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Abstract

Background & Aims—The gut microbiome is altered in cirrhosis; however its evolution with

disease progression is partly understood. We aimed to study changes in microbiome over cirrhosis

severity, its stability over time and its longitudinal alterations with decompensation.

Methods—Controls and age-matched cirrhotics (compensated/decompensated/hospitalized) were

included. Their stool microbiota was quantified using multi-tagged pyrosequencing. Ratio of

autochthonous to non-autochthonous taxa was calculated as the cirrhosis dysbiosis ratio(CDR); a

low number indicating dysbiosis. Firstly, microbiome was compared between controls and

cirrhotic sub-groups. Second, for stability assessment, stool collected twice within 6 months in

compensated outpatients was analyzed. Thirdly, changes after decompensation were assessed

using (a) longitudinal comparison in patients before/after hepatic encephalopathy development

(HE), (b) longitudinal cohort of hospitalized infected cirrhotics MELD-matched to uninfected

cirrhotics followed for 30 days.

Results—244 subjects [219 cirrhotics (121 compensated outpatients,54 decompensated

outpatients,44 inpatients) and 25 age-matched controls)] were included. CDR was highest in

controls(2.05) than compensated(0.89), decompensated(0.66) and inpatients(0.32,p<0.0001) and

negatively correlated with endotoxin. Microbiota and CDR remained unchanged in stable
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outpatient cirrhotics (0.91 vs. 0.86, p=0.45). In patients studied before/after HE development,

dysbiosis occurred post-HE(CDR:1.2 to 0.42, p=0.03). In the longitudinal matched-cohort,

microbiota were significantly different between infected/uninfected cirrhotics at baseline and a

low CDR was associated with death and organ failures within 30 days.

Conclusions—Progressive changes in the gut microbiome accompany cirrhosis and become

more severe in the setting of decompensation. The cirrhosis dysbiosis ratio may be a useful

quantitative index to describe microbiome alterations accompanying cirrhosis progression.

Keywords

Microbiota; Hepatic Encephalopathy; Decompensation; Infections; Acute-on-Chronic Liver
Failure; Endotoxin; MELD score

Introduction

The investigation of gut microbiome in cirrhosis is important because of the key role in

bacterial translocation and their products such as endotoxin play in the pathogenesis of

complications including hepatic encephalopathy (HE), spontaneous bacterial peritonitis

(SBP), and other infections[1-3]. These infections are the leading cause of multi-organ

failure, acute-on-chronic liver failure (ACLF), and death in cirrhosis [4-6]. Prior outpatient-

centered studies have demonstrated changes in the cirrhotic stool microbiome but these are

only partly understood due to the small sample sizes and considerable inter-person

variability [7-11]. Therefore there is a need to evaluate larger populations of cirrhotics

ranging from compensated to pre-terminal in their severity in conjunction with bacterial

products to delineate the role of microbiome in cirrhosis.

The aims of this study were to (a) define changes in the stool microbiome over the entire

disease spectrum in a large population of cirrhotic patients (b) investigate the stability of

microbiota composition over time in cirrhosis (c) evaluate changes in microbiome

longitudinally with advancing cirrhosis with infections and HE development.

Patients and Methods

This prospective study was carried out in the Virginia Commonwealth University and

McGuire VA Medical centers. We enrolled patients with cirrhosis (diagnosed histologically,

endoscopic/radiological evidence or signs of decompensation) after informed consent. All

cirrhotic patients underwent blood draw for MELD score and endotoxin (using published

techniques)[11]. Subsequently we enrolled age-matched healthy controls that were free of

liver disease and were not on any medications apart from non-steroidal analgesics or

antihypertensives. Detailed demographic, cirrhosis-severity characteristics and medications

were recorded. We excluded patients with an unclear cirrhosis diagnosis, other end-organ

disease prior to admission, hospitalized for >48 hours before enrollment, or transferred from

another hospital. We collected stool from patients at the time of enrollment, either as an

outpatient or within 48 hours of hospitalization. All subjects' dietary history for the day prior

to stool sampling was recorded.
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Stool was analyzed using published multi-tagged pyrosequencing techniques and ribosomal

data (RDP10) taxa analysis[12][13] was performed. Data was analyzed using Metastats[14],

standard non-parametric tests (Kruskal-Wallis test) and principle component(PCO) analyses.

