 
Research Results in Biomedicine. 2023:9(4):446-460 

459 

 

Microbiota in a Mouse Model (OR27-03-19). Cur-
rent Developments in Nutrition. 
2019;3(1):nzz046.OR27-03-19. DOI: 
https://doi.org/10.1093/cdn/nzz046.OR27-03-19  

64. Wang H, Wei CX, Min L, et al. Good 
or bad: gut bacteria in human health and diseases. 
Biotechnology and Biotechnological Equipment. 
2018;32(5):1075-1080. DOI: 
https://doi.org/10.1080/13102818.2018.1481350 

65. Gryaznova MV, Solodskikh SA, 
Panevina AV, et al. Study of microbiome changes 
in patients with ulcerative colitis in the Central Eu-
ropean part of Russia. Heliyon. 2021;7(3):e06432. 
DOI: https://doi.org/10.1016/j.heli-
yon.2021.e06432 

66. Ricaboni D, Mailhe M, Vitton V, et al. 
“Negativibacillus massiliensis” gen. nov., sp. nov., 
isolated from human left colon. New Microbes and 
New Infections. 2017;17:36-38. DOI: 
https://doi.org/10.1016/j.nmni.2016.11.002 

67. Louis P, Young P, Holtrop G, et al. Di-
versity of human colonic butyrate-producing bac-
teria revealed by analysis of the butyryl-CoA:ace-
tate CoA-transferase gene. Environmental Micro-
biology. 2010;12(2):304-314. DOI: 
https://doi.org/10.1111/j.1462-2920.2009.02066.x 

68. Thompson RS, Gaffney M, Hopkins S, 
et al. Ruminiclostridium 5, Parabacteroides dista-
sonis, and bile acid profile are modulated by prebi-
otic diet and associate with facilitated sleep/clock 
realignment after chronic disruption of rhythms. 
Brain, Behavior, and Immunity. 2021;97:150-166. 
DOI: https://doi.org/10.1016/j.bbi.2021.07.006 

69. Yang J, Li Y, Wen Z, et al. Oscillospira 
- a candidate for the next-generation probiotics. 
Gut Microbes. 2021;13(1):1987783. DOI: 
https://doi.org/10.1080/19490976.2021.1987783 

70. Ma Q, Li Y, Wang J, et al. Investigation 

of gut microbiome changes in type 1 diabetic melli-

tus rats based on high-throughput sequencing. Bio-

medicine and Pharmacotherapy. 2020;124:109873. 

DOI: https://doi.org/10.1016/j.bio-

pha.2020.109873 

71. Koo SH, Chu CW, Khoo JJC, et al. A 

pilot study to examine the association between hu-

man gut microbiota and the host’s central obesity. 

JGH Open. 2029;3(6):480-487. DOI: 

https://doi.org/10.1002/jgh3.12184 

72. Morinaga K, Kusada H, Watanabe M, 

et al. Complete Genome Sequence of Anaerostipes 

caccae Strain L1-92T, a Butyrate-Producing Bac-

terium Isolated from Human Feces. Microbiology 

Resource Announcements. 2021;10(16):e00056-

21. DOI: https://doi.org/10.1128/mra.00056-21 

 

Received 11 February 2023 

Revised 21 April 2023 

Accepted 25 May 2023 

 

Information about the authors 

Yuliya D. Smirnova, Junior Researcher at the La-
boratory of Metagenomics and Food Biotechnol-
ogy, Voronezh State University of Engineering 
Technologies; Post-graduate Student in Scientific 
Specialty 06.06.01 – Biology, Voronezh State Uni-
versity, Voronezh, Russia, E-mail: 
dyd16@mail.ru, ORCID: https://orcid.org/0000-
0002-5820-1804. 
Mariya V. Gryaznova, Junior Researcher at the 
Laboratory of Metagenomics and Food Biotech-
nology, Voronezh State University of Engineering 
Technologies; Post-graduate Student in Scientific 
Specialty 06.06.01 – Biology, Voronezh State Uni-
versity, Voronezh, Russia, E-mail: mariya-
vg@mail.ru, ORCID: https://orcid.org/0000-0003-
2076-3868. 
Inna Yu. Burakova, Post-graduate Student in Sci-
entific Specialty 06.06.01 – Biology, Junior Re-
searcher at the Laboratory of Metagenomics and 
Food Biotechnology, Voronezh State University of 
Engineering Technologies; Junior Researcher at 
the Department of Biochemistry and Cell Physiol-
ogy, Voronezh State University, Voronezh, Russia, 
E-mail: vitkalovai@inbox.ru, ORCID: https://or-
cid.org/0000-0002-5881-0845. 
Mikhail Yu. Syromyatnikov, Cand. Sci. (Biol-
ogy), Leading Researcher at the Laboratory of 
Metagenomics and Food Biotechnology, Voronezh 
State University of Engineering Technologies; As-
sociate Professor at the Department of Genetics, 
Cytology and Bioengineering, Voronezh State 
University, Voronezh, Russia, E-mail: syrom-
yatnikov@bio.vsu.ru, ORCID: https://or-
cid.org/0000-0001-9028-0613. 
Tatyana N. Sviridova, Cand. Sci. (Medicine), As-
sociate Professor at the Department of Therapeutic 
Disciplines of Institute of Continuing Professional 
Education, Burdenko Voronezh State Medical Uni-
versity; Leading Physician Gastroenterologist, 
Olympus of Health Family Medicine Center, Vo-
ronezh, Russia E-mail: tatosha033@mail.ru, OR-
CID: https://orcid.org/0000-0001-7701-2112. 
Olga P. Lebedeva, Doct. Sci. (Medicine), Profes-
sor at the Department of Obstetrics and Gynecol-
ogy, Belgorod National Research University, Bel-
gorod; Senior Researcher at the Laboratory of Met-
agenomics and Food Biotechnology, Voronezh 
State University of Engineering Technologies, Vo-
ronezh, Russia, E-mail: lebedeva@bsu.edu.ru, OR-
CID: https://orcid.org/0000-0002-7188-6780. 

mailto:dyd16@mail.ru
mailto:mariya-vg@mail.ru
mailto:mariya-vg@mail.ru
mailto:vitkalovai@inbox.ru
mailto:syromyatnikov@bio.vsu.ru
mailto:syromyatnikov@bio.vsu.ru
mailto:tatosha033@mail.ru
mailto:lebedeva@bsu.edu.ru


 
Оригинальная статья 
Original article 

 

  

Smirnova YuD, et al. Study of microbiome aberrations in patients … 460 

 

Alexander Y. Maslov, Doct. Sci. (Medicine), Re-

search, Associate Professor at the Department of 

Genetics, Albert Einstein College, New York, 

USA, E-mail: alex.maslov@einsteinmed.org, OR-

CID: https://orcid.org/0000-0001-5402-8891. 

Vasily N. Popov, Doct. Sci. (Biology), Professor,  

Rector, Voronezh State University of Engineering 

Technologies; Head of the Department of Genetics, 

Cytology and Bioengineering, Voronezh State 

University, Voronezh, Russia, E-mail: 

pvn@vsuet.ru, ORCID: https://orcid.org/0000-

0003-1294-8686. 

mailto:alex.maslov@einsteinmed.org
mailto:pvn@vsuet.ru
https://orcid.org/0000-0003-1294-8686
https://orcid.org/0000-0003-1294-8686

