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Abstract: Nonalcoholic fatty liver disease (NAFLD) and alcoholic liver disease (ALD) are some of the most
common liver diseases worldwide. The human gut microbiome is dynamic and shifts in bacterial composition
have been implicated in many diseases. Studies have shown that there is a shift in bacterial overgrowth
favoring pro-inflammatory mediators in patients with advanced disease progression such as cirrhosis. Further
investigation demonstrated that the transplantation of gut microbiota from advanced liver disease patients
can reproduce severe liver inflammation and injury in mice. Various techniques in manipulating the gut
microbiota have been attempted including fecal transplantation and probiotics. This review focuses on the

changes in the gut microbiota as well as emerging lines of microbiome work with respect to NAFLD and

ALD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most
common liver disease in developed countries. NAFLD is
characterized by an excessive accumulation of lipids in the
liver that is not caused by alcohol (1). NAFLD is closely
associated with multiple risk factors such as metabolic
syndrome, obesity, insulin resistance and dyslipidemia (1,2).
Excessive caloric consumption above daily requirements,
as well as energy-rich foods high in carbohydrates and fats
have been shown to lead to the development of NAFLD (3).
Interestingly, NAFLD is generally asymptomatic, and is
usually diagnosed by a clinician after excluding common
causes of elevated liver enzymes such as AL'T and AST (4).
While early stages of liver disease pose no serious health
concerns and is reversible, NAFLD exists on a spectrum of
liver diseases that could potentially progress to more serious
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pathologies including nonalcoholic steatohepatitis (NASH),
liver fibrosis, cirrhosis and hepatocellular carcinoma
(HCCO) (5).

Alcoholic liver disease (ALD) is a common sequela
from alcohol use disorder (AUD) and remains as one of
the most common causes for a liver transplantation in the
United States (6). The National Institute of Alcoholism
and Alcohol Abuse (NIAAA) defines AUD as consumption
of greater than 3 drinks per day in men and greater than
2 drinks per day in women (7). Similar to NAFLD, ALD
exists as a spectrum of liver pathologies that range from
hepatic steatosis to more advanced stages of disease
including alcoholic hepatitis (AH), cirrhosis and HCC (8).
Those that consume excessive amounts of alcohol that fit as
AUD, up to 90% of these patients exhibit some degree of
hepatic steatosis. However, only a fraction of these patients
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go on to develop AH and even a smaller percentage will
advance to AH or cirrhosis (9).

NAFLD and ALD share many similar risk factors and
disease pathologies. Various heritable genes, obesity and
gender have been implicated in the severity of disease
(10-14). In addition, endoplasmic reticulum stress, inflammation
and the dysregulation of hepatic lipid metabolism has been
shown to contribute to the pathophysiology of NAFLD
and ALD (15,16). Both NAFLD and ALD have a similar
disease spectrum of steatosis and steatohepatitis that can
be associated with fibrosis, and can progress to more
advanced stages of the disease including cirrhosis and liver
cancer. Despite numerous research efforts in search of
pharmacologic interventions, there are currently no FDA
approved therapeutic agents for NAFLD and ALD. The
mainstay treatment for patients is lifestyle modifications and
abstinence from alcohol (17).

Recent studies have demonstrated the potential role
of the gut microbiota in liver diseases (18,19). In the past
decade, there has been a driving force to manipulate the gut
microbiota and the composition of bile acids as potential
drug targets as evidence suggests that the overgrowth of
certain bacteria could lead to disease. This review will
focus on the changes of the gut microbiome as it relates to
NAFLD and ALD.

