Gastroenterology

Baishideng Publishing Group Inc



Jaishideng®

Contents Weekly Volume 28 Number 10 March 14, 2022

OPINION REVIEW

976 Feasibility of therapeutic endoscopic ultrasound in the bridge-to-surgery scenario: The example of
pancreatic adenocarcinoma
Vanella G, Tamburrino D, Capurso G, Bronswijk M, Reni M, Dell’Anna G, Crippa S, Van der Merwe S, Falconi M,
Arcidiacono PG
REVIEW

985 Malignant biliary obstruction due to metastatic non-hepato-pancreato-biliary cancer
Okamoto T

1009  Anupdate on the diagnosis of gastroenteropancreatic neuroendocrine neoplasms
Fang JM, Li J, Shi J
ORIGINAL ARTICLE
Basic Study

1024  Loss of LAT1 sex-dependently delays recovery after caerulein-induced acute pancreatitis
Hagen CM, Roth E, Graf TR, Verrey F, Graf R, Gupta A, Pellegrini G, Poncet N, Camargo SMR
Retrospective Study

1055  Diagnostic performance of endoscopic classifications for neoplastic lesions in patients with ulcerative
colitis: A retrospective case-control study
Kida Y, Yamamura T, Maeda K, Sawada T, Ishikawa E, Mizutani Y, Kakushima N, Furukawa K, Ishikawa T, Ohno E,
Kawashima H, Nakamura M, Ishigami M, Fujishiro M
Observational Study

1067  Gut dysbiosis and small intestinal bacterial overgrowth as independent forms of gut microbiota disorders
in cirrhosis
Maslennikov R, Ivashkin V, Efremova I, Poluektova E, Kudryavtseva A, Krasnov G
CASE REPORT

1078  Successful treatment of an enormous rectal mucosa-associated lymphoid tissue lymphoma by endoscopic
full-thickness resection: A case report
Li FY, Zhang XL, Zhang OD, Wang YH
LETTER TO THE EDITOR

1085  Comment “Asymptomatic small intestinal ulcerative lesions: Obesity and Helicobacter pylori are likely to be
risk factors”
Wang W, Li ZP, Zhang J, Lin ZJ, Ma ML, Chen SS

WJG | https://www.wjgnet.com I March 14,2022 | Volume28 | Issue10 |



World Journal of Gastroenterology

Contents
Weekly Volume 28 Number 10 March 14, 2022

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Sombat Treeprasertsuk, MD, PhD, Professor of Internal
Medicine, Assistant to President, for Cross Functions and Chief of Division of Gastroenterology, Chulalongkorn
University, Rama 4 Road, Pathumwan, Bangkok 10330, Thailand. sombat.t@chula.ac.th

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2021
edition of Journal Citation Report® cites the 2020 impact factor (IF) for WJG as 5.742; Journal Citation Indicator: 0.79;
IF without journal self cites: 5.590; 5-year IF: 5.044; Ranking: 28 among 92 journals in gastroenterology and
hepatology; and Quartile category: Q2. The WJG’s CiteScore for 2020 is 6.9 and Scopus CiteScore rank 2020:
Gastroenterology is 19/136.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu; Production Department Director: X# Guo, Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
March 14, 2022 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WIJG | https://www.wjgnet.com I March 14,2022 | Volume28 | Issuel0 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v28.i10.1067

World Journal of
Gastroenterology

World | Gastroenterol 2022 March 14; 28(10): 1067-1077

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Observational Study

ORIGINAL ARTICLE

Gut dysbiosis and small intestinal bacterial overgrowth as
independent forms of gut microbiota disorders in cirrhosis

Roman Maslennikov, Vladimir Ivashkin, Irina Efremova, Elena Poluektova, Anna Kudryavtseva, George

Krasnov

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): A
Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Almeida C, Li YL,
Salvadori M

Received: May 15, 2021
Peer-review started: May 15, 2021
First decision: June 27, 2021
Revised: June 29, 2021

Accepted: February 9, 2022
Article in press: February 9, 2022
Published online: March 14, 2022

Jaishideng®

WJG | https://www.wjgnet.com 1067

Roman Maslennikov, Vladimir Ivashkin, Irina Efremova, Elena Poluektova, Department of Internal
Medicine, Gastroenterology and Hepatology, Sechenov University, Moscow 119435, Russia

