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A B S T R A C T

Viral hepatitis is a public health problem, about 1 million people die due to complications of this viral disease,
the etiological agents responsible for inducing cirrhosis and cellular hepatocarcinoma are HBV and HCV, both
hepatotropic viruses that cause asymptomatic infection in most cases. The regulation of the microbiota performs
many physiological functions, which can induce normal intestinal function and produce essential nutrients for
the human body. Metabolites derived from gut microbiota or direct regulation of host immunity and metabolism
have been reported to profoundly affect tumorigenesis in liver disease. If the microbiota is unbalanced, both
exogenous and symbiotic microorganisms can affect a pathological process. It is well understood that the
microbiota plays a role in viral diseases and infections, specifically the hepatic portal pathway has been linked to
the gut-liver axis. In HBV and HCV infections, the altered bacterial representatives undergo a state of dysbiosis,
with subsequent establishment of the pathobiome with overexpression of taxons such as Bacteroides, Clostridium,
Lactobacillus, Enterobacter, and Enterococcus. This dysregulated microbiome induces a microenvironment
conducive to the development of hepatic complications in patients with acute and chronic HBV and HCV
infection, with subsequent dysregulation of cytokines IFN-α/β, TNF-α, IL-1β, TGF-β, IL-6 and IL-10, which alter
the dysfunction and damage of the hepatic portal system. In view of the above, this review aimed to correlate the
pathophysiological mechanisms in HBV and HCV infection, the dysregulation of the microbiome in patients
infected with HBV and HCV, the most altered cytokines in the microbiome, and the most altered bacterial
representatives in the pathobiome of infection.

Introduction

The microbiome is composed of trillions of microorganisms,
including bacteria, fungi, and protists, among which bacteria are the
most predominant.1 Changes in the gut microbiota influence the gut and
the liver, which are closely connected by the so called gut-liver axis.2
Hepatocellular Carcinoma (HC) is an aggressive cancer and develops
almost exclusively in patients with chronic liver disease and cirrhosis.
Although chronic liver disease is multifactorial, it’s primarily related to
infections by Hepatitis B (HBV) and Hepatitis C (HCV) viruses, none-
theless, there is growing evidence supporting a determinant role of the
bacterial microbiome in the development of chronic liver disease.1

The microbiota is an important determinant of the symbiotic

relationship in the onset and in the clinical evolution of liver diseases.
Gut dysbiosis is associated with viral hepatitis, mainly by HBV and HCV
induced infection. Metabolites derived from gut bacteria and cellular
components are vital molecules that affect liver function and modulate
pathology in viral hepatitis.2

Regulation in the microbiota performs many physiological functions,
which can induce normal bowel function and produce nutrients such as
vitamin K, B12, short-chain fatty acids, and essential amino acids for the
human body. Metabolites derived from gut microbiota or direct regu-
lation of host immunity and metabolism have been reported to affect
tumorigenesis remarkably. The viral infection reduces the number of
beneficial bacteria and increases the number of harmful bacteria in the
body; if the microbiota is unbalanced, both exogenous and symbiotic
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microorganisms can affect a pathological process in the individual.3
Cytokines are potent cell growth regulators with immunomodulatory

and antiviral activity of innate and adaptive immunity. Most cell types
produce type I Interferon (IFN-α/β), while IFN-γ is produced only by
immune cells, including Natural Killer (NK), TCD4+, and TCD8+ lym-
phocytes. IFNs trigger complex signaling, resulting in the transcription
of hundreds of IFN-Stimulated Genes (ISGs). The levels of these cyto-
kines increase in viral infections, and the sequence of events or types of
IFNs directly affects the pathobiome of infection.4

Various microorganisms influence viral infections in the surrounding
environment in the target tissue. Thus, the correlation between the type
and balance of the commensal microbiota is crucial in establishing
infection and pathogenicity. It is evident that the microbiota profile
under normal conditions influences the progression of viral diseases. It is
crucial to elucidate the interactions between viruses, target tissue, and
the surrounding microbiome, which must have different relationships
with each virus to understand the pathogenesis underlying viral
infections.5

The microbiota represents the totality of microbes associated with
the human organism, while the microbiome consists of all microbes and
their genes. The central part colonized by microbes is the gastrointes-
tinal tract, other parts like skin or airways are also colonized, but in a
lesser extent. The microbiota continually changes, in recent years, there
have been advances in the understanding of the microbiome and its
interaction with the host, and the gut-liver axis is part of these discov-
eries integrating the modifications of the microbiome and dysbiosis in
the liver pathologies.6

Thus, this review sought to correlate the immunopathological
mechanisms related to the microbiome, the pathophysiology of HBV and
HCV related to microbiome alteration, the dysregulated cytokine profile
in the microbiome of hepatocarcinogenesis, and which taxons and cy-
tokines are most altered in the pathobiome of HBV and HCV infection.

Viral hepatitis

Hepatitis caused by viruses is still a public health challenge, sparking
epidemics dating back to ancient times, with outbreaks documented
5000 years ago in China and similar descriptions by Hippocrates in the
fifth century B.C. on Thassos Island.7 The main factors for the devel-
opment of hepatitis include HBV, HCV, alcohol abuse, and non-fatty
liver disease.8 The mechanisms of carcinogenicity are hypothesized to
be multifactorial, including disease duration, viral load, and ethnicity.7

This viral disease is responsible for 80% of HC cases worldwide, HC
patients are usually asymptomatic at the early stage and often have
typical symptoms when they are at an advanced stage, such as liver pain,
jaundice, ascites, and liver failure. Chronic HBV infection affects
approximately 250 million people, of whom between 48 and 60 million
are co-infected with Hepatitis D Virus (HDV), and 2.6 million are co-
infected with HCV. Individuals co-infected with HBV and HCV have a
higher incidence of HC and a worse prognosis compared to
monoinfection.8

About 1 million people die due to sequelae resulting from chronic
HBV or HCV infection related to end-stage liver disease and HC. Liver
injury is known to be caused by the immune system, with specific TCD8+
lymphocytes being the main effectors, where their depletion delays the
clearance of HBV and HCV in acute disease.9

HBV and HCV are enveloped viruses with multiple genotypes or
different replication strategies; both have developed mechanisms to
establish chronic hepatitis.9 HBV is differentiated into 10 known geno-
types (A-J), patients infected with genotype C have higher levels of viral
replication, ALT (Alanine Transaminase), IFNs and worse clinical
response. The possible relationship between B/C genotypes and T-helper
cells was investigated, and it was observed that high proportions of HBV
DNA in patients with genotype C may be associated with lower levels of
T-helper cells in peripheral blood, causing low levels of IL-21. It was also
described that patients with genotype C more frequently develop

chronic infections, in addition, the rate of HBeAg clearance is lower in
individuals with genotypes C and D.10

Six genotypes (1‒6) of HCV were identified worldwide, each
comprising several subtypes, it was observed that genotype 1b appears
to be more prevalent in patients with liver cirrhosis, with a rate of
evolution to chronicity being reported after acute exposure of the ge-
notype 1b of 92%. It has been suggested that patients with genotype 1b
have a lower response to treatment than those with genotypes 2 and 3.
Genotypes that undergo mutations in amino acid sequences have
already demonstrated immune escape and low production of cytokines
by lymphocytes.11

