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ABSTRACT

Introduction: In Brazil, viral hepatitis is infectious disease of compulsory notification and is considered a serious public
health problem. Infections with A, B, C, D or E viruses trigger the activation of immune system molecules and cells at the
level of innate and acquired immunity. Objective: The present study aimed to review the knowledge about viral hepatitis and
the immune system's performance against these infections. Methods: This is a literature overview from academic books and
scientific articles available in the Scientific Electronic Library Online, US National Library of Medicine National Institutes
of Health and Google Scholar databases. Having as key words hepatitis A, hepatitis B, hepatitis C, hepatitis D, hepatitis E
and immune system. The relevant articles corresponding to the period between 1974 and 2017 were selected. Development:
Viral hepatitis is characterized by inflammation in liver cells caused by groups of viruses that have hepatotropism in common.
The diagnosis is made through serological methods and molecular biology techniques. The approach of the immune system
in relation to the combat of this infection follows same particularities. Conclusion: This review demonstrated that the
determination of the etiologic agent is essential for the conduct to be taken with the infected individual. Moreover, the immune
system is directed related to the viruses elimination, presenting some particularities. In addition, this review highlights that the
vaccination is the main responsible for reducing people infected by viruses A and B.
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1. INTRODUCTION

Endemic and epidemic communicable diseases are
considered an important public health problem in all over
the world including Brazil. Among them, viral hepatitis
is highlighted, since in the recent years they have been
changed their epidemiological behavior (FERREIRA and
SILVEIRA 2004, FERREIRA and SILVEIRA 2006, LY,
XING et al. 2012, STANAWAY, FLAXMAN et al. 2016)

About 90% of hepatitis cases are caused by hepatitis
virus A, B, C, D and E (MACEDO, SILVA ef al. 2013).
Viral hepatitis mainly affects the liver, which is vulnerable
to a wide variety of metabolic, toxic, microbial, circulatory
and neoplastic injury (BABINSKI, NUNES et al. 2008,
KUMAR, ABASS et al. 2013).Therefore, in general,
the viral hepatitis are characterized by an inflammation
response in the hepatocytes induced by the virus, which
presents hepatotropism. Moreover, these viruses can
cause numerous clinical manifestations, which make their
diagnosis difficult, unless the etiologic agent is known
(FERREIRA and SILVEIRA 2004). During the acute
infection, clinical signs and symptoms are easy to detect
and present rapid progress. On the other hand, during the
chronic infection, the patient presents discrete signs and
symptoms, usually difficult to recover NEVES 2006).

Nevertheless, in all hepatitis cases, cell and molecules
of the immunological system are activated to produce a
defense response against the invasive agent (DELVES
and ROITT 2000, COELHO-CASTELO, TROMBONE
et al. 2009). Knowing that infections caused by viruses
can trigger activation of phagocytic cells and complement
activation (innate immunity), as well as the T lymphocytes
proliferation and the production of specific antibodies
(adaptive immunity)(PEAKMAN and VERGANI 2011),
the present study aimed to review the knowledge about
viral hepatitis and their induced-response by the immune
system.

2. METHODS

The present study was carried out through a review of
the literature, using as tool material already published on
the subject; academic books and scientific articles available
in databases such as Scientific Eletronic Library Online
(SCIELO), US National Library of Medicine National
Institutes of Health (PUBMED) and Scholar Google.
The following descriptors were used to search: Hepatitis
A, Hepatitis B, Hepatitis C, Hepatitis D, Hepatitis E and
Immune System. The criteria for inclusion of the articles
were those published between 1974 and 2017.
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3. DEVELOPMENT

3.1. HEPATITIS A

Hepatitis A is a disease caused by the icosahedral
hepatitis A virus (HAV), a linear RNA enterovirus of
the picornavirus group (Picornaviridae family) without
envelope (Fig.1A).This virus has a limited time course and
incubation period of approximately 3 - 6 weeks (KUMAR,
ABASS et al. 2013). After this period, the patient presents
fever, malaise and anorexia (STEVENS and LOWE 2002).

HAV transmission occurs through fecal-oral ingestion
of contaminated water and food. The virus is eliminated in
the feces 2 - 3 weeks before and 1 week after the onset
of jaundice (STEVENS and LOWE 2002, FARES 2015).
HAYV can also be found in serum and saliva. However, since
their blood-borne transmission occurs infrequently, donated
blood is not specifically screened for HAV (KUMAR,
ABASS et al. 2013).

Hepatitis A represents the main cause of acute viral
hepatitis in the world (FERREIRA and SILVEIRA 2004)
and it is not able to advance to chronic stages of the disease
(STEVENS and LOWE 2002).These cases arise singly
or in outbreaks and the signs and symptoms are poorly
specific. In general, the personal contact daily with an
infected individual becomes responsible for most cases
of this infection. Among the affected individuals, children
and teenagers are the prominent group (FERREIRA and
SILVEIRA 2004, KUMAR, ABASS et al. 2013). This fact
can explain the excessive amount of reports in institutional
places, such as schools and day-nurseries, and waterborne
epidemics in places where people live in conditions of
overpopulation and low sanitary conditions (KUMAR,
ABASS et al. 2013).

