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Abstract:  

Hepatitis B virus is a DNA virus that causes infection, often through exposure to infected blood, 

during sexual intercourse, and by vertical transmission of the virus from mother to child. After 

the incubation period of the virus, which lasts from 1 to 6 months, the prodrome stage appears in 

10% - 20% of patients, which is characterized by fever, joint pain and the appearance of a rash. 

Then, at a later time, characteristic clinical and laboratory signs of acute hepatitis appear, which 

usually last from 1 month to 3 months. However, most of those infected are asymptomatically in 

the acute stage of disease, and the fact that they are carriers of the virus is discovered later, by 

chance. People with HBV infection may make a full recovery and their infection may be chronic, 

whether as carriers or as those with chronic hepatitis. Chronic infection appears in only 1% - 5% 

of adults who are exposed to HBV infection, while 95% of newborns develop chronic infection. 

About a third of people who suffer from chronic infection develop cirrhosis liver or liver cancer 

at a later time. And acute liver failure appears in less than 1% of patients. Infection with the 

HBV virus can manifest itself by the appearance of non-hepatic symptoms, such as arthritis, 

infection of the kidneys and vasculitis.  

The aim of this reviewis to know the immune response against HBV and the ability of the virus 

to cause the damage in chronic cases. 

Keyword: HBV, Cytokine, TNF, Cytokine Gene Polymorphism, IFN 

 

Introduction:  

Approximately, 280 million people have been estimated to have a chronic HBV infection, and 

most of them live in Asia, sub-Saharan Africa and other developing countries. The overall 

mortality rate was 800,000 people have died due to hepatocellular carcinoma and HBV-related 

cirrhosis and 130,000 deaths due to acute HBV infection [1].The infection is characterized by 

HBV, which is a tiny, incomplete double-stranded genus Orthohepadnavirus (Hepadna-viridae) 

DNA virus stated to have three different viral particles; small spherical HBs Ag particles, surface 

antigen tubular structures, and large spheroidal particles, and the complete particle virus [2]. A 

number of important features will be: 

1- Virus Structure   

Hepatitis B virus is an enveloped virus, measuring 42 nm in diameter, consisting of an outer lipid 

envelope and an icosahedral nucleocapsid core; the latter being composed of both protein and 
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double-stranded relaxed-circular DNA genome covalently bound to the viral polymerase. The 

outer envelope contains embedded proteins which are involved in viral binding [3]. In general, 

Virion is spherical, but polymorphic forms, including filamentous forms, are also present. The 

DNA genome, comprising long and short segments that converge to form a closed loop, is partly 

double-stranded and non-segmented. The longer strand consists of long nucleotides 3020-3320 

while the shorter strand is long nucleotides 700-2800 [4]. 

The infectious portion of the virus is the viral core, while the outer coat carries the virus' main 

antigenic determinants, HBs Ag [5], as shown in figure 1. 

 
Figure 1: A simplified drawing of the HBV particle and surface antigen [6]. 

 

2- Virus Proteins 

HBV proteins consist of a nucleus of the inner protein and an envelope of the outer protein. The 

outer envelope consists of many proteins; known as nucleocapsid-enclosing hepatitis B surface 

proteins (HBs) or inner protein shells consisting of hepatitis B core proteins (HBc) and a soluble 

nucleocapsid protein; hepatitis B e antigen protein; (HBe Ag) [7]. The HBV surface proteins, 

closely related envelope (surface) proteins, are classified into small (SHBs), middle (MHBs) and 

large (LHBs) proteins, with varying degrees of immunogenicity[8].  

The capsid of HBV is formed by 180 copies of one major protein with a size of 22 kDa that is 

named hepatitis B core (HBc), which is assembled spontaneously into 27 nm core particles even 

in the absence of other viral proteins. The core particles are a potent immunogene and able to 

induce the production of high anti-HBV antibody titers during natural HBV infection and also in 

immunized animals[9]. The HBe Ag is found as a soluble protein and usually correlates with 
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viremia [10]. It is a non-structural viral protein not necessary for HBV infectivity [7]. The final 

protein is polymerase, which is a basic protein rich in histidine with a molecular weight of 

93kDa.It plays acritical role in the replication of the hepadnavirus genome, and its enzyme 

activity is catalyzing the RNA- and DNA-dependent DNA polymerase [11]. 

