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Preface

This module is part of the series The Immunological Basis for Immunization, which 
was initially developed in 1993 as a set of eight modules focusing on the vaccines 
included in the Expanded Programme on Immunization (EPI)1 . In addition to a general 
immunology module, each of the seven other modules covered one of the vaccines 
recommended as part of the EPI programme — diphtheria, measles, pertussis, polio, 
tetanus, tuberculosis and yellow fever. The modules have become some of the most 
widely used documents in the field of immunization.

With the development of the Global Immunization Vision and Strategy (GIVS) 
(2005–2015) (http://www.who.int/vaccines-documents/DocsPDF05/GIVS_Final_
EN.pdf) and the expansion of immunization programmes in general, as well as the 
large accumulation of new knowledge since 1993, the decision was taken to update 
and extend this series.

The main purpose of the modules — which are published as separate disease/vaccine-
specific modules — is to give immunization managers and vaccination professionals a 
brief and easily-understood overview of the scientific basis of vaccination, and also of 
the immunological basis for the World Health Organization (WHO) recommendations 
on vaccine use that, since 1998, have been published in the Vaccine Position Papers  
(http://www.who.int/immunization/documents/positionpapers_intro/en/index.
html).

WHO would like to thank all the people who were involved in the development of 
the initial Immunological Basis for Immunization series, as well as those involved in 
its updating, and the development of new modules.

1 This programme was established in 1974 with the main aim of providing immunization for children 
in developing countries.

http://www.who.int/immunization/documents/positionpapers_intro/en/index.html
http://www.who.int/immunization/documents/positionpapers_intro/en/index.html
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1.1 Hepatitis B virus

Hepatitis B virus (HBV) is a 42-nm deoxyribonucleic acid (DNA)-virus of the family 
Hepadnaviridae. It consists of an inner nucleocapsid of the hepatitis B core antigen 
(HBcAg), surrounding the small, circular, partially double-stranded DNA genome 
and the DNA polymerase of HBV, and an outer lipoprotein envelope containing the 
hepatitis B surface antigen (HBsAg) and pre-S1 and pre-S2 proteins. With a genome 
of about only 3200 base pairs, HBV is one of the smallest DNA viruses known (1). 
The HBsAg protein is produced in excess amounts, resulting in the assembly of 22-nm 
spherical and tubular HBsAg-particles that circulate in the blood of infected persons. 
The hepatitis B e protein (HBeAg) is not a part of virus particles, but can be detected in 
the serum of patients with active HBV replication in either an acute or a chronic form 
of hepatitis B. HBeAg is only synthesized under conditions of high viral replication. 
For the last few years HBV DNA has been used as an indicator for viral replication, 
and is expressed as IU/ml or copies/ml.

Three major determinants of HBsAg have been described. The so-called a determinant 
contains a neutralizing epitope; one of the other determinants has either d or y specificity 
and the other has w or r (2). Thus, four serotypes of HBV are defined: adw, adr,  
ayw and ayr. This serologic subtype classification of HBV has transitioned to the more 
precise genotype genetic classification. HBV has been classified into eight genotypes 
(A–H) on the basis of intergenotypic difference of >8% in the entire nucleotide  
sequence (3). These HBV genotypes have a distinct geographic distribution,  
with genotype A being most common in northern Europe and the United States 
of America (USA), B and C in Asia, and D in Mediterranean countries and the  
Middle East. Chronic infection with genotype B appears to have a better prognosis 
than genotype C. Precore mutant infection is also most common in genotypes B,  
C and D, and this explains why precore mutant infection is more common in Asia and 
southern Europe.

Upon infection, the hepatotropic HBV attaches to hepatocytes, is uncoated in the 
cytoplasm, and its nucleocapsid is transported to the nucleus of the infected liver cell. 
The viral DNA induces the production of four messenger ribonucleic acids (mRNAs), 
each of which encodes the different viral proteins: one for the X protein; one for  
pre-S2 and HBsAg proteins; one for pre-S1, pre-S2 and S proteins, and one for HBcAg, 
HBeAg and polymerase (2,4). Newly-assembled viruses either exit the hepatocyte or 
are reimported into its nucleus to restart the viral replication process.

1. The organism, the disease 
and the vaccines
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Compared to other DNA viruses, mutations occur more frequently in HBV,  
due to its replication via an RNA intermediate and reverse transcriptase which 
apparently lacks a proofreading function (5,6). HBV mutations occur in all open reading 
frames (ORFs), and thus in all viral genes and regulatory elements. Certain mutants 
may be associated with a specific course of the infection, and this could lead to reduced  
viral clearance by the immune system (“immune escape”) or by antiviral therapy 
(“therapy escape”), and may affect the detectability (“diagnosis escape”) or the 
recognition by neutralizing antibodies (“vaccine escape”) (6).

Certain amino-acid substitutions within the a determinant of HBsAg, particularly in 
the region of amino acids 139–147, may render the a determinant unrecognizable by 
common screening tests, as well as by vaccine-induced antibodies (6). Indeed, a number 
of mutants have been described, some of which have been proved to be stable, infectious 
and pathogenic in chimpanzees (7). To what extent these mutants occur naturally, 
or are due to pre-existing mutants having a selective advantage, remains unclear (6). 
Despite the initial concern about the potential of HBV variants to escape prevention, 
detection, immune response to infection or therapy, HBV mutants have not proved to 
be of public-health significance, and mathematical modelling predicts that it would take 
decades before an effective vaccine escape mutant would become dominant (8–11).

