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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 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.
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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.

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.
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 concentration 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: 16S-F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG and 16S-R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC.
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 μL 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 2× KAPA HiFi HotStart ReadyMix. The amplification products were also purified using AMPure XP beads (Beckman Coulter). The concentrations 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].
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 Desulfovibrionaceae 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).

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 Bacteriodetes 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 Lachnospiraceae, 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 SIBO[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.
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.
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.
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.
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Gut dysbiosis and small intestinal bacterial overgrowth (SIBO) are commonly observed in patients with cirrhosis.
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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.
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To study the relationship of gut dysbiosis and SIBO in cirrhosis.
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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.
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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.
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Figure Legends
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Figure 1 CONSORT 2010 flow diagram. SIBO: Small intestinal bacterial overgrowth.

[image: ]
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.

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/m2
	25.0 (22.9-27.8)
	24.1 (22.3-26.1)
	0.302

	Red blood cells, 1012/L
	3.7 (3.3-4.2)
	4.0 (3.6-4.3)
	0.322

	White blood cells, 109/L
	3.6 (2.6-4.9)
	4.0 (3.2-5.6)
	0.437

	Platelets, 109/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, μmol/L
	36 (27-54)
	38 (23-64)
	0.848

	Prothrombin (Quick test), %
	57 (50-68)
	64 (53-70)
	0.233

	Ascites, n (%)
	17 (70.8)
	10 (43.4)
	0.054

	Esophageal varices, n (%)
	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, n (%)
	5 (20.8)
	3 (13.0)
	0.375

	L-ornithine-L-aspartate, n (%)
	4 (16.7)
	4 (17.4)
	0.625

	Diuretics, n (%)
	13 (54.2)
	8 (34.8)
	0.149

	Ursodeoxycholic acid, n (%)
	4 (16.7)
	5 (21.7)
	0.471

	Glucocorticoids, n (%)
	2 (8.3)
	6 (26.1)
	0.109

	Antiviral drugs, n (%)
	7 (29.2)
	4 (17.4)
	0.273


SIBO: Small intestinal bacterial overgrowth.

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.

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)
	P value

	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.

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.
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