Gut microbiome

The human gut microbiome is a large reservoir of bacteria
containing trillions of microorganisms in just a gram of
intestinal content (20). Throughout evolution, humans
have developed a symbiotic relationship with bacterial
species that harbor the gut by providing the host
essential vitamins and nutrients (21). Interestingly, the
gut microbiome is vastly diverse and the composition of
various genera and species are dependent on various factors
such as environment, diet and host genetics (22,23). More
importantly is that this delicate balance of commensal
organisms residing in the host gastrointestinal tract can be
disrupted which may lead to various diseases such as ALD,
inflammatory bowel disease, Clostridium difficile infection,
autism, Parkinson disease and various cancers including
colorectal cancer (24-27). The shift towards an unfavorable
population of microbiota is termed dysbiosis and can have
profound effects on the overall health of the host. Given
that the host environment and genetics play an important
role in the microbiota make up and diversity, it is difficult
to have one standard bacterial composition labeled as
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ideal and others as dysbiosis (28). However, studies have
shown that certain commensal bacteria producing certain
favorable compounds for the host such as short-chain fatty
acids (SCFA) or anti-inflammatory substances are generally
regarded as healthy whereas pro-inflammatory metabolites
and endotoxins are harmful (29,30). The gut microbiota
can have profound effects on the host immune system
by eliciting the innate and adaptive immune responses
through the production of various antigens, metabolites
and toxins (31). In the context of liver disease, bile acids
and endotoxins such as lipopolysaccharides (LPS) have
been studied extensively and are implicated in disease
pathogenesis (32).

With technological advances in genomics and
bioinformatics, the human microbiome can be analyzed
through next generation sequencing, 16S rRNA sequencing
and a whole genome shotgun sequencing approach to
sorting the diverse microbial communities (33,34). The
organization of bacterial community diversity is based
off of the hypervariable regions (V1-V9) of the bacterial
16S gene (35). This allows a consensus of the bacterial
population from the host gut to group from phyla down
to the genera of bacteria. Bacterial taxonomy can further
be used to compare against existing databases and data
mined to plot metagenomic scales of biodiversity and
microbiome composition from various human bacterial
reservoirs (36). Moreover, these data sets are organized into
operational taxonomic unit (OTU) through mapping the
16S rRNA sequences which allows clustering of bacteria
based on similar sequences (36). The organization based on
OTWU serves as a useful proxy for discriminating between
species generally by sorting based on 99% similarity as the
threshold (37). However, a drawback is that these techniques
usually classify up to the bacterial genus level and that
the set threshold often limits the ability to discriminate
closely related species from different families such as
Enterobacteriaceae, Clostridiaceae, and Peptostreptococcaceae (37).

Gut-liver axis and its role in liver disease

The gut and the liver interact through multiple avenues.
Since blood drains from the gut back to the liver through
the portal circulation, an intact gut barrier is critical in
controlling bacteria, bacterial antigens and toxins such
as LPS from reaching to the liver (38). The gut serves as
both a physical and immunological barrier in containing
harmful substances from the liver. The gut epithelium is
held together by tight junctions and is coated by a mucosal
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layer of immunoglobulin (IgA) and is immunologically
enhanced by mesenteric lymph nodes and Peyer’s patch
to prevent significant translocation of bacterial antigens
to the portal circulation (39). Alcohol has been shown to
have profound effects on intestinal integrity and lead to a
phenomenon known as “leaky gut” (40). Alcohol damages
the intestinal epithelial lining allowing the translocation of
bacteria and LPS into the portal circulation where resident
liver macrophages known as Kupffer cells are sensitized and
release pro-inflammatory cytokines such as IL-18, IL-6,
MCP-1 and TNFa (41). A recent study demonstrated that
the disruption of SphK2 leads to a compromised intestinal
epithelium and is exacerbated by alcohol in mice (42).