Roman Maslennikov, Vladimir Ivashkin, Elena Poluektova, Anna Kudryavtseva, Scientific
Community for Human Microbiome Research, Moscow 119435, Russia

Roman Maslennikov, Department of Internal Medicine 1, Consultative and Diagnostic Center 2
of the Moscow City Health Department, Moscow 107564, Russia

Anna Kudryavtseva, George Krasnov, Laboratory of Postgenomic Research, Engelhardt Institute
of Molecular Biology, Russian Academy of Sciences, Moscow 119991, Russia

Corresponding author: Roman Maslennikov, MD, PhD, Assistant Professor, Professor,
Department of Internal Medicine, Gastroenterology and Hepatology, Sechenov University,
Pogodinskaya str., 1, bld. 1, Moscow 119435, Russia. mmmmO0@yandex.ru

Abstract

BACKGROUND

Gut dysbiosis and small intestinal bacterial overgrowth (SIBO) are commonly
observed in patients with cirrhosis. Despite the substantial number of articles
describing the relations between disorders of gut microbiota and various
manifestations of cirrhosis, dysbiosis and SIBO were always studied separately.

AIM
To study the relationship of gut dysbiosis and SIBO in cirrhosis.

METHODS

This observational study included 47 in-patients with cirrhosis. Stool microbiome
was assessed using 16S rRNA gene sequencing. SIBO was assessed using the
lactulose hydrogen breath test.

RESULTS

SIBO was found in 24/47 (51.1%) patients. Patients with SIBO had a higher
abundance of Firmicutes (P = 0.017) and Fusobacteria (P = 0.011), and a lower
abundance of Bacteroidetes (P = 0.013) than patients without SIBO. This increase
in the abundance of Firmicutes occurred mainly due to an increase in the
abundance of bacteria from the genus Blautia (P = 0.020) of the Lachnospiraceae
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family (P = 0.047), while the abundance of other major families of this phylum [Ruminococcaceae (P
= 0.856), Peptostreptococcaceae (P = 0.066), Clostridiaceae (P = 0.463), Eubacteriaceae (P = 0.463),
Lactobacillaceae (P = 0.413), and Veillonellaceae (P = 0.632)] did not differ significantly between the
patients with and without SIBO. Reduced level of Bacteroidetes in samples from patients with
SIBO was a result of the decrease in bacterial numbers from all the major families of this phylum [
Bacteroidaceae (P = 0.014), Porphyromonadaceae (P = 0.002), and Rikenellaceae (P = 0.047)], with the
exception of Prevotellaceae (P = 0.941). There were no significant differences in the abundance of
taxa that were the main biomarkers of cirrhosis-associated gut dysbiosis [Proteobacteria (P =
0.790), Bacilli (P = 0.573), Enterobacteriaceae (P = 0.632), Streptococcaceae (P = 0.170), Staphylococcaceae
(P = 0.450), and Enterococcaceae (P = 0.873)] between patients with and without SIBO.

CONCLUSION
Despite the differences observed in the gut microbiome between patients with and without SIBO,
gut dysbiosis and SIBO are most likely independent disorders of gut microbiota in cirrhosis.

Key Words: Dysbiosis; Gut-liver axis; Microbiome; Small intestinal bacterial overgrowth; Cirrhosis;
Microbiota

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with small intestinal bacterial overgrowth (SIBO) had a higher abundance of Firmicutes
and Fusobacteria, and a lower abundance of Bacteroidetes than patients without SIBO. This increase in the
abundance of Firmicutes occurred mainly due to an increase in the abundance of bacteria from the genus
Blautia of the Lachnospiraceae family. There were no significant differences in the abundance of taxa that
were the main biomarkers of cirrhosis-associated gut dysbiosis.
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INTRODUCTION

Cirrhosis is one of the most serious problems in hepatology and is not only a disease of the liver, but it
also affects other organs. The damage that occurs in these other organs can contribute to further
progression of cirrhosis, forming a vicious circle. The examples of such organs are the gut and the
community of microorganisms that reside within it (the gut microbiota). Two forms of disorders of gut
microbiota have been described in cirrhosis: changes in its composition[1-5] (gut dysbiosis[6-10]) and an
increase of bacterial number in the small intestine (small intestinal bacterial overgrowth, SIBO)[11-14]. It
is believed that these disorders, in combination with increased intestinal permeability, lead to increased
penetration of bacteria and their components into the intestinal wall, mesenteric lymph nodes, ascitic
fluid, and portal and systemic bloodstreams[15]. This, in turn, leads to systemic inflammation,
vasodilation, compensatory fluid retention, and worsening portal hypertension[16,17].