 

3- Replication Cycle 

The main feature of the HBV replication cycle is replication of the DNA genome by reverse 

transcription of the RNA intermediate [12]. Cell-surface receptors are bound by incoming HBV 

virions, whose existence remains unclear. A series of genomic and subgenomic transcripts type 

this enzyme [13]. All viral RNA is passed to the cytoplasm, where even the proteins of the viral 

envelope, heart, and polymerase as well as the X protein are formed via their translation[12]. 

 

4- Mode of Transmission  

Transmission of hepatitis B virus results through exposure to infected blood or body fluids 

containing blood and sexual contact is included in possible forms of transmission [14], blood 

transfusions and other human blood products, re-use of infected needles and syringes, and 

vertical mother-to-child transmission during delivery[15].HBV can live outside the body for at 

least 7 days and if a person who is not protected by the vaccine enters the body, the virus can still 

cause infection during this time. The incubation time for HBV is 75 days on average, but it can 

range from month to three months. The virus is observable 30 to 60 days after infection and 

survives over variable periods of time[16]. 

 

5- Clinical Manifestations of Infection 

Clinical features of HBV infection vary considerably. Jaundice occurs in less than 10% of 

children younger than five years old; however, it has also been reported that jaundice is 

manifested in 50% of older children and adults. There have been no distinct clinical 

manifestations of acute HBV infection and their presence does not vary significantly from other 

causes of acute viral hepatitis[8]. Anorexia, nausea, vomiting, flu-like complaints, fatigue, and 

malaise are among the symptoms. Physical findings vary from minimal non-specific defects to 

jaundice and (sometimes tender) hepatomegaly and sometimes extend to extrahepatic features 

representing immune-complex phenomena such as vasculitis, nephritis of the immune complex, 

arthritis, serum disease, and nodosapolyarteritis [17]. Most adults with acute HBV have fully 

recovered and only 5 percent of adults, especially men, will develop a chronic, often 

asymptomatic, HBV infection [18]. A chronic HBV infection is characterized by the existence of 

HBs Ag in serum for at least six months or the presence of HBs Ag and the absence of anti-HBs 

immunoglobulin M (IgM) antibodies[19]. Over a period of several years, chronic HBV infection 

can be either asymptomatic or associated with chronic inflammation of the liver (chronic 

hepatitis), leading to cirrhosis. It has been found that this form of infection is significantly 

associated with an increase in hepatocellular carcinoma incidence [20]. 
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6- Immunological Response  

6-1 Innate Immune Response 

The innate immune response of the body to viruses is typically characterized by cytokine 

secretion and activation of natural killer (NK) cells. Cytokines that identify pathogen-associated 

molecular patterns [21].In HBV, a similar innate immune response occurs, but unlike most 

viruses, HBV does not immediately begin to replicate, and instead there is an initial lag period 

that usually lasts 4-7 weeks after infection. A logarithmic expansion process that infects most 

hepatocytes is followed by the lag phase [22]. Studies conducted on HBV-infected chimpanzees 

showed that during the lag time no genes were activated, indicating that during the initial HBV 

infection there was no innate immune response[17]. The onset of the logarithmic expansion 

process, however, triggers the release of infected interferon-alpha (IFN-alpha) and IFN-β 

hepatocytes, which are cytokines that are known to decrease the amount of viral capsids 

encoding pregenomic HBV RNA and stimulate double-stranded dependent kinase (PKR) 

activity, both of which inhibit HBV protein synthesis [23]. 

Antigen-presenting cells (APCs) comprising Kupffer cells and dendritic cells are also stimulated 

by these two cytokines, thereby stimulating the development of interleukin-18 (IL-18) and 

chemokine CCL3 by activated cells, which in turn activates NK and natural killer T (NKT) cell 

activity [24]. The latter cells (NKT cells) secrete a further cytokine called IFN-γ, which is one of 

the most powerful immune system mediators and is associated with viral replication 

inhibition[25]. In HBV transgenic mice stimulated by alpha-galactosylceramide injection, It was 

observed that NKT cells were involved in the competitive inhibitor of Viral replication without 

stimulation of CD4+ or CD8+ T cell activity[26]. 

 

6-2 Adaptive Immune Response 

A. Humoral Immune Response  

The human immune system has been well known to be important for long-term HBV clearance; 

it operates in combination with the cellular adaptive immune system in infection control[24]. The 

humoral immune response generates anti-envelope antibodies that are detectable in human serum 

after infection with HBV. Antibodies have been detected against each of the HBV proteins, 

although not all antibodies have been detected in each person exposed to HBV[17]. However, 

various stages of infection have been associated with the presence of different antibodies [27]. 