In addition, the gut interacts with the liver through the
enterohepatic circulation whereby bile acids synthesized in
the liver are secreted in the small intestine and reabsorbed
in the ileum back to the liver (43). Humans synthesize
mainly two primary bile acids (BAs)-cholic acid (CA)
and chenodeoxycholic acid (CDCA). These primary BAs
can further be conjugated by glycine or taurine to form
deoxycholic acid (DCA) and lithocholic acid (LCA) (44).
Bile acids serve as detergent molecules to aid in the
digestion of fats and drug metabolism, and are potent
signaling molecules (45). Studies have demonstrated that
conjugated BAs regulate hepatic gene metabolism through
the sphingosine 1-phosphate mediated signaling (46).
In addition, the negative regulator of bile acid synthesis,
farnesoid x receptor (FXR), has been shown to ameliorate
liver injury, steatosis and inflammation from alcohol-
induced liver injury (47).

Steatosis (fatty liver) is a common initial insult in
individuals who abuse alcohol and individuals with obesity.
The presence of hepatic steatosis can be associated with
dysbiosis and increased intestinal permeability. In parallel,
bile acid and choline homeostasis are disturbed along with
increased translocation of microbial-associated molecular
patterns (MAMPs) across the gut barrier, which can lead
to steatohepatitis, the progressive form of liver damage.
In the liver, MAMPs interact through pattern-recognition
receptors (PRRs) on Kupffer cells and hepatic stellate
cells, which perpetuate inflammation and fibrosis (1,2,48).
Activation of Toll-like receptor (TLR) is the primary driver
of immune response in liver disease, which are mediated
by endotoxin for TLR4, methylated DNA for TLRY and
Gram-positive bacteria for TLR2 (1,2,48,49). Both ALD
and NAFLD related liver disease can progress to cirrhosis.
With progressive compromise in liver function, tumor-
promoting metabolites and xenobiotics accumulate, which
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can activate oncogenic pathways associated with HCC, the
most predominant form of primary liver cancers.

In summary, several common and overlapping key
pathophysiologic processes link the microbiome to NAFLD
and ALD. These include: (I) small intestinal bacterial
overgrowth and altered microbiome composition; (II)
altered gut barrier function and intestinal permeability;
(ITI) close interaction of bile acids (BAs) with the host and
microbiome, modulating microbiota, microbial metabolites
and shifts in primary and secondary BAs profile; (IV) myriad
of microbial associated metabolites (12,41,50,51).

Gut microbiota composition and changes in
NAFLD

NAFLD is closely associated with obesity and diabetes (52).
Insulin resistance has been shown to accelerate the
accumulation of lipids in hepatocytes resulting in hepatic
inflammation (53). The role of the gut microbiota in
NAFLD is being actively studied, but causality has yet to
be established. Among children and adolescents, compared
to the healthy group, both obese and NASH groups show a
significant increase in Bacteroides, mainly a result of >6-fold
increase in family Prevotellaceae and genus Prevotella, as
well as a marked decrease in Firmicutes, mostly driven by
the decreased abundance in families Lachanospiraceae and
Ruminococcaceae. A distinguishing feature of NASH from
the obese group is enrichment in phylum Proteobacteria,
family Enterobacteriaceae and genus Escherichia. This change
is accompanied by a significantly elevated serum ethanol
concentration in NASH patients alone (54). Moreover,
NASH patients typically have bacterial overgrowth that
may inhibit intestinal tight junction function and promote
epithelial barrier dysfunction (12). In addition, bacterial
overgrowth has been shown to upregulate hepatic toll-like
receptor 4 (TLR4) and inflammatory cytokines such as IL-8
and TNF (10).

The microbiome composition in adults has some
similarities and differences than children and adolescent.
In children, relative abundance of Bacteroides is increased
in adults, however the trend is opposite for adult NASH
patients who show significantly increased Ruminococcus
and markedly decreased Prevotella with stage 2 fibrosis or
higher (55). Whole genome metagenomics in adult NAFLD
patients reveal increased abundance of Escherichia coli, and
Bacteroides vulgatus in patients with advanced fibrosis (stages
3 and 4) (56). These data indicate an association between
gram-negative bacteria and progression of liver fibrosis.
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Also, a marked increase in genus Blautia and Megasphaera
and a notable decrease in genus Bacillus is found in patients
with NAFLD related cirrhosis (57).