Unifrac PCO analysis was performed using the Qiime package[15]. Multiple comparison

adjustments were performed as part of these techniques (supplementary information).

Microbiome changes across cirrhosis severity

A cross-sectional study of healthy controls with compensated outpatients (without current or

prior ascites, HE or variceal hemorrhage), decompensated outpatients (≥1 of HE, ascites

with/without SBP prophylaxis, history of variceal hemorrhage) and inpatients with cirrhosis

and infections as previously defined was performed[5]. We found in our prior studies that

cirrhosis and HE were accompanied by reduced relative abundance of taxa considered

benign and autochthonous, including Lachnospiraceae, Ruminococcaceae, and

Clostridialies Incertae Sedis XIV (from now on called Clostridialies XIV) and a relatively

higher abundance of others, particularly Enterobacteriaceae and Bacteroidaceae [7, 11, 16].

This ratio of “good vs. bad” taxa abundance was termed the cirrhosis dysbiosis ratio (CDR)

which was used to compare groups going forward. Statistical analysis of demographics,

cirrhosis details, endotoxin and microbiota composition was performed between groups. A

post-hoc analysis of patients with/without an alcoholic etiology or with/without NASH

cirrhosis was also performed.

Stability of the microbiome over time

We collected stool from a group of cirrhotic outpatients at set intervals within 6 months of

their prior collection without any interim changes in their cirrhosis natural history.

Correlations of the microbiota and comparison of microbiota, CDR and endotoxemia was

performed between the initial and second collection.

Longitudinal study of microbiota after decompensation

After HE development—We analyzed changes in microbiome in a group of compensated

cirrhotics who had stool collection before and 1 month after development of their first

episode of HE precipitated without infections, TIPS or upper GI bleeding. Microbiota

correlations and comparison of dysbiosis, CDR and endotoxemia was performed between

the two samples.

Infections and changes in microbiome—we performed a longitudinal cohort study of

cirrhotics admitted with infections matched to cirrhotics without infections on MELD score,

SBP prophylaxis, rifaximin and PPI use. The groups were followed for 30 days and

development of death, organ failures [defined as (a) grade III/IV HE, (b) dialysis,(c) shock

or (d) mechanical ventilation] or ACLF (≥2 organ failures during the admission) were

recorded[17]. We studied the microbiota and endotoxin between infected/non-infected

patients and those who developed organ failures, ACLF and death within 30 days using

UNIFRAC QiiME, Metastats and non-parametric tests with corrections for multiple

comparisons

Bajaj et al. Page 3

J Hepatol. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



This study was approved by the Institutional Review Boards at Virginia Commonwealth

University and McGuire VA Medical Center.

Results

Change in cirrhosis microbiome with disease severity

We enrolled 244 subjects; 25 controls, 175 outpatients with cirrhosis (group A: 121 and

group B: 54) and 44 cirrhotic inpatients (38 of them had infections; rest were admitted for

non-infectious reasons). Within the cirrhosis group, inpatients and decompensated patients

had significantly higher MELD scores, endotoxin, lactulose, beta-blocker and rifaximin use

compared to the compensated outpatients. Within the two advanced groups (infected

inpatients and decompensated outpatients), the rate of rifaximin, beta-blocker and SBP

prophylaxis was similar (table 1). There was a non-significant trend towards lower caloric

intake in inpatients.