1.2 Hepatitis B disease

Hepatitis B virus is not directly cytopathic but it causes infected hepatocytes to 
dysfunction (12). Infection with HBV often leads to a strong T-cell response against 
multiple viral epitopes; consequently, these patients will succeed in overcoming their 
acute hepatitis B infection. However, the virus most often persists in infants infected 
at birth (due to neonatal immune tolerance to viral antigens), and less frequently also 
in older children and adults who have a very weak (or undetectable) cellular immune 
response, suggesting that neonatal immune tolerance or a less efficient T-cell response 
may result in the persistence of HBV infection and the development of a chronic 
hepatitis. This may explain the findings of a recent meta-analysis that showed an 
increased death rate in HBV co-infected human immunodeficiency virus (HIV)-positive 
people, both before and after starting highly active antiretroviral therapy (HAART) 
(13). In the long run, activation of cellular oncogenes or inflammation and hepatocyte 
regeneration caused by chronic liver injury can lead to the development of hepatocellular 
carcinoma (HCC) in chronically infected persons (14,15).

Indeed, HBV infection can have a variety of consequences, ranging from  
subclinical infection without, or with minimal symptoms, to acute (clinically apparent) 
hepatitis and even fulminant and potentially life-threatening acute hepatitis B (16). 
Moreover, HBV infection can persist as chronic hepatitis (defined as HBsAg positivity 
and thus HBV infection, for at least six months) and may lead to chronic liver disease, 
liver cirrhosis and ultimately hepatocellular carcinoma (HCC) (17).

Both the clinical manifestations caused by HBV infection during the acute phase, 
and the probability of developing chronic hepatitis are strongly dependent on the 
age at infection. Clinical signs and symptoms of acute hepatitis B occur in about 1% 
of perinatal HBV infections, 10% of infections in children 1–5 years of age and 30% 
of older children or adults (18). Acute hepatitis B may lead to fulminant liver failure 
in 0.5%–1.0% of infected adults but rarely in infected children or infants (19,20,21). 
Mortality due to fulminant hepatitis B can get as high as 70% in children, although 
liver transplantation is linked to substantially higher survival rates (22,23,24).
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The probability of becoming chronically infected with HBV is inversely related to 
age. Indeed, approximately 80%–90% of people infected perinatally, about 30% of 
children infected before the age of six years, and 5% or less of otherwise healthy,  
HBV-infected adults will develop chronic HBV infection (25,26). As explained above, 
the T-cell response to HBV infection is believed to play an important role. This is further 
illustrated by the increased risk of developing chronic hepatitis in patient groups such 
as the HIV infected, those with renal failure and diabetics (26,27).

The acute hepatitis caused by HBV is clinically similar to that induced by other causes 
of viral hepatitis. Apart from the incubation period (75 days on average, but ranging 
from 30 to 180 days), or other epidemiological characteristics which may be suggestive 
for HBV, confirming the diagnosis requires laboratory testing.

After a prodromal phase with malaise, nausea, mild fever, myalgia and/or fatigue  
which usually lasts 1–2 weeks, jaundice, dark urine and pale stools become evident. 
Patients may simultaneously suffer abdominal pain in the right upper quadrant. 
Symptoms usually resolve within 1–3 months.

HBsAg is one of the early HBV markers to be found, some 4 weeks (range: 6–60 days) 
after infection; its presence indicates current infection with HBV and thus, infectiousness 
(28,29). Additionally, HBeAg as a marker for high viral replication, can be detected 
in the initial phase of acute HBV infection. Its presence indicates that the blood and 
body fluids of the infected person are highly contagious. HBV DNA is another marker 
of viral load and is directly correlated with infectivity. Subsequently, at the onset of 
symptoms or abnormalities in laboratory tests for liver function, anti-HBc antibodies 
become detectable (IgM-type at first). Total anti-HBc usually persists, and is a marker 
for past infection. Upon recovery from symptoms, HBeAg and HBsAg disappear 
and are replaced, during convalescence, by anti-HBe and anti-HBs, respectively.  
The presence of anti-HBs indicates the status of immunity to HBV infection.

By far the major part of the disease burden caused by hepatitis B infections is caused 
by chronic infections. In perinatally-acquired HBV infections, clinical signs and 
symptoms during the acute phases are rare, and most infected infants will develop a 
chronic hepatitis. Such chronic infection is characterized by the persistence (>6 months) 
of HBsAg (with or without concurrent HBeAg). Presence of HBeAg indicates that the 
individual concerned has high viral replication, is more highly infectious and at greater 
risk of developing chronic consequences. Persistence of HBsAg (or HBV DNA) are the 
principal markers of risk for development of chronic liver disease and hepatocellular 
carcinoma later in life. Spontaneous clearance of the virus — demonstrated by loss of 
HBsAg — is rare (less than 1% per year in untreated patients).