Our knowledge regarding NAFLD and the gut
microbiome, both at the observational and mechanistic
levels, has grown. Leveraging this, microbiome is emerging
as an attractive source of biomarkers for the diagnosis of
NAFLD and related advanced fibrosis. As noted earlier,
significantly elevated gut microbial production of ethanol
distinguished obese children from NASH patients (54).
NAFLD patients also show increased systemic TMAO and
hepatic bile-acid synthesis, and decreased production of
phosphatidylcholine (3,58-60). Recent works from Loomba
et al. demonstrated that there are differences in carbon and
amino acid metabolism in gut microbiome of patients with
NAFLD-associated advanced fibrosis, and gut-microbiome-
derived signature can detect NAFLD-cirrhosis (4,56). In
the later study, a panel of 30 features, including 27 bacterial
features derived using a Random Forest classifier model, can
detect NAFLD-cirrhosis with a robust diagnostic accuracy
(AUROC of 0.92), with similar results in a validation cohort
of NAFLD-cirrhosis (AUROC of 0.87) (57). These data
provide evidence for a fecal-microbiome derived signature
to detect NAFLD fibrosis and cirrhosis as well as candidacy
for potential anti-fibrotic treatment trials in NAFLD.

A diet consisting of choline has been shown to be
associated with NAFLD through alterations in the gut
microbiota composition that favor bacteria that breakdown
choline (61). Choline is metabolized into dimethylamine
and trimethylamine by gut bacteria and these compounds
are converted into trimethylamine oxide in the liver that
promotes liver inflammation and injury (62). C129S6
mouse studies demonstrated that a high-fat diet shifted the
metabolome of the gut towards choline degradation (63).
Moreover, an elegant mouse study involved the
transplantation of gut microbiota from C57BL/6] mice that
exhibited high fat diet (HFD)-induced NAFLD to germ-
free (GF) mice (64). Subsequently, the GF mice developed
NAFLD and signs of insulin resistance. Alterations in
the gut microbiota have also been shown to play a role in
the development of NASH. These studies underscore the
importance of microbiome alterations in the development
of NAFLD and other metabolic diseases.

Gut microbiota composition and changes in ALD

A number of experimental and human studies, have
enriched our understanding of the compositional and
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mechanistic contributions of the gut microbiota in ALD.
As in NAFLD, ALD may progress from simple steatosis
to steatohepatitis (AH), and cirrhosis. During ALD
progression, there is a shift in microbiota composition from
AH to pre-cirrhosis to cirrhosis (19). Studies performed on
chronic alcohol users found that bacterial overgrowth is key
in disease progression towards AH and cirrhosis. Jejunal
aspirates obtained from alcoholic patients showed increased
numbers of aerobic and anaerobic bacteria (65). Colonic
bacteria from alcoholic cirrhotic patients also showed a
lower proportion of Bacteriodetes and higher proportions
of Proteobacteria compared to alcoholic patients who did
not develop cirrhosis (18). These findings are supported
by mouse studies demonstrating that on a 3-week alcohol-
fed diet, there are increased proportions of Bacteriodetes
whereas Firmicutes were more prevalent in control mice (66).
Interestingly, transfer of gut microbiota from patients
who have AH to mice led to severe alcohol-induced liver
inflammation injury (67). Interestingly, these changes
correlated with endotoxemia. Also, alcohol-withdrawal or
probiotic treatment can reverse alcohol-induced dysbiosis,
but the response is only partial (68,69). These results
highlight the potential role in the composition of the gut
microbiota in promoting liver disease.