The diagnosis of the disease is based on the search of
specific antibodies in the patient's serum. The presence of
anti-HAV IgM defines acute hepatitis and may disappear
after 3 months of infection. The anti-HAV IgG marker is
present in the convalescent phase and persists indefinitely,
providing specific immunity (PEREIRA and GONCALVES
2003, SILVA, VITRAL et al. 2007).

The main method used to perform these antibodies
search is the enzyme-linked immunosorbent assay (ELISA),
which is based on the antigen-antibody reaction (SILVA,
VITRAL et al. 2007, STEPHENS, OLIVEIRA et al. 2010).

Currently, there are already two types of vaccines
against HAV, composed of attenuated viruses or inactivated
viruses (OGHOLIKHAN and SCHWARZ 2016). This
vaccination is very important, with a high degree of safety
(95% to 100% of seroconversion in healthy individuals),
being able to avoid the spread of the disease in the period
of outbreaks (CLEMENS, FONSECA et al. 2000). In
Brazil, the vaccine is not yet included in the vaccination
schedule of the Ministry of Health presenting high cost,
but it is available free of charge to special groups at the
Special Immunobiological Reference Centers (CRIES). In
addition to the vaccine, long-term safe water supply in the
home also reduces the spread of the disease (FERREIRA
and SILVEIRA 2004).

3.2. HEPATITIS B
Hepeatitis B virus (HBV) is a DNA virus and belongs to
the Hepadnaviridae family. The surface antigen HBsAg is

embedded in the lipid envelope (Fig. 1B) (HOWARD 1986).
This virus has a prolonged incubation period (4 - 26 weeks)
and, unlike HAV, it is transmitted by the blood during the
active phases of acute and chronic hepatitis (KUMAR,
ABASS et al. 2013). Moreover, cases of transmission
have already been reported after dental procedure
(LEVIN, MADDREY et al. 1974, ITHARATANA 1988),
transplantation (DICKSON, EVERHART et al. 1997),
perinatal transmission (VAN ZONNEVELD, VAN NUNEN
et al. 2003) and even endoscopy (BIRNIE, QUIGLEY
et al. 1983). However, nowadays, transmission by blood
transfusion is rare, since the serology for HBV is included
during blood donor screening tests (STEVENS and LOWE
2002). In addition, the spread of the virus can be performed
through vertical transmission through exudates, semen,
vaginal secretion and saliva. In contrast, the viruses are not
found in feces and urine (FERREIRA 2000, STEVENS and
LOWE 2002, LOK and MCMAHON 2007, FRANCISCO,
DONALISIOI et al. 2015).

Among adult patients infected with HBV, about 10%
progress to the chronic stage of the disease. However,
most of the newborns from infected mothers present
the chronic disease due to an immature immune system
(STEVENS,LOWE,2002).

The HBV is mainly diagnosed by the ELISA method.
However, molecular techniques for detecting viral DNA
can be performed (e.g. polymerase chain reaction — PCR),
which can amplifies the viral nucleic acid, allowing to detect
small amount of viral particles (ABE, INOUE et al. 1999,
FERREIRA 2000, STEPHENS, OLIVEIRA et al. 2010).

The HBV circulates in high concentrations in blood
and in minimal amounts in other fluids. It is considered
approximately 100 times more infectious than the human
immunodeficiency virus (HIV) and 10 times more
infectious than the hepatitis C virus (HCV). According
to these data, vaccination is the most effective method
of prevention (90 -95% response in healthy adults).
Nowadays, the HBV vaccine is composed of HBsAg virus
subunit. In Brazil, it is mandatory and free of charge, with
the first dose recommended after 24 h of birth (FERREIRA
and SILVEIRA 2004, VRANJAC 2006).

3.3. HEPATITIS C

Hepatitis C virus (HCV) is a RNA virus encased in an
envelope belonging to the Flaviviridae family. Two viral
envelope glycoproteins, E1 and E2, are embedded in the
lipid envelope (OP DE BEECK and DUBUISSON 2003)
(Fig. 1C). The VHC incubation period ranges from 2 - 26
weeks (KUMAR, ABASS et al. 2013), following the acute
phase with fever, malaise, anorexia and jaundice (STEVENS
and LOWE 2002). Some patients present asymptomatic
acute phase, which contributes to the chronicity of the
disease and increase the number of asymptomatic chronic
individuals. This stage is characterized by immunological
window, and it is the moment in which the transmission
of the virus mainly occurs (STRAUSS 2001, SHEPARD,
FINELLI et al. 2005).

Hepatitis C originates from HCV infection and is an
important cause of chronic liver disease (SHEPARD,
FINELLI et al. 2005, KUMAR, ABASS et al. 2013). In
addition, this liver damage can progress to cirrhosis and
hepatocarcinoma, and it is also considered one of the main
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causes of liver transplantation (DICKSON, EVERHART et
al. 1997, HANAFIAH, GOEGER et al. 2013, CHARLTON,
GANE et al. 2015, MESSINA, HUMPHREYS et al. 2015).