Relationship of endotoxin, MELD score and bacterial taxa—MELD score was

negatively correlated with Clostridiales XIV, Lachnospiraceae and Ruminococcaceae

(r=-0.3, p<0.0001 for all) and with Rikenellaceae (r=-0.2, p<0.0001) and positively with

potentially pathogenic taxa; Staphylococcae (r=0.2, p=0.03), Enterococceae (r=0.4,

p<0.0001) and Enterobacteriaceae (r=0.3, p=0.001). There was also a significant correlation

of the CDR with MELD score (r=-0.3, p=0.005) and endotoxin (r=-0.3, p=0.001). Endotoxin

was negatively linked to Clostridiales XIV (-0.3, p<0.001), Lachnospiraceae (r=-0.4,

p<0.0001), Ruminococcaceae (r=-0.4, p<0.0001) and positively with MELD score (r=0.5,

p<0.0001), Enterobacteriaceae (r=0.2, p=0.002) and Bacteroidaceae (r=0.2, p=0.001). No

other significant correlations between taxa, MELD score and endotoxin were found.

Microbiome comparison between groups—When controls were compared to

outpatients with and without HE and inpatients, there was a significant reduction in

autochthonous taxa, Clostridiales XIV, Ruminococcaceae and Lachnospiraceae with a

significant increase in pathogenic taxa such as Enterococcaeae, Staphylococcaceae and

Enterobacteriaceae. We also found a reduction in Veillonellaceae, and

Porphyromonadaceae with worsening liver disease compared to healthy controls (Table 1).

The CDR for controls was significantly higher compared to all cirrhotic patients (2.05 vs.

0.74, p<0.0001). These comparisons remained consistent when subjects without rifaximin,

beta-blockers, SBP prophylaxis or PPIs were compared (Tables S1-4).There was significant

clustering in the Unifrac PCOs of healthy controls with each other compared to all cirrhotics

(figure 1A) and to cirrhotics who were inpatient vs outpatient (figure 1B). There was no

significant difference in the microbiota between patients with and without rifaximin on any

level.

NASH and Alcoholic etiology sub-analysis—On a post-hoc analysis, alcoholic

cirrhotics had a significantly higher abundance of Enterobacteriaceae and

Halomonadaceae, lower Lachnospiraceae, Ruminococcaceae and Clostridialies XIV, high

endotoxin and lower CDR despite statistically similar MELD score and BMI compared to

those without alcoholic etiology (table 2). We found a higher abundance of
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Porphyromonadaceae, Bacterioidaceae and lower Veillonellaceae in NASH patients than

the non-NASH counterparts; CDR and endotoxin levels were similar (table 3).

Stability of cirrhosis microbiome over time

Thirty cirrhotics who remained stable (median MELD 15, 54±3 years age, etiology 80%

HCV, 10% HCV+alcohol and 10% alcoholic) were tested 4±2 months apart. There was no

significant change in the MELD score (13 vs. 13), change in endotoxemia (pre 0.52±0.5 vs.

post=0.50±0.7), decompensating events, alcohol intake or TIPS during this period. The

abundance correlation between the two time points was 87% (p<0.001) indicating

significant stability of the microbiota over time. CDR was also statistically similar between

the two time points (0.91 vs. 0.86, p=0.45), which was due to similarity in all five taxa.

Change in microbiome with decompensation

After the first HE episode—Seven patients not on HE treatment (median MELD 12, age

56±3 years, all HCV) underwent stool microbiota testing after their first HE episode

(precipitated by alkalosis in 3, renal insufficiency in 3 and one spontaneous). The median

MELD score worsened non-significantly post-HE to 14 with marginal change in serum

endotoxin (pre 0.45±0.5 vs. post 0.52±0.4).Repeat microbiota testing was performed at least

one month post-lactulose initiation (6±3 months post-first test). We found that there was a

significant change in microbial relative abundance after HE development reflected by CDR

reduction (1.2 vs 0.42, p=0.03). This was primarily due to an increase in Enterobacteriaceae

(pre 0 vs post 1.2%, p=0.04) and non-significant trend towards increased Bacteroidaceae

(pre 26 vs post 36%). No change in Lactobacillaceae or autochthonous taxa was seen.

