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Abstract

The basis for this study was the scientific results in the field of the study of immune
mechanisms in the pathogenesis of viral hepatitis B, the significance of various factors
of immunity in the formation of a chronic process, definitions new immune cells and
their functional activity in various clinical manifestations of the disease.
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Introduction

The mechanisms by which hepatitis B virus (HBV) establishes and maintains chronic
infection are poorly understood. Although in adults the acquired virus is usually
cleared by robust immunity, most people infected at birth or at a very early age
develop a lifelong chronic infection as a result. In addition, acute infections are not
cured in about 5% of people infected in adulthood. The host cell mechanisms that
ensure the establishment and development of acute infection and persistent infection
remain unclear [1, 10, 17, 23,24].

The hepatitis B virus is cleared and controlled by the host's immune response in about
95% of people infected during adulthood, but the virus is chronic in more than 325
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million people and is most common in those infected at birth or in early childhood [3,
8]. However, the reasons why HBV becomes chronic, automatically at birth or in early
childhood, and in a more complex form in adulthood, remain uncertain. Is it simply
related to immature immune systems in infants and young children, or does HBV
genotype and other viral factors play a role? It is also not clear how HBV counteracts
the natural host immune response to establish a persistent infection in the 5% of
people infected in adulthood. Again, is this due to host factors, viral factors, or a
combination of the two?

There are currently two schools of thought that either HBV is an "invisible" virus that
initially establishes infection by avoiding the host's innate immune responses, or HBV
facilitates initial infection and progression by actively manipulating the host's
immune response in its interests.

Although the adaptive immune response is important for effective control of HBV
infection, its role is more difficult to analyze, in part because HBV-infected patients
are almost universally diagnosed within >10—12 weeks of infection [4, 5]. Studies with
acute HBV-infected chimpanzees have shown that HBV did not modify host gene
transcription at an early age and did not induce innate antiviral responses in
hepatocytes and liver. Indeed, HBV did not enter the logarithmic phase of
amplification until 5 weeks after infection, and no host transcripts, including IFN-a/[3
stimulated genes, were uniform or repressed during this period. Although it is
possible that gene expression was below the detection limit, this phenomenon could
also be explained by the following scenarios: HBV in chimpanzees is an invisible virus
that cannot be detected by the innate immune response at an early stage of infection
or HBV effectively suppresses the innate immune response very early after infection.
Because only 5% of human adults progress to a chronic condition after an acute
infection, it is also possible that a study using more chimpanzees might have identified
innate antiviral responses in additional animals. Although aspects of the HBV life
cycle, such as viral replication occurring within nucleocapsids, can effectively "hide"
the viral nucleic acid from the cell, HBV proteins are expressed in the cytoplasm.
Numerous studies have shown a direct interaction between these HBV-encoded
proteins and innate immune responses, indicating that HBV has developed many
mechanisms to counteract cellular defenses [6,7,8,22].

The human liver is an organ formed by two types of cells, non-parenchymal cells
(Kupffer cells and sinusoidal endothelial cells) and parenchymal cells 14 (hepatocytes
and modified epithelial cells), each with unique immunological characteristics. The
innate immune response to HBV infection is mediated by an early response to specific
“pathogen-associated molecular structures” and stimulates a subsequent adaptive
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immune response that is critical for viral clearance [9]. Although HBV almost
exclusively infects hepatocytes, it is becoming increasingly clear that other cells in the
liver and peripheral blood play an important regulatory role in the innate immune
response, which in turn regulates the adaptive immune response to infection.
Recovery of an adult infected with hepatitis B virus is associated with the involvement
of T cells in HBV-infected hepatocytes in approximately 95% of cases. However, it is
becoming increasingly clear that innate immune responses also play an important role
in this process. Natural killer (NK) and natural killer T (NKT) cells are critical to host
antiviral innate immune responses, linking the host to innate and adaptive immune
responses, and play a central role in HBV clearance.