Approximately 90% or more of post-transfusion
hepatitis are caused by HCV and, since 1993, blood donors
perform mandatory serological tests. However, other
contaminations sources continue to spread the virus, such
as medical, dental, acupuncturist, manicure, tattoo and
drug users. In this way, all cutting materials can transmit
the virus (STRAUSS 2001, SHEPARD, FINELLI et al
2005). In non-parenteral forms of hepatitis C transmission,
there is the possibility of sexual transmission, interfamilial
dissemination through sharing of sharp materials or
exposure of open wounds. On the other hand, maternal-fetal
transmission is irrelevant in hepatitis C, with the exception
of some transmissions during the childbirth (JAECKEL,
CORNBERG et al. 2001, STRAUSS 2001, TOHME and
HOLMBERG 2010).

The diagnosis is performed through serological methods
and molecular biology techniques. There are two types of
serological tests commonly used, the high sensitivity ELISA
and the recombinant immunoblot assay (RIBA), which is
of greater specificity. Both methods seek antibodies against
HCV (anti-HCV), thus verifying acute or chronic infection
(BRANDAO, FUCHS et al. 2001, GHANY, STRADER
et al. 2009). Molecular biology techniques are very useful
for determining the infection in specific situations. PCR is
most used, being a specific method that amplifies part of the
genome of the virus (STRAUSS 2001).

The quantification of viral load and the identification
of the HCV genotype helps to determine the duration of
treatment of chronic hepatitis (BRANDAO, FUCHS et
al. 2001). To date there is no vaccine available against
HCV, (STRAUSS 2001, FERREIRA and SILVEIRA
2004, HOUGHTON and ABRIGNANI 2005, GHANY,
STRADER et al. 2009).

3.4. HEPATITIS D

Hepatitis D, originally known as hepatitis delta, is
caused by hepatitis D, belonging to Deltavirus genus,
without family assigned (HDV) (Fid. 1D). The HDV is
composed of nucleocapsid with single-stranded circular
RNA and about 200 molecules of hepatitis D antigen or
delta antigen (HDAg) (POISSON, ROINGEARD et al
1993). However, the manifestation of the disease is only
possible in the host combined with the presence of the VHB
(STEVENS and LOWE 2002, FONSECA 2010, KUMAR,
ABASS et al. 2013).

HDV transmission occurs similar to the HBV infection,
being prevalent among drug users and among patients
undergoing dialysis. Rarely the chronic phase of the disease
disappears and, in general, about 60% of the affected
patients develop cirrhosis (FONSECA 2002, STEVENS
and LOWE 2002).

Hepatitis D can manifest in two contexts: coinfection
and superinfection with HBV. When the coinfection with
HBYV is observed, the course of the acute disease is severe,
but the risk of progressing to chronic disease is low. In cases
of superinfection (patients with chronic hepatitis B) there is
a chronic evolution and an increased risk of severe chronic
liver disease (FONSECA 2002, SILVA, VITORINO et al.
2012).

Infection of HDV is confirmed by the detection of
HBsAg (hepatitis B surface antigen), total anti-HBc
(antibodies that recognize the core of HBV) and total anti-
HDV (IgM and IgGantibodies against HDV)(SILVA et al.,
2012). In addition, the genetic material of the virus can
be found in the blood and liver very early, during the first
days of the acute phase (KUMAR, ABASS et al. 2013). A
vaccine against hepatitis B is the only method to prevent
HDV infection.

3.4. HEPATITIS E

The hepatitis E is caused by the infection with the virus
of hepatitis E (HEV), a single-stranded non-enveloped
RNA icosahedral virus Hepeviridae family (Fig. 1A). Its
transmission occurs via the fecal-oral route, with water
being the most responsible for contamination (PARANA
and SCHINONI 2002, STEVENS and LOWE 2002,
HOOFNAGLE, NELSON et al. 2012, MACEDO, SILVA
et al. 2013). The median of the virus incubation period is
approximately 6 weeks. Patients normally present mild
disease characterized by jaundice (STEVENS and LOWE
2002).

The disease affects mainly young adults or middle-aged
individuals, with sporadic infections in children. However,
there is a high mortality rate among pregnant women,
a result of acute fulminant hepatitis (HOOFNAGLE,
NELSON et al. 2012, KUMAR, ABASS et al. 2013).

The diagnosis is performed by the investigation of
antibodies IgM and IgG against HEV, thus determining
acute and chronic infection (HOOFNAGLE, NELSON
et al. 2012). So far, a vaccine for VHE is not available,
although some studies have been conducted. However,
additional studies are still necessary before the vaccine
could be licensed (HAFFAR, BAZERBACHI et al. 2015,
OGHOLIKHAN and SCHWARZ 2016).

3.5.IMMUNNE SYSTEM RESPONSE AGAINST THE
VIRAL INFECTION

Humans, under homeostatic conditions, have a variety
of cells and molecules responsible for the recognition of
self and non-self structures. These cells and molecules
constitute the immune system, which has the role to
produce a response to foreign antigens (MEDZHITOV
and JANEWAY 2002, PEAKMAN and VERGANI 2011,
ABBAS, LICHTMAN et al. 2015).