After infections—A cohort of 38 infected cirrhotic inpatients matched with 38 uninfected

cirrhotics on age, MELD score, use of rifaximin, PPIs, lactulose or SBP prophylaxis was

created and followed for 30 days (table 4).The infections and organisms on routine culture

were SBP (n=12, 7 no organism isolated, 2 Streptococcus spp, and one each of Klebsiella,

Escherichia and Citrobacter spp) and urinary tract infections (n=12, E.coli in 5,

vancomycin-sensitive Enterococcus in 2, Staphylococcus aureus in 2, Lactococcus in 1 and

no organism isolated in 2). The remainder were skin/soft-tissue infections (n=6, no organism

in 4, one of Serratia and Staphylococcus spp), respiratory (n=5, Staphylococcus in 1, no

organism in the rest), two Staphylococcus-associated spontaneous bacteremia and one C.

difficile. All antibiotics targeted at that particular infection were initiated on admission; the

majority on a penicillin-derivative(22 patients) and the remaining on fluoroquinolones(16

patients). The CDR and components were similar between beta-lactam and fluroquinolone-

treated patients (supplementary data table s5).

Microbiome change between infected/uninfected groups: We found significant

differences in the microbial abundance, lower CDR and higher endotoxin in patients

admitted with infections compared to those without infections (Table 4, figure 2). CDR was

negatively correlated with endotoxin (r=-0.4, p=0.002).

Microbiome change and death, organ failure and ACLF within 30 days: Ten infected

patients died of multi-systemic failure within 30 days of enrollment (median 16 days post-
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stool collection) while none of uninfected ones did. These patients had a significantly higher

endotoxin (2.1 vs 1.0, p=0.004), lower CDR (0.5 vs 0.75, p=0.02) with a significantly higher

abundance of gram-negatives; Propionibacteriaceae (1 vs 0%) and Halomonadaceae (2 vs

0%) on Metastats compared to those who survived. At least one organ failure was seen in

43% of patients (median 9 days post-stool collection), all of whom were in the infected

group i.e. 76% of the infected patients. These patients also had a higher endotoxin(1.8 vs.

0.9, p=0.03), lower CDR (0.35 vs 0.74, p=0.01) due to a significantly lower gram-positive

organism abundance on Metastats; Lachnospiraceae (3 vs 5%) and Veillonellaceae (2 vs.

4%) than those who did not. ACLF developed in 9 infected patients (13% of total and 24%

of infected patients, median 12 days post-stool collection) but in none of their uninfected

counterparts. Similar to the other outcomes, patients who developed ACLF had higher

endotoxin(1.6 vs. 1.0, p=0.04) and lower CDR (0.6 vs 1.3, p=0.01) due to a significantly

lower abundance of gram-positives on Metastats; Clostridiales XIV (0 vs 2.3%) and

Leuconostocaceae (2 vs 0%) than those without ACLF.

When patients with these outcomes were compared to the entire group (controls and

outpatients) patients who died and developed organ failure were farther apart from those

who survived the 30 days and did not develop organ failure respectively (figures 3A and B).

Discussion

In a large, well-characterized population spanning the spectrum from healthy controls to

terminal decompensation, we have demonstrated changes in the stool microbial composition

characterized by the relative decrease of potentially beneficial autochthonous taxa,

particularly Lachnospiraceae, Ruminococcaceae and Clostridiales XIV, with relative

overgrowth of potentially pathogenic taxa; Staphylococcaeae, Enterobacteriaceae and

Enterococcaceae, are associated with disease progression and endotoxemia [7, 8, 11, 18].

