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Transmission routes and risks
Hepatitis B virus (HBV) infection is a viral 
infection spread by contact with infected blood 
or bodily fluids, including semen and saliva. The 
virus may be transmitted:
	 Vertically, between a mother with chronic 

infection and her baby 
	 Horizontally, through close person-to-person 

contact, usually in childhood (e.g. through 
open cuts or sores) 

	 Parenterally, via injecting drug use (IDU) 
	 Sexually. 

Links to: 	 Chapter 2: Virology: viral replication and drug resistance
	 Chapter 3: Hepatitis B virus testing and interpreting test results
	 Chapter 6: Clinical assessment of patients with HBV infection
	 Chapter 9: Hepatitis B virus-related hepatocellular carcinoma
	 Chapter 10: Managing hepatitis B virus infection in complex situations

 4

	 Birth in a highly endemic country is a risk factor for developing chronic hepatitis B infection (CHB). 
The primary mode of transmission in such cases is vertical (mother-to-child).

	 The risk of developing chronic hepatitis B infection is highest in those who acquire hepatitis B virus 
(HBV) perinatally and lowest in those who acquire the infection in adulthood.

	 The natural history of HBV infection depends on complex host, viral, and environmental 
interactions.

	 There are four phases of chronic HBV infection and the host immune response in each phase 
determines the outcome of infection and the severity of liver injury.

	 Complications of chronic HBV infection include cirrhosis with hepatocellular failure and 
hepatocellular carcinoma (HCC). 

Key points

Risk factors 
	 Birth in a highly endemic country, e.g. East 

or South Asia, European Mediterranean 
countries, the Middle East, Eastern Europe, 
South America, the Caribbean and South 
Pacific Islands

	 High-risk sexual behaviour, including men 
who have sex with men (MSM) and sex 
workers

	 Indigenous Australians
	 Household contacts of people who are 

HBsAg positive
	 Injecting drug use (IDU)
	 Contaminated blood products 
	 Contaminated surgical equipment
	 Tattoos
	 Previous imprisonment
	 Haemodialysis.
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Definition and preferred terminology
The American Association of the Study of 
Liver Diseases (AASLD) practice guidelines 
define chronic hepatitis B as chronic 
necroinflammatory disease of the liver caused 
by persistent infection with HBV. Diagnostically, 
chronic hepatitis B is defined as HBsAg positivity 
for more than six months.4 

The terminology used to describe the different 
phases in the natural history of chronic hepatitis 
B infection varies considerably and has been 
the subject of much debate (refer to Table 4.2). 
In particular, the phase of immune control is, 
or has been, referred to as the ‘healthy carrier’ 
state, the ‘inactive carrier’ state and the ‘non-
replicative’ state of chronic hepatitis B. Many 
of these terms may be potentially misleading 
and fail to reflect the fluctuating nature of CHB 
over time. The terms used below to describe 
the phases of CHB reflect the importance of the 
immune system in controlling this infection.

The natural history of chronic 
hepatitis B infection
The natural history of chronic HBV infection 
is characterised by four distinct phases (Table 
4.2). 

These phases are dependent on a complex 
interaction between host, viral and 
environmental factors, and the age at infection 
particularly (Table 4.3). 

Natural history of acute hepatitis 
B virus infection
There are four phases in the natural history of 
acute hepatitis B:1

1.	Incubation phase: the incubation period of 
acute HBV infection can last up to twelve 
weeks. 

2.	Symptomatic hepatitis: acute hepatitis 
develops following the incubation period, 
evidenced by elevated aminotransferase 
levels, and lasts 4–12 weeks. Symptoms 
include anorexia, dark urine, jaundice and 
right upper quadrant abdominal discomfort. 
Acute symptoms are uncommon in infants 
and children, but common in adults.

3.	A recovery period follows with normalisation 
of the levels of alanine aminotransferase 
(ALT).

4.	Hepatitis B surface antigen (HBsAg) clearance 
in the serum follows after a few months, 
coinciding with the development of hepatitis 
B surface antibodies (anti-HBs). 