A recent study demonstrates a crucial role of gut
microbiome in AH and that the disease severity of human
AH can be transferred to germ-free and conventionalized
mice (67). Importantly, fecal microbiota transplantation
(FMT) from an alcoholic patient without AH improved
the severe AH following the first FMT from the severe
AH patient. An increase in certain species of Bifidobacteria,
Streptococci and Enterobacteria along with a decrease in
Clostridium leptum or Faecalibacterium prausnitzii, both well-
established anti-inflammatory strains, in stool samples
characterizes AH-related dysbiosis. These data suggest that
human fecal AH samples contain proinflammatory signals
which are transferable from humans to mice with the
speculation that certain intestinal bacteria, i.e., pathobionts
drive the overwhelming inflammatory processes of AH.

Bile acid composition in the gut has been linked to ALD
progression. Chronic alcohol users have been shown to have
alterations in bile acid synthesis and in the composition of
the bile acid pool (50). In addition, bile acids could induce
hepatic inflammation and promote liver fibrosis through
the activation of hepatic stellate cells (70). FXR and TGRS
agonists demonstrated the potential to ameliorate liver
steatosis, inflammation and injury in mice (47). Alcohol has
been shown to induce bile acid synthesis in humans. The
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results are supported by patients with cirrhosis exhibited
increased secondary bile acids compared to abstinent
patients with cirrhosis (71). This is accompanied by
increases in the pro-inflammatory mediators produced in
the liver including IL-1p, IL-6, MCP-1 and TNFa.

Alcohol-associated dysbiosis in mice can reduce long
chain fatty acids (LCFA) biosynthesis, and supplementation
of LCFA can restore eubiosis. In fact, a significant
correlation between Lactobacillus spp. and bacterial LCFA
(C15:0 and C17:0) is seen in ALD patients but not in
healthy controls (72). Also, alcohol can decrease butyrate
(SCFA) production and administration of butyrate in the
form of tributyrin mitigates alcohol-induced liver injury in
mice (73).

Gut microbiome signature in alcohol dependence
syndrome (ADS) is different than that in ALD/cirrhosis
(ALC) (74). In a metagenomic analysis, patients with ADS
and ALC have distinct species-level composition. Liver
cirrhosis is characterized by a higher level of gut dysbiosis
than alcoholism. Massive depletion of major commensals
from the Bacteroidales order is accompanied by a rise of
taxa normally inhabiting the oral cavity. The presence of
oral species Lactobacillus salivarius, Veillonella parvula, and
Streptococcus salivarius is more pronounced in ALC patients
in comparison with both healthy controls as well as the
ADS group. Interestingly, we found that Bifidobacterium
abundance was significantly associated with the cirrhosis.
ADS and ALC are associated with a different pool of
Bifidobacterium and Lactobacillus species. While specific
changes associated with alcoholic dependence suggest
the onset of inflammatory environment in the gut, the
hallmarks of the liver cirrhosis are likely linked to the
impaired bile secretion.

In summary, there are some similarity and some unique
differences in the gut microbiota composition in patients

with NAFLD and ALD. This is illustrated in Figure 1.

Circulating microbiome

The existence of microbial populations in “classically sterile”
locations, including the blood, is a relatively new concept.
The presence of bacteria-specific DNA in the blood has
been reported in the literature for some time, yet the true
origin of this is still the subject of much deliberation.
Recently, Puri and colleagues show a significant increase in
16S copies/ng DNA in patients with AH (75). Circulating
phylum Bacteroidetes is significantly decreased in both heavy
drinking alcoholics (HDA) without liver disease, as well as
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with those with AH. In contrast, enrichment of circulating
Fusobacteria is notable in all HDAs, with the greatest
increase in HDA patients without liver disease compared
to HDA with AH. Severe AH patients as expected have
significantly higher endotoxemia. The predictive functional
metagenomics suggest an enrichment of bacteria with genes
related to methanogenesis and denitrification in HDAs
patients and activation of a type III secretion system (linked
to gram-negative bacterial virulence) in both HDAs without
liver disease as well as those with severe AH. Metagenomics
in severe AH predicts increased isoprenoid synthesis via
mevalonate and anthranilate degradation, which are the
known modulators of gram-positive bacterial growth and
biofilm production, respectively.