This reduction in autochthonous taxa can be disruptive given that they produce short-chain

fatty acids that reduce colonic inflammation and nourish colonocytes, compete with

pathogenic bacteria for nutrients, produce anti-bacterial peptides and may improve the

intestinal barrier[18][19]. These taxa are also over-represented in healthy controls in

inflammatory bowel disease and irritable bowel syndrome [20],[21]. Their absence could

stem from a reduction in overall bile acid production with worsening cirrhosis severity,

which can then select for taxa such as Enterobacteriaceae[16, 22]. This relative overgrowth

Enterobacteriaceae can result in endotoxemia due to increased production with worsening

intestinal permeability which has been associated with worsening disease severity and

complications in cirrhosis[2].

To semi-quantitatively express these microbiological complexities, we proposed the CDR to

reflect inverse changes in the abundance of “good” vs. “bad” bacteria. The individual taxa

constituting CDR and the CDR itself were also linked to endotoxin, indicating a functional

and ecologically-plausible negative impact of this microbiome change. The CDR is

significantly different from the phylum-based Firmicutes:Bacteroides ratio in that it includes

taxa, builds on our a priori results from cirrhosis studies and includes the highly relevant

taxon Enterobacteriaceae which is important in cirrhosis complications and produces one of
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most potent endotoxins[7, 11, 16, 23]. Also, phylum-based analyses are not readily

applicable in cirrhosis, especially since Firmicutes includes several pathogenic taxa such as

Staphylococceae and Enterococcaceae which indeed were over-abundant in our sickest

population and are very different from its other constituents like Lachospiraceae and

Ruminococcaceae in their ultimate impact. Lu et al proposed a hepatitis B-specific

Bifidobacteria/Enterobacteriaceae ratio of a genus to a taxon in Chinese patients (controls,

pre-cirrhotic and decompensated cirrhotics) by testing only specific primers with RT-PCR

instead of using the accepted MTPS deep sequencing technique that is standard in the

human microbiome project [24]. Using our global technique, Bifidobacteriaceae were not

even above 1% of the entire microbiome even in controls. Therefore Lu et al's results could

reflect changes from healthy through the cirrhotic stage in hepatitis B while our results

reflect the microbial changes after cirrhosis sets in through pre-terminal events.

Studying the stability of the microbiome is critical to investigate it as a potential biomarker.

Therefore it was encouraging to observe that mirroring microbiota studies in healthy

controls, we for the first time to our knowledge, investigated and found relative stability of

the microbiota and CDR over time within cirrhotics whose disease remained unchanged

[25]. In contrast, microbiota changed when the underlying disease worsened in HE and

infections. We found an increase in dysbiosis, with lower CDR and higher gram-negative

taxa relative abundance (Enterobacteriaceae,Bacteroidaceae) despite lactulose initiation in

HE. This is interesting since lactulose being a prebiotic should have increased

autochthonous bacteria (Lactobacillaceae,Bifidobacteriaceae) as shown in prior culture-

based studies, which was not found[26]. As shown before, we did not find any significant

change in DNA microbiome abundance with rifaximin, which could be due to its

predominant effect on bacterial functionality[27]. The consistent pattern of CDR change and

its association with cirrhosis severity cross-sectionally and longitudinally despite accounting

for medications (rifaximin, PPI, SBP prophylaxis and lactulose) indicates that the underlying

cirrhosis severity may be a stronger determinant of stool microbial abundance pattern that

these medications per se In our analysis of microbiome changes with infections, we found

an even further increase in abundance of pathogenic taxa (both gram-negative and positive),

reduction in autochthonous taxa and higher endotoxemia compared to uninfected patients

despite matching for MELD-score and medication confounders. The underlying microbiome

results are likely not an epiphenomenon of hospitalization and systemic antibiotic use since

stool was collected within 48 hours of antibiotic initiation, which is not usually affected for