Certain genotypes of HBV or HCV and their subtypes can influence
the activity of T, B, NK cells and lead to cytokine dysregulation, this
imbalance in immune homeostasis, leads to changes in the balance of the
microbiota, such as the production of IL-1β, IL-18 and IL-22 that are
regulated by the microbiota to facilitate the development of the adaptive
immune response against viral infection. The transition from the
microbiome to the pathobiome in hepatitis B and C, with the interrup-
tion of mutually beneficial interactions of the microbiota, may direct
mechanisms susceptible to more aggressive cases of cirrhosis and HC
through the intestine-liver axis.12

Microbiota and hepatocellular carcinoma

The microbiota plays an essential role in the maturation of the im-
mune system. The human microbiome of an adult tends to consist of
approximately 90% Bacteroidetes and less than 1% Enterobacter and
Enterococcus. The gut-liver axis involves multiple inflammatory pro-
cesses, cells, cytokines and many probiotics have been shown to reduce
the impact of various forms of acute liver injury. The microbiota (Fig. 1)
plays a role in the initial manifestation of hepatic encephalopathy,
bacterial peritonitis, and systemic sepsis, and it is suggestive that the
mechanisms by which HBV promotes pathogenesis are mediated in part
by the microbiota.13

Any change in cross-response can lead to a state that affects bowel
and liver function. HCV infection is associated with gut microbiota
dysbiosis, which can initiate a cycle of inflammation and metabolic
disorders contributing to pathogenesis. In the mouth and pharyngeal
region, the microbiota is mainly composed of commensal bacteria of the
genus Moraxella, Haemophilus, Neisseria and Streptococcus. Many mi-
croorganisms are symbiotically occupying the intestine, in relation to
bacteria the most predominant phyla are Bacteroidetes, Firmicutes,
Actinobacteria and Proteobacteria.14

Translocation of microbial products in the gastrointestinal tract,
bacterial peptidoglycan, flagellin, and metabolic by-products may
aggravate the clinical course of patients with chronic liver disease, liver
dysfunction, or cirrhosis. Virulence factors such as fimbria, afimbrial
adhesins, toxins from gut bacteria such as Escherichia coli, Clostridium
difficile, Bacteroides fragilis and Clostridium perfringens, may provide
mechanisms for these bacteria to disrupt the balance by inducing viru-
lence genes.15

Microbiota products (Fig. 1) activate the innate immune system to
drive pro-inflammatory gene expression, being an intricate component
of the receptor system that recognizes conserved features of bacterial
products such as peptidoglycan, lipopolysaccharide, flagellin, and bac-
terial DNA. It also has a variety of effects on metabolic, growth and
differentiation pathways in the host phenotype. While the immune
system plays an important role in containing pathogens, it can also
induce liver disease mediated by dysregulation of immune cells and
cytokines.16

Inflammatory bowel disease is associated with risk variants in the
human genome and dysbiosis in the microbiome, with several suscep-
tibility genes linked to autophagy regulation such as ATG16L1 or mi-
crobial sensors that activate autophagy such as NOD2. The commensal
B. fragilis, delivers immunomodulatory molecules to immune cells
through outer membrane vesicles, ATG16L1-deficient dendritic cells do
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not induce regulatory T-cells (Treg) to suppress mucosal inflammation
causing inflammation.17

Alteration in gut homeostasis alters the microbiome contributing to
the pathogenesis of many disorders, including liver disease. A common
feature of cirrhosis is an increase in potentially pathogenic bacteria,
accompanied by a reduction in beneficial bacteria. Most of these patients
with cirrhosis have bacterial overgrowth, increased endotoxin levels,
systemic inflammation, and production of ammonia (a bacterial
byproduct), with peritonitis related to migration of bacteria to the
peritoneal cavity or circulation in cases of end-stage liver disease.18

The translocation of the bacterial components called Pathogen-
Associated Molecular Patterns (PAMPs), triggers inflammatory re-
sponses through the Toll-Like Receptor (TLR), followed by the activation
of NF-kB, whose overexpression induced by lymphocyte lymphotoxins,
by the NF-kB, TNF-α and IFNs signaling genes, acts as a promoter of
hepatocarcinogenesis, being a crucial determinant in tumor recurrence.
The translocation of bacteria and bacterial PAMPs is common in chronic
liver disease, unlike the intestine, the liver is not in direct contact with
the bacteria, however it is the first target of the bacteria through the
hepatic portal circulation, favoring cellular hepatocarcinoma.19

Physiopathogenesis of HBV infection

The acute phase of hepatitis B is characterized by myalgia, nausea,
vomiting, fatigue, malaise, change in the sense of smell or taste,
abdominal pain, runny nose, photophobia, headache, and diarrhea.
Acute liver injury is confirmed by an increase in serum alanine trans-
aminase activity. The activities of alkaline phosphatase and γ-gluta-
myltransferase may also be increased in patients with acute liver injury,
but their activities are generally lower than those of alanine
transaminase.20

The immune response, apoptosis, liver inflammation and liver
fibrosis, create an ideal substrate for the onset of HC. Mutations in the

PreS1/S2 domain of HBV cause an accumulation of large, altered surface
proteins, resulting in oxidative stress, integration of the HBV genome
into the host, genomic instability, or direct involvement of cancer-
associated genes. The Hbx protein of the virus may have a pro-
carcinogenic effect because it causes the production of reactive oxygen
species, which can interfere with the Jak/STAT, RAS/RAF/MAPK or
Wnt/β catenin pathways and inactivation of p53 causing epigenetic
modifications in the DNA.21

Chronic infection has three phases, the immunotolerant, immu-
noactive, and low or non-replicative phase. In immunotolerant, HBsAg
and HBeA antigens are detectable, serum HBV DNA levels are elevated,
and serum aminotransferases are normal or minimally elevated. In
immunoactive patients, serum HBV DNA levels decrease, and amino-
transferase levels increase, aminotransferase seizures may be observed
in some patients, followed by anti-HBe seroconversion of HBeAg. In the
persistence replication phase, viral replication continues, but at a very
low level, suppressed by the host’s immune response.22

Chronic HBV infection is characterized by an expansion of TCD4 and
TCD8 lymphocytes. A comprehensive analysis of TCD4+ and CD25+
(Tregs) cells in the blood at different stages of HBV infection revealed
that patients with severe chronic hepatitis B have a significantly higher
number of Tregs compared to acute infection, and that one of the reasons
for the hyporesponsiveness of T-cells is due to the mass production of
Treg. Chronic infection is associated with impaired proliferation, cyto-
kine production, and cytotoxic functions of HBV-specific effector T-
cells.23

HBV has different associated mechanisms to promote tumorigenesis,
specifically through the activation and deactivation of various pathways
causing HC. In addition, HBV has the unique characteristic among
hepatotropic viruses of generating HC in the absence of cirrhosis,
although most cases occur in cirrhotic patients. One mechanism iden-
tified is that of mutant genes, such as PYCR2 (a crucial component in
proline biosynthesis responsible for collagen), ADH1A (enzyme that