Immunological responses are represented by
components of innate and acquired immunity. Innate
immunity is characterized as the first line of defense against
microorganisms. They are most useful in protection against
purulent microbes(pyogenic), fungi and multicellular
parasites. The granulocytes, the complement system, the
reticuloendothelial system, the natural killers (NK) cells,
among others, are important cellular components of this
immunity (COELHO-CASTELO, TROMBONE et al
2009, CRUVINEL, MESQUITAJR etal. 2010, PEAKMAN
and VERGANI 2011, RANSOHOFF and BROWN 2012).
Acquired immunity is a specific response, developed
throughout life, after direct or indirect contact with antigens
capable of activate the immune system. Its components
include B and T (CD4+ and CD8+) lymphocytes, which
lead to the development of the humoral and cellular
immune response, respectively (AKIRA, TAKEDO et al.
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Figure 1. General structure of hepatitis viruses. (A) Hepatitis A and E viruses - HAV and HEV. (B) Hepatitis B virus - HBV. (C) Hepatitis

C virus - HCV. (D) Hepeatitis D virus - HDV.

2001, AKIRA, UEMATSU et al. 2006, MESQUITA JR,
ARAUIJO et al. 2010, ABBAS, LICHTMAN et al. 2015).

The viruses are obligate intracellular microorganisms
that replicate within cells, infecting diverse cell
populations, using normal cell surface molecules as
receptors to infect the cell (DELVES, MARTIN et al. 2013,
ABBAS, LICHTMAN et al. 2015). The viral genome can
be composed of DNA molecules, RNA or both. Among the
viruses that cause hepatitis A, B, C, D and E, only HBV
has DNA genetic material (STEPHENS, OLIVEIRA et al.
2010).

DNA viruses perform viral synthesis in the nucleus
of the host cells and RNA viruses in the cytoplasm. The
viral replication process interferes with the production and
function of normal cellular proteins (NAGY and POGANY
2012). This mechanism is due to the cytopathic effect of
the virus, which the infected cell is lysed. Non-cytopathic
viruses leave the viral genetic material in the host cells and
may cause latent infections, producing proteins that may or
may not modify cellular functions (ABBAS, LICHTMAN
etal 2015).

When the organism is confronted with this infectious
process, the components of innate and acquired immunity
are activated to defend the host (DELVES, MARTIN et
al. 2013). Initially, viruses encounter the barriers of the
innate immune system, which acts "nonspecifically"
against the invading agent. In this phase the role of type I
interferons and NK cells are very important. Interferons are
produced by infected cells and present the ability to protect
uninfected cells besides to contribute to the development
of the acquired immune response (MACHADO, ARAUJO
et al. 2004). At the same time, interferons induce the major
histocompatibility complex class I (MHC-I) proteins
to recognize the viral antigens by the immune system,
activating the T CD8+ response and NK cells, aiming at the
destruction of infected cells and consequently preventing
viral replication. Moreover, along with other cytokines (e.g.
IL-12), interferons can activate Thl response (ABBAS
2012)

Therefore, after the activation of the acquired immunity,
the immune response is also mediated through antibodies
and T CD8+ lymphocytes (cytotoxic) (MESQUITA JR,
ARAUIJO et al. 2010, PEAKMAN and VERGANI 2011).
The B lymphocytes differentiate into plasma cells, which
secrete antibodies, and these molecules are effective in
destroying the virus during the extracellular stage. The
antiviral antibodies act as neutralizing antibodies, by
binding to the viral envelope or capsid antigens, thereby
preventing entry of the virus into the host cell. In addition,
the antibodies have the ability to opsonize viral particles
and contribute to their elimination through phagocytosis
(ABBAS, LICHTMAN et al. 2015).

The CD4+ (helper) T lymphocytes also play an
important role in virus elimination. Viral antigens can
also be expressed on the surface of APCs by MHC class 11
molecules through a mechanism named cross-presentation
(HEATH and CARBONE 2001). From this moment on, the
helper lymphocytes (most Thl differentiated by interferon)
act on the secretion of cytokines, which stimulate the
production of antibodies by B lymphocytes, as well as the
production of the cell-mediated immune response (ABBAS,
LICHTMAN et al. 2015).

3.6. PARTICULARITY OF THE IMMUNE SYSTEM
DURING HEPATITIS

The Thl and Th2 response levels during hepatitis
extremely related to disease progression/control. Thl
cells produce the cytokine IFN-y and are regulated by the
production of IL-12 via the Tbet transcription factor, being
important for the immune response against intracellular
pathogens. Th2 cells produce IL-4, IL-5 and IL-13 cytokines
and are regulated by the transcription factor GATA3, being
important for response to parasites, allergens and Thl
response control (ZHU, YAMANE et al. 2010, ABBAS,
LICHTMAN et al. 2015). In hepatitis C, the imbalance
of Th1-Th2 has demonstrated to be responsible for liver
cirrhosis and, consequently, hepatocellular carcinoma.
The authors shown that the patients that present a Th2
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response developed cirrhosis and a chronic progression
(SAKAGUCHI, KAYANO et al. 2001).

The regulatory T cells or Tregs (CD4+CD25+Foxp3+)
are also involved during viral hepatitis. Tregs are
specialized T cell population that suppresses the effector
functions of many cells of the immune system such as
T, B, NK and dendritic cells (SHEVACH, DIPAOLO et
al. 2006). In general, patients that presents chronic and
chronic severe hepatitis present high population of Treg
cells, which decrease the elimination of the virus (XU, FU
et al. 2006, EBINUMA, NAKAMOTO et al. 2008). Using
VHB infection, the role of Tregs cells were elucidated. Its is
known that the most important cytokine that differentiates
Tregs cells is TGF-f (FANTINI, BECKER et al. 2004).
In the liver, the main source of this cytokine is the hepatic
stellate cells (HSCs) (ICHIKAWA, MUCIDA et al. 2011).
The chronic infection with HBV can induces HSCs cells
to produce high amounts of TGF-B and, consequently,
increases the conversion of Treg cells (JUNG and SHIN
2016). The immunosuppression induced by Tregs triggers
the inhibition of Th1 and T CD8+ response which can led to
hepatocellular carcinoma (WANG, XI et al. 2017).

