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Abstract: Both the hepatitis B virus (HBV) and the hepatitis C virus (HCV) are viral pathogens that
primarily target the liver and can lead to chronic liver disease. The nature of the immune response that
the host mounts can vary depending on the structural differences between these two viruses. HBV is
a partially double-stranded DNA virus enveloped in an outer envelope with a relatively stable genome
and limited antigenic variation. It consists of an inner nucleocapsid core containing viral DNA, viral
polymerase, and core antigen (HBcAQg). The envelope comprises surface antigens (HBsAg) important
for viral entry and immune recognition. HCV is a single-stranded RNA virus with an envelope. It has
a high degree of genetic diversity due to its error-prone RNA polymerase, resulting in multiple HCV
genotypes and subtypes due to its high mutation rate. Both viruses activate innate immune responses,
producing type I interferons (IFNs) and pro-inflammatory cytokines. HBV can actively fight these
antiviral responses in several ways, such as by making viral proteins that mess up the innate immune
signalling pathways. At the same time, HCV developed strategies to evade and modulate the host's
innate immune system, allowing it to establish persistent infections. The adaptive immune response
against HBV and HCV involves both humoral and cellular components. Antibodies against HBsAg
(anti-HBs) are critical for viral clearance and protection. CD8+ T cells are also very important for
controlling HBV infection because they find and kill infected hepatocytes. During infection, HCV-
specific antibodies and CD4+ and CD8+ T cells are made. However, HCV can evade immune
responses by rapidly mutating its surface proteins (e.g., E2) and modulating T-cell responses. It is
important to note that the immune response to HBV and HCV is a complex and dynamic process that
involves various factors beyond the structural differences described above. Host factors, viral load,
viral persistence, and the interplay between innate and adaptive immune responses also significantly
influence the outcome of the infection.
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Introduction

Hepatitis is an inflammation of the liver that gives rise to a broad spectrum of systemic manifestations and can
cause death. It continues to be a global human health threat and economic burden. According to the World Health
Organization (WHO), about 325 million people suffer from chronic hepatitis infection. There are seven strains of the
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hepatitis virus [type A, B, C, D, E, F, G] (Netzler et al., 2016; Hoofnagle et al., 2012), all of which cause liver disease, but
differ in some aspects, such as mode of transmission, severity of illness, geographical distribution, and prevention methods
(Acorn et al., 1995; Rasche et al., 2019).

Hepatitis A virus (HAV) and hepatitis E virus (HEV) are responsible for a large proportion of cases of acute
hepatitis. In contrast, hepatitis B virus (HBV) and hepatitis C virus (HCV) are the most common causes of chronic viral
hepatitis. Hepatitis D virus (HDV) is a satellite virus that requires the envelope proteins of HBV for cell release and uptake
(Hughes et al., 2011; Tu et al., 2017; Smith and Simmonds, 2018).

The host innate immune response is the first defense against virus invasion. During virus infection, the pathogen-
associated molecular patterns (PAMPs) of the virus are recognized by host-pathogen recognition receptors (PRRs), which
is the first step of antiviral innate immunity activation (Lester and Li, 2014; Streicher and Jouvenet, 2019).

Viral nucleic acid, which represents a major PAMP, can be recognized by various PRRs, including retinoic acid-
inducible gene-l (RIG-I)-like receptors (RLRs), Toll-like receptors (TLRs), and nucleotide-binding oligomerization
domain (NOD)-like receptors (NLRs), as well as cytosolic DNA sensors, such as cyclic GMP-AMP (cGAMP) synthase
(cGAYS), interferon (IFN) regulatory factors (DAIs), and interferon-gamma inducible protein 16 (IFI16). PRRs then recruit
downstream adaptor proteins, which typically include mitochondrial antiviral-signaling protein (MAVS), TIR-domain-
containing adaptor-inducing IFN-B (TRIF), myeloid differentiation primary response gene 88 (MyD88), and intracellular
stimulator of IFN genes (STING), these adaptor proteins ultimately lead to the activation of the transcription factor nuclear
factor-kappa B (NF-«xB) and interferon regulatory factor 3 (IRF3), subsequently inducing the expression of type I IFNs
and pro-inflammatory cytokines, which contribute to the establishment of the “antiviral state” (Koyama et al., 2008; Wan
etal., 2020; Carty et al., 2021).

The liver can mount a rapid and robust immune response under appropriate conditions as a critical frontline immune
tissue. It is enriched with innate immune cells, including Kupffer cells (KCs), natural killer (NK) cells, natural killer T
(NKT) cells, and hepatic dendritic cells [DCs] (Gao, 2016; Ringelhan et al., 2018).