Fig. 1. Microbiota in dysbiosis. The stimulation of T lymphocytes directly influences the functions of the intestinal epithelial barrier with the secretion of IL-17 and
IL-22, determining the inflammatory state. Dendritic cells determine antigen exposure, with macrophages secreting cytokines IL-6, TNFα, and growth factor MMP-7
molecules, for phagocytosis and platelet stability in the lesion microenvironment. Th1 cells secrete IFN-γ and TNF-α in the pathological microbiome, with the
presence of HBV or HCV in the infection there is an increase in Streptococcus, Bacilli and overexpression of bacterial toxins. RCTs (T-cell receptor) recognize mi-
crobial products and the infected cell by mediating cytotoxicity and cell apoptosis. The IL-10 and TGF-β of Tregs can induce overexpression of the inflammasome,
leading to tissue damage, the progression of this inflammatory process favors hepatitis and HC. Effector T lymphocytes recognize the altered cell by mediating the
antiviral action of IFN-γ, TNF-α, and secretion of perforin (PFN) and granzyme (GzmB) in the tumor microenvironment of the pathobiome.
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metabolizes a variety of compounds contributing to fat accumulation in
the liver), TERT (its resulting protein is a subunit of telomerase, being
dysregulated and destabilizing genomic integrity), and RPS6KA3 which
is often maintained in somatic mutations by dysregulating Toll-like
signaling, associated with HBV.24

Populations of Antigen-Presenting Cells (APCs) are inefficient in
presentation to effector T-cells, with a propensity to induce tolerance of
T-lymphocytes instead of activation, due to poor expression of co-
stimulatory molecules, upregulation of PD-1 and PD-L2 ligands after
IFN stimulation and production of immunoregulatory cytokines such as
IL-10 and TGF-β.25

Physiopathogenesis of HCV infection

Most patients with newly acquired HCV have no symptoms of
infection, symptomatic patients may present with jaundice and elevated
alanine aminotransferase levels relative to the normal limit. Viral
replication is extremely robust, producing about 10 trillion viral parti-
cles per day, its ability to antagonize the antiviral response is crucial for
viral persistence. Several non-structural HCV proteins, such as E2,3/4A,
have been implicated in the inhibition of IFN-inducible genes or key
components of the IFN signaling pathway through multiple
mechanisms.26

The hepatotropism and lymphotropism of this virus have been
clearly demonstrated in the infection of lymphoid tissue and may
represent a decisive factor for lymphoproliferative autoimmune diseases
caused by viruses. Some authors have suggested a pathogenetic role in
cryoglobulinemia, a systemic disease sustained by expansion of B-lym-
phocytes. HCV infection is also often associated with the circulation of
autoantibodies or mixed cryoglobulinemia, this infection presents a
translocation in which it can activate the Bcl-2 proto-oncogene.27

Liver damage induces a persistent cycle of necroinflammation and
hepatocyte regeneration, resulting in mutations in hepatocytes and
expansion of degenerated cells, leading to the development of HC.28
HCV infection induces TGF-β1 through the production of reactive oxy-
gen species, p38 pathways MAPK, JNK, ERK, and NF-kB. PDGF
platelet-derived growth is the most potent mitogenic signal, along with
integrins, pro-inflammatory JNK activation by the cytokine IL-1β can
alter TGF-β signaling from tumor suppression to oncogenesis.29

Within the infected liver, double-stranded viral RNA replication in-
termediates are detected by Pathogen-Associated Molecular Pattern
Receptors (PAMPs), resulting in the activation of transcription factors
IRF3/7 and NF-kB with induction of ISGs. HCV antagonizes these anti-
viral responses, the responses of TCD8+ lymphocytes during infection,
although critical for viral clearance, are able to minimally eliminate
HCV due to its persistence in the cell. HCV also impairs a tumor sup-
pressor substrate histone H2AX, when phosphorylated (γ-H2Ax) acts as
a DNA repair factor recruitment platform to sites of damage, inhibition
of γ-H2Ax by HCV can disrupt repair, contributing to
hepatocarcinogenesis.30

HCV infection is associated with higher expression levels of IL-6, IL-
8, IL-12, TNF-α, and macrophage inflammatory protein 1b. It has been
suggested that immunity be skewed towards Th2 response type associ-
ated with HCV persistence. Patients with HC have higher levels of IL-10
in their peripheral blood mononuclear cells compared to individuals
with self-limiting hepatitis. High expression of IL-10 was accompanied
by low or undetectable serum levels of IL-12 and IFN-γ, which are
involved in T-lymphocyte-mediated immunity and viral clearance.31

Immune system and microbiota

The gut immune system monitors microbial communities flowing
from the lumen and under healthy conditions, reacts against potentially
pathogenic organisms by inducing inflammation, while maintaining
tolerance to most members of the commensal microbiota. The ability to
discriminate pathogens is mediated by PRRs including TLR families,

Nucleotide-binding Oligomerization Domain-Like Receptors (NOD-
NLRs), C-type Lectin Receptors (CLRs), Cytosolic DNA Receptors
(CDRs), and RIG-I Receptors (RLRs).32

TLR2 is capable of triggering the proliferation and production of
cytokines in particular IL-2, IFN-γ of effector T-cells activated via TCR,
and in TCD8+ cells TLR2 induces T-bet, IFN-γ and TNF-α activity. The
activation of TLR5 signaling has a pro-inflammatory effect by regulating
the production of IL-17 and IL-22 which, in turn, promote antimicrobial
defense for pathogen elimination. TLRs 7/8 mount a response in the
form of IFN and ISGs, whereas TLR9 comes into contact with unme-
thylated DNA, increases the expression of type I IFN, halting viral
replication, and initiating the destruction of infected cells.32,33

The active receptor for lipopolysaccharides is the CD14/TLR4/MD2
complex which secretes many pro-inflammatory cytokines (Table 1),
including TNF-α, IL-1, IL-6, and chemokines. The mixture of various
probiotics and Bifidobacterium with galactooligosaccharides and fructo-
oligosaccharides has a defensive effect against infections, aggregating
the production of TNF-α, IL-4, IFN-γ and TLR2 expression. In most liver
diseases, especially cirrhosis, dysbiosis in the gut increases with the
microbial representatives Proteobacteria, Enterobacteriaceae and Veillo-
nellaceae, while the taxons Bacteroidetes and Lachnospiraceae
decrease.34

Plasmacytoid dendritic cells are also specialized in recognizing vi-
ruses and bacteria, they orchestrate an important role in inducing
cytotoxicity by NK via IFN-α production suppressing the proliferation of
enteropathogens. Barrier function in the gut microbiota is associated
with the translocation of pro-inflammatory products such as lipopoly-
saccharides, short-chain fatty acids, related to increased levels of
circulating inflammatory markers such as IL-1, IL-1RN, IL-8, IL-13, IL-
18, C-reactive protein, TNF, and TGF-β.35

Cathepsin protease of enteropathogens such as bacteria and viruses
alters the microbiota, and may promote the release of pathogens, fol-
lowed by the translocation of the human epithelium. As a result, the
production of pro-inflammatory mediators such as CXCL-8 is increased,
the bacteria-derived ATP may limit the secretory response of IgA in the
small intestine, affecting the homeostasis of intestinal commensal bac-
teria, including amount and composition of polysaccharide A. Bacter-
oides fragilis is able to upregulate TLR2 expression on the surface of
Dendritic Cells (DCs), promoting IL-10 secretion from TCD4+ lympho-
cytes and differentiation of TCD4+ naive cells into Th1 and Th2.36