For infants and young children, the development of chronic hepatitis B starts with a 
phase of immune tolerance with active virus replication, without active liver disease, 
which can last 10–30 years (30,31,32). Subsequently, active liver disease develops,  
while viral replication remains high. In adults, there is no such immune tolerance phase, 
and active liver disease develops rather shortly after infection. This chronic inflammation 
may result in the development of fibrosis of the liver, which may lead to cirrhosis.  
Each year, some 10% of patients spontaneously move into a low-replicative phase 
(i.e. they become HBeAg negative and develop anti-HBe). During this phase,  
virus replication as well as active liver disease, are absent, or occur at low levels.
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1.3 Treatment

The main goal of therapy for chronic HBV infection is to significantly suppress 
replication of HBV, thus preventing liver disease progression to cirrhosis with its 
complications. Treatment of chronic HBV infections has some success. In patients who 
are HBeAg-positive, the goal of treatment is HBeAg seroconversion with sustained 
suppression of HBV DNA and rarely HBsAg seroconversion. In those who are 
HBeAg-negative, the goal of treatment is sustained suppression of HBV DNA and 
liver injury as measured by alanine aminotransferase (ALT) levels as well as HBsAg 
seroconversion (which is achieved only on rare occasions). Residual HBV DNA in the 
form of intranuclear covalently closed circular DNA (cccDNA) may still be present 
in patients who lost HBsAg and seroconverted to anti-HBs, a situation which leads to 
occult HBV infection.

Guidelines for the treatment of chronic HBV infections have been issued by several 
professional, international hepatology organizations, and are updated regularly 
(33,34,35). Published guidelines often require diagnostic methods (e.g. liver biopsy) to 
determine eligibility for treatment.

Currently, seven antiviral agents are approved for the treatment of chronic HBV infection 
in developed countries, and have been shown to delay progression of cirrhosis, reduce 
the incidence of HCC and improve long-term survival (33). Depending on the defined 
outcome, approximately one-third of patients respond to a one-year α-interferon 
therapy which is mainly used in HBeAg positive patients. Pegylated interferon-based 
therapy appears to have several advantages compared with nucleos(t)side analogues: 
the relatively higher rate of anti-HBe seroconversion; the limited duration of  
treatment compared with nucleos(t)ide analogues and the potential, albeit rare,  
HBsAg loss after a one-year therapy, the absence of resistance and the lower overall 
cost (36,37). Treatment with nucleos(t)ide analogues is very effective in suppression 
of viral load but the end-point of treatment is undetermined and long-term treatment, 
which remains costly and unavailable to the majority of those affected, is required. 
Combination therapy of available antiviral drugs does not lead to an increased 
efficacy or a durable post-therapy benefit. Long-term antiviral treatment may result in  
elimination of viral replication in 40%–50% of cases with chronic HBV infection (38). 
Nevertheless, HBV treatment is costly, and is therefore not always readily accessible 
in many resource-constrained settings which is where most people infected with HBV 
live. Treatment is often complicated by the toxicity of the drugs, by the selection of 
HBV mutants or the induction of antiviral resistance, and by high relapse rates.

1.4 Epidemiology

Even if HBV has a global spread, the geographical patterns of its prevalence vary 
hugely. High(est) endemicity of hepatitis B (currently defined as ≥8% of the population 
HBsAg-positive) is found in areas of sub-Saharan Africa, south-east Asia, the eastern 
Mediterranean countries, south and western Pacific islands, the interior of the Amazon 
Basin and in certain parts of the Caribbean; in these areas up to 20% of the population 
may be chronically infected. Intermediate endemicity (2%–8% of the population 
HBsAg-positive) are located in south-central and south-west Asia, eastern and southern 
Europe, the Russian Federation and most of Central and South America. In Australia, 
New Zealand, northern and western Europe and North America, the prevalence of 
chronic HBV infection is low (<2% of the population HBsAg-positive).
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Humans are the only reservoir of HBV. The virus is highly contagious and is  
transmitted by percutaneous and permucosal exposure to blood, and in other body 
fluids, including saliva, semen and vaginal secretions. The highest concentrations of 
the virus can be found in blood and serous exudates (up to 109 virions/ml). Four 
different modes of HBV transmission exist: from mother to child (perinatal), from child 
to child (horizontal), through unsafe injections and blood transfusions (parenteral),  
and through sexual contact (sexual). The relative importance of each of these depends 
on the endemicity.

In highly endemic regions, HBV transmission mostly occurs early in life, either 
from mother to child at birth, or from person to person during early childhood.  
Infection later in life however, and especially by sexual transmission or by the use of 
contaminated needles (e.g. among injecting drug users), is relatively more important 
in situations of low(er) endemicity. Nevertheless, perinatal transmission may account 
for 15% of HBV-related deaths, even in low-endemic areas. Other parenteral or 
percutaneous routes of HBV transmission, such as needlestick injury and mucous 
membrane splash, or through contaminated multidose vials in the health-care setting, 
as well as tattooing, piercing, or sharing razors or toothbrushes, may play an important 
role in spreading the virus. Worldwide, unsafe injection practices are thought to 
account for over 21 million HBV infections each year (39). While transfusion-related 
infections have currently become very rare in industrialized countries following the 
implementation of serological and molecular screening of donated blood and plasma, 
surgery and dental care may still be a source of HBV infection.