The cytokines that demonstrated to be important during
viral hepatitis are interferon alpha and tumor necrosis factor
alpha.

Cells produce interferon alpha (IFN-o) when they
detect viral infection. It triggers the production of proteins
that block viral replication as well as breaks the production
of proteins that viruses need to replicate (ABBAS,
LICHTMAN et al. 2015). Therefore, for more than 20
years, interferon-alpha (IFN-a) is used in patients with B,
C and D chronic hepatitis (HOOFNAGLE 1994, ZEIN
1998). It is the only licensed immunomodulatory drug with
also inhibition of virus replication (CASTET, FOURNIER
et al. 2002). Moreover, it does not induce drug resistance
and presents a higher likelihood for HBsAg clearance
(PERRILLO 2009).

The tumor necrosis fator apha (TNF-a) is involved in
inflammation and immune regulation, along with cellular
differentiation and proliferation. It recruits neutrophils and
monocytes at sites of infection, is a pyrogenic molecule
(indices fever) and induces the production of acute
phase proteins. At low concentration, it is important for
eradication of the virus with minimal damage (antiviral
activity). Nevertheless, when there is an overproduction, the
outcomes can be harmful and be responsible for the infection
persistence, especially during VHB infection (BIERMER,
PURO et al. 2003, ABBAS, LICHTMAN et al. 2015,
VALAYDON, PELLEGRINI et al. 2016, XIA, STADLER
et al. 2016). The therapy using immunosuppressant anti-
TNF-a inhibitors has been used for patients with hepatitis B
which present genetic variants and do not respond to IFN-a
therapies (TANAKA 2016).

4. CONCLUSION

Viral hepatitis is considered a public health problem
worldwide. The disease is characterized by liver cells
inflammation, caused by viruses presenting hepatotropism.
The immune system is directed related to the viruses
elimination, presenting some particularities. The
determination of the etiological agent is essential for the
treatment of the infected individual, especially for the cases

that can develop hepatocellular carcinoma. Moreover, in
case of HAV and HBYV, vaccination is the best way for
preventing infection.

CONFLIT OF INTEREST
The authors declares that there is no conflict of interest
regarding the publication of this paper.

REFERENCES

Abbas, A. K., A. H. Lichtman and S. Pillai (2015).
Imunologia Celular e Molecular. Rio de Janeiro, Elsevier.

Abbas, R. J. (2012). Demokrasi di aras lokal : praktek
politik elite lokal di Maluku Utara. Banguntapan, Bantul,
Yogyakarta, Cerah Media.

Abe, A., K. Inoue, T. Tanaka, J. Kato, N. Kajiyama, R.
Kawaguchi, S. Tanaka, M. Yoshiba and M. Kohara (1999).
"Quantitation of hepatitis B virus genomic DNA by real-
time detection PCR." J Clin Microbiol 37(9): 2899-2903.

Akira, A. K., k. Takedo and T. Kaisho (2001). "Toll-like
receptors: critical proteins linking innate and acquired
immunity." Nature Immunology 2: 675-680.

Akira, S., S. Uematsu and O. Takeuchi (2006). "Pathogen
recognition and innate immunity." Cell 124: 783-801.

Babinski, C. E., E. M. A. Nunes, R. Locatelli and S. E. Mella
Jr (2008). "Prevaléncia de infecg@o pelo virus da hepatite
a, hepatite b e hepatite ¢, no municipio de Maringa, norte
do Parand, no periodo de 2001 a 2004." Revista Saude e
Pesquisa 1: 117-124.

Biermer, M., R. Puro and R. J. Schneider (2003). "Tumor
necrosis factor alpha inhibition of hepatitis B virus
replication involves disruption of capsid Integrity through
activation of NF-kappaB." J Virol 77(7): 4033-4042.

Birnie, G. G., E. M. Quigley, G. B. Clements, E. A. Follet
and G. Watkinson (1983). "Endoscopic transmission of
hepatitis B virus." Gut 24(2): 171-174.

Brandio, A. B. M., S. C. Fuchs, M. A. A. Silva and L.
F. Emer (2001). "Diagnoéstico da hepatite C na pratica
médica: revisdo da literatura." Rev Panamericana de
Salud Publica 9: 161-168.

Castet, V., C. Fournier, A. Soulier, R. Brillet, J. Coste, D.
Larrey, D. Dhumeaux, P. Maurel and J. M. Pawlotsky
(2002). "Alpha interferon inhibits hepatitis C virus
replication in primary human hepatocytes infected in
vitro." J Virol 76(16): 8189-8199.

