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Hepatitis B Virus
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Known to be a human carcinogen
First listed in the Eleventh Report on Carcinogens (2004)
Also known as HBV

Carcinogenicity
Hepatitis B virus (HBV) is known to be a human carcinogen based 
on sufficient evidence from studies in humans. 

Cancer Studies in Humans

Numerous epidemiological cohort and case-control studies con-
ducted in populations differing by race or ethnicity and in various 
geographic regions have demonstrated that chronic HBV infection 
causes liver cancer (hepatocellular carcinoma). These studies gener-
ally used relatively sensitive and specific serological markers to assess 
chronic HBV infection. The association between chronic hepatitis B 
and hepatocellular carcinoma remained strong after adjustment for 
hepatitis C infection and potential confounding factors such as use 
of alcohol and tobacco, medical history factors, and dietary exposure 
to aflatoxin (in areas where aflatoxin contamination of food is com-
mon). A meta-analysis of the combined results of 32 studies pub-
lished between 1993 and 1997 reported a summary odds ratio of 13.7 
(95% confidence interval = 12.2 to 15.4) for development of hepato-
cellular carcinoma among people chronically infected with HBV (as 
assessed by the presence of HBV surface antigen in the blood) (Do-
nato et al. 1998, NTP 2003).

Cancer Studies in Experimental Animals

HBV infects a limited range of hosts, primarily humans and great 
apes (Tennant 2001); therefore, studies in experimental animals are 
limited. In chimpanzees, HBV infection does not appear to increase 
the risk of liver cancer (Muchmore et al. 1990). In studies with trans-
genic mice carrying HBV genes, liver cancer developed in some, but 
not all, strains that produced high levels of viral surface antigen or 
X protein (described below, under Properties), but not in strains ex-
pressing the entire HBV genome (NTP 2003). 

Studies on Mechanisms of Carcinogenesis

Hepatocellular carcinoma usually emerges after 30 years of chronic 
HBV infection. During the decades of chronic infection, liver cells 
undergo many changes as a consequence of ongoing viral replication. 
Viral DNA becomes integrated into the host cells’ DNA through non-
homologous recombination, and the presence of these viral DNA se-
quences may contribute to development of cancer through multiple 
steps, by any of several mechanisms. Expression of genes that regu-
late tissue growth may be altered through cis-activation. Viral DNA 
also may be integrated into the growth-regulatory genes themselves, 
causing mutation. Integration of viral DNA may result in truncation 
at the 3′ end of the gene coding for the middle surface antigen or the 
X protein, resulting in production of novel proteins capable of trans-
activation. The majority of HBV-positive hepatocellular carcinomas 
contain HBV DNA sequences that code for trans-activator proteins. 
Viral integration also may result in general instability of chromosomal 
DNA. Chromosome allele loss appears to be more frequent in HBV-
positive hepatocellular carcinomas than in HBV-negative hepatocel-
lular carcinomas (NTP 2003).

It also has been suggested that some HBV proteins, such as the 
surface antigens and the X protein, may contribute to tumor forma-
tion. In transgenic mice, overproduction of the HBV large surface 

antigen leads to persistent inflammation, production of oxygen rad-
icals, and DNA damage. The X protein may activate viral and host-
cell promoters and signal transduction pathways, inhibit DNA repair, 
and affect the cell cycle and apoptosis. High levels of the X protein 
may transform immortalized mouse fibroblast (3T3) cells (NTP 2003).