Despite the substantial number of articles describing the relations between disorders of gut
microbiota and various manifestations of cirrhosis, dysbiosis and SIBO were always studied separately.
Our research aims to study the relationship of gut dysbiosis and SIBO in cirrhosis.

MATERIALS AND METHODS

Patients

In this observational study, 95 consecutive patients with cirrhosis were admitted to the Department of
Hepatology of Clinic for Internal Diseases, Gastroenterology and Hepatology at Sechenov University
(Moscow, Russia) and screened for inclusion. The study procedures were explained to potential
participants, and written informed consent was obtained before enrollment. The present study was
approved by the Ethics Committee of Sechenov University.
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The inclusion criteria were as follows: diagnosis of cirrhosis verified by histology or clinical,
biochemical, and ultrasound findings; and age between 18 and 70 years. The exclusion criteria were as
follows: use of lactulose, lactitol, or other prebiotics, probiotics, antibiotics, or metformin in the past 6
wk; alcohol consumption in the past 6 wk; or inflammatory bowel disease, cancer, or any other serious
disease. We used these criteria to exclude the influence of these factors on the composition of the gut
microbiota. Of the original 95 patients screened for inclusion, 47 were enrolled in the study while 48
were excluded (Figure 1).

SIBO assessment

The participants of this study were 47 in-patients who were diagnosed with cirrhosis at admission. The
morning after admission, SIBO was assessed using a lactulose hydrogen breath test (Gastrolyzer,
Bedfont, The United Kingdom), following the manufacturer’s instructions and in accordance with the
North American Consensus[18]. Participants were considered to have SIBO if breath hydrogen concen-
tration increased by at least 20 ppm above the baseline value within 90 min[18].

Gut microbiome analysis
The morning after admission, a stool sample was taken into a sterile disposable container and
immediately frozen at -80 °C[19].

DNA from the stool was isolated using the MagNa Pure Compact Nucleic Acid Isolation Kit I (Roche,
Basel, Switzerland) according to the manufacturer’s instructions. Libraries for sequencing were
prepared by two rounds of polymerase chain reaction (PCR) amplification. In the first round, specific
primers for the v3-v4 region of the 16S ribosomal RNA gene were used: 165-F TCGTCGGCAGCGT-
CAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG and 16S-R GTCTCGTGGGCTCGGAG-
ATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC.

After amplification, the PCR product was purified using AMPure XP magnetic beads (Beckman
Coulter, Brea, CA, United States). Then, a second round of PCR was performed to attach specific
adapters and enable multiplexing of the samples. To begin, 5 pL of the first PCR product was added to
the reaction after ball cleaning with primers containing Illumina indices (Nextera XT Index v2 Primers;
San Diego, CA, United States) and adapter sequences as well as 2x KAPA HiFi HotStart ReadyMix. The
amplification products were also purified using AMPure XP beads (Beckman Coulter). The concen-
trations of the prepared libraries were then measured using a Qubit 2.0 fluorimeter (London, United
Kingdom) and quantitative PCR. The quality of the libraries was assessed using the Agilent 2100
Bioanalyzer (Santa Clara, CA, United States). The libraries were mixed in equal proportions and diluted
to the required concentration to be run on a MiSeq (Illumina) device. Pair-end readings of 300 + 300
nucleotides were obtained. Reads were trimmed from the 3’-tail with Trimmomatic (Illumina) and then
merged into a single amplicon with the MeFiT tool[20,21]. We did not perform operational taxonomic
unit picking; instead, we classified amplicon sequences with the Ribosomal Database Project (RDP)
classifier and RDP database[22].