Charlton, M., E. Gane, M. P. Manns, R. S. Brown Jr, M. P.
Curry, P. Y. Kwo, R. J. Fontana, R. Gilroy, L. Teperman,
A. J. Muir, J. G. McHutchison, W. T. Symonds, B. D;,
B. Kirby, H. Dvory-Sobol, J. Denning, S. Arterburn,
D. Samuel, X. Forns and T. N.A. (2015). "Sofosbuvir
and ribavirin for treatment of compensated recurrent
hepatitis C virus infection after liver transplantation. ."
Gastroenterology 148(108-117).

Clemens, S.A.C.,J. C. Fonseca, T. Azevedo, A. Cavalcanti,
T. R. Silveira, M. C. Castilho and R. Clemens (2000).
"Soroprevaléncia para hepatite A ¢ hepatite B em quatro
centros no Brasil." Revista da Sociedade Brasileira de
Medicina Tropical 33: 1-10.

Coelho-Castelo, A. A. M., A. P. F. Trombone and C. D.
Rocha, Lorenzi, J.C.C., (2009). "Resposta imune a
doengas infecciosas." Revista Medicina de Ribeirdao Preto
42:127-142.

Cruvinel, W. M., D. Mesquita Jr, J. A. P. Araujo, T. T. T.
Catelan, A. W. S. S. Souza, N. P. Silvaand L. E. C. Andrade
(2010). "Sistema imunitario-Parte I, fundamentos da
imunidade inata com énfase nos mecanismos moleculares
e celulares da resposta inflamatoria." Revista Brasileira de
Reumatologia 50: 434-461.

Delves, P. J., S. J. Martin, D. R. Burton and I. M. Roitt
(2013). Fundamentos de Imunologia. Rio de Janeiro,
Guanabara Koogan.

Delves, P. J. and I. M. Roitt (2000). "The immune system —
first of two parts. ." The New England Journal of Medicine

Health and Diversity, v.1, p.29-35, 2017



Godoy et al., 2017

343:37-49.

Dickson, R. C., J. E. Everhart, J. R. Lake, Y. Wei, E. C.
Seaberg, R. H. Wiesner, R. K. Zetterman, T. L. Pruett, M.
B. Ishitani and J. H. Hoofnagle (1997). "Transmission of
hepatitis B by transplantation of livers from donors positive
for antibody to hepatitis B core antigen. The National
Institute of Diabetes and Digestive and Kidney Diseases
Liver Transplantation Database." Gastroenterology
113(5): 1668-1674.

Ebinuma, H., N. Nakamoto, Y. Li, D. A. Price, E. Gostick,
B. L. Levine, J. Tobias, W. W. Kwok and K. M. Chang
(2008). "Identification and in vitro expansion of functional
antigen-specific CD25+ FoxP3+ regulatory T cells in
hepatitis C virus infection." J Virol 82(10): 5043-5053.

Fantini, M. C., C. Becker, G. Monteleone, F. Pallone, P. R.
Galle and M. F. Neurath (2004). "Cutting edge: TGF-beta
induces a regulatory phenotype in CD4+CD25- T cells
through Foxp3 induction and down-regulation of Smad7."
J Immunol 172(9): 5149-5153.

Fares, A. (2015). "Seasonality of hepatitis: a review update."”
Journal of Family Medicine and Primary Care 4: 96-100.

Ferreira, C. T. and T. R. Silveira (2004). "Hepatites virais:
aspectos da epidemiologia e da prevencdo." Revista
Brasileira de Epidemiologia 7: 473-487.

Ferreira, C. T. and T. R. Silveira (2006). "Viral hepatitis
prevention by immunization." Jornal de Pediatria 82:
S55-S66.

Ferreira, M. S. (2000). "Diagndstico e tratamento da
hepatite B." Revista da Sociedade Brasileira de Medicina
Tropical 33: 398-400.

Fonseca, J. C. F. (2002). "Hepatite D." Revista da Sociedade
Brasileira de Medicina Tropical 35: 181-190.

Fonseca, J. C. F. (2010). "Historico das hepatites virais. ."
Revista da Sociedade Brasileira de Medicina Tropical 43:
322-330.

Francisco, P. M. S. B., M. R. Donalisiol, F. J. O. Gabriel
and M. B. A. Barros (2015). "Vacinagdo contra hepatite
B em adolescentes residentes em Campinas, Sdo Paulo,
Brasil." Revista Brasileira de Epidemiologia 18: 552-567.

Ghany, M. G., D. B. Strader, D. L. Thomas and L. B.
Seeff (2009). "Diagnosis, management, and treatment of
hepatitis C: an update." Hepatology 49: 1335-1374.

Haffar, S., F. Bazerbachi and J. R. Lake (2015). "Making
the case for the development of a vaccination against
hepatitis E virus." Liver Int 35(2): 311-316.

Hanafiah, K. M., J. Goeger, A. D. Flaxman and S. T.
Wiersma (2013). "Global epidemiology of hepatitis C
virus infection: new estimates of age-specific antibody to
HCYV seroprevalence." Hepatology 57: 1333-1342.

Heath, W. R. and F. R. Carbone (2001). "Cross-presentation
in viral immunity and self-tolerance." Nat Rev Immunol
1(2): 126-134.

Hoofnagle, J. H. (1994). "Therapy of acute and chronic
viral hepatitis." Adv Intern Med 39: 241-275.