HBYV infection has been found to directly activate NK cells by inducing cytokines such
as IFN-, IFN-f, and interleukin (IL)-12, or indirectly by activating dendritic cells
(DCs) and macrophages to produce IL-12, IL -18 and CXCR3 and other chemokines
[11]. Activated NK cells destroy virus-infected target cells through direct cytotoxic
effects, and also inhibit HBV replication by producing IFN-y, tumor necrosis factor
(TNF)-a, transforming growth factor-3, granulocyte macrophage colony-stimulating
factor, and IL 10 [12, 13, 14]. The development of a NK and NKT cell response in two
HBYV seronegative blood donors who became HBsAg- and HBV-DNA positive, at a
constant normal level of 15 alanine aminotransferase, indicates that the innate
immune system is capable of sensing HBV infection at a very early age [15 ]. In fact, a
study quantifying hepatitis B virus (HBV) cognate replication kinetics and gene
activation (a model of acute hepatitis B infection) 1 hour post-inoculation revealed a
significant extended intrahepatic transcription of IFN-y and IL-12, 3-6 hours post-
inoculation [ 16]. It has been shown that in the early stages of human HBV infection,
NK and NKT cells improved the production of IFN-y and TNF-a in line with the peak
of HBV replication, when the HBV-specific response of T cells was still very weak [15].
Within 48-72 h, NK and NKT cells were activated, and virus replication was
temporarily reduced, indicating a stable innate immune response. However, T cells
were activated only after 4-5 weeks. These data suggest that an innate immune
response was activated, but a timely adaptive T cell response did not occur [16]. These
observations are consistent with studies showing the highest frequency of circulating
NK cells, where the earliest incubation period of natural HBV infection occurred, with
NK cell numbers decreasing in line with the decrease in HBV DNA [5]. However, the
role of NK cells in acute infection remains unclear. Recent results have shown that NK
cell activation and the ability to produce IFN-y decreased during peak viremia, and
cytokines, including IFN type I, IL 15 and IFN-A, were not appropriately induced
during acute HBV infection. Transient inhibition of the NK response was consistent
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with high levels of IL-10, which is an anti-inflammatory cytokine that inhibits NK and
T cell function [17,21].
Rapid innate immune responses leading to viral clearance are not limited to non-
parenchymal cells such as NK cells. Indeed, in vitro studies using differentiated
HepaRG cells transduced with recombinant baculovirus 16 encoding the entire HBV
genome showed that HBV elicited a strong and specific innate antiviral response in
this cell line, resulting in non-cytopathic clearance of HBV DNA with upregulation of
IFN-3, as well as other IFN-stimulated genes [20].
Chronic hepatitis is not always preceded by a recognizable acute form of hepatitis B.
However, sometimes immediately after an acute episode there is a chronic infection
process. In other cases, despite a sudden onset similar to an acute illness, chronic
hepatitis is already present. Approximately 10% of adult patients with acute hepatitis
B, HBsAg does not disappear from the blood serum within 12 weeks, and they become
chronic carriers of the pathogen. Newborns with hepatitis B become chronic carriers
in 90% of cases. Progression depends on the ongoing replication of the virus in the
liver and the condition of the patient (especially the immune system). The virus has
no direct cytopathic effect, and the lysis of infected hepatocytes is determined by the
host's immune response. The persistence of the virus may be associated with a specific
defect in T cells that prevents the recognition of HBV antigens. Impaired humoral and
cellular immunity thus determines the outcome of hepatitis B. When there is a defect
against the background of continued viral replication, a chronic carrier state develops
with or without chronic hepatitis.
The phenomenon of viral interference, i.e. The ability of viruses to induce resistance
of their infected cells to infection by other viruses or to interfere with viral replication
in previously uninfected tissue culture cells has been known for a long time. In 1957,
Isaacs and Lindenman isolated and described a factor capable of inducing cell
resistance to a wide range of viruses. They suggested that this factor plays a similar
role in vivo, blocking the spread of the virus to uninfected cells. The discovery of
interferon caused a boom in research and expectations associated with 17 prospects
for its possible clinical use, so that at present the field of its clinical application has
become almost comprehensive: it is used as an antiviral agent, and in severe chronic
infections, and even in diseases with unclear etiology and sluggish current process,
for example, in multiple sclerosis. In the last decade, interferon therapy has been
widely used in the treatment of acute and chronic hepatitis, but the effect of its use is
ambiguous and depends on taking into account a number of concomitant infection
factors. As for the role of interferon in the pathogenesis of CH, the data available in
the literature are few and contradictory [2,17,18].
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The pathogenesis of hepatitis B has a number of fundamental differences from
hepatitis of other etiologies. The parenteral route of transmission of the pathogen
ensures its hematogenous drift into the liver. The virus does not have a direct
damaging effect on hepatocytes. Their cytolysis is carried out immunomediated,
mainly due to the reaction of the cellular link of immunity through cytotoxic T-
lymphocytes [4].
It has been established that with HB, the production of gamma-interferon, which
activates the HLA system, is enhanced. As a result, class 1 histocompatibility
molecules are expressed in combination with peptide antigens on the hepatocyte
membrane, which are recognized by native cytotoxic T-lymphocytes. The latter
proliferate and form clones of antigen-specific killers that infect virus-infected
hepatocytes. To a lesser extent, the expression of class 2 histocompatibility molecules
occurs, followed by the proliferation of type 1 T-helpers, which activate the
bactericidal and cytotoxicity of macrophages. The latter, in turn, absorb the remains
of necrotic intralobular and periportal hepatocytes [6].
The reaction from the humoral link is less significant in immunopathogenesis and
consists in the production of specific antibodies to HBV antigens, their binding with
the formation of immune complexes and the termination of circulation in the blood
in a free form. However, the significance of the humoral response increases with the
development of autoimmune processes that are involved in the genesis of chronic
hepatitis [3].
The immunopathogenesis of HBs can be schematically represented as follows. In
adults, the disease proceeds both with clinical symptoms (30-40%) and latently (60-
70%), but usually ends with recovery, which indicates an adequate immune response.
Chronic hepatitis develops in only 10-20% of adults who have had an acute infection,
either latently or in a mild form, which is associated with an inadequate immune
response. Pediatricians are less likely to see acute hepatitis B, since there is a direct
correlation between a person's age and the presence of clinical manifestations in the
acute stage of the disease. In children, the immune system is still "not mature enough"
to recognize HBV as "foreign" and does not show sufficient activity to rid the body of
the pathogen. That is why acute hepatitis B in most children is usually asymptomatic
(90-95%), but very often leads to the development of chronic "carriage" of HBV (70-
90%), and, consequently, chronic hepatitis (30-50%).
Thus, an adequate immune response, which ensures the relief of the infectious
process, corresponds to acute hepatitis B of a cyclic course with complete recovery. It
should be noted that although the immune response plays a dominant role in the
pathogenesis of hepatitis B, the final outcome of the infectious process is not always
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determined by the state of the immune system of the macroorganism. It is also
necessary to take into account the biological cycle of development of the pathogen
itself, in particular, the activity of viral replication. For example, with high replicative
activity and an adequate immune response, a typical clinically manifest acute hepatitis