Statistical analysis

Statistical analysis was performed with STATISTICA 10 (StatSoft Inc., Tulsa, OK, United States). The
data are presented as medians (interquartile ranges). The abundance of taxa of the gut microbiome is
presented as a percentage. Differences between continuous variables were assessed with the Mann-
Whitney test. Fisher’s exact test was used to assess the differences between categorical variables. P
values < 0.05 were considered as statistically significant.

RESULTS

Out of the 47 participants in our study, the results from the lactulose hydrogen breath test revealed that
24 (51.1%) of patients met the criteria for SIBO. No significant differences in etiology (Figure 2),
demographics, drugs used before inclusion, and the main manifestations of cirrhosis were observed
between patients with and without SIBO, other than the value of C-reactive protein, which was higher
in patients with SIBO. Patients with SIBO also displayed a trend toward having a larger spleen and
higher incidence of ascites (Table 1).

In terms of phyla, samples from patients with SIBO revealed a higher abundance of Firmicutes and
Fusobacteria, and lower abundance of Bacteroidetes compared to those from patients without SIBO.
There were no significant differences in the numbers of Proteobacteria and Actinobacteria as well as the
main Firmicutes classes (Clostridia, Bacilli and Negativicutes, Table 2).

Our results reveal that the increase in the abundance of Firmicutes observed in patients with SIBO
occurs mainly due to a larger population of bacterial species from the Lachnospiraceae family. The
number of bacteria from the other major families of this phylum does not differ significantly between
the samples taken from the two groups of patients (Table 3). After the exclusion of Lachnospiraceae from
Firmicutes, the difference in the abundance of bacteria under this phylum was no longer significant
[39.8 (32.3-53.3) vs 42.6 (25.1-54.3); P = 0.773].
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Table 1 Descriptive statistics of patients with and without small intestinal bacterial overgrowth

Patients with SIBO (n = 24) Patients without SIBO (n = 23) P value

Age, yr 50 (39-59) 51 (37-58) 0.949
Male/female 12/12 11/12 0.557
Body mass index, kg/m? 25.0 (22.9-27.8) 24.1 (22.3-26.1) 0.302
Red blood cells, 10'2/L 3.7 (3.3-4.2) 4.0 (3.6-4.3) 0.322
White blood cells, 10°/L 3.6 (2.6-4.9) 4.0 (3.2-5.6) 0.437
Platelets, 10°/L 78 (49-108) 90 (59-115) 0.229
C-reactive protein, mg/L 11.4 (1.6-17.1) 2.1(0.1-9.2) 0.025
Serum albumen, g/L 35 (31-40) 36 (31-41) 0.617
Serum total bilirubin, pmol/L 36 (27-54) 38 (23-64) 0.848
Prothrombin (Quick test), % 57 (50-68) 64 (53-70) 0.233
Ascites, 1 (%) 17 (70.8) 10 (43.4) 0.054
Esophageal varices, 1 (%) 19 (79.2) 19 (82.6) 0.528
Spleen length, cm 16.2 (14.0-20.0) 14.6 (13.3-16.2) 0.080
Portal vein diameter, mm 13.0 (12.0-13.7) 12.0 (11.0-13.5) 0.263
Overt hepatic encephalopathy, n (%) 9 (37.5) 8 (34.8) 0.544
Child-Pugh score 8 (6-10) 8 (6-9) 0.551
Drugs used by patients within 6 mo prior to study enrollment

Proton pump inhibitors, n (%) 9 (37.5) 8 (34.8) 0.544
Beta blockers, 1 (%) 5(20.8) 3(13.0) 0.375
L-ornithine-L-aspartate, 1 (%) 4(16.7) 4(17.4) 0.625
Diuretics, 1 (%) 13 (54.2) 8 (34.8) 0.149
Ursodeoxycholic acid, 1 (%) 4 (16.7) 5(21.7) 0.471
Glucocorticoids, 7 (%) 2(8.3) 6(26.1) 0.109
Antiviral drugs, n (%) 7(29.2) 4 (17.4) 0.273

SIBO: Small intestinal bacterial overgrowth.