Progression from acute to chronic 
hepatitis B virus infection
The transition from acute to chronic infection 
signifies a failure of the immune response to 
eradicate the virus. The overall risk of chronic 
infection is highest in those who acquire the 
virus perinatally (80–90%).2 In those who 
acquire the infection in childhood or adulthood, 
the risk is 30% and 5% respectively3 (Table 4.1). 

The host immune responses determine the 
outcome of infection and the severity of liver 
injury.

Table 4. 2: Terminology of chronic hepatitis B

Preferred 
term Also known as

Phase I Immune 
tolerant Replicative state

Phase II Immune 
clearance

Immune competence 
phase
Immunoactive phase

Phase III Immune 
control

Non-replicative state
Inactive carrier
‘Healthy’ carrier

Phase 
IV

Immune 
escape

HBeAg negative CHB
Pre-core mutant 
disease
Reactivation phase

Table 4.1: Risk of development of chronic 
hepatitis B infection by the patient’s age at 
infection 

Perinatal Childhood Adult

Development 
of chronic 
infection

80–90% 30% <5%

Risk of 
advanced liver 
disease

20–30% 5–10% 1–2%

Immuno-
tolerant phase

Prolonged Variable Short
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4 Natural history of chronic hepatitis B virus infection

1. Immune tolerance phase
This initial phase is characterised by 
hepatitis B e antigen (HBeAg) positivity, 
high HBV DNA levels (> 20,000 IU/mL), 
normal ALT levels and minimal level liver 
injury. It is prevalent in those who acquired 
the infection vertically. This phase may 
persist for decades and is associated with 
a low risk of progression to advanced liver 
disease. 

2. Immune clearance phase 
The liver injury in HBV is determined by 
the immune response to the virus. This 
phase, also called the immune competence 
phase, is characterised by fluctuating HBV 
DNA and ALT levels as an active, immune-
mediated cytotoxic response to the 
infected liver cells. Active inflammation 
and eventually fibrosis can be found in 

Table 4.3: Phases of chronic hepatitis B infection

Phase Liver 
histology HBV DNA ALT HBeAg Anti-

HBe Duration Natural history

Immune 
tolerance 

Minimal 
inflammation

>20 000 
IU/mL Normal Present - 20-30 years

Low risk of 
progression to 
advanced liver 
disease 

Immune
clearance

Variable 
inflammation
+/- fibrosis

>20 000 
IU/mL
(fluctuating)

Elevated
(fluctuating) Present +/- Can be 

protracted
Associated with 
hepatic flares

Immune 
control

Minimal 
inflammation 
and liver 
damage

< 2000 
IU/mL Normal Absent + Years

Low risk of 
advanced liver 
disease
HBsAg loss: 1% per 
year
10–20% have 
reactivation of 
HBV replication 
after many years

Immune 
escape  
(HBeAg-
negative 
CHB)

Inflammation
and often 
significant 
fibrosis

2000–
20,000 
IU/mL

Elevated Absent + -

Can enter this 
phase from 
immune clearance 
or immune control 
phase

High risk of 
progression to 
advanced liver 
disease

the liver following these repeated immune-
mediated attacks. An important outcome of 
this phase is the seroconversion of HBeAg to 
HBe antibody (anti-HBe), which is associated 
with lower level viraemia. Importantly, after 
HBeAg seroconversion, a small number of 
patients can still have active liver disease, most 
likely due to the emergence and activation of 
HBV mutant variants, particularly the precore 
variant (see Chapter 2: Virology: viral replication 
and drug resistance).