Hoofnagle, J. H., K. E. Nelson and R. H. Purcell (2012).
"Hepatitis E." The New England Journal of Medicine 367:
1237-1244.

Houghton, M. and S. Abrignani (2005). "Prospects for a
vaccine against the hepatitis C virus." Nature 436: 961-
966.

Howard, C. R. (1986). "The biology of hepadnaviruses." J
Gen Virol 67 (Pt 7): 1215-1235.

Ichikawa, S., D. Mucida, A. J. Tyznik, M. Kronenberg and
H. Cheroutre (2011). "Hepatic stellate cells function as
regulatory bystanders." J Immunol 186(10): 5549-5555.

Itharatana, K. (1988). "[Viral hepatitis B infection.
Transmission and prevention for dentists]." J Dent Assoc
Thai 38(4): 180-187.

Jaeckel, E., M. Cornberg, H. Wedemeyer, T. Santantonio, J.
Mayer, M. Zankel, G. Pastore, M. Dietrich, C. Trautwein
and M. P. Manns (2001). "Treatment of acute hepatitis
C with interferon alfa-2b." The New England Journal of
Medicine 345: 1452-1457.

Jung, M. K. and E. C. Shin (2016). "Regulatory T Cells in

Hepeatitis B and C Virus Infections.”" Immune Netw 16(6):
330-336.

Kumar, V., A. K. Abass and J. C. Aster (2013). Robbins,
Patologia Basica. Rio de Janeiro, Elsevier.

Levin, M. L., W. C. Maddrey, J. R. Wands and A. L.
Mendeloff (1974). "Hepatitis B transmission by dentists."
JAMA 228(9): 1139-1140.

Lok, A. S. F. and B. J. McMahon (2007). "Chronic hepatitis
B." Hepatology 45: 507-539.

Ly, K. N., J. Xing, R. M. Klevens, R. B. Jiles, J. W. Ward
and S. D. Holmberg (2012). "The increasing burden of
mortality from viral hepatitis in the United States between
1999 and 2007. ." Annals of Internal Medicine 156: 271-
278.

Macedo, T. F. S., N. S. Silva, V. Y. N. Silva and T. G. B.
Kashiwabara (2013). "Hepatites virais-uma revisdo de
literatura." Brazilian Journal of Surgery and Clinical
Research 5: 55-58.

Machado, P. R. L., M. I. A. S. Aratjo, L. Carvalho and E.
M. Carvalho (2004). "Mecanismos de resposta imune as
infec¢des." Anais Brasileiros de Dermatologia 79: 647-
664.

Medzhitov, R. and C. A. Janeway, Jr. (2002). "Decoding the
patterns of self and nonself by the innate immune system."
Science 296(5566): 298-300.

Mesquita Jr, D., J. A. P. Aragjo, T. T. T. Catelan, A. W. S.
Souza, W. M. Cruvinel, L. E. C. Andrade and N. P. Silva
(2010). "Sistema Imunitario-Parte II, fundamentos da
resposta imunologica mediada por linfocitos T e B. ."
Revista Brasileira de Reumatologia 50: 552-580.

Messina, J. P., I. Humphreys, A. Flaxman, A. Brown, G.
S. Cooke, O. G. Pybus and E. Barnes (2015). "Global
distribution and prevalence of hepatitis C virus genotypes."
Hepatology 61(1): 77-87.

Nagy, P. D. and J. Pogany (2012). "The dependence of
viral RNA replication on co-opted host factors." Nature
Reviews Microbiology 10(2): 137-149.

Neves, P. D. (2006). Parasitologia Dinamica. Sao Paulo,
Atheneu.

Ogholikhan, S. and K. B. Schwarz (2016). "Hepatitis
Vaccines." Vaccines (Basel) 4(1).

Op De Beeck, A. and J. Dubuisson (2003). "Topology of
hepatitis C virus envelope glycoproteins." Rev Med Virol
13(4): 233-241.

Parand, R. and M. 1. Schinoni (2002). "Hepatite E." Revista
da Sociedade Brasileira de Medicina Tropical 35: 247-
253.

Peakman, M. and D. Vergani (2011). Imunologia Basica e
Clinica. Rio de Janeiro, Elsevier.

Pereira, F. E. L. and C. S. Gongalves (2003). "Hepatite A."
A Revista da Sociedade Brasileira de Medicina Tropical
36: 387-400.

Perrillo, R. (2009). "Benefits and risks of interferon therapy
for hepatitis B." Hepatology 49(5 Suppl): S103-111.

Poisson, F., P. Roingeard, A. Baillou, F. Dubois, F. Bonelli,
R. A. Calogero and A. Goudeau (1993). "Characterization
of RNA-binding domains of hepatitis delta antigen." J
Gen Virol 74 ( Pt 11): 2473-2478.

Ransohoff, R. M. and M. A. Brown (2012). "Innate
immunity in the central nervous system. ." The Journal of
Clinical Investigation 36: 387-400.

Sakaguchi, E., K. Kayano, M. Segawa, M. Aoyagi, I.
Sakaida and K. Okita (2001). "[Th1/Th2 imbalance in
HCV-related liver cirrhosis]." Nihon Rinsho 59(7): 1259-
1263.