The reduced population of Bacteroidetes in patients with SIBO results from a reduction in all major
families of this phylum, with the exception of Prevotellaceae. Although there was no significant
difference in the overall levels of Proteobacteria between the samples from the two patient groups,
differences were detected in the minor families of the phylum. Specifically, samples from patients with
SIBO revealed that the proportion of Pasteurellaceae and Moraxellaceae were higher, and Desulfovibri-
onaceae was lower, compared to those from patients without SIBO. Similarly, there was also no
significant difference in the overall levels of bacteria in the Actinobacteria phylum, but the proportion of
bacteria from the Actinomycetaceae and Micrococcaceae minor families were higher in the samples taken
from patients with SIBO than in samples from patients without (Table 3).

At the genus level, analysis of samples from patients with SIBO revealed increased the abundance of
Blautia, Fusicatenibacter, Acinetobacter, Oribacterium, and Haemophilus bacteria compared to the samples of
patients without SIBO. In contrast, Bacteroides, Oscillibacter, Alistipes, Parabacteroides, Barnesiella, and
Intestinimonas levels were lower (Table 4).

Further analysis demonstrated that Brautia was the main contributor to the increase in the
abundances of the Lachnospiraceae family and the Firmicutes phylum in patients with SIBO. After
subtracting the contribution of these bacteria, the statistical differences between the patient groups were
no longer significant [Lachnospiraceae: 28.6 (19.6-35.0) vs 23.2 (10.7-33.2), P = 0.177; Firmicutes: 74.0 (62.2-
79.5) vs 65.7 (55.9-78.6); P = 0.425].

The Firmicutes/Bacteroides ratio was significantly higher in patients with SIBO than in patients
without SIBO, while the modified dysbiosis ratio that determines the prognosis in cirrhosis[10] did not
differ significantly between the two groups of patients (Figure 3).
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Table 2 Abundance of bacteria at the phylum and class levels in gut microbiome of patients with and without small intestinal bacterial

overgrowth

Taxon Patients with SIBO (n = 24) Patients without SIBO (n = 23) P value
Phyla

Firmicutes 90.2 (77.7-94.3) 80.0 (67.5-87.2) 0.017
Bacteroidetes 5.3 (1.5-7.7) 6.8 (5.6-1.3) 0.013
Proteobacteria 1.3 (0.2-3.0) 1.7 (0.2-4.1) 0.790
Actinobacteria 0.5 (0.3-1.6) 0.8 (0.4-3.8) 0.343
Fusobacteria 0.01 (0.00-0.03) 0.00 (0.00-0.00) 0.011
Main classes of Firmicutes

Clostridia 77.9 (67.1-84.6) 70.9 (61.6-83.1) 0.151
Bacilli 2.4 (0.4-7.1) 1.1 (0.4-7.3) 0.573
Negativicutes 0.5 (0.2-0.8) 0.4 (0.2-1.4) 0.956

SIBO: Small intestinal bacterial overgrowth.

Jaishideng®

DISCUSSION

We detect SIBO in half of the patients with cirrhosis, which is consistent with the data of previous
studies[13]. SIBO is thought be caused by a slowdown in the motility of the small intestine, use of
proton pump inhibitors, exocrine pancreatic insufficiency, immune and other disorders[23,24].
Furthermore, an association between delayed orocecal transit and SIBO has been reported in patients
with cirrhosis[25]. Despite the presence of immune disorders[26], there are no studies on the association
of them with the development of SIBO in cirrhosis. There was no difference in the frequency of using
proton pump inhibitors between the patients with and without SIBO in our study.

Cirrhosis-associated gut dysbiosis is represented by an increase in the abundance of Proteobactria
that produce active endoctoxin[1-5], and the facultative anaerobic bacteria Bacilli[4,6-8] that is capable of
bacterial translocation[27]. This is accompanied by the decrease in the levels of beneficial bacteria from
the major families under the Clostridia class[4,7,8,10]. Since the number of Clostridia and Bacilli bacteria
can change in opposite directions, the abundance of Firmicutes, which include Clostridia and Bacilli, has
been demonstrated to be either increased[9] or decreased[5] in cirrhosis. The change in levels of Bacteri-
odetes in cirrhosis has been reported to decrease[1,9], increase[2], not change[10], and be increased in
compensated cirrhosis, while reduced to normal in decompensated cirrhosis[7].