3. Immune control phase 
Patients in this phase have also been 
described as ‘inactive carriers’ of the infection. 
Liver inflammation is minimal, HBV DNA is 
undetectable or at a low level (<2000 IU/mL) 
and liver function tests (LFTs) are normal. These 
patients are at low risk of developing advanced 
liver disease and its related complications.5 In 
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a study assessing the long-term outcome of 
HBsAg positive individuals who had normal 
LFTs and normal or minimal changes on liver 
biopsy, the liver histology and ALT remained 
unchanged over a 12-year follow-up period. 
A small minority (2%) of these subjects 
developed HBV reactivation with ALT flares. 
In contrast to the subjects with normal ALT, 
subjects with evidence of active liver disease 
(high ALT or inflammation on liver biopsy) had 
a worse prognosis, with an annual risk rate of 
developing cirrhosis and HCC of 1% and 0.5%, 
respectively.6 However, 10–20% of subjects 
in the immune control phase may have 
subsequent reactivation of HBV with immune 
escape, even after many years.7 

4. Immune escape phase (HBeAg-
negative chronic hepatitis B) 
This phase is characterised by negative HBeAg, 
positive anti-HBe and detectable viral load 
(HBV DNA > 2000 IU/mL). It is often termed 
precore mutant HBV because a mutation in 
the precore region of the DNA results in a lack 
of HBeAg production. Patients can reach this 
phase from the immune control state (5–10%),8 
or can progress directly from HBeAg-positive 
chronic hepatitis to HBeAg-negative chronic 
hepatitis (10-30%)6 (Figure 4.1). 

HBeAg-negative chronic HBV infection is 
reported in all parts of the world, but is more 
common in Asian and Mediterranean countries. 
It occurs due to the selection of a mutant HBV, 
which does not produce HBeAg but is still able 
to replicate. This immune selection process 
is likely to occur late in the natural history of 
chronic HBV infection. 

Table 4.4. Factors influencing chronic hepatitis B progression to cirrhosis and 

hepatocellular carcinoma

Host factors Viral factors Other factors 

Older age High HBV DNA level  Alcohol consumption 

Male Genotype C14 Co-infection with hepatitis 

C, human 

immunodeficiency virus 

(HIV), hepatitis D 

Obesity, diabetes15   

Figure 4.1 The four phases of hepatitis B infection  

Immune toleranance phase

Immune clearance phase

Immune control phase

Immune escape phase 

10-20%

10-30% 

Figure 4.1: The four phases of hepatitis B infection 

Thus, patients who are HBeAg negative tend 
to be older and have more advanced liver 
disease. The natural course of patients with 
HBeAg-negative disease is characterised by 
fluctuations in clinical status, and biochemical 
and viral load parameters caused by recurrent 
hepatic flares. Although patients with HBeAg-
negative disease tend to have lower HBV viral 
load than those with HBeAg-positive infection 
(< 20,000 IU/mL vs > 20,000 IU/mL), they 
display more hepatic inflammation on liver 
biopsy.9 Consequently, the annual incidence 
of cirrhosis is significantly higher (8–10%) in 
HBeAg-negative chronic hepatitis B patients, 
compared to that in HBeAg-positive patients 
(2–6%).10

Reactivation of HBV following 
immunosuppression 
In the context of immunosuppression, 
subjects in the immune control phase of CHB 
may experience a reactivation of the disease. 
Reactivation can occur in subjects who are 
HBsAg positive, and even in those who are 
HBsAg negative/anti-HBc IgG positive (occult 
HBV). The Reactivation is characterised by 
positive anti-HBc IgM but at lower titre than 
acute infection. It has been reported in 20–50% 
of those with hepatitis B infection undergoing 
immunosuppressive treatment, and may result 
in fulminant hepatic failure.11 It is important 
for people with HBV infection undergoing 
immunosuppressive therapy to be carefully 
monitored and managed appropriately with 
prophylaxis, as indicated (see Chapter 10: 
Managing hepatitis B virus infection in complex 
situations).

Occult HBV
With the emergence of highly sensitive HBV 
DNA PCR assays, a population of patients have 
been identified with occult HBV infection. Occult 
hepatitis B infection refers to the presence 
of the hepatitis B virus in the blood or liver 
without the detection of HBsAg. Its presence 
may be related to the long-term persistence of 
HBV DNA reservoir in hepatocytes in the form 
of covalently-closed-circular DNA (cccDNA). 
The reactivation of hepatitis B following 
immunosuppression has been described 
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in patients with occult infection. Occult 
hepatitis B infection may also contribute to 
the development of hepatocellular carcinoma. 
Currently in clinical practice, the exact role of 
HBV occult infection remains unclear.