Global estimates indicate that at least two billion people have been infected with 
HBV, and that approximately 360 million people are chronic carriers (i.e. 6% of the 
world’s population) (40,41). On the basis of HBV epidemiological data, a mathematical 
model was developed to estimate the global hepatitis B disease burden and vaccination 
impact (42). This model estimated that 620 000 HBV-related deaths occurred globally 
in the year 2000; 580 000 (94%) from chronic HBV infection and 40 000 (6%) from 
acute hepatitis B. Over the lifetime of the year 2000 global birth cohort, without 
vaccination, the model estimated there would be 64 766 000 HBV infections, 9 733 000 
chronic infections and 1 405 000 HBV-related deaths. Without vaccination, 69% of all  
HBV-related deaths in the 2000 birth cohort were estimated to result from the 
combination of perinatal and early childhood infection (42).

1.5 Hepatitis B vaccines

1.5,1 Vaccine formulations

In the 1970s it became clear that the antibodies to the hepatitis B surface antigen  
(anti-HBs) were protective against HBV infection, and thus that HBsAg could serve 
as an immunogen (43,44,45). This led to the development of plasma-derived vaccines 
using purified HBsAg from the plasma of chronically HBV-infected people which was 
subsequently adsorbed on to alum salts as an adjuvant. This type of vaccine became 
commercially available in 1982.
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Since 1986, new vaccines have been licensed based on recombinant DNA technology 
that expresses HBsAg in yeast or mammalian cells, by inserting the gene coding for 
HBsAg (sometimes including pre-S envelope genes) using plasmids. As a result, 
several recombinant DNA vaccines against hepatitis B have become available from 
different manufacturers (2,46). The HBsAg produced self-assembles into immunogenic,  
spherical particles. Subsequently, the HBsAg is harvested, purified and adsorbed on to 
alum salts (and in certain formulations thiomersal is added). Recombinant hepatitis B 
vaccines have gradually replaced the plasma-derived vaccines.

More recently, so-called third-generation hepatitis B vaccines — based on the S, pre-S1, 
and pre-S2 antigens, or using new adjuvants — have been, and are being, developed. 
These vaccines specifically aim to enhance the immune response in immunocompromised 
patients and non-responders.

In current hepatitis B vaccine production, only the S-gene is brought to expression, 
with production of the major HBsAg protein. Vaccines containing pre-S1 and pre-S2 
epitopes have been developed with the expectation that these vaccines would be more 
efficient in non-responders. So far, divergent and conflicting results have been obtained 
with these vaccines, while the high cost of production would limit their use (47,48).

In order to enhance immunogenicity, new adjuvants, rather than changes in protein 
composition, were tested. Several adjuvant systems turned out to be more immunogenic 
than their non-adjuvanted counterparts: monophosphoryl lipid A, a derivative of the 
highly immunogenic bacterial cell wall component lipopolysaccharide, in combination 
with aluminium hydroxide, has been used in adults with renal insufficiency (49).  
Other hepatitis B vaccines containing oil-in-water emulsions MF59 have also been 
developed (50,51).

The quantity of HBsAg used for individual vaccine doses varies with the manufacturer, 
ranging from 3 mcg to 10 mcg per dose for paediatric formulations, and from 10 mcg to 
40 mcg per adult dose, due to differences in the manufacturing process of the vaccines 
(2). The HBsAg content, therefore, cannot be used to assess the relative efficacy of the 
vaccines, and no international standard exists to express vaccine potency (52). 

When immunizing against HBV at birth, only monovalent hepatitis B vaccine should 
be used; the other antigens found in combination vaccines are currently not approved 
for use at birth. In addition to monovalent vaccines against hepatitis B, a broad range 
of combination vaccines include an HBV component for vaccination during infancy, 
early childhood or for adults. Most of these simultaneously immunize against tetanus, 
diphtheria and pertussis (with either a whole-cell or an acellular component); they may 
also include antigens for vaccination against polio and/or Haemophilus influenzae type 
b, or hepatitis A virus. A list of Hepatitis B vaccines prequalified by the World Health 
Organization can be located at the vaccine prequalification site (http://www.who.int/
immunization_standards/vaccine_quality/PQ_vaccine_list_en/en/index.html).

http://www.who.int/immunization_standards/vaccine_quality/PQ_vaccine_list_en/en/index.html
http://www.who.int/immunization_standards/vaccine_quality/PQ_vaccine_list_en/en/index.html
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1.5.2 Vaccine stability

Similar to diphtheria-tetanus-pertussis (DTP) vaccines, currently licensed HBV vaccines 
require a shipping and storage temperature between 2°C and 8 °C. Within this range, 
vaccines are generally stable for 3–4 years from the manufacturing date (Table 1). 

Studies have shown that hepatitis B vaccines are relatively heat stable, and have been 
shown to maintain their immunogenicity and reactogenicity profile after exposure  
to 37 °C for one month, and to 45 °C for up to one week (53,54). A recent review on  
“out of the cold chain” (OCC) storage of HBV vaccines concluded that vaccine 
potency and immunogenicity were maintained after prolonged exposure to ambient 
temperatures. 