The mechanisms that lead to gut dysbiosis in cirrhosis are not clear; it is suggested that they may be
similar to those for SIBO. If SIBO and gut dysbiosis result from the same factors, it would be logical to
assume that dysbiosis is more pronounced in patients with SIBO. However, the abundance of the main
biomarkers of cirrhosis-associated dysbiosis (Proteobacteria, Bacilli and Clostridia) was not significantly
different between patients with and without SIBO in our study. Moreover, the abundance of Lachnos-
piraceae, a decrease in which is also one of the biomarkers of cirrhosis-associated dysbiosis[6-8,10], on
the contrary, was significantly higher in SIBO.

The gut microbiome has been evaluated depending on the presence of SIBO in patients who do not
have cirrhosis in a small number of studies. It was shown that the composition of the small intestine[28,
29] and fecal[30] microbiome does not depend significantly on the presence of SIBO. However, among
patients with diarrheal variant of irritable bowel syndrome, the abundance of Prevotella were higher,
while the abundance of Bacteroides were reduced in persons with SIBO compared with persons without
SIBO[31]. Another study revealed that Firmicutes was increased in fecal microbiota of patients with
SIBOJ[32]. Our research also showed an increase in the abundance of Firmicutes and a decrease in the
abundance of Bacteroides but without a significant change in the abundance of Prevotella in fecal
microbiota of patients with SIBO. Thus, changes in the gut microbiome of SIBO patients with cirrhosis
are partly consistent with changes in it in SIBO patients with other diseases and do not coincide with the
changes that are characteristic of cirrhosis-associated dysbiosis.

An increase in Firmicutes/Bacteroides ratio which was observed in our study in patients with SIBO is
reported in patients with a significant slowdown in orosecal transit in cirrhosis[9]. Nevertheless, there
were no differences in the abundance of Proteobacteria and Bacilli between cirrhotic patients with
normal and delayed orocecal in that study. It can therefore be assumed that the slowing down of
orocecal transit is a main factor in the development of SIBO, but it has a minimal effect on the
development of cirrhosis-associated gut dysbiosis.
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Table 3 Abundance of bacteria at the family level in gut microbiome of patients with and without small intestinal bacterial overgrowth

Family Patients with SIBO (n = 24) Patients without SIBO (n = 23) Pvalue
Families of Clostridia

Lachnospiraceae 41.00 (29.71-55.82) 31.30 (17.55-43.85) 0.047
Ruminococcaceae 26.15 (13.79-35.50) 21.41 (14.89-34.43) 0.856
Peptostreptococcaceae 0.50 (0.18-2.72) 0.17 (0.04-1.13) 0.066
Clostridiaceae 0.30 (0.01-1.12) 0.10 (0.01-0.47) 0.463
Eubacteriaceae 0.00 (0.00-0.00) 0.00 (0.00-0.01) 0.463

Families of Bacilli

Streptococcaceae 1.46 (0.29-6.03) 0.41 (0.10-3.42) 0.170
Lactobacillaceae 0.23 (0.03-0.56) 0.10 (0.01-0.38) 0.413
Staphylococcaceae 0.02 (0.01-0.03) 0.01 (0.01-0.02) 0.450
Enterococcaceae 0.01 (0.00-0.04) 0.01 (0.00-0.23) 0.873

Family of Negativicutes
Veillonellaceae 0.43 (0.07-0.73) 0.16 (0.05-1.15) 0.632

Families of Bacteroidetes

Bacteroidaceae 1.13 (0.35-3.19) 3.77 (1.05-4.96) 0.014
Prevotellaceae 0.56 (0.01-3.12) 0.27 (0.04-3.07) 0.941
Porphyromonadaceae 0.11 (0.02-0.29) 0.40 (0.23-0.66) 0.002
Rikenellaceae 0.07 (0.01-0.74) 0.45 (0.06-1.35) 0.047

Families of Proteobacteria

Enterobacteriaceae 0.72 (0.02-2.13) 1.51 (0.05-2.81) 0.632
Moraxellaceae 0.04 (0.02-0.05) 0.02 (0.01-0.04) 0.014
Pasteurellaceae 0.01 (0.00-0.15) 0.00 (0.00-0.01) 0.025
Sutterellaceae 0.01 (0.00-0.06) 0.02 (0.00-0.05) 0.400
Desulfovibrionaceae 0.00 (0.00-0.01) 0.01 (0.00-0.03) 0.042

Families of Actinobacteria

Bifidobacteriaceae 0.46 (0.14-1.50) 0.65 (0.12-3.22) 0.366
Coriobacteriaceae 0.09 (0.07-0.14) 0.08 (0.04-0.20) 0.790
Actinomycetaceae 0.02 (0.01-0.04) 0.01 (0.00-0.03) 0.039
Micrococcaceae 0.02 (0.01-0.06) 0.01 (0.00-0.01) 0.045

SIBO: Small intestinal bacterial overgrowth.