Similarly, presence of liver fibrosis in patients with
NAFLD is associated with a significantly higher blood 16S
rDNA concentration than controls (76). Also, a significantly
decreased relative abundance of Actinobacteria in the blood
and markedly increased Proteobacteria characterizes obese
NAFLD patients with liver fibrosis. Moreover, relative
abundance in the blood for genera Sphingomonas, Bosea,
and Variovorax significantly correlated with liver fibrosis.
Together, circulating or blood microbiota signature offers a
promising potential for disease biomarkers in NAFLD and
ALD patient populations and deserve further investigations.

Fungal microbiome or mycobiome

Mycobiome and its role in chronic liver diseases is
emerging. Mycobiome can be classified using fungal-specific
internal transcribed spacer (ITS) amplicon sequencing
(77,78). In the Human Microbiome Project (HMP) cohort,
the Internal Transcribed Spacer 2 (ITS2) region and 18S
rRNA gene methods are compared to interrogate human
mycobiome (79). A greater resolution of the mycobiome
membership is seen with I'TS2 sequencing data compared
to metagenomic and 18S rRNA gene sequencing data,
suggesting that I'T'S2 is a more sensitive method for
studying the mycobiome of stool samples. In contrast to
bacterial communities, the human gut mycobiome is low in
diversity and dominated by yeast including Saccharomyces,
Malassezia, and Candida. Although several fungal species
persist across most samples in the HMP cohort suggesting
that a core human gut mycobiome exists, however a high
inter- and intra-volunteer variability indicates that human
gut mycobiome is not stable over time.

A recent study of chronic alcohol feeding in a murine
model shows intestinal fungal overgrowth associated with

Transl Gastroenterol Hepatol 2021;6:3 | http://dx.doi.org/10.21037/tgh.2020.02.18



Page 6 of 11

NAFLD

Translational Gastroenterology and Hepatology, 2021

ALD

1 B-glucan from candida

1 Total fecal bile acids

Similarities in both diseases

1 Acetaldehyde, acetate

Fecal primary to
1 secondary bile
acid ratio

Steatosis

Endogenous
Alcoho

Dysbiosis

i Tk Bacterial overgrowth

| Butyrate

| LCFA
Steatohepatitis

| AMPs

1 Primary BA

1 Secondary BA

Altered intestinal permeability

Fibrosis

| Phosphatidylcholine

1 Enterobactericeae

FXR signaling

1 Lactobacillus

l

| Akkermansia muciniphila

| Lactobacillus

1 Bacteroides
1 Ruminococcus

Cirrhosis

1 Candida albicans

| Prevotella

| Bacteroidetes

Figure 1 Similarities and unique microbiome related features in NAFLD and ALD. NAFLD, nonalcoholic fatty liver disease; ALD, alcoholic

liver disease; AMP, antimicrobial peptide; BA, bile acid; FXR, farsenoid X-receptor; LCFA, long chain fatty acids; TMA, trimethylamine.

translocation of fungal products as evident by elevated
plasma levels of 1,3-B-D-glucan (80). Importantly, treatment
with amphotericin B diminishes alcohol-associated increase
in intestinal fungi and significantly lowers the plasma
level of 1,3-B-D-glucan. In humans, when compared to
the healthy controls, the richness and diversity of fungal
species is decreased in alcoholic patients. Also, fecal Candida
overgrowth characterizes patients with alcohol use, which is
driven by increase in C. albicans. While Candida overgrowth
is similar among patients with nonprogressive ALD, AH,
and alcoholic cirrhosis; the average relative abundance of
C. albicans is diminished with increasing severity of liver
disease.