In contrast to its heat stability, hepatitis B vaccines have been shown to be sensitive 
to freezing. Accidental freezing (as low as –0.5 °C) causes the HBsAg to dissociate  
from its alum adjuvant and thus to lose its immunogenicity and potency (52). Currently, 
the clinical consequences of freezing on vaccine efficacy have not been evaluated.

In view of the available data on the heat stability of HBV vaccines, and because of the 
investments required for the facilities with refrigeration, OCC use may be (economically) 
more favourable (55,56,57). A recent paper considered single-dose presentations of 
thermostable vaccines potentially cost-effective for low-resource settings in Africa and 
Asia (58). The authors therefore recognize a clear need for additional information on 
the thermostability of HBV vaccines, as:

research to improve the thermostability of new vaccines, including hepatitis B •	
vaccine, is still ongoing;

the translation from currently available evidence on HBV vaccine thermostability •	
into licensing and guidance may also improve;

several international organizations (WHO, UNICEF, PATH) advocate the use of •	
vaccine vial monitors (VVMs) and prevention of vaccine freezing for a number of 
vaccines, including hepatitis B vaccines, to reduce vaccine wastage and to prevent 
the use of heat-damaged stock (ref http://www.who.int/vaccines-documents/
DocsPDF02/www716.pdf).

Manufacturers are recommended to include stability data in the product literature 
accompanying each HBV vaccine. In the near future, monovalent HBV vaccines may 
then be stored OCC, provided that the heat exposure is appropriately monitored 
(56). 

1.5.3 Vaccine safety

In placebo-controlled studies, with the exception of local pain, reported events such  
as myalgia and transient fever have been less frequent than in the placebo group  
(<10% in children, 30% in adults). Reports of severe anaphylactic reactions are very rare; 
their risk has been estimated at 1.1 cases/million doses administered (95% CI: 0.1–3.9 
cases/million doses administered) based on American data from the Vaccine DataLink 
project (59).

http://www.who.int/vaccines-documents/DocsPDF02/www716.pdf
http://www.who.int/vaccines-documents/DocsPDF02/www716.pdf


The Immunological basis for immunization series - Module 22: Hepatitis B8

For other severe adverse events that have been reported rarely after hepatitis B 
vaccination, expert review of the available data either concluded that evidence was 
insufficient to reject or accept a causal association with hepatitis B vaccine — for 
Guillain–Barré syndrome — or that a causal association could be rejected — for 
multiple sclerosis (60). No causal association has been demonstrated between hepatitis 
B vaccines and chronic conditions such as chronic fatigue syndrome, rheumatoid 
arthritis, leukaemia, autoimmune disorders, neurologic disorders, asthma, sudden infant 
death syndrome or type-1 diabetes (60–68). There is no evidence of toxicity in infants,  
children or adults exposed to thiomersal or thimerosal (USA) in vaccines (69–76).  
The Global Advisory Committee on Vaccine Safety (GACVS)1 will continue to monitor 
vaccine safety concerns (ref http://www.who.int/vaccine_safety/en/).

Hepatitis B vaccine is contraindicated for individuals with a history of allergic reactions 
to any of the vaccine’s components. Neither pregnancy nor lactation is a contraindication 
for use of this vaccine.

1.5.4 Route of administration

Currently licensed hepatitis B vaccines are administered by intramuscular injection. 
For infants and children <2 years, the anterolateral thigh is the preferred injection site; 
for older children and adults it is the deltoid muscle (77–80).

Administration in the buttock is not recommended because this route of administration 
has been associated with decreased protective antibody levels (81).

Intradermal administration of hepatitis B vaccine has been studied as a potentially 
dose-sparing and cost-saving option. A recent review by the joint WHO-PATH project 
“Optimize” and two previous meta-analyses concluded that intradermal administration 
is broadly equivalent to intramuscular administration in terms of inducing an immune 
response, but that reduced-dose intradermal immunization may be less effective than 
intramuscular injection of a full dose (82,83). Intradermal HBV vaccination has also 
been found successful in overcoming the lack of response to standard intramuscular 
vaccination observed in patients on haemodialysis (84).

Considerable progress has been made in the (transient) expression of HBsAg in 
transgenic plants. While a number of important issues (e.g. choosing the most  
suitable plant carrier, improving the HBsAg expression level) still need to be addressed, 
currently available evidence suggests that edible HBV vaccines may form an additional 
route of administration in the future (85–89).

1.5.5 Co-administration

The hepatitis B vaccine does not interfere with the immune response to many other 
vaccines, and vice versa. Specifically, the birth-dose of hepatitis B can be given safely 
together with oral polio vaccine (OPV) and bacillus Calmette–Guérin (BCG) vaccine; 
BCG does not interfere negatively with the response to hepatitis B vaccine (52,90).

1  The Global Advisory Committee on Vaccine Safety (GACVS) was established in 1999 to 
respond promptly, efficiently, and with scientific rigour to vaccine safety issues of potential global 
importance. Results are reported (and updated) through the GACVS website (http://www.who.int/
vaccine_safety/en/).

http://www.who.int/vaccine_safety/en/
http://www.who.int/vaccine_safety/en/
http://www.who.int/vaccine_safety/en/
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Several studies have indeed confirmed that simultaneous administration of hepatitis B 
vaccine with BCG, DTP-polio or measles vaccines, did not induce any negative effects 
with regard to the safety or the respective immune responses (91–94). Only with yellow 
fever (YF) vaccine, one study found that simultaneous administration of hepatitis B 
vaccine resulted in significantly lower YF antibodies; a later study however found 
comparable immune responses (95,96).