>96 hours after systemic antibiotics[28]. Even in this highly skewed population we found

that microbiome profile and endotoxin within 48 hours of admission were different in those

who developed negative outcomes, death, organ failure or ACLF, several days later. The

presence or relative abundance of certain bacterial taxa are likely markers of the underlying

abnormal intestinal milieu rather than those actually causing the infections, ACLF or death;

specifically taxa such as Propionibacteriaceae and Halomonadaceae, whose members only

recently have been described as potential human pathogens[29, 30]. We could speculate that

this microbiome profile, associated with endotoxemia reflects the microbiota that existed

when the patient developed the infection and that this dysbiotic flora could potentiate these

subsequent poor outcomes [5, 6].
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As a tool for further hypothesis generation, we also studied NASH and alcoholic liver

disease that have strong gut-based pathophysiological components[2]. In NASH cirrhotics,

despite similar MELD scores, there were no changes in CDR or endotoxin, reduction of

Veillonellaceae and an increase in Porphyromonadaceae and Bacteroidaceae. These results

are different from non-cirrhotic NASH patients in which Enterobacteriaceae are over-

represented; however, it is likely that this difference disappeared given the relatively high

background abundance of Enterobacteriaceae found in most cirrhotic patients[8, 9, 31].

Interestingly, we found a different pattern of dysbiosis in alcoholic cirrhotics, including a

low CDR with higher Enterobacteriaceae and higher endotoxemia compared to non-

alcoholic patients despite similar MELD score and abstinence. Although further studies are

needed, this extends prior studies of non-cirrhotic alcoholics in the cirrhosis realm and could

also explain the higher infection rate and bacterial translocation in alcoholic cirrhotics[32]

[33, 34].

The current study is limited by the use of stool microbiome which has been shown to be

different from the mucosal microbiome[7]. We also did not study the metabolomic

correlates of the microbial changes nor relationships between gut microbiota and mucosal

defenses that can modulate bacterial translocation[35][36]. Ratios can be difficult to apply

when one class is absent; however we used this to simplify the complex data and help

interpret abundance pattern changes between diseased groups that could reflect endotoxemia

and disease course.

We conclude that the stool microbiome profile in cirrhosis changes with worsening disease,

remains stable in a stable disease course, and is associated with poor outcomes. We have

described a novel ratio of autochthonous and non-autochthonous taxa abundance, the

cirrhosis dysbiosis ratio (CDR) as a semi-quantitative measure of dysbiosis in cirrhosis.

Further research into beneficially altering this dysbiotic microbiota to prevent adverse

outcomes is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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MELD model for end-stage liver disease
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Fig. 1. PCO analysis of microbiota between groups
Fig. 1(A): Controls were clustered together (blue) compared to all cirrhotics (red)

Fig. 1(B): Controls (blue) were clustered with outpatient cirrhotics (green) and far from inpatient cirrhotics (red)

Each dot represents a subject in the graphs and the distance between the dots is proportional to the similarity in microbial

abundance pattern. Therefore dots that are clustered together have similar microbial composition than those that are relatively

further apart.
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Fig. 2. PCO analysis of microbiota in the cohort study
Controls (red) were clustered with cirrhotics without infections (pink) but farther away from MELD-matched cirrhotics with

infections (blue)
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Fig. 3. PCO analysis of microbiota in patients with poor outcomes within 30 days
Fig. 3(A): Organ failure: Clustering of controls (red) with cirrhotics without (blue) and away from those with organ failure

(green)

Fig. 3(B): Death: Clustering of controls (blue) with cirrhotics without outcomes (red) and away from those who died (green)
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Table 2
Etiology-based comparison of microbiota: Alcoholic Liver Disease

Alcohol Etiologies other than solely alcohol (n=170) Only Alcoholic Etiology (n=43)

Age 57.5±6.0 55.2±7.7

BMI 30.0±5.9 27.8±7.8

MELD score 12.4±6.2 13.4±5.6

Prior overt HE on treatment 36% 49%

Endotoxin (Eu/ml) 0.58±0.83 0.83±0.5*

Microbiota (Phylum_Taxon)