Serum anti-Saccharomyces cerevisiae IgG antibodies
(ASCA) levels suggest systemic exposure and immune
response to intestinal fungi. C. albicans is an important
immunogen for ASCA and is likely the origin of an aberrant
immune response in humans (81). Serum ASCA levels are
significantly higher in patients with alcoholic cirrhosis
compared to hepatitis B related cirrhosis or healthy
controls. Moreover, in alcoholic cirrhosis patients with
comparable MELD score, higher levels of ASCA (>8 U/mL)
is associated with significantly higher five-year mortality
which is more than doubled. Similarly, a significantly
higher ASCA levels are seen in patients with AH compared
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to patients with AUD and to nonalcoholic controls (82).
Moreover, ASCA levels (>34 IU/mL) significantly lower
90-day survival (59% wvs. 80%) in patients with AH, with an
adjusted hazard ratio of 3.13 (95% CI, 1.11-8.82; P=0.031).
Altogether, patients with alcohol-associated liver disease
have a lower fungal diversity and Candida overgrowth
compared with controls. Notably, ASCA predicts survival
in patients with alcoholic cirrhosis and AH. Intestinal
mycobiome may therefore serve as an important therapeutic
target to improve survival (82).

In a study of cirrhotics including patients with alcohol and
NAFLD etiology, a new combined bacterial-fungal dysbiosis
metric, with a higher Bacteroidetes/Ascomycota ratio,
can independently predict 90-day hospitalizations (83).
Moreover, antibiotics exposure in cirrhotics decreases
bacterial and fungal diversity, which is associated with
higher Candida and lower autochthonous (Ruminococcaceae,
Lachnospiraceae, Clostridiales Cluster XIV) bacterial relative
abundance. Proton pump inhibitors therapy in cirrhotics
alters bacterial diversity and composition, however the
mycobiota remained stable.

The proposed mechanism for mycobiome related liver
damage in ALD is associated with increased systemic levels
of B-1,3-glucan, a component of Candida. Increased p-1,
3-glucan activates Kupffer cells in the liver to induce IL-1p
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Table 1 Clinical trials for fecal microbial transplant in ALD and NAFLD
Title Status

Condition Interventions

Other: fecal microbiota
transplantation; other: standard of
care treatment

Fecal microbiota transplantation in severe alcoholic Recruiting
hepatitis-assessment of impact on prognosis and
short-term outcome’

Severe alcoholic hepatitis

Other: fecal microbiota
transplantation; drug: steroids

A comparison of fecal microbiota transplantation
and steroid therapy in patients with severe
alcoholic hepatitis

Recruiting Severe alcoholic hepatitis

Pentoxyphilline versus fecal microbiota therapy in  Completed
severe alcoholic hepatitisb

Alcoholic hepatitis Drug: pentoxiphylline; drug: stool

microbiota transplantation

Fecal microbiota therapy versus standard therapy Recruiting
in NASH related cirrhosis”

Non alcoholic steatohepatitis  Biological: fecal microbiota transplant;
other: standard medical treatment

Fecal microbiota transplantation (FMT) in Recruiting Nonalcoholic fatty liver Drug: fecal microbiota transplantation
nonalcoholic steatohepatitis (NASH). A pilot s‘cudyC disease

Fecal microbiota transplantation for the treatment  Not yet Non-alcoholic fatty liver Other: fecal microbiota transplantation
of non-alcoholic steatohep::ltitisd recruiting disease; non alcoholic

steatohepatitis

Fecal microbiota therapy versus standard therapy Not yet NASH related decompensated Drug: fecal microbiota transplantation;

in decompensated NASH related cirrhosis: a recruiting cirrhosis drug: standard treatment; other:
randomized controlled trial’ weight reduction
Transplantation of microbes for treatment of Completed Diabetes mellitus; non- Biological: autologous; biological:

metabolic syndrome & NAFLD’ alcoholic fatty liver disease allogeneic

This table is derived using publicly accessible clinical trials on clinicaltrials.gov. (https://clinicaltrials.gov/ last accessed 9/10/2019). °,
Postgraduate Institute of Medical Education and Research, Chandigarh, India; b, Institute of Liver And Biliary Sciences, New Delhi, Delhi,