1.5.6 Vaccination schedules

A series of three (intramuscular) vaccinations are known to induce immunity against 
HBV. A large variety of hepatitis B vaccination schedules have been shown to  
induce seroprotective anti-HBs levels2 in over 95% of healthy infants and children. 
These include schedules where doses are administered at birth, 1 and 6 months of age; 
at 2, 4, and 6 months of age, and 6, 10, and 14 weeks of age (78,97–102). In general,  
the minimum recommended interval between the doses is four weeks. Longer dose 
intervals may increase the final anti-HBs titres but not the seroconversion rates.

In any age group, an HBV vaccination schedule that is interrupted should be continued 
as soon as possible, while respecting the minimum interval between the remaining doses. 
Restarting the whole series of HBV vaccine is not necessary (103–108); nevertheless, 
some studies report a higher proportion of non-response in vaccinees with a delayed 
second dose in the immunization schedule (109,110).

Children who respond to hepatitis B vaccine are protected against acute and  
chronic forms of hepatitis B (52). Additionally, most recommended infant vaccination 
schedules result in a high protective efficacy against chronic HBV infection,  
conditional on the timing of the first vaccine doses and/or an adequate dosage of hepatitis 
B immunoglobulins (HBIG) at birth (110,111).

Hepatitis B vaccines can be co-administered with other infant vaccines. Therefore, 
except for the birth dose, hepatitis B vaccination can easily be added to existing infant 
vaccination schedules without requiring additional visits (52).

1.5.7 Protection against hepatitis B at birth

Recommended vaccination schedules that include a birth dose will prevent most 
perinatally-acquired infections and offer early protection from horizontal transmission. 
Indeed, depending on the vaccination coverage for the complete series, according to 
model-based predictions, universal HBV infant immunization would prevent up to 75% 
of global deaths from HBV-related causes. Adding a birth dose to prevent perinatal 
transmission would increase that proportion to 84% (42).

At least in the perinatal setting, HBIG alone has been shown to be about 75% effective 
in preventing symptomatic HBV or the development of chronic infection in neonates 
born to HBsAg-positive mothers. Hepatitis B vaccination also later demonstrated an 
at-least similar effectiveness, while combining HBIG and the vaccine increases efficacy 
to 85%–95% (112,113).

2  Seroprotection is defined as having an anti-HBs level >10 IU/L, when measured 1–3 months after a 
completely administered hepatitis B vaccination schedule (i.e. three or four doses).
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2.1 Description of the serological response

The extensive use of both plasma-derived and recombinant HBV vaccines has confirmed 
their excellent safety and tolerability in newborns and infants (114). Anti-HBs antibodies 
are used as a marker for immunity. Vaccine efficacy studies demonstrated virtually 
complete protection against acute and chronic hepatitis B in immunocompetent people 
with anti-HBs levels >10 IU/L after vaccination. Therefore, seroprotection against HBV 
infection is defined as having an anti-HBs level >10 IU/L, when measured 1–3 months 
after having received a complete immunization schedule (115–122).

Reviews on the use of HBV vaccine in neonates and infants report seroprotective levels 
of anti-HBs antibodies at one month after the last vaccine dose for all schedules in >95% 
of healthy vaccinees (123,124). Another review, including studies conducted mainly 
in newborns, reported seroprotection rates ranging from 92.6% to 100% one month  
after the 0, 1, 6 month schedule, and from 97% to 98% one month after an accelerated  
0, 1, 2 month or 0, 1, 3 month schedule (125). These data demonstrate that HBV 
vaccines are highly immunogenic in newborns and infants and have the advantage of  
providing higher seroprotection rates at early childhood compared to older populations. 
Indeed, antibody response rates decline gradually after the age of 40 (126).

Similar to the immune response to HBV infection, T-cell dependence of the immune 
response to hepatitis B vaccination has been demonstrated, and it was shown that  
non-responding infants had a reduced capacity to adequately expand and differentiate 
TH cells (127). However, almost all individuals who did not respond sufficiently to 
a primary 3-dose immunization series did respond to a 3-dose revaccination series 
(128).

Hepatitis B vaccine administered at birth substantially lowers the risk of hepatitis B 
infection in infants born to HBV-infected mothers (relative risk 0.28, 95% CI 0.20–0.40), 
as concluded by a meta-analysis in 2006 (129).

2.2 Determinants of the immune response to immunization

While HBV vaccines in general induce an adequate immune response in over 95% of 
fully vaccinated healthy persons, a large interpersonal variability has been demonstrated 
in the immune response to HBsAg in healthy subjects. As such, fast/high, intermediate, 
slow/poor and even non-responders can be distinguished based on the magnitude 
and the kinetics of the immune response to HBV vaccination (130,131). The antibody 
response to hepatitis B vaccine has been shown to depend on the type, dosage and 
schedule of vaccination used, as well as the age, gender, genetic factors, co-morbidity 
and the status of the immune system of the vaccinee (132).