Complications of hepatitis B virus 
infection
Sequelae of HBV infection range from 
asymptomatic disease to decompensated 
liver failure to extrahepatic manifestations. 
Cirrhosis and hepatocellular carcinoma (HCC) 
are major causes of morbidity and mortality. 
It is estimated that over 250,000 patients 
worldwide die annually from HBV-related liver 
disease. The cumulative 5-year survival rate 
once decompensated cirrhosis ensues is 35%.12 
The development of cirrhosis is influenced by 
several factors, mostly viral and host related 
(Table 4.3). Patients with HBV infection have 
a 100-fold increased risk of developing HCC 
relative to patients without HBV infection.13 The 
risk of progression to HCC is also related to host, 
viral and environmental factors (Table 4.4).

In a large prospective cohort study of CHB from 
Taiwan (the REVEAL study), elevated HBV DNA 
level (>104 copies/mL or approximately 2000 
IU/mL) at the time of initial evaluation was 
closely linked to the subsequent development 
of HCC.16,17 A further study demonstrated that 
if the HBV DNA level fell over the follow-up 
period, the risk of HCC also declined.17  These 

studies provide strong data that the risk of HCC 
in HBV is linked to levels of serum HBV DNA. It 
should be noted that in HBV-related HCC, 30–
40% of hepatoma cases develop in the absence 
of cirrhosis.18

Impact of antiviral therapy on the 
natural course of chronic hepatitis B 
virus infection
The importance of HBV viral replication to 
the natural history of the infection has been 
reported in the REVEAL HBV study.16,17 These 
data strongly support a role for antiviral 
therapies to alter the natural course of HBV 
infection, mitigating the rate of progression to 
end-stage liver disease and HCC through the 
suppression of viral replication. This finding 
was confirmed in a recent study evaluating 
the effect of lamivudine in Asian patients 
with high HBV DNA (>700,000 copies/mL or 
approximately 125,000 IU/mL) and advanced 
liver fibrosis.19 In these patients, lamivudine has 
been shown to delay the progression of liver 
disease and the development of HCC. 

Conclusion
The outcome of HBV infection and progression 
to chronicity is determined particularly by age 
at acquisition. The natural history of chronic 
HBV infection is characterised by four distinct 
phases that depend on complex host, viral and 
environmental interactions. In each phase, it is 
the host’s immune response that determines the 
outcome of infection and the severity of liver 
injury. Sequelae of HBV infection range from 
asymptomatic carrier status to decompensated 
liver failure and HCC.20 Antiviral therapy can 
alter the natural course of HBV infection.

References
1 	 Villeneuve JP. The natural history of chronic 

hepatitis B virus infection. J Clin Virol 2005;34 
(Suppl 1):S139-42.

2  	 Beasley RP, Trepo C, Stevens CE, Szmuness W. 
The HBe antigen and vertical transmission of 
hepatitis B surface antigen. Am J Epidemiol 
1977;105:94-8.

Table 4.4: Factors influencing chronic hepatitis 
B progression to cirrhosis and hepatocellular 
carcinoma 

Host 
factors Viral factors Other factors

Older age High HBV DNA 
level

Alcohol 
consumption

Male Genotype C14

Co-infection with 
hepatitis C, human 
immunodeficiency 
virus (HIV), 
hepatitis D

Obesity, 
diabetes15

4 Natural history of chronic hepatitis B virus infection



44     B Positive – all you wanted to know about hepatitis B: a guide for primary care providers44     B Positive – all you wanted to know about hepatitis B: a guide for primary care providers B Positive – all you wanted to know about hepatitis B: a guide for primary care providers     45     

3 	 Beasley RP, Hwang LY, Lin CC, Leu ML. Stevens 
CE, Szmuness W, et al. Incidence of Hepatitis 
B virus infections in preschool children in 
Taiwan. J Infect Dis 1982;146:198-204.

4 	 Lok AS, McMahon BJ. American Association 
for the Study of Liver Diseases Practice 
Guidelines. Chronic Hepatitis B. Hepatology 
2007;45(2):507-39.