While HBV core protein (anti-HBc) antibodies may be present in chronic carriers of HBV, 

unlike anti-HB antibodies, they are persistent over the course of infection and do not play a role 

in neutralizing HBV infection. In addition, various HBV strains consist of different combinations 

of proteins, promoting the production of different subclasses of antibodies [25].In this regard, 

variations in the IgG antigen response subclasses have been shown to contribute to various stages 

of the disease and different forms of immune response, and individuals with chronic HBV 

infection had higher levels of total IgG and IgG1 than groups of individuals recovering from 

infection. Moreover, as compared with vaccinated or recovered persons, chronic carriers 

displayed varying ratios of different IgG subtypes. In the case of anti-HBc, the anti-HBcIgG 
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subclass pattern of IgG1 > IgG3 > IgG4 was shown by chronic carriers, while recovered 

individuals showed a different pattern: IgG3 > IgG1 > IgG4 [28]. 

 

B. Cellular Immune Response  

In most cases, control of HBV occurs by non-cytolytic down-regulation of viral replication, 

meaning viral removal results without the destruction of infected cells, usually occurring through 

the release of cytokines by lymphomonuclear virus-inactivated cells[28]. As a consequence, 

virus-specific CD8+ and CD4+ T cells are marked as having important antiviral immunity 

effector and regulatory functions, while CD8+ T cells are the key effector cells that induce viral 

clearance, CD4+ T cells are needed to promote the induction and maintenance of CD8+ T cells 

[29].Following the resolution of acute HBV infection, activated HBV specific CD4+ T cells are 

multi-specific, but strong helper T cell responses have been shown to be correlated with certain 

peptides in HBc Ag and HBe Ag; HBe Ag has been shown to induce immune response to Th2, 

while HBc Ag stimulates response to Th1. Furthermore, polymerase and X antigens have also 

been identified against CD4+ T cell responses[24]. CD8+ T cells, however, are the main effector 

cells in HBV viral clearance, and viral persistence was the result of loss of CD8+ T cells after 

HBV infection. These cells generate IFN-γ that, through viral capsid destabilization, viral protein 

degradation, and post-transcriptional degradation of HBV RNA, clears HBV. The overall effect, 

without unnecessary liver damage [23]. 

7- Cytokines  

Cytokines are proteins that play a key role in immune system communication and in allowing 

information to be exchanged between the immune system and host tissue cells. In all aspects of 

innate and adaptive immune response, including differentiation and cell growth, inflammation, 

and repair, there are low molecular weight soluble protein messengers involved. These function 

in an antigen-non-specific manner and are involved in a broad variety of biological activities, 

from chemotaxis to cell-specific activation to significant physiological alterations. A great 

percentage of cytokines have been discovered and many are critical for controlling the 

development of lymphocytes and determining the types of immune responses evoked by specific 

responses [30].Cytokines can act locally either on the same cell that secreted it (autocrine) or on 

neighbouring cells (paracrine) or they can act systemically (endocrine) like hormones[31]. In 

fact, cytokines are similar to polypeptide hormones, as they promote cell-to-cell communication 

and function at very low concentrations. Each cytokine binds to a particular receptor on the 

surface, followed by subsequent intracellular signalling cascades that alter cell function. This 

involves the upregulation of many genes and their transcription factors, leading to an increase in 

the number of other molecular surface receptors, the development of other cytokines, or the 

suppression of their own effects through feedback inhibition[32]. 
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7-1 Role of Cytokines in Hepatitis 

The cell-to-cell contact between mononuclear phagocytes and T lymphocytes during which one 

of the early events occurring during the host's response to viral infection such as HBV is the 

former current viral antigen. T cells therefore bind to mononuclear antigen-presenting cells, and 

cytokines are released shortly after immunological mediators [33]. Immunoregulatory cytokines 

of T-lymphocytes contribute significantly in the host's response to HBV infections. The immune 

response associated with the Th1 cytokine profile has been shown to indicate that cell-mediated 

immunity is associated with recovery, while the Th2 cytokine response is associated with 

persistent infection growth [34]. In the immune pathogenesis of HBV infections, the imbalance 

of pro-inflammatory Th1 and anti-inflammatory Th2 cytokine output can play an important 

role.It can be used for estimating the development, progression and outcome of chronic liver 

disease.Hepatotropic viruses like HBV continuously release particles of the viral into the blood 

stream while infecting the parenchyma of the liver. In the first row of protection viruses to be 

found, the liver-bound NK and NKT cells are included[35]. These cells are activated by Type-I 