2. The response to 
immunization
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2.2.1  Vaccine-related factors

Both plasma-derived and recombinant DNA hepatitis B vaccines are similar with respect 
to safety, immunogenicity and efficacy; also in the long term (52,133,134).

Several studies have shown that hepatitis B vaccine can be administered simultaneously 
with other routinely-used childhood vaccines without interaction on their respective 
immune responses (52,92,93,135).

A 1994 review paper has clearly demonstrated a link between hepatitis B vaccine 
antigen dosage and protective efficacy against chronic HBV infection in neonates 
born to HBeAg positive mothers. In this review, administration of lower hepatitis B 
antigen dosages resulted in lower protective efficacy, unless HBIG was (simultaneously) 
administered at birth (111).

2.2.2 Host-related factors

Enhancement of the immune response was found if the infant was older at the time of 
initial vaccine injection or if the booster dose was given later (136–139). This has been 
linked to the immaturity of the infant immune system (140,141,142).

Immunization against HBV can induce protection in infants in the presence of passive 
immunity from maternal origin (143,144).

Premature infants do not have a reduced immune response to hepatitis B vaccination 
(145). Some infants born prematurely with low birth weight (<2000 g) may not respond 
well to vaccination at birth (146). The long-term effectiveness of hepatitis B vaccination 
in these children with a birth weight <2000 g needs to be further documented,  
to evaluate if a primary series of three doses offers sufficient protection. However,  
by one month of chronological age, all premature infants, regardless of initial birth 
weight or gestational age, are likely to respond adequately (147).

Several immunosuppressive conditions, such as advanced HIV infection, chronic liver 
disease, chronic renal failure and diabetes have been demonstrated to be associated 
with reduced immunogenicity of hepatitis B vaccine. Indeed, HIV-infected infants, 
infants with malignancies and infants undergoing haemodialysis have a lower 
probability of having an adequate immune response (148,149,150). The immune 
response to hepatitis B vaccination in HIV-infected people is known to be associated 
with the prevaccination CD4 counts, and HAART therapy is known to improve the 
capacity of the immune system to respond to hepatitis B vaccination (151,152,153). 
Additionally, a recent study on HIV-infected patients showed a positive association of 
double-dose revaccination with serologic immune response to hepatitis B vaccination 
(152). Therefore, immunocompromised individuals may require the administration of 
additional injections or higher vaccine doses, and the anti-HBs antibody titres should 
be followed up after immunization.

For adults with renal insufficiency, a recombinant HBV vaccine containing a higher 
antigen dose and an additional adjuvant is available. This vaccine is more reactogenic, 
but was shown to induce a stronger, more rapid and longer-lasting immune response 
compared to a 4-dose series of double-dose standard hepatitis B vaccine (154).
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A complete series of hepatitis B vaccine induces protective antibody levels in >95% 
of infants, children and young adults. After the age of 40, protection following the 
primary vaccination series drops below 90%; by 60 years, protective antibody levels 
are achieved in only 65%–75% of vaccinees.

As with many other vaccines, higher antibody levels are obtained in females than in 
males (77).

In addition to the factors mentioned above, non-response to hepatitis B vaccination 
has also been linked to genetic causes and to a number of major histocompatibility 
complex (MHC) class I, II, and III alleles and haplotypes (155–158).

2.3 Duration of immunity

After primary immunization with HBV vaccine, anti-HBs concentrations wane quite 
rapidly within the first year and more slowly thereafter (124,159). People with a 
lower peak anti-HBs level after the complete primary vaccination series have a higher 
probability of falling below the 10 IU/L anti-HBs level more rapidly. Among children 
who previously responded to a complete series of hepatitis B vaccination with antibody 
levels >10 IU/L, up to 50% of vaccinees have low or undetectable concentrations of  
anti-HBs (anti-HBs loss) between five and 15 years after vaccination (124,160). 
However, even if anti-HBs concentrations decline to below 10 IU/L, immune memory 
continues to persist over a longer time period (161,162). Persistence of this vaccine-
induced immune memory has been demonstrated among vaccinees who responded up 
to 22 years earlier to a primary childhood vaccine series starting at birth. In 67% to 76% 
of these persons, an anamnestic response could be induced by an additional vaccine 
dose (163). Even an absent anamnestic response following such booster vaccination 
may not necessarily mean that such people are again susceptible to HBV (164).  
From a public-health perspective, these data indicate that almost all children vaccinated 
at early childhood retain immune memory and would develop an anti-HBs response 
on exposure to HBV later in life. The Hepatitis Working Group concluded at the 
April 2009 WHO Strategic Advisory Group of Experts (SAGE) meeting that there is  
high-quality evidence to support effectiveness of a primary series of hepatitis B vaccine 
to prevent acute and chronic HBV infection at 15 years post vaccination of infants, and 
low-quality evidence to support effectiveness at 22 years post vaccination of infants3. 
Given the incubation period of HBV, stimulation of memory cells should trigger 
antibody production rapidly enough to prevent HBV infection or at least its clinical 
consequences (165).