Hepatic macrophages lead to the release of TNF-α, the recognition of
bacterial products by TLRs and NLRs, and the induction of cytokine
transcription by the altered microbiota in the gut-liver axis (Table 1),
however, constant exposure makes cells refractory to TLR stimulation,
also leading to active immune suppression via IL-10 or TGF-β cytokines.
The inflammasome complex requires a signal to induce the inflamma-
tory response and leads to the activation of caspase-1, which proteo-
lytically activates cytokines. This inflammatory response is amplified by
IL-1b, which in turn provides positive advancement for pro-
inflammatory molecules.37

Stimulation of naive T-lymphocytes by antigen-presenting cells
matured by PAMPs, such as CDs, leads to the generation of distinct
immune cell responses that determine the outcome of antigen exposure
through induction of cytotoxic lymphocytes TCD8+, TCD4+, Tregs, Th
(Th1, Th2, and Th17), as well as unconventional Tγδ lymphocytes.
Among these cell subsets, Th17 lymphocytes and Tγδ can directly in-
fluence the functions of the intestinal epithelial barrier. Consequently,
the balance between the proportions of cytokines of the epithelial pro-
tective barrier (IL-22, IL-17 and IL-33), pro-inflammatory cytokines (IL-
1β, TNF-α, IL-2, IL-6, IL-15, IL-21 and IL-23) and anti-inflammatory
(TGF-β and IL-10) can determine the inflammatory or homeostatic
state of the intestine.38

Infection with intracellular pathogens drives the development of Th1
cells, TCD4+ lymphocytes can also adopt an anti-inflammatory pheno-
type, with the specific transcription of Treg cells that control unwanted
activation of the immune system. In addition to thymus-derived TCD4+
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Foxp3 lymphocytes, several subsets of cells can be generated in the gut
from naive T-cells, some of which produce IL-10, and several com-
mensals such as Bifidobacteria infantis and Faecalibacterium prausnitzii
have been shown to induce the production of Foxp3+Tregs and IL-10 in
the gut.39

Intestinal epithelial cells use microbial cell recognition to adjust
metabolic homeostasis. IL-18 also plays an important role in this pro-
cess, its secretion requires activation through TLRs or G protein-coupled
receptor and post-transcriptional cleavage through the NLRP3 inflam-
masome, which can be induced by IFNs. IL-18 and IL-22 derived from
immune cells help regulate the antimicrobial effect, and the CCL20
protein generates a cellular response that includes cytokine secretion,
autophagy, epithelial regeneration, and production of antimicrobial
agents.40

Dysregulated cytokines in the microbiome of HBV and HCV infection

HBV impairs IFN production by inhibiting its synthesis in human

hepatocytes, the RLH (Helicases) mediated signaling pathway plays a
critical role in IFN-β induction, but the mechanism by which HBV dis-
rupts RLH-mediated IFN-β cytoplasmic induction in human hepatocytes
is still poorly understood. The IRF3 factor is able to boost IFN-β pro-
duction, but to avoid immune recognition and response, viruses
orchestrate mechanisms to directly target molecules critical in IFN-β
induction, resulting in an uncontrolled microenvironment, as in the case
of HCV’s NS3–4A serine protease, which can cleave TRIF and IPS-1,
leading to acquired IFN-β deficiency in infected cells and altering the
microbiome.41

TCD8+ cells and their function in humans with HBV carriers is
seriously impaired, with decreased activation receptor, increased
inhibitory receptor and decreased production of IFN-γ and TNF-α cyto-
kines, a state known as exhaustion, HBcAg suppresses IFN-β expression,
TCD8+ cell exhaustion is sustained by IL-10 secretion by interaction
with HBcAg. In the case of the central HCV protein, it acts as a ligand for
TLR2 in human kupffer cells, inducing the production of cytokines such
as IL-10, and the blockade of TLR2 by the pathophysiology of HBV or

Table 1
Altered biomarkers in the microbiota of HBV and HCV infected patients.
Effect of altered microbiota in patients with viral hepatitis
HBV infection
Altered microbiome Biomarkers Immunological outcome Clinical aspects References
↑Bacteroides, ↑Actinobacteria, ↑IL-10, ↑IL-13, ↑TGF-β ↓Inhibition of the immune response ↑Hepatocellular carcinoma 1,45

↑Alloprevotella ↑IL-1β, ↑IL-18 ↑Activation and production of active
caspase 1

↑Hepatocellular carcinoma 4,46

↑Pseudobutyrivibrio, ↑Lachnoclostridium ↓TNF-α, ↑IFN-γ, ↑IL-6 ↑T-cell lymphotoxins ↑Hepatocellular carcinoma 3,45

↑Phascolarctobacterium ↑TNF-α, ↓IFN-β ↑TCD8+ lymphocytes, ↓Immune inhibitor ↑Chronic infection, ↓Hepatic fibrosis 2,41

↓Verrucomicrobia ↓IFN-γ ↓NK response ↑Chronic infection 1,48

↑Ruminoclostridum, ↓Escherichia, ↓

Enterococcus
↑IL-35 ↓STAT 1 activation ↑Induction of hepatocarcinogenesis 3,42

↑Clostridium sensu stricto, ↑Actinomyces, ↓IL-33 ↓Cytokine production ↑Persistent infection 52,42

↑Enterobacteriaceae ↑IL-8 ↑ERK, ↑JNK, ↑CREB e ↑C/EBP ↑Exacerbation of liver injury 14,46

↑Gammaproteobacteria, ↓Bifidobacterium ↑IL-23 ↑ERK/JNK ↑Disease progression 34,42

↑Alcaligenaceae, ↑Porphyromonadaceae ↑IL-29 ↑IL-8 ↑Persistent infection 34,46

↑Faecalibacterium prausnitzii ↓IL-12 ↓NK response ↑Disease progression 3,48

↓Proteobacteria ↑IL-22 ↑Th17 ↑Cirrhosis of the liver 33,49

↑E. coli, ↑Prevotella ↑IL-17 ↑↓IL-22 ↑Hepatic fibrosis 35,49

↑Clostridium difficile ↑CXCL-9 ↑TCD8+ lymphocytes ↑Hepatocellular carcinoma 77,50

↓Asaccharobacter, ↓Parabacteroides ↑CXCL-10 ↑NK, ↑Th1 ↑ALT 57,50

↑Porphyromonadaceae ↓IFN-α, ↓Osteopontin
(OPN)

↓Hepatic dendritic cells, ↓Th1 ↑Chronic infection 34,24

↑Streptococcus ↓IFN-β ↓TLR3 ↑Acute infection 4,40

↑Akkermansia muciniphila, ↑Bacteroides fragilis ↑CXCL-11 ↑NK, ↑Dendritic cells, ↑IFN-α, ↑IFN-γ ↑ALT 55,50