Evidence suggests that hepatocytes are responsible for the biosynthesis of 80-90% of innate immune proteins,
including complement components and secreted PRRs, and the liver can express membrane-bound PRRs, such as TLRs
(Gao et al., 2008, 2011).

However, viruses have also evolved strategies to evade the innate immune response to optimize their replication
capacity. Research regarding hepatitis viruses, in particular HBV and HCV, has identified several molecular mechanisms
hepatitis viruses employ to evade the host innate immune system (Hong et al., 2015; Liu et al., 2015; Yi et al., 2015; Feng
and Lemon, 2019; Wang et al., 2019).

Viral Hepatitis

Viral hepatitis is a systemic ailment causing liver inflammation and damage, often asymptomatic in the initial
weeks. Acute hepatitis cases in both children and adults may self-resolve and are attributed to various agents, including
hepatitis A, B, C, D, E, G, and F viruses (Jawetz et al., 2013; Saha et al., 2016). Notably, chronic forms of hepatitis B
(HBV) and hepatitis C (HCV) frequently progress to cirrhosis, posing a risk of liver failure or cancer and contributing to
significant morbidity and mortality. Among viral hepatitis types, HAV, HBV, and HCV are ubiquitous globally (WHO,
2019).Transmission occurs through diverse routes, including sexual, parenteral, and blood transfusion. Hepatitis manifests
with fatigue, flu-like symptoms, dark urine, pale stool, abdominal pain, and loss of appetite (Saha et al., 2016; WHO,
2019).

Reports indicate that over 2.3 billion individuals worldwide are infected with hepatitis viruses, with an annual toll
of 1.4 million deaths, particularly in cases progressing to cirrhosis and liver cancer (Jefferies et al., 2018). Chronic HBV
infection affects over 350 million people globally, resulting in nearly 1 million deaths annually. Additionally,
approximately 150-200 million individuals live with chronic HCV infections, contributing to around 350,000 deaths each
year (Mohammed et al., 2019). Chronic HBV infection is recognized as a significant public health challenge, akin to HIV,
tuberculosis, and malaria (Revill et al., 2019).

Hepatitis Viruses Classification

Hepatitis viruses, classified as A, B, C, D, E, F, and G, exhibit variations in their properties and transmission modes,
as seen in Table 1 (Robotis and Boleti, 2008). HBV, HCV, and HGV are enveloped, while HEV and HAV are non-
enveloped (Yates et al., 2011; Ranjbar et al., 2013; Netzler et al., 2016).

Their genetic constitution differs, with HBV having a partially double-stranded DNA genome and HAV, HCV,
HEV, and HGV having positive single-stranded RNA genomes; HDV, in contrast, features a negative-sense single-
stranded spherical RNA genome (Netzler et al., 2016; Murray et al., 2020; Netter et al., 2021).

Transmission routes differ, with HAV and HEV transmitted fecal-orally, while HBV, HCV, HDV, and HGV are
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transmitted parenterally through blood contact and sexual intercourse (Hoofnagle et al., 2012; Carroll et al., 2015; Meo et
al., 2010). HDV is a satellite virus found in the presence of HBV, either through co-infection or superimposed on chronic
hepatitis B (Urban et al., 2021).

Pathogenicity varies, with HAV and HEV considered less severe, HDV-HBV co-infection as the most severe form
of chronic viral hepatitis, followed by HCV and then HBV, HGV, and HFV are rare types of viral hepatitis (Rizzetto and
Alavian, 2013; Moosavy et al., 2017).

Table 1: classification of Hepatitis Viruses

Virus | Envelope | Genome | Transmission | Pathogenicity | References
HAV | No +ssRNA | Fecal-oral Less Severe (Netzler et al, 2016;
Hoofnagle et al., 2012)
HBV | Yes Partially | Parenteral, Severe (Yates et al., 2011; Carroll et
dsDNA | Sexual al., 2015)
HCV | Yes +ssRNA | Parenteral, Moderate (Ranjbar et al., 2013)
Sexual
HDV | No -ssSRNA | Parenteral, Most Severe | (Netter et al., 2021; Meo et
Body Fluids al., 2010)
HEV | No +ssRNA | Fecal-oral Less Severe (Netzler et al, 2016;
Hoofnagle et al., 2012)
HGV | Yes +ssRNA | Parenteral, Rare (Yost et al., 2018)
Sexual
HFV | - - - Rare (Not specified)