Properties
HBV is an enveloped DNA virus that infects hepatocytes, causing 
hepatitis B (Blum et al. 1983). It is a member of the Hepadnaviri-
dae family, which includes the genera Orthohepadnavirus (infecting 
mammals) and Avihepadnavirus (infecting birds). The hepadnavi-
ruses have a characteristic partially double-stranded DNA genome, 
which is held in a circular conformation by a short, cohesive overlap 
between the 5′ ends of the two strands (Ganem and Schneider 2001). 
The HBV genome codes for seven proteins: viral DNA polymerase, the 
core protein (HBcAg), the precore protein, the X protein, and three 
viral envelope (surface antigen) proteins, large (L), middle (M), and 
small (S) (NTP 2003). The virion has an icosahedral nucleocapsid, 
composed of core protein enclosing the viral genome. The nucleo-
capsid is surrounded by an envelope 42 nm in diameter, which con-
tains (in order of decreasing abundance) the L, M, and S proteins. L 
is thought to specify the virus’s host range, by recognizing cell surface 
receptors, and S is the immunodominant component of the envelope. 
The functions of the precore and X proteins are unknown. However, 
it has been proposed that X affects a variety of cell processes, which 
may in turn significantly affect hepatocyte gene expression, cell sur-
vival, and viral replication. The precore protein is cleaved to form a 
soluble protein (HBeAg), which is secreted from infected cells and 
may be detected in the blood of infected individuals (Seeger and Ma-
son 2000, Ganem and Schneider 2001).

Infection, Prevention, and Treatment
HBV infection can cause acute or chronic hepatitis B. Acute hepati-
tis B is characterized by tissue changes, including hyperplasia, inflam-
mation, and cell death, which appear to result from the host’s immune 
response to HBV antigen (IARC 1994). Chronic hepatitis B, defined 
as the presence of circulating HBV surface antigen (HBsAg) for over 
six months, develops in individuals with acute hepatitis B who are not 
able to clear the virus. The risk of chronic hepatitis B among HBV-
infected individuals appears to depend on the status of the immune 
system at the time of infection and is much higher in HBV-infected 
infants and children than in HBV-infected adults. About 70% to 90% 
of infants infected before one year of age develop chronic hepatitis B, 
whereas the risk of chronic infection among HBV-infected adults is 
5% to 10% (IARC 1994, Hollinger and Liang 2001). In chronic hep-
atitis B, the patient’s immune response to HBV results in cycles of 
cell death and regeneration that may progress to fibrosis of the liver 
and cirrhosis (replacement of normal liver tissue with bands of fi-
brous tissue surrounding nodules of regenerating liver tissue) (Hol-
linger and Liang 2001).

HBV infection can be prevented by screening of the blood supply, 
reduction of contact with potentially contaminated fluids in health-
care settings, and vaccination. The Occupational Safety and Health 
Administration has established a bloodborne pathogens standard, 
based on the concept of universal precautions, which requires that 
body fluids and materials be treated as infectious (OSHA 1992). Re-
combinant hepatitis B vaccines, which contain HBsAg (produced by 
genetically engineered yeast cells), have been available in the United 
States since the 1980s and are recommended for all infants and for 
individuals at high risk (Hollinger and Liang 2001). Hepatitis B is 
treated with immunomodulators (drugs that affect the immune sys-
tem and are not specific for HBV), antiviral drugs, and combination 
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therapy with both drug types; however, these drugs have limited ef-
ficacy (Hollinger and Liang 2001, Schalm et al. 2002).

Detection
HBV infection is confirmed by detection of HBV proteins, antibod-
ies against HBV proteins, or HBV DNA in the blood. The detection 
of different proteins and antibodies against these proteins are indica-
tors of different stages of infection. The presence of HBsAg indicates 
acute or chronic HBV infection, whereas the presence of anti-HBsAg 
antibodies indicates immunity (due to resolved infection or vaccina-
tion) (Hollinger and Dienstag 1995). Strictly speaking, chronic HBV 
infection is defined by detection of serum HBsAg in two tests six 
months apart; however, this criterion is not practical for most epi-
demiological studies. Because adults who are not carriers of HBV are 
highly unlikely to test positive for HBsAg, a single positive test result 
is considered a valid indicator of chronic carrier state in epidemio-
logical studies. Assays approved by the U.S. Food and Drug Admin-
istration include enzyme immunoassays or radioimmunoassays for 
HBsAg, anti-HBsAg antibody, and anti-HBcAg antibody (FDA 2002).