↓Firmicutes ↑CXCL12-CXCR4 ↑Proliferation and migration of immune
cells

↑Hepatocellular carcinoma,
↓Cirrhosis

35,54

HCV infection
Altered microbiome Biomarkers Immunological outcome Clinical aspects References
↓Bilophila spp., ↓Clostridium IV spp. ↓IFN-γ ↓TCD8+ ↑Persistent infection 2,41

↑Coriobacteriaceae, ↓Streptococcus ↑IL-1β, ↑IL-18 ↑Neutrophils, ↑NK ↑Hepatocellular carcinoma 3,45

↑Prevotella, ↑Porphyromonas ↑IL-6, ↑IL-10, ↑IL-11 ↑JAK/STAT3, ↓Apoptosis ↑Hepatocellular carcinoma 15,45

↑Enterobacteriaceae, ↓Pediococcus ↑IFN-α ↓IL-12, ↓TNF-α ↑Persistent infection 13,52

↑Klebsiella ↑IL-22 ↑STAT3 ↑Tumor growth 17,54

↓Lactobacillus ↑TNF-α ↑Hepatic macrophages, ↑Pro-IL-1β ↑Acute hepatic inflammation 33,47

↓Akkermansia, ↓Faecalibacterium ↑IFN-γ ↑T-cell lymphotoxins ↑Hepatocellular carcinoma 34,45

↑Burkholderia, ↑Megasphaera ↑TGF-β ↑HLA-E, ↓NK ↑Persistent initial infection 35,52

↑Proteobacteria, ↓Lachnospiraceae ↑IL-7 ↑Memory T Cells ↑Chronic infection 36,51

↑Fusobacterium nucleatum, ↑Enterococcus
faecalis

↓TGF-β ↓IL-23R Crackdown ↑Dysfunction in the liver 68,53

↑Helicobacter Pylori, ↑Campylobacter jejuni ↑CXCL12-CXCR4 ↑Proliferation and migration of immune
cells

↑Hepatocellular carcinoma,
↓Cirrhosis

78,54

↑Enterobacter, ↑Helicobacter ↑IL-1α ↑NF-kB, ↑Phenotype M2 ↑Tumor Promotion 77,44

↑E. coli, ↑Enterococcus faecium ↑IL-17 ↑Neutrophil infiltration ↑Hepatic inflammation 47,44

↓Clostridiales ↑CXCL-10 ↑Monocytes, ↑T lymphocytes, ↑ NK ↑Progression of inflammation 57,45

↑Pseudomonas aeruginosa ↑CXCL-1 ↑B Cells, ↑T lymphocytes ↑Inflammatory condition 31,45

↑Firmicutes, ↑Bacilli ↑CCL7 ↑Neutrophils, ↑NK, ↑Monocytes ↑Persistent infection 18,45

↑Veillonelaceae ↑IL-11 ↑JAK/STAT3, ↓Apoptosis ↑Tumor aggressiveness 36,45

↑Lactobacillus plantarum, ↑Gemella ↑IL-12 ↑Th1 Differentiation ↑Acute infection 13,51

↑Burkholderia, ↓Megamonas ↑IL-15 ↑NK Cytotoxicity ↑Acute infection 35,51

↓Pediococcus, ↓Weissella ↑IL-7 ↑Memory T Cell Renewal ↑Chronic condition 33,51

↓Actinobacteria ↑IL-28, ↑IL29 ↑BDCA3, ↑Myeloid cells, ↓IL-12 ↑Late chronic condition 57,52

↑Micrococcus spp., ↓Shigella spp. ↑CCL2, ↑CCL5 ↑TCD8+, ↑NK ↑Early hepatocellular carcinoma 2,54
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HCV, being able inhibit the production of IL-10, overexpressed levels of
this cytokine are also common in the pathogenesis of infection.42

IL-35 dysregulation may have multifunctional roles in the patho-
genesis of infection, its stimulation may reduce the concentrations of
IFN-γ, IL-1β, IL-6 and IL-8 produced by peripheral blood mononuclear
cells, indicating antiviral immunity inhibited by IL-35 in HBV infection,
with a reduction in the secretion of pro-inflammatory cytokines
(Table 1) in peripheral blood mononuclear cells co-stimulated by HBsAg
and IL-35, decreased STAT1 phosphorylation also occurs.43 In the case
of HCV infection, elevated levels of IL-1β and IL-18 correlate with
chronic infection, the virus can inhibit the maturation of dendritic cells
and increase the production of IL-10, where higher levels have been
associated with HCV persistence in chronic patients, IL-1β and IL-18
mediated by HCV also have the ability to activate quiescent stellate
cells towards fibrosis.44

Unresolved inflammation results from the persistence of initial
stimuli or deficiency in immune mechanisms, its main features include
infiltration of immune cells such as HC-associated macrophages,
immature myeloid cells and T-cells. The imbalance of pro-inflammatory
cytokines such as TNF-α, IL-6, IL-1 and anti-inflammatory cytokines
such as IL-10, IL-12 and TGF-β, with the occurrence of angiogenesis and
tissue remodeling cause inflammation during the development of HC.
Oncogenic RAS has been shown to transcriptionally regulate pro-
inflammatory cytokines IL-8, IL-6, CXCL-1, and CXCL-2 contributing
to the tumorigenesis support medium in the microbiome.45

The persistence of this cycle in the pathobiome in turn leads to more
genetic mutations and dysregulation of IL-1β, IL-6, IL-10, IL-12, IL-13,
IL-18, and TGF-β. Inflammasome can lead to liver damage, steatosis,
inflammation, and fibrosis through the activation of pro-inflammatory
cytokines IL-1α, IL-1β, and TNF-α. On the other hand, the increased
production of cytokines IL-1β, IFN-γ and IL-6, by triggering the expres-
sion of lymphotoxin heterodimers from T-cells and dendritic cells pro-
motes HC. The activation of NF-kB triggers the release of CXCL-10,
CXCL-1 and CCL7, which attracts monocytes, T/B lymphocytes, neu-
trophils and NK, the progression of this inflammatory process favors
hepatitis and HC.46

The microbiota is involved in chronic inflammation with expression
of IL-8, IL-29 and Cyclooxygenase 2 (COX-2) in HBV infection, IL-8 is
stimulated by HBV proteins, and IL-8 expression is higher in chronic
patients when compared to the control group, with the exacerbation of
liver injury this cytokine increases its expression contributing to HC. IL-
29 belongs to the IFN-λ gene family, the axis of these anti-inflammatory
cytokines IL-29/IL-8/COX-2, provides upregulation and negative feed-
back, when it is dysregulated the expression of IL-8 alters the antiviral
activity of IL-29 favoring persistent HBV infection, but also induces high
expression of pro-inflammatory factor COX-2.47

Inflammasomes are mainly formed in myeloid cells and their main
function is the cleavage of pro-IL-1β and pro-IL-18 into their active forms
IL-1β and IL-18. In the case of HCV infection in the microbiome, TNF-α
serves as the starting factor in hepatic macrophages, leading to NF-kB
activation and production of pro-IL-1β, the central protein of HCV, di-
rects intracellular calcium mobilization to transmit NLRP3 inflamma-
some assembly through phospholipase C signaling and phosphorylation,
leading to more IL-1β production from macrophages, thus establishing
increased inflammation in the liver microbiome.48