B develops. In turn, the low activity of viral replication causes a weak protective
reaction of the body, which leads to mild or asymptomatic course of hepatitis B with
rapid relief of the infectious process and recovery. At the same time, 19 relatively mild
manifestations of T-cell cytotoxicity can be considered as adequate [7,8,19,22].

Most clinicians associate the occurrence of fulminant hepatitis with the development
of an excessive humoral hyperimmune response, resulting in massive liver necrosis.
In this case, the regeneration of the liver tissue does not occur or develops slowly.
Excessive immune response can be determined immunogenetically. Some researchers
admit that mutant strains of HBV (in particular, the HBVe strain), as well as
accelerated apoptosis of hepatocytes induced by HBV, may play a certain role in the
genesis of the fulminant course of hepatitis [1, 3].

Chronization of the infectious process in hepatitis B is facilitated by a decrease in the

production of alpha-interferon, which limits the spread of the virus from infected cells
and protects intact hepatocytes. The presence of HBV replication, in particular, in
peripheral mononuclear cells, the circulation of immune complexes, the direct
inhibitory effect of the pathogen on the function of some systems play an important
role in the pathogenesis of chronic hepatitis, predisposing to damage to other organs
with the development of extrahepatic manifestations.
The course and outcomes of HBV infection are influenced by immunogenetic factors.
Thus, during HLA phenotyping of HB patients, a weakened and delayed immune
response is recorded with predominant frequency in representatives of the B-18, B-
35, B-7, DR-2, and DR-7 phenotypes. In addition, it has been found that men are
infected with HBV more often than women, since men more often than women have
a genetically determined weakened immune response [4,24].

Conclusion
Thus, although progress in this area has been hampered by the absence of a reliable
infection model, the main body of evidence base taken from various studies using
models animals, primary human cells, cell lines and humans, showed that the innate
immune response is an important regulator of HBV infection, and that HBV has
developed numerous mechanisms that undermine innate immune response of the
body. It is quite likely that such “subversive activity” contributes to the establishment
and maintenance of permanent infection. However, it is to be hoped that, thanks to
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further understanding of the intricacies of the interaction between IGW and innate
immune response, scientists will be able to develop effective treatments for CHB
infection, thereby giving hope to 325 million people around the world living with
hepatitis B.
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