In our study, bacterial species that mainly increase in patients with SIBO belong to the Blautia genus.
These bacteria have the ability to convert primary bile acids into secondary bile acids[33], for example,
chenodeoxycholic acid to lithocholic acid. The ratio of lithocholic to chenodeoxycholic acid in feces
strongly correlates with the content of Blautia in the gut microbiome of cirrhosis patients[8].
Furthermore, an increase in the content of bile acids in the feces is accompanied by an increase in the
abundance of Blautia in persons on a cholerectic diet[34].

The changes in bile metabolism may explain the differences in the gut microbiome of cirrhosis
patients with SIBO. The increase in the number of bacteria leads to the increased deconjugation of
primary bile acids in the small intestine in patients with SIBO[35]. As deconjugated primary bile acids
have a lower affinity for the proteins that carry them through the epithelium of the terminal ileum[36],
more of these acids enter the large intestine. These bile acids may be a growth factor for Blautia and
similar bacteria. The reduction in the abundance of Bacteroidetes may be the result of suppression their
growth by bile acids or due to antagonism with Blautia. A larger study examining the amount and
composition of bile acids in feces, the time of orocecal transit, the gut microbiome, and SIBO in cirrhosis
should be performed to test this hypothesis.
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Table 4 Abundance of bacteria at the genus level in gut microbiome of patients with and without small intestinal bacterial overgrowth

Genus Family Patients with SIBO (n = 24) Patients without SIBO (n = 23) P value
Blautia Lachnospiraceae 13.38 (6.78-20.52) 6.99 (3.22-13.47) 0.020
Faecalibacterium Ruminococcaceae 8.64 (3.65-19.55) 7.82 (3.02-12.74) 0.516
Gemmiger Ruminococcaceae 2.33 (0.95-4.69) 1.65 (0.03-2.86) 0.237
Ruminococcus Ruminococcaceae 1.80 (0.01-3.51) 0.58 (0.12-1.83) 0.617
Roseburia Lachnospiraceae 1.66 (0.51-4.20) 0.92 (0.13-3.42) 0.377
Streptococcus Streptococcaceae 1.36 (0.22-5.78) 0.37 (0.08-3.42) 0.151
Dorea Lachnospiraceae 1.18 (0.63-2.51) 0.69 (0.42-1.35) 0.099
Bacteroides Bacteroidaceae 1.15 (0.34-3.04) 3.59 (1.08-5.05) 0.012
Fusicatenibacter Lachnospiraceae 0.79 (0.27-1.06) 0.13 (0.04-0.31) 0.003
Prevotella Prevotellaceae 0.43 (0.01-2.27) 0.12 (0.01-2.19) 0.856
Escherichia Enterobacteriaceae 0.38 (0.01-1.64) 0.28 (0.01-1.31) 0.890
Bifidobacterium Bifidobacteriaceae 0.32 (0.11-1.15) 0.47 (0.07-2.39) 0.413
Oscillibacter Oscillospiraceae 0.07 (0.01-0.15) 0.21 (0.09-0.38) 0.025
Alistipes Rikenellaceae 0.06 (0.01-0.52) 0.41 (0.06-1.25) 0.025
Anaerostipes Lachnospiraceae 0.62 (0.06-0.50) 0.49 (0.08-0.67) 0.170
Parabacteroides Porphyromonadaceae 0.03 (0.00-0.11) 0.16 (0.05-0.29) 0.009
Acinetobacter Moraxellaceae 0.03 (0.02-0.05) 0.02 (0.01-0.03) 0.004
Akkermansia Akkermansiaceae 0.01 (0.00-0.71) 0.01 (0.00-1.33) 0.983
Oribacterium Lachnospiraceae 0.01 (0.00-0.02) 0.00 (0.00-0.00) 0.040
Barnesiella Porphyromonadaceae 0.00 (0.00-0.03) 0.03 (0.00-0.06) 0.025
Intestinimonas Oscillospiraceae 0.00 (0.00-0.02) 0.03 (0.01-0.06) 0.015
Haemophilus Pasteurellaceae 0.00 (0.00-0.10) 0.00 (0.00-0.01) 0.031

Genera with an abundance of < 1% and not significantly different between patient groups are not presented. SIBO: Small intestinal bacterial overgrowth.