5 	 Manno M, Camma C, Schepis F, Bassi F, 
Gelmini R, Giannini F, et al. Natural history 
of chronic HBV carriers in Northern Italy: 
morbidity and mortality after 30 years. 
Gastroenterology 2004;127(3):756-63.

6 	 Zacharakis GH, Koskinas J, Kotsiou S, 
Papoutselis M, Tzara F, Vafeiadis N, et al. 
Natural history of chronic HBV infection: a 
cohort study with up to 12 years follow-up 
in North Greece (Part of the Interreg I-II/EC-
Project). J Med Virol 2005;77(2):173-9.

7 	 Hsu YS, Chien RN, Yeh CT, Sheen IS, Chiou 
HY, Chu CM, Liaw YF. Long-term outcome 
after spontaneous HBeAg seroconversion in 
patients with chronic hepatitis B. Hepatology 
2002;35:1522-7.

8 	 Liaw YF, Chu CM, Su IJ, Huang MJ, Lin DY, 
Chang-Chien CS. Clinical and histological 
events preceding Hepatitis B e antigen 
seroconversion in chronic hepatitis B. 
Gastroenterology 1983;84:216-9.

9 	 Yuen MF, Tanaka ; Ng IO, Mizokami M, Yuen JC, 
Wong DK, et al. Hepatic necroinflammation 
and fibrosis in patients with genotypes B and 
C, core-promoter and precore mutations. J 
Viral Hepat 2005;12(5):513-8.

10 	 Liaw YF, Tai DI, Chu CM, Chen TJ. The 
development of cirrhosis in patients with 
chronic type B hepatitis: a prospective study. 
Hepatology 1988;8:493-6.

11 	 Yeo W, Johnson PJ. Diagnosis, prevention and 
management of hepatitis B virus reactivation 
during anticancer therapy. Hepatology 
2006;43(2):209-20.

12 	 Fattovich G, Giustina G, Schalm SW, et al. 
Occurrence of hepatocellular carcinoma 
and decompensation in western European 
patients with cirrhosis type B. The EUROHEP 
Study Group on Hepatitis B Virus and 
Cirrhosis. Hepatol 1995;21(1):77-82.

13 	 Yu MW, Hsu FC, Sheen IS, et al. Prospective 
study of Hepatocellular carcinoma and 
liver cirrhosis in asymptomatic chronic 
hepatitis B virus carriers. Am J Epidemiol 
1997;145(11):1039-47.

14 	 Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis B 
virus genotypes and spontaneous hepatitis 
B e antigen seroconversion in Taiwanese 
hepatitis B carriers. J Med Virol 2004;72:363-9.

15 	 Yuan JM, Govindarajan S, Arakawa K, Yu 
MC. Synergism of alcohol, diabetes and 
viral hepatitis on the risk of hepatocellular 
carcinoma in blacks and whites in the US. 
Cancer 2004;101:1009-17.

16 	 Iloeje UH, Yang HI, Su J, Jen CL, You SL, Chen CJ 
for the Risk Evaluation of Viral Load Elevation 
and Associated Liver Disease/Cancer In HBV 
(the REVEAL–HBV) Study Group. Predicting 
cirrhosis risk based on the level of circulating 
hepatitis B viral load. Gastroenterology 
2006;130:678-86.

17 	 Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN 
for the REVEAL–HBV Study Group. Risk of 
hepatocullular carcinoma across a biological 
gradient of serum hepatitis B virus DNA level. 
J Am Med Assoc 2006;295(1):65-73.

18 	 Bosch FX, Ribes J, Cleries R, Diaz M. 
Epidemiology of hepatocellular carcinoma. 
Clin Liver Dis 2005;9:191-211.

19 	 Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, 
Yuen H, et al. Cirrhosis Asian Lamivudine 
Multicentre Study Group. Lamivudine 
for patients with chronic hepatitis B and 
advanced liver disease. N Engl J Med 
2004;351:1521-31.

20 	 Raimondo G, Pollicino T, Squadrito G. What is 
the clinical impact of occult hepatitis B virus 
infection? Lancet 2005;365:638-40.