Hepatitis Viruses Structure
1. Hepatitis B Virus Structure

The hepatitis B virus is characterized by pleomorphic forms (three forms). The first form is filamentous
(with 17-22 nm in diameter and length 50-230 nm), and the second is a spherical body with 17-22 nm in
diameter composed of the lipid and protein that forms the surface antigen (HBsAgQ) and is created in excess
through the life cycle of the virus, and both forms lacking a core (not infectious) (Cao et al., 2019) the third
form is spherical with a double-shelled sphere with a diameter of 42-47 nanometers which is known as an
infectious virion (Dane particle), it is characterized by being the largest form that contains a DNA molecule, in
addition to many antigenic components, including hepatitis B surface antigen (HBsAg) which are
heterogeneous antigens made up of proteins of varying size, the small one S-HBsAg has only the S domain,
and the middle M-HBsAg contains the PreS2 and S domains, while the large L-HBsSAg has the PreS1, PreS2
and S domains (Tan and Ho, 2014).

In addition to HBcAg, the icosahedral nucleocapsid (which consists of 180 capsomers HBCcAg with a
diameter of 30-35 nm) has a function in the replication of the virus and is considered the main factor for
infection of the cell that surrounds the viral DNA genome and their polymerase (Coppola et al., 2015), while
hepatitis B e antigen (HBeAg) is secreted in the blood and the presence of both these proteins acts as markers
of viral replication however the antibodies to these antigens are markers of declining replication.The genome
of HBV s a relaxed circular double-stranded DNA (rcDNA); the full length of the genome is 3020-3320
nucleotides long (the 5’ end of the full-length strand is linked covalently to the viral DNA polymerase), and the
short length strand is 1700-2800 nucleotides long ( Ali et al., 2009), the viral genome encodes 4 overlapping
open reading frames (ORFs: S, C, P, and X) the S ORF encodes to the HBsAg (LHBs, MHBs, SHBs envelope
proteins), the C ORF (core or C gene has the pre-core and core regions) encodes for the HBcAg, HBeAg
respectively, while P ORF encodes to the polymerase (reverse transcriptase), and X ORF encodes to the HBxAg
(16.5-KD protein ) which has multiple functions, including signal transduction, DNA repair, transcriptional
activation, and inhibition of protein degradation (Kosinska et al., 2017).
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Figure 1-1: Hepatitis B virus (HBV) structure (Hu et al., 2017)
2. Hepatitis C virus structure

The hepatitis C virus is an envelope spherical virus containing positive sense single strand RNA surrounded
by capsid form complex protein called nucleocapsid all of the components covered by envelop (Gastaminza et
al., 2010) ,it’s a glycoprotein which plays a major role in the process of entering the virus into the cell through
its association with cell receptors such as heparan sulfate proteoglycan syndecan-1 or syndecan-4, CD81,
scavenger receptor type B class 1 protein (SRB-1) and high-density lipoprotein (HDL) binding molecule very
low-density lipoproteins (VLDL), and apolipoproteins (Apo) Al, B, C, and E (Vercauteren et al., 2014;
Morozov and Lagaye ,2018) finally, the lipid membrane is derived from host lipid membrane component and
is composed primarily of cholesterol, cholesteryl esters, phosphatidylcholine, and sphingomyelin, and the last
two play a role in the entry of HCV into host cells (Blaising and Pécheur, 2013).
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Figure 1-2: Hepatitis C virus (HCV) structure (Grassi et al., 2016)

Hepatitis viruses immune responses
1. Hepatitis B immune response

In general, the immune response is responsible for pathogens clearance and the
appearance of signs of inflammation. Usually, hepatitis B virus can invade liver cells
without appearance of any damage to the cells. Therefore, the immune response is
important in controlling the spread of the virus and is also responsible for the inflammatory
events that cause liver pathogenesis (Chisari et al., 2010).

The activation of the immune response is initiated through the cellular receptors
represented by the TLRs, which leads to a series of events, including the production of
antiviral cytokines such as interferon (IFN)-o, and the stimulation of innate immune cells
such as natural killer (NK) cells and NKT cells which finally lead to the stimulation of
adaptive immunity by activation and proliferation of T and B cells and generating the
memory cells (Ma et al., 2018).