Assessed for eligibility (7 = 95)

Excluded (n = 48)
Not meeting inclusion criteria (7 = 3)
Used lactulose (7 = 8), lactitol (7 = 6), probiotics (7 = 4),
antibiotics (7 = 9), or metformin (n7 = 8) in past 6 wk
Declined to participate (7 = 6)
Had inflammatory bowel disease (7 = 1) or cancer (7 = 3)

Enrolled (7 = 47)

SIBO (+) (7 = 24) SIBO (-) (n = 23)

DOI: 10.3748/wjg.v28.i10.1067 Coptright © The Author(s) 2022.

Figure 1 CONSORT 2010 flow diagram. SIBO: Small intestinal bacterial overgrowth.

The strength of our study is represented by the facts that it is the first that assesses the relationship
between SIBO and gut dysbiosis in cirrhosis, as well as that we suggested the mechanism of
development of changes in the gut microbiota in cirrhosis patients with SIBO and the idea for the next
studies that can confirm or refute this hypothesis.
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Cryptogenic — 12.5% Alcohol — 33.3%

Mixed — 8.3%
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Patients with SIBO

Hepatitis C virus — 20.8% Hepatitis B virus — 20.8%

Cryptogenic — 4.3% Alcohol — 34.8%
Mixed — 17.4%

Patients without SIBO

Autoimmunne hepatitis — 21.8% Hepatitis B virus — 4.3%

Hepatitis C virus — 17.4%
DOI: 10.3748/wjg.v28.i10.1067 Coptright © The Author(s) 2022.

Figure 2 Etiology of cirrhosis in patients with and without small intestinal bacterial overgrowth. SIBO: Small intestinal bacterial overgrowth.
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Figure 3 Complex indices of gut microbiome in patients with and without small intestinal bacterial overgrowth. SIBO: Small intestinal bacterial

overgrowth.
The limitation of our study is its small size, but this did not prevent significant results from being
obtained.
CONCLUSION
In conclusion, we showed that despite the difference in the gut microbiome between patients with and
without SIBO, gut dysbiosis and SIBO are most likely relatively independent forms of disorders of the
gut microbiota in cirrhosis.
ARTICLE HIGHLIGHTS
Research background
Gut dysbiosis and small intestinal bacterial overgrowth (SIBO) are commonly observed in patients with
cirrhosis.
Research motivation
Despite the substantial number of articles describing the relations between disorders of gut microbiota
and various manifestations of cirrhosis, dysbiosis and SIBO were always studied separately.
Research objectives
To study the relationship of gut dysbiosis and SIBO in cirrhosis.
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Research methods
This observational study included 47 in-patients with cirrhosis. Stool microbiome was assessed using
16S rRNA gene sequencing. SIBO was assessed using the lactulose hydrogen breath test.

Research results

Patients with SIBO had a higher abundance of Firmicutes and Fusobacteria, and a lower abundance of
Bacteroidetes than patients without SIBO. This increase in the abundance of Firmicutes occurred mainly
due to an increase in the abundance of bacteria from the genus Blautia of the Lachnospiraceae family,
while the abundance of other major families of this phylum did not differ significantly between the
patients with and without SIBO. There were no significant differences in the abundance of taxa that

were the main biomarkers of cirrhosis-associated gut dysbiosis between patients with and without
SIBO.

Research conclusions
Despite the differences observed in the gut microbiome between patients with and without SIBO, gut
dysbiosis and SIBO are most likely independent disorders of gut microbiota in cirrhosis.

Research perspectives
Research perspectives are to study the mechanisms of development of SIBO and gut dysbiosis in
patients with cirrhosis.
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