Firmicutes_Clostridiales_ XIV 2.4 1.1*

Firmicutes_Lachnospiraceae 11.8 7.1*

Firmicutes_Ruminococcaceae 6.4 2.6*

Proteobacteria_Enterobacteriaceae 0.0 1.5*

Proteobacteria_Halomonadaeace 0.0 1.0*

Cirrhosis Dysbiosis Ratio 0.93 0.56*

*
p<0.05, Only bacterial taxa with an abundance >1% in either comparison are shown; rest were non-significant. No changes in the Bacteroidetes

phylum were seen between groups.

J Hepatol. Author manuscript; available in PMC 2015 May 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Bajaj et al. Page 18

Table 3
Etiology-based comparison of microbiota: NASH

Etiologies other than NASH (n=181) NASH cirrhosis (n=32)

Age 56.6±6.6 59.5±4.7*

BMI 28.6±5.8 35.3±4.7*

MELD score 12.7±5.9 12.0±7.3

Prior overt HE on treatment (%) 40% 34%

Endotoxin (EU/ml) 0.65±0.86 0.76±0.97

Microbiota (Phylum_Taxon)

Bacteroidetes Bacteroidaceae 19.3 42.7*

Bacteroidetes Porphyromonadaceae 1.4 3.9*

Firmicutes Veillonellaceae 1.9 0.0*

Cirrhosis Dysbiosis Ratio 0.80 0.63

*
p<0.05, we found a higher abundance of Porphyromonadaceae, Bacterioidaceae and lower Veillonellaceae in NASH patients who were also

older and had a higher BMI than the non-NASH counterparts. No change in other bacteria from phylum Firmicutes was seen. Only bacterial taxa
with an abundance >1% in either comparison are shown; rest were nonsignificant.
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Table 4
Matched Cohort study between cirrhotics with and without infection

Cirrhosis with infection (n=38) Cirrhosis without infection (n=38)

Age (years) 56.0±6.9 58.4±6.8

Gender (Male/Female) 21/17 25/13

Race (Caucasian/African-American/Hispanic/Other) 21/9/5/3 20/13/8/0

Body mass index 29.2±6.7 30.1±6.5

Cirrhosis etiology (HCV, Alcohol, HCV+Alcohol, NASH, others) 11/12/6/6/1 16/9/6/5/2

MELD score 18.2±6.2 18.4±6.8

History of

Variceal Bleeding 5 (13%) 4 (11%)

Hepatic Encephalopathy 28 (73%) 23 (61%)

Medications

Proton pump inhibitors 25 (66%) 24 (63%)

Non-selective beta-blockers 16 (42%) 14 (36%)

Lactulose 15 (40%) 18 (47%)

Rifaximin 17 (45%) 14 (37%)

On SBP prophylaxis 3 (8%) 6 (15%)

Endotoxin (EU/ml) 1.60±1.2 0.65±0.45***

Microbiota (median % abundance Phylum_Taxon)

Phylum Actinobacteria

Actinobacteria_Coriobacteriaceae 0.2 0.5*

Phylum Bacteroidetes

Bacteroidetes_Bacteroidaceae 4.3 21.1

Phylum Firmicutes

Firmicutes_Streptococcaceae 0.0 1.0

Firmicutes_Clostridialies_XIV 0.0 2.4***

Firmicutes_Lachnospiraceae 3.1 14.4***

Firmicutes_Ruminococcaeae 0.7 5.0***

Firmicutes_Veillonellaceae 0.0 1.6***

Phylum Proteobacteria

Protoebacteria_Enterobacteriaceae 1.4 0.0*

Cirrhosis Dysbiosis Ratio 0.34 0.78***

There are no significant differences in the demographics, cirrhosis severity and medication use between the groups. Only microbiota with an
abundance ≥1% in any group are shown.

*
p<0.05-0.01,

***
p<0.0001
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