Profile of inflammatory cytokines in hepatocarcinogenesis of
HBV and HCV

TNF-α and IFN-γ synergistically induce the expression of IL-32,
which in turn suppresses HBV by downregulating transcription factors
enriched through ERK1 activation, among members of the Tripartite
Motif Family (TRIM) have been shown to be one of the most strongly
induced by IFN-α and IFN-γ in HepG2 cells and several members of the
TRIM family are antiviral performers. It is known that HBeAg can induce
the secretion of IL-10 by Tregs and this cytokine is responsible for NK
dysfunction, characterized by the expression of inhibitory receptor NK
group 2, in addition to HBV affecting the production of IL-12 by

dendritic cells and attenuating the production of IFN-γ by NK.49
IL-22 has been shown to play a role in promoting tissue repair in the

inflammatory environment, however IL-22 has also been shown to play
a pathological effect in exacerbating chronic inflammation and liver
injury, its expression has been implicated in the regulation of different
sets of liver diseases. It is known that IL-22 has a pro-inflammatory effect
in the presence of IL-17 and can be regulated by IL-17, the increase of
Th17 cells in HBV-infected hepatocytes, produces more IL-22, forming a
positive feedback loop, which promotes fibrosis and liver disease. In
combination, T-cell IFN-γ actively recruits liver macrophages to produce
fibrosis-promoting cytokines in the early phase of chronic liver
disease.50

High levels of IL-10 and TGF-β may impair the ability of T-lympho-
cytes to expand, attenuating viral control, in patients with HBV CXCL-9
induction is restricted to IFN-γ and this cytokine works predominantly to
recruit TCD8+ lymphocytes, in contrast CXCL-10 is strongly induced by
IFN-γ and IFN-α/β, being responsible for NK recruitment, Th1 and
TCD8+ effectors. Hepatocytes produce CXCL-9 or CXCL-10, to attract
NK, dendritic and T memory cells, an increase in the levels of these
cytokines is reported in HBV crises, both acute and chronic patients have
an increase in CXCL-9, CXCL-10 and CXCL-11 at peak alanine trans-
aminase levels.51

In HCV infection, IFNs act on hepatocytes and dendritic cells through
TLR3, TLR7, TLR9 and induce IL-12 production, which supports Th1
differentiation and subsequent IFN-γ production in the hepatocarcino-
genic microenvironment. IL-18 and IL-27 from dendritic cells can syn-
ergize with IL-12 to promote Th1 development, IL-12 and IL-15 from
dendritic cells also contribute to the cytotoxicity and survival of NKs.
HCV-specific TCD4+ cells have lower expression of alpha-chain IL-7
receptor, given the importance of IL-7 in the survival and renewal of
memory T-cells, the loss of this signal contributes to depletion in the
response of TCD4+ cells in HCV infection.52

Stimulation of TLR2 during HCV infection leads to production of
TNF-α, IL-6, IL-8 and TLR2 expression by peripheral blood mononuclear
cells is increased in HCV infection, with plasmacytoid dendritic cells
being stimulated by infected cells via TLR7 and secreting large amounts
of IFN-α/β. Monocytes and macrophages are the main mediators of the
inflammatory response during HCV infection, where the overproduction
of TNF-α, IL-1, IL-10 and TGF-β influences the course of infection. TLR-
mediated IL-12 and IL-18 from liver-resident macrophages activate NK
to produce IFN-γ, inducing TLR4 expression, increasing IL-4 and IL-6
secretion from B-lymphocytes and hepatocytes in
hepatocarcinogenesis.53

The levels of IL-1β, IL-8 and TGF-β tend to be more severe hepatitis C,
along with correlated positive results of TGF-β, TNF-α, IL-1β and IL-8.
The frequency of intrahepatic Th17 lymphocytes was correlated with
the expression of IL-8 where an association with the severity of fibrosis
was observed, it was noted that at low concentrations TGF-β synergizes
with IL-6 and IL-21 promoting Th17 differentiation in the HC micro-
environment. The absence of hepatic expression of IL-10 and TGF-β, in
addition to the frequency of activation of Tregs, may be due to several
activation states in cases with different severities, other factors
contribute to the limitation of inflammation such as IL-21, already
observed attenuating Th17, Treg, TCD8+ lymphocytes and B
lymphocytes.54

Carcinogenesis is associated with persistent production of cytokines
that stimulate many liver cell types, a predominant role of Th2-like
cytokines (IL-4, IL-8, IL-10 and IL-5) compared to Th1-like cytokines
(IL-1α, IL-1β, IL-2 and TNF-α) in the microenvironment has been asso-
ciated with a more aggressive phenotype in HC. Higher levels of IL-22
were detected in HC, leading to tumor growth, inhibition of apoptosis,
and promotion of metastasis due to activation of STAT3. IL-10 upregu-
lation is also present in HC tumors and higher levels of IL-2 and IL-15 in
peritumoral tissue, with the CXCL-12-CXCR-4 chemokine axis important
in angiogenesis being overexpressed in HC compared to cirrhosis.55

Microbiota as a potential inducer of liver inflammation
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The gut microbiota is a key determinant of inflammation, it also
plays a key role in chronic inflammatory disease in the liver, the
essential role seems to largely reflect that gut microbial products that
activate TLR/NLR drive disease-defining inflammation. Although the
development of the disease is dictated by the genetics of the host, as well
as a variety of environmental, behavioral, and infection factors, the
mechanisms by which all of these factors affect susceptibility to the
disease can be viewed from the prism of inflammation. In most, if not all
liver diseases, are associated with elevated markers of inflammation,
especially cytokines, which are thought to play a role in driving
disease.16

The role of the microbiota (Table 1) in hepatocarcinogenesis is pri-
marily driven by inflammatory pathways, which are initiated by varia-
tions between gut bacteria, the immune system and the liver. The
process involves the interaction of macrophages, Kupffer cells and
PAMPs in the elimination cascade of microorganisms; most macrophage
populations with Kupffer cells respond with low concentrations of
PAMPs, endotoxin or lipopolysaccharides, through the activation of NF-
kB by binding to TLRs and NOD receptors. This mechanism consequently
leads to an inflammatory chain reaction and promotes inflammation and
cytokine release, causing hepatocyte apoptosis.56

Changes in the gut microbial community profile are associated with
cirrhosis and its complications such as hepatic encephalopathy, spon-
taneous bacterial peritonitis, and other infections. The microbial com-
munity can act in the regulation of the metabolic balance of a whole
body, the ratio between Firmicutes and Bacteroidetes at normal levels
indicates the health status of the host, when these microbes are altered
in the microbiota after HBV infection, there can be the translocation of
bacteria to the intestine, with a higher proportion in the members of
Porphyromona, Treponema, Eubacterium, Solobacterium, Filifactor, Fuso-
bacterium, Parvimonas and Pseudomonas.57