As for the hepatitis B virus, it attachment and enter through the hepatocyte receptors
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represented by transporting polypeptide (NTCP) receptor, the viral nucleic acid is released
and incorporated into the cell nucleic acid, this virus has developed distinct strategies to
escape from the host's immunity (Herrscher et al., 2020), and employ hepatocytes for its
reproduction and then will be recognized by Kupffer cells which lead to the production of
much pro-inflammatory proteins (interleukin-1 beta (IL-1pB), interleukin-6 (IL6), tumor
necrosis factor-alpha (TNFa), and interleukin-8 (I1L-8)) (Hosel et al., 2009), then generated
a strong response of CD4+ T cells and CD8+ T cells to control and eliminate HBV
(Thomson and Knolle., 2010) , in addition to the role of B cells that are stimulated by T
cells to produce anti-HBs, anti-HBe and anti-HBc. (Gerlich et al., 2013) Through the
above mechanisms, it is possible to control the acute infection, but sometimes it is possible
for the infection to develop and become chronic ( Simmons et al., 2013) as a result of
several factors, including those related to the virus (long incubation phase, an absence of
danger signals, viral evasion etc.) and others related to the immune response of the host
(genetic and environmental factors etc.) (Kgatle and Setshedi., 2016).

Chen and Tian 2019 explained that viral hepatitis B inflammation is within five
stages, the first stage is immune tolerance, during which the virus has the ability to high
replication and has weak inflammation, followed by the stage of active immunity with a
cellular response, which includes CD8+ T cell and the production of antibodies, which are
the result of infection and liver injury, the third stage represents by inactive immune
response stage with a weak replication of the virus which leads to limited inflammation,
the fourth stage, the immune response is reactivated, which coincides with the
development of chronic hepatitis, the occurrence of fibrosis, cirrhosis and hepatocellular
carcinoma. The final stage of the disease is the stage of immune exhaustion.

- Immune escape mechanisms of the HBV include:

It has been shown by many studies that HBV-specific CD8+ T cells in both the
peripheral blood and liver microenvironment of patients with CHB always exhibit an
exhausted phenotype (Bengsch et al., 2014).

Study by Fu and his colleagues 2020 has shown that patients with CHB possess
suppressive mechanisms such as regulatory T cells and increased expression of co-
inhibitory receptors such as cytotoxic T lymphocyte antigen 4 (CTLA-4), T-cell
immunoglobulin and myosin domain 3 (Tim-3), inhibits the antiviral response, and it has
been shown that hepatocytes of patients with CHB did not express certain co-stimulatory
molecules (for example, CD80 and CD86), which means that affected hepatocytes may
not be able to transduce the second signal required for CD8+ T cell activation (Fisicaro et
al., 2020).

Tregs and macrophages may contribute to the suppression of immunity in patients
with CHB through the production of immunomodulatory cytokines such as interleukin
(IL-10) and tumor growth factor (TGF-1) (Wang et al ., 2022) .Furthermore, it has been
shown through studies that myeloid-derived suppressor cells (MDSC) in the liver
microenvironment have the ability to suppress T-cell signalling in part through hydrolyze
arginine and significantly inhibit the T-cell effect or function (Dai et al., 2022).

One of the reasons for the progression of viral hepatitis to the stage of CHB is
continuous treatment with IFN-a which is able to induce large numbers of CD24+ CD38hi
regulatory B cells (Bregs) and enhance the immunosuppressive response, resulting in the
downregulation of CD8+ T cells and effector functions of Killer cells (Fu et al ., 2020),
also other types of cells in the liver play a role during chronic hepatitis B virus infection
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such as the Kupffer cells that secrete immunomodulatory cytokines (Tacke ., 2017), for
example, TGF- B1, IL-10 (De Simone et al ., 2021), and strongly express PD-L1 or PD-
L2 during CHB infection, thus suppressing antiviral immune responses and leading to
immune tolerance (Tacke ., 2017).

2. Hepatitis C immune response

The hepatitis C virus is the main cause of chronic hepatitis and hepatocellular
carcinomas, thus this virus will be exposed to innate and acquired immune mechanisms
after entering it through its receptors. (Li et al., 2013)

Hepatitis C virus is an RNA virus that enters hepatocytes through its own
receptors, such as heparan sulfate proteoglycan syndecan-1 or syndecan-4, CD8L1,
scavenger receptor type B class 1 protein (SRB-1) and high-density lipoprotein (HDL)
binding molecule very low- density lipoproteins (VLDL), and apolipoproteins (Apo) Al,
B, C, and E (Vercauteren et al., 2014; Morozov and Lagaye 2018) and then uses the
cellular machinery to rapidly proliferate, leaving infected cells to infect new cells, by this
way HCV avoid an immune response (Dustin et al., 2016).