Shepard, C. W., L. Finelli and M. J. Alter (2005). "Global
epidemiology of hepatitis C virus infection." Lancet Infect
Dis 5(9): 558-567.

Shevach, E. M., R. A. DiPaolo, J. Andersson, D. M. Zhao,
G. L. Stephens and A. M. Thornton (2006). "The lifestyle
of naturally occurring CD4+ CD25+ Foxp3+ regulatory T
cells." Immunol Rev 212: 60-73.

Silva, A. L., R. R. Vitorino, V. Esperidido-Antonio, E. T.
Santos, L. A. Santana, B. D. Henriques and A. P. Gomes

Health and Diversity, v.1, p.29-35, 2017

34



Godoy et al., 2017

(2012). "Hepatites virais: B, C e D: atualizagdo. ." Revista
Brasileira Clinica Médica 10: 206-218.

Silva, P. C., C. L. Vitral, C. Barcellos, H. Kawa, R. Gracie
and M. L. G. Rosa (2007). "Hepatite A no municipio
do Rio de Janeiro, Brasil: padrio epidemioldgico e
associagdo das varidveis socio-ambientais. Vinculando
dados do SINAN aos do censo demografic." Caderno de
Saude Publica 23: 1553-1564.

Stanaway, J. D., A. D. Flaxman, M. Naghavi, C.
Fitzmaurice, T. Vos, 1. Abubakar, L. J. Abu-Raddad,
R. Assadi, N. Bhala, B. Cowie, M. H. Forouzanfour,
J. Groeger, K. Mohd Hanafiah, K. H. Jacobsen, S. L.
James, J. MacLachlan, R. Malekzadeh, N. K. Martin,
A. A. Mokdad, A. H. Mokdad, C. J. Murray, D. Plass, S.
Rana, D. B. Rein, J. H. Richardus, J. Sanabria, M. Saylan,
S. Shahraz, S. So, V. V. Vlassov, E. Weiderpass, S. T.
Wiersma, M. Younis, C. Yu, M. El Sayed Zaki and G. S.
Cooke (2016). "The global burden of viral hepatitis from
1990 to 2013: findings from the Global Burden of Disease
Study 2013." Lancet 388(10049): 1081-1088.

Stephens, P. R. S., M. B. S. C. Oliveira, F. C. Ribeiro and
L. A. D. Carneiro (2010). Conceitos e Métodos para a
formagdo de profissionais em laboratorio de saude. . Rio
de janeiro, EPSJV.

Stevens, A. and J. Lowe (2002). Patologia. Sdo Paulo,
Manole.

Strauss, E. (2001). "Hepatite C." Revista da Sociedade
Brasileira de Medicina Tropical 34: 69-82.

Tanaka, Y. (2016). "[Latest Treatment of Viral Hepatitis-
-Overcoming Hepatitis C and Reactivation of Hepatitis
B]." Rinsho Byori 64(2): 211-218.

Tohme, R. A. and S. D. Holmberg (2010). "Is sexual
contact a major mode of hepatitis C virus transmission?"
Hepatology 52: 1497-1505.

Valaydon, Z., M. Pellegrini, A. Thompson, P. Desmond, P.
Revill and G. Ebert (2016). "The role of tumour necrosis
factor in hepatitis B infection: Jekyll and Hyde." Clin
Transl Immunology 5(12): el15.

van Zonneveld, M., A. B. van Nunen, H. G. Niesters,
R. A. de Man, S. W. Schalm and H. L. Janssen (2003).
"Lamivudine treatment during pregnancy to prevent
perinatal transmission of hepatitis B virus infection." J
Viral Hepat 10(4): 294-297.

Vranjac, A. (2006). "Vacina contra hepatite B." Revista
Saude Publica 40: 1137-1140.

Wang, M., D. Xi and Q. Ning (2017). "Virus-induced
hepatocellular carcinoma with special emphasis on HBV."
Hepatol Int.

Xia, Y., D. Stadler, J. Lucifora, F. Reisinger, D. Webb, M.
Hosel, T. Michler, K. Wisskirchen, X. Cheng, K. Zhang,
W. M. Chou, J. M. Wettengel, A. Malo, F. Bohne, D.
Hoffmann, F. Eyer, R. Thimme, C. S. Falk, W. E. Thasler,
M. Heikenwalder and U. Protzer (2016). "Interferon-
gamma and Tumor Necrosis Factor-alpha Produced by
T Cells Reduce the HBV Persistence Form, cccDNA,
Without Cytolysis." Gastroenterology 150(1): 194-205.

Xu, D.,J. Fu, L. Jin, H. Zhang, C. Zhou, Z. Zou, J. M. Zhao,
B. Zhang, M. Shi, X. Ding, Z. Tang, Y. X. Fu and F. S.
Wang (2006). "Circulating and liver resident CD4+CD25+
regulatory T cells actively influence the antiviral immune
response and disease progression in patients with hepatitis
B." J Immunol 177(1): 739-747.

Zein, N. N. (1998). "Interferons in the management of viral
hepatitis." Cytokines Cell Mol Ther 4(4): 229-241.

Zhu, J., H. Yamane and W. E. Paul (2010). "Differentiation
of effector CD4 T cell populations (*)." Annu Rev
Immunol 28: 445-489.

Health and Diversity, v.1, p.29-35, 2017

W
W