India; c, Rhode Island Hospital, Providence, Rhode Island, United States; d, Puerta de Hierro University Hospital, Majadahonda, Madrid,

Spain; e, Mechael Silverman, London, Ontario, Canada. NAFLD, nonalcoholic fatty liver disease; ALD, alcoholic liver disease.

production that in turn acts on hepatocytes to increase
alcohol-induced inflammation, steatosis and hepatocyte

injury (80).

Therapeutic perspectives

Part of the difficulty in developing effective treatments for
NAFLD and ALD resides in the complexity in the disease
pathogenesis and an effective model organism that can
fully recapitulate human disease. Thus, there are currently
no effective therapeutic interventions other than lifestyle
modifications for the treatment of NAFLD and ALD.
With our current understanding of the changes in the gut
microbiome in NAFLD and ALD and the potential role
that these organisms may have in liver disease progression,
manipulating the human gut microbiome may provide a
therapeutic target to ameliorate existing disease. A recent
randomized, double-blinded, placebo study of cirrhotic
patients demonstrated that Lactobacillus rbamnosus GG
ATCC strain 53103 (LGG) could modulate systemic
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inflammation, fecal bile acids and the gut microbiome (84).
It was observed that there was a significant reduction in
inflammation through a decrease in serum endotoxins and
TNFo. Another study showed that hospitalized patients
admitted for alcohol treatment were given probiotics for
5 days (Bifidobacterium bifidum and Lactobacillus plantarum
8PA3) increased the levels of beneficial bacteria including
Bifidobacteria and Lactobacilli (68). Results were further
supported by a decrease in liver enzymes such as ALT, AST
and GGT.

Fecal microbial transplant (FMT) is an emerging
therapy for liver diseases with several ongoing clinical
trials worldwide. Current FMT trials in NAFLD and ALD
related liver disease are summarized in Tuble 1.

In summary, the gut microbiome is intricately balanced
by various host factors and disruption could lead to liver
disease and other various diseases. Recent studies have shed
light on the importance of specific bacterial changes and
bile acid dysregulation potentiating liver disease. Targeting
bile acid-mediated signaling and the manipulation of the
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gut microbiota could potentially be a viable therapeutic
target for various liver diseases.

General challenges in conducting and
interpreting microbiome studies and its
implications for NAFLD and ALD

Despite technical advances in the rapidly evolving field
of microbiome research, the reproducibility and validity
of findings deserve special attention. Large data sets
with several competing variables often confound the
observations compared to a rather clean disease state in
an experimental model. In addition, complex ecosystem
of host, genetics, and environmental factors such as the
mode of delivery, diet, alcohol, medications, antibiotic
use, etc. can cause variations in the composition as well as
functionality of the gut microbiome. Another important but
often overlooked technical aspect in human microbiome
studies is the collection, processing and handling of the
biospecimens. Another layer of complexity is the use of
different sequencing methods, which yield different results.
These include quantitative PCR, 16S rRNA sequencing,
shotgun sequencing, metagenomics, etc. Also, different
platforms for bioinformatics analyses, such as QIIME,
Mothur and PICRUST, can introduce variability in the
results. Further, measures of primary clinical endpoints also
vary, i.e., liver biopsy, the so called gold standard, to non-
invasive tools such as imaging or blood tests. Use of high-
throughput DNA sequencing and powerful computational
techniques have enabled us to interrogate the complexity of
the microbiome, which also enhanced our understanding
about the role of the microbiome in health and disease.
Therefore, designing future studies in liver disease research
should focus on overcoming some of these challenges to
produce more robust, reproducible, generalizable and
clinically applicable data at an individual and population
level.
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