After the binding of the PAMPs of the virus to its receptors on the cells that include
it and that will activate the innate response that recruits immune cells such as antigenic
presenting cell and lymphocytes that will produce signaling molecules (cytokine such us
interferon) that have an anti-viral role and inhibit its replication (Streicher and Jouvenet.,
2019).

These interferon’s have a role in activating innate and adaptive immune cells,
where antibodies against this virus are formed within 7 to 8 weeks, and CD4+,CD8+T
cells that can distinguish virus antigens presented through APCs with MCH Il and MHC
I molecules, respectively, are on their cell surface, and several studies found that there is
a close correlation between an increase in the lymphocyte response (CD4+T and CD8+T)
(Ashfaq et al., 2011; Abdelwahab., 2016) with the appearance of clinical symptoms and
an increase in liver enzymes, over time (Shin et al., 2011), the infection turns into a chronic
one as a result of the virus’s continuous replication, by this way the virus will protect itself,
as it cannot insert its genetic material within the cellular genetic material (Zeisel et al.,
2013), so as in the case of infection with HBV, over time, it leads to cirrhosis of the liver
and the occurrence of hepatocellular carcinoma(HCC) (He et al., 2016).

The virus has developed strategies to evade these immune responses through, for
example, its susceptibility to mutations as a result of the lack of RNA-dependent RNA
polymerase to proofread, which helps it to escape immunity either through the formation
of quasispecies due to change of the virus epitopes that deplete of the T cells. In addition,
there is mutations may reduce the ability of the virus to multiply, which leads to a decrease
in its presentation by antigenic presenting cells, which reduces the immune response of
CD8+ T-cell spatially in chronic infection (Lucas et al., 2018)

The virus has the ability to encode several proteins that inhibit the immune
response, such as Core, NS3/4A, NS4B, and NS5A(Ding et al., 2013), in addition to
reduce the genes that stimulate interferon (ISGs) expression which these products have
ability to degrading viral RNA or blocking translation of viral mMRNA(Gokhale et al.,
2014).

T cells are depleted and exhausted by continuous antigenic stimulation during
infection (Kim et al., 2014) however, when it becomes chronic, T cells of both types,
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CD4+ and CD8+ , are depleted as a result of overexpression of inhibitory receptors (iRs)
such as T-cell immunoglobulin, cytotoxic T- lymphocyte antigen 4 (CTLA-4), CD160,
mucin domain-containing protein 3 (Tim-3), elevated anti-inflammatory interleukin 10
(IL-10) and programmed cell death-1 (PD-1) plasma levels. (Kared et al., 2013).

- Immune escape mechanisms of the HCV include:

One of the hallmarks of HCV infection is its ability to evade the host immune
system through various mechanisms. The virus evades the immune response through the
genetic features that characterize it, as it shows remarkable genetic diversity due to its high
replication rate and error-prone RNA-dependent RNA polymerase. (Dustin et al., 2017)

This diversity allows the virus to generate viral variants, thereby evading host
immune responses continuously.

Several HCV genotypes and subtypes have been identified, each with distinct
immune evasion capabilities. (Martinez et al., 2020). This virus has multiple strategies to
counteract the host's innate immune defenses. It inhibits the production of interferons
(IFNs) and interferon-stimulated genes (ISGs), crucial for antiviral defense. HCV also
targets pattern recognition receptors (PRRs) involved in viral detection, such as Toll-like
receptors (TLRs) and retinoic acid-inducible gene | (RIG-I)-like receptors (RLRs), to
dampen the host's immune response. (Iwasaki, 2012)

Additionally, HCV encodes several proteins, such as core, E1, E2, and NS3-NS5B,
which play critical roles in evading host immune responses. These proteins interfere with
various innate and adaptive immune system components, including interferon signaling
pathways, antigen presentation, and T-cell responses (Chigbu et al., 2019) HCV alters the
adaptive immune response by modulating antigen presentation and impairing T-cell
function. It downregulates major histocompatibility complex (MHC) class | molecules,
limiting the presentation of viral antigens to cytotoxic T lymphocytes (CTLs). HCV also
induces the expansion of regulatory T cells (Tregs) and stimulates the production of
immunoregulatory cytokines, suppressing effector T cell response (Larrubia et al., 2014).

Conclusion

In conclusion, it is important to note that the immune response to HBV and HCV is a complex
and dynamic process that involves various factors beyond the structural differences described above.
Host factors, viral load, viral persistence, and the interplay between innate and adaptive immune
responses also significantly influence the outcome of the infection.
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