IFNs (IFN-a and IFN-β) formed by infected liver cells. Infected cells can be destroyed by both 

NK and NKT cells, but they are also an important source of IFN-γ and TNF-alpha [29].These 

cytokines inhibit viral replication through non-cytolytic mechanisms, and can eliminate viruses 

without destroying liver cells. NK cells are activated by IL-12 released from dendritic cells 

(DCs), and thus become empowered to eliminate both infected cells and immature DCs with no 

Th1 cytokine profile, which would not result in appropriate stimulation of a specific response 

[36]. According to the balance between cytokines released by innate immune system cells 

resident in or recruited by the liver (IL-4/IFNα/IL-12), NK cells may induce partial or total DC 

maturation.Through class-I and class-II MHC molecules, dendritic cells can process viral 

antigens and present them to specific immune system cells. Through Toll-like receptors (TLRs), 

DCs capture viral particles and, upon activation, these cells secrete several types of cytokines 

(IL-12, TNF-a, IFN-a and IL-10) that are capable of regulating and polarizing the response of 

adjacent cells. Two types of DC have been described; myeloid DCs mainly produce IL-12 or 

TNF-α, whereas plasmacytoid DCs that release IFN-α [37]. 

7-2 Cytokine Gene Polymorphism 

Genetic polymorphism could be defined as the presence at a population locus of several forms of 

DNA sequences together, or a discontinuous genetic variation among members of a single 

species that results in different individual forms or types.Within a population, genetic 

polymorphism encourages diversity. For several centuries[38].Student outcomes of cytokine 

gene polymorphisms (CGPs) has shown variations between people that influence not only the 

expression of the cytokine gene, but also disease susceptibility, development, severity, and 

clinical outcomes. In population-level trends of CGPs, ethnic differences observed are mainly 

due to natural selection imposed by microbiota, environmental factors, and complex interactions 

between host and pathogen [39]. 
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As significant determinants of vulnerability and disease severity, genetic polymorphisms have 

emerged in recent years. DNA sequence variants that vary from gene mutations in that they 

occur and have a frequency of at least 1 percent in the normal healthy population are naturally 

occurring polymorphisms.Due to single base substitutions, approximately 90 percent of DNA 

polymorphisms are SNPs. Others include polymorphisms of insertion/deletion, mini-satellite and 

microsatellite polymorphisms [40]. While most polymorphisms are structurally neutral, certain 

of them have consequences for gene expression regulation or the coded protein's role. Despite 

the low penetrance, these functional polymorphisms may lead to differences in susceptibility to 

and severity of disease between individuals[41]. 

The association between certain polymorphisms of the cytokine gene, many other studies have 

examined in vitro expression of the cytokine gene and the vulnerability and clinical severity of 

diseases.[40]. In the study of genome structure and history, single nucleotide polymorphisms are 

an increasingly valuable method and one of their most common applications is in disease-

association studies aimed at exploring statistically relevant associations of SNP alleles and 

diseases to classify candidate causative genes[42]. The outcomes of both HBV infections are 

recorded as distinctly heterogeneous, ranging from acute asymptomatic self-limiting infection to 

fulminant hepatic insufficiency to decompensated cirrhosis and hepatocellular carcinoma. At the 

time of infection, viral sequence and genotype variability, environmental factors, and age all lead 

to heterogeneity in the result, but all differences cannot be explained [43]. In this context, it has 

been observed that host genetics may influence the outcome of HBV infection. Studies showing 

evidence of clustering of related outcomes (e.g. chronicity of infection) in the same family 

support this point of view; the strongest evidence of host genetic impact is focused on twin 

studies in Taiwanese HBV-infected patients with higher concordance levels in monozygotic 

twins compared to dizygotic twins in the HBs Ag carriage [44]. 

Conclusion 

More effective and less resistance-prone antiviral agents have recently become available for 

HBV infection therapy. The link between high-level replication of HBV and the late 

consequences of chronic HBV infection is confirmed by substantial data and there is growing 

evidence of the importance of deep, long-lasting therapeutic suppression of HBV DNA in 

slowing and reversing the progression of chronic HBV infection. In the future, without creating 

resistance, we should expect antiviral drug regimens to boost effectiveness and combination drug 

therapy can lead to this evolution. The challenge will be to establish shorter treatment regimens 

with longer-lasting clinical effects and therapies that are more effectively targeted at the time of 

infection with HBV, especially in patients with perinatal infection, when the most severe, 

injurious behavior of the disease occurs. 
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