Among the intestinal representatives, bacteria are classified into
beneficial, which are effective in maintaining health and preventing
aging, such as digestion/absorption and boosting immunity, typical
bacteria that include Bifidobacteria, lactic acid bacteria, and harmful
bacteria with adverse effects on the body that include Bacilli, Staphy-
lococcus, toxic E. coli, and dysbiosis is associated with their pathogenesis
in many diseases. Reports on the microbiome of HCV patients have
mainly highlighted a decrease in the diversity of constituent species,
while others have reported an increase, such as in HBV infection several
differences such as ethnicity, stage of the disease are suggested to affect
changes in the gut-liver axis.4

In patients with hepatitis a profound alteration in the gut microbiota
is reflected by the significantly enriched Actinomyces, Clostridium sensu
stricto, Megamonas, Lachnospiraceae and a concomitant decrease in
Alistipes, Bacteroides, Asaccharobacter, Parabacteroides, Butyricimonas,
Clostridium IV, Coriobacteriaceae, Escherichia, Shigella, Ruminococcus,
Clostridiales, Enterobacteriaceae, Lachnospiraceae and Ruminococcaceae.
The course of liver disease in HBV/HCV infection may also be reflected
by commensal microbiota profiles.58

Role of host microbiota in susceptibility to viral infections and
pathogenesis

In addition to the resident microbiota, several bacteria pass tran-
siently as a consequence of ingestion, in the intestinal tract a single layer
of epithelial cells forms a physical barrier between the intestinal lumen,
the lamina propria and the mucosa-associated lymphoid tissue, the
mucus secreted by goblet cells in the epithelium serves to compart-
mentalize especially the bacteria of the lumen and prevent bacterial
colonization of the epithelium. When inflammation occurs, this barrier
is impaired, cytokines make the epithelium permeable, which can favor
the entry and replication of viral agents.59

Many of the liver diseases are linked to an imbalance in microbial
communities, over host immunity, which implies that dysbiosis is
characterized by an underlying impairment of immune functions, which
regulate microbiota and microbial metabolism. Measurements within
the normal range may indicate homeostasis, while values outside this

range may indicate dysbiosis. The metabolites produced by the colon
microbiota profoundly influence host physiology, which makes changes
in the microbial metabolite profile a common contributor to disease,
infection, and co-infection.60

Microbial density and composition are affected by chemical, nutri-
tional, and immune gradients throughout the gut. There are usually high
levels of acids, oxygen, antimicrobials and these properties limit mi-
crobial growth so that only fast-growing facultative anaerobes are able
to adhere to the epithelium survive. There is a different microbial
composition among the various gastrointestinal organs, which is an
apparent characteristic in periods of localized inflammation. It is pro-
posed that interindividual differences in species composition may favor
the clinical profile of the individual.61

Accumulating evidence suggests that, in addition to PAMPs, nutri-
tion and bacterial metabolites may have a major impact on the immune
response in the gut. Short-chain fatty acids from the gut microbiota
participate in the regulation of various body systems through their
metabolites, mainly fatty acids absorbed into the bloodstream to reach
other organs. Thus, the modulation of the intestine, nervous, endocrine
or blood system can be influenced by these microbial molecules, where
imbalances in the microbiota tend to cause metabolic disorders and
susceptibility to infectious agents.62

Some pathogens can evade the immune system through various
mechanisms, causing persistent infections, which can lead to latent
lifelong infections, unlike an acute infection, in a persistent infection the
pathogen is not eliminated, the pathogen’s genome, or the pathogen-
derived proteins continue to be produced for long periods. An altered
microbiota, skin barriers, ruptured mucous membranes, allow micro-
organisms to have the opportunity to establish infections or co-
infections such as EBV, HIV, HBV and HCV.63

HBV and HCV co-infection in the pathobiome

HBV and HCV share modes of transmission and their combined
infection is a fairly frequent occurrence, particularly in areas where the
viruses are endemic, this co-infection is considered a key factor that
favors the progression of liver fibrosis and the establishment of
cirrhosis.64 In particular, when dysbiosis occurs in the gastrointestinal
tract, it can lead to the development of benign and malignant tumors, in
relation to HBV and HCV co-infection, in the pathobiome, the bacteria
end up negatively influencing to cause tumorigenesis. Among other
predominant microbes that cause carcinogenesis are Bacteroidetes,
Firmicutes, Proteobacteria, with species of Bacteroides fragilis, Clos-
tridium septicum, E. coli, Enterococcus faecalis, Fusobacterium spp, H. pylori
and Streptococcus bovi.65

Dysbiosis through the gut-liver axis leads to progression to severe
forms of liver failure in HBV and HCV co-infection, in this co-infection
added to the dysbiosis picture an increase in Enterobacteriaceae and a
loss of Bifidobacterium is noted. It was possible to analyze that α di-
versity, which is the richness of species with a positive function in the
microbiome, decreases significantly in patients with HC, and HBV and
HCV co-infection is related to the progression of cirrhosis associated
with increased intestinal permeability, bacterial overgrowth of the small
intestine and bacterial translocation. This situation allows microbe-
derived compounds to access the liver through the hepatic portal cir-
culation, stimulating the production of pro-inflammatory cytokines,
which promote liver inflammation, fibrinogenesis, and cirrhosis.35

Discussion

The physiopathogenesis of HBV modulated the response of T-lym-
phocytes in HC, it is noted that TGF-β signaling is associated with tumor
immune infiltration, or depleted adaptive immune responses. Regarding
HC, the heterogeneity of tumor-infiltrating leukocytes was observed,
indicating an immunosuppressive tumor microenvironment, enriched
with exhausted TCD8+ cells, Tregs, targeting different HBV-derived
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epitopes.66 In the case of HCV pathophysiogenesis, the most significant
molecular pathways altered in HCV infection include TERT, β-catenin,
p53, PI3K-mTOR and ECH/NRF2-kelck. The central HCV protein can
trigger angiogenesis through a mechanism that involves the
cross-response between the expression of the cytokine TGF-β2, with the
VEGF and CD34 pathways.67

The genotypes of HBV/HCV, have a significant influence on the
expression of cytokines, the HBV genotype C, is related to mutations that
reach regions restricted to the major histocompatibility complex II,
showing that these variants have a direct influence on HC, conferring
immune escape against TCD4+ lymphocytes.10 Genotype 1b HCV is
more prevalent in HC, being associated with earlier hepatitis C, with a
worse response to treatment.11 The genetic heterogeneity of these vi-
ruses guides changes in the proportion of cytokines, altering the
microbiome, generating dysregulation in the proportion of IL-2, IL-10,
TGF-β and contributing to alterations in the intestine-liver axis.9

In HBV/HCV infection, the genotypes of these viruses have the
ability to cause T-cell exhaustion; this mechanism prevents the proper
signaling of TCD4 lymphocytes, favoring the development of secondary
infections by opportunistic enteropathogens. Some microbial represen-
tatives involved belong to the taxon Neisseria, Sphingomonas, Entero-
bacteriaceae and Campylobacter, related to dysbiosis, by infection of
HBV/HCV.5 This genetic heterogeneity of HBV/HCV, directs super
pathogenicity, with a direct effect on the intestine-liver axis, via immune
system dysfunction.12