Exposure
The major routes of HBV transmission are parenteral (primarily by 
injection or transfusion), through sexual contact, from mother to in-
fant at the time of birth, and through health-care practices (Hollinger 
and Liang 2001). In U.S. surveillance studies conducted in 1992–93, 
most cases resulted from heterosexual transmission (41%), followed 
by intravenous drug use (15%) and homosexual transmission (9%); 
however, 31% of HBV infections were not associated with any known 
risk factors (CDC 2002). The risk of HBV transmission via transfu-
sion in the United States has been estimated at 1 in 63,000 (Glynn 
et al. 2000); donor education, donor screening, and improved labo-
ratory testing procedures have helped to decrease the risk. In areas 
where HBV infection is endemic, an important route of transmission 
is from mother to infant. 

Worldwide, about two billion people have been infected with HBV, 
and over 350  million have chronic hepatitis  B. The prevalence of 
chronic infection varies geographically, ranging from low (less than 
2%) in Western Europe, Australia, and North America, to intermedi-
ate (2% to 7%) in parts of Southern and Eastern Europe, the Middle 
East, Japan, West Asia through the Indian subcontinent, and parts of 
Central and South America, to high (8% or more) in Africa, Asia east 
of the Indian subcontinent, the Pacific Basin, the Amazon Basin, the 
Arctic rim, the Asian republics previously part of the Soviet Union, 
and parts of the Middle East (WHO 2000). In the United States, data 
from the National Health and Nutrition Examination Survey indicate 
that the prevalence of HBV infection (both chronic and resolved) de-
creased from 5.5% for 1976 through 1980 to 4.9% for 1988 through 
1994 (McQuillan et al. 1999). 

The incidence of acute HBV is decreasing in the United States, 
largely as a result of declining incidence among homosexual men 
and intravenous drug users, screening of blood products, and vac-
cination; the incidence decreased from 13.8 per 100,000 in 1987 to 
3.3 per 100,000 in 1998. In 2000, the incidence of acute hepatitis B 
was higher in males than females and highest among individuals 
aged 25 to 39 (Goldstein et al. 2002). The Centers for Disease Con-
trol and Prevention (CDC) believed the number of reported symp-
tomatic cases to be much smaller than the actual number of new 
infections. In particular, infections among infants and young chil-
dren are likely to be underestimated, because most infections in this 
age group are asymptomatic. CDC estimated that between 1995 and 
1999, 105,000 new infections per year occurred in the United States 
(McQuillan et al. 1999). 

Regulations
Department of Transportation (DOT)
Infectious substances are considered hazardous materials, and special requirements have been set for 

marking, labeling, and transporting these materials. 

Food and Drug Administration (FDA)
Regulations have been established to guard against the spread of hepatitis B through donation of 

blood, serum, and human immune globulin, including requirements for donor screening, product 
testing, and product labeling.

Each donation of blood, plasma, or serum to be used in preparing a biological product shall be tested 
for the presence of hepatitis B surface antigen.

21 CFR 1270 and 1271 prescribe procedures, including donor screening and tissue testing, to ensure 
that tissues intended for human transplant or other human cells, tissues, and cellular and tissue-
based products are free of hepatitis B.

Occupational Safety and Health Administration (OSHA)
Comprehensive regulations have been developed for employers to develop and adhere to exposure 

control plans for bloodborne pathogens.
An employer shall make the hepatitis B vaccine available to employees who have had exposure to 

pathogenic microorganisms.
All work-related needlestick injuries and cuts from sharp objects that are contaminated with another 

person’s blood or other potentially infectious material must be recorded.
First-aid training program trainees must have adequate instruction in the value of universal 

precautions for preventing infectious diseases.

Public Health Service (PHS) 
Regulations have been established to control the spread of hepatitis from hemodialysis treatment.
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