Cytokines are communication molecules between the immune sys-
tem, and bacteria have developed several methods to modulate the
ability of cells to produce these molecules, such as Lacticaseibacilluswith
lactocepine which is a protease capable of degrading IP-10 (CXCL-10),
or Eggerthella lenta which produces a Cgr2 enzyme that also degrades
RORγt, increasing IL-17a levels.68 Cirrhosis caused by viral infection has
bacterial profiles that include increased numbers of Prevotella, Strepto-
coccus, Staphylococcaceae, Enterococcus, and decreased numbers of
Ruminococcus and Clostridium.35 With the increase of inflammation in
this microbiome, the NLRP6 inflammasome promotes the maturation of
IL-1β and IL-18, inducing cell death by pyroptosis, also regulating the
expression of antimicrobial peptides, when these cytokines are dysre-
gulated, there is a lack of control in the microbiome.69

Altered expressions of IFN-α and IL-8 are observed as pathogenetic
markers correlated with viral load in HBV, IFN-α increases the expres-
sion of the apoptosis-inducing ligand related to tumor necrosis factor
TRAIL in peripheral NK, which could induce hepatocyte apoptosis, while
IL-8 has been shown to increase the expression of the TRAIL receptor.
CXCL-9 levels are correlated with ALT activity, with CXCL-10 positively
correlating with increased ALT and T-cell expression.70 In HCV infection
it is observed that TCD4+ cells have limited functionality as a conse-
quence of IL-2 suppression and a distortion of IL-4, IL-10 response due to
IL-12 inhibition mediated by the HCV nucleus.71

It is well established that the HBV genes related to the p53 signaling
pathway and the cytokines CCL2, CXCL-8, CXCL-9, CXCL-10 were found
to be relatively higher in HBV infection, and higher levels of IL-6 were
also characteristic in patients with HC.72 In HCV infection, the TGF-β
signaling pathway is altered, resulting in the progression of liver injury,
the tumor suppressor activity of TGF-β changes to fibrogenic leading to
the risk of HC, IL-1, IL-23, IL-6 and lymphotoxins were involved in the
development and progression of inflammation in HC.73

For the few microbes that are regulated in patients with HBV infec-
tion, their dysregulation is strongly associated with decreased cellular
activity, on the other hand, when upregulation occurs, the increase of
cytokines CCL28 and CCL26 are observed, and IL-6 and IL-10 are sup-
pressed in the presence of microbes in the pathobiome of gastrointes-
tinal infection.74 In the microbiome of HCV patients, it is noted that
there is limited antiviral impact on NK activity, with its inability to
secrete IFN-γ, where macrophages engulfing HCV lead to the release of
cytokines IL-6 and IL-1β in a surrounding microenvironment and
apoptosis of cells infected with the NS5A protein increases the release of

IL-10, and the suppression of IL-12 in the chronic microbiome.75
In the disease of the gut microbiome associated with viral infections,

dysbiosis ends up causing failures, as the Clostridium difficile that exists
in the normal commensal microbiota ends up becoming pathogenic,
which ends up damaging the cytoskeleton and the normal epithelial
barrier, inducing aberrant inflammatory response and cell death.
Another characteristic in HBV and HCV infections is the reduction of
Faecalibacterium prausnitizii and Roseburia spp. These are butyrate-
producing bacteria, which favors local inflammation by decreasing the
action of cytokines.76 In dysbiosis caused by HBV and HCV infection, a
number of increasing metabolites can influence the immune system,
such as tryptophan metabolites in Lactobacillus reuteri that serve as li-
gands for host receptors, including the aryl hydrocarbon receptor, which
promotes the transcription of IL-22, when dysregulated provides a
deficiency in the protection of the mucosal barrier, promoting inflam-
mation and transition to the hepatic portal axis.77

Fibrosis and defective liver function can promote changes in bacte-
rial populations, contributing to HC, as do liver lesions associated with
HBV and HCV infection. Recent studies highlight the ability of Heli-
cobacter hepaticus to promote aflatoxin-induced HC, so microbial me-
tabolisms play critical roles in the development of liver cancer.78 Once
intestinal microbial metabolites break through the intestinal barrier and
enter the hepatic portal system, the gut-liver axis allows them to damage
the liver with consequent inflammation, cytokine production, fibrin-
ogen, and cirrhosis.37

The inflammatory mechanism is not specific to bacteria, in almost all
mechanisms of bacterial inflammation and cancer, the implicated bac-
teria reside in the host for many years, accompanying this response to
inflammation is the antiviral action of IL-1β, TNF-α and IFN-γ. This
response may be accompanied by IL-8, IL-2, CXCL-9 and CXCL-10 to the
site of inflammation, with excess immune overstimulation by persistent
antigens creating B-lymphocyte hyperplasia, triggered by T-cells, which
can lead to mucosa-associated lymphoid tissue lymphomas.79

In the microenvironment of hepatocarcinogenesis of infection, liver
damage can occur producing IL-8/CXCL-8, which increases the expres-
sion of apoptosis, with IL-10 produced by Th2 cells, inhibiting the
function of monocytes, macrophages, T-cells, preventing the production
of IL-1, IL-6, IL-8, IL-12 and TNF-α in HBV and HCV co-infection.79
Among the bacterial representatives that seriously contribute to this
immunological depletion in co-infection are Bacteroides, Clostridium,
Bifidobacterium, Peptostreptococcus, Ruminococcus, Escherichia, Lactoba-
cillus, Enterobacter and Enterococcus in the intestine, that, when altered,
contribute to the pathogenesis in the intestine-liver axis, which can lead
to hepatocarcinoma.80

Conclusion

Patients infected with HBV and HCV have an unbalanced clinical
profile due to dysbiosis acquired in monoinfection or co-infection by
these viruses. Bacterial metabolites and toxins are altered as a result of
viral hepatitis infection, when this pathological picture is aggravated as
a result of microbial products entering the hepatic portal circulation,
susceptibility to the development of viral hepatitis or liver diseases is
amplified. HBV and HCV can deregulate the microbiota from the normal
to the pathological stage, dysbiosis contributes to chronic viral infection
and can cause pathogenesis for intermittent periods.

Among the most altered and overexpressed representatives in HBV
infection were Bifidobacterium, Bacteroides, Proteobacteria, Actino-
bacteria, Faecalibacterium prausnitzii, Alloprevotella, being these com-
mensals that are dysregulated by the depletion of the immune system
related to cirrhosis or chronic hepatitis B. In HCV infection, it was
observed that Enterobacteriaceae, Firmicutes, Bacilli, Enterococcus fae-
cium, Helicobacter pylori, Burkholderia, were overexpressed. Patients co-
infected with HBV and HCV have more severe cases of the disease, with
higher risks of liver damage, cirrhosis or HC.

It was possible to observe that dysregulated cytokines amplified the
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development of hepatocarcinogenesis, infiltrates of T-lymphocytes can
secrete lymphotoxins, with the alteration of the microbiota, this mech-
anism becomes persistent, in addition to HBV and HCV deregulating the
function of Tregs altering the immune homeostatic control. It is noted
that TLR4 is targeted by bacterial pathogens and the translocation of
these pathogens in the gut contributes to the overexpression of HBV and
HCV in the hepatic tumor microenvironment. Altered cytokines induce
excessive or persistent responses, which may favor microlesions and
consequent hepatocarcinogenesis by microbial metabolites via the he-
patic portal system.
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