3  Source: April 2009 WHO SAGE meeting, grade table 4 of the Hepatitis Working Group. Available 
online at http://www.who.int/immunization/sage/4_Grade_table_Hep_B.pdf.

http://www.who.int/immunization/sage/4_Grade_table_Hep_B.pdf
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Protection against clinically significant breakthrough HBV infection and chronic 
carriage is expected to last longer than detectable antibodies after immunization.  
The longest follow-up of protection conferred by HBV vaccines has been conducted 
in populations with an initially high endemicity of HBV infection (160). Studies of 
cohorts of immunocompetent persons vaccinated as children or infants indicate that,  
despite anti-HBs loss years after immunization, nearly all vaccinated persons 
who respond to a primary series remain protected from HBV infection, and HBV 
immunization remained highly efficacious in reducing the HBsAg positivity rate, 
despite significant proportions who had anti-HBs levels <10 IU/L 15 years or more 
after the primary vaccination series (166,167). No clinical cases of HBV disease have 
been observed in follow-up studies conducted 15–20 years after vaccination among 
immunocompetent vaccinated persons with antibody levels >10 IU/L after the primary 
schedule (168–171).

2.4 Vaccine efficacy

Since the first aim of hepatitis B immunization programmes is to effectively prevent 
chronic HBV infections, and their potential as a reservoir for further transmission of 
HBV, prevalence of chronic HBV infections in young children is the most reliable way 
to measure the impact of such vaccination programmes. The effectiveness of hepatitis 
B infant immunization programmes has already been demonstrated in a variety of 
countries and settings (52). This has been reviewed by the Hepatitis Working Group 
and was discussed at the April 2009 WHO SAGE meeting4, and in a 2008 Cochrane 
review by Lee et al (113,129).

Protection from disease has been defined either in serological or epidemiological terms. 
In the former, seroconversion after immunization has been equated with protection 
from disease; in the latter, vaccine efficacy is estimated as the percentage reduction in 
disease incidence attributable to immunization.

The protective efficacy after primary vaccination starting at birth in neonates born 
to HBeAg positive mothers has been evaluated, for instance in Thailand (172,173).  
Here, no child became a chronic carrier beyond the age of three years, showing that 
the vaccine provides immediate protection against HBsAg carriage.

Efforts to reduce the chronic carrier rate and to prevent late infections in infants of 
HBsAg-positive mothers focused on a combination of passive and active immunization 
(174,175). Passive immunization with HBIG offers protection from perinatal 
transmission, but the passively-administered antibodies disappear during the first 
year of life. Importantly, the long-term protective efficacy did not significantly differ 
between neonates born to carrier mothers who were given HBV vaccine alone, or 
concomitantly with HBIG (172,173,176). Another serological investigation of long-term 
immunity conducted in children born to HBV carrier mothers (albeit in a region of low 
endemicity) demonstrated that most children vaccinated at birth retain immunological 
memory to hepatitis B vaccine for 15 years, but those who did not were more likely to 
have received HBIG at birth, suggesting that passive antibody may interfere with the 
induction of immunological memory (177).

4  Source: April 2009 WHO SAGE meeting, session Hepatitis B vaccine. Background documents 
and grade tables available online at http://www.who.int/immunization/sage/previous_apr2009/en/
index.html.

http://www.who.int/immunization/sage/previous_apr2009/en/index.html.
http://www.who.int/immunization/sage/previous_apr2009/en/index.html.
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The above-mentioned findings indicate that in high endemic countries that cannot 
assume a safe and affordable HBIG immunotherapy, and where mothers may not 
always be (or “are usually not”) screened for HBV infection, routine administration 
of only HBV vaccine at birth is highly protective, even for very high-risk infants of 
HBeAg-positive mothers (123,178,179). This was confirmed in a Chinese study that 
found timely administration of the birth dose and hospital birth to be independently 
associated with children being HBsAg-negative (180). A systematic review of studies 
on the effect of HBV vaccines and HBIG in newborn infants of mothers positive for 
HBsAg showed that HBV vaccine, as well as the combination of vaccine plus HBIG 
given to newborn infants of HBsAg positive mothers, are both effective in preventing 
the occurrence of HBV (113). Results of this meta-analysis found the combination 
of vaccine plus HBIG to be superior to vaccine alone, but it should be noted that,  
in this analysis, the primary outcome was preventing the occurrence of HBV,  
defined as serological presence of HBsAg, HBeAg or anti-HBc, and not protection 
against chronic carriage.

The long-term protection provided by infant HBV vaccination was further confirmed 
by a cross-sectional serological study of HBV infection in children of various ages 
in the Gambia, which demonstrated that vaccine efficacy against chronic carriage 
remained high (94%) over 14 years; efficacy against infection up to 14 years post 
primary vaccination was 82% (181).

Some studies have documented breakthrough infections over time, although generally 
not earlier than three years after vaccination, as detected by the presence of HBV 
serological markers (anti-HBc antibodies or HBV DNA) in a limited percentage 
of vaccinated persons with low antibody levels (160,161,172). These infections are 
usually transient and asymptomatic and no case of acute HBV has been recorded in 
a successfully immunized individual. Chronic infections have been documented only 
very rarely (182). Breakthrough infections resulting in chronic infection were observed 
among infants born to HBsAg-positive mothers only, and some of these appeared to 
be HIV-positive (183).

2.5 Booster vaccine requirements

Based on evidence supporting the effectiveness of a primary series of hepatitis B vaccine 
in infants for up to 22 years, and on the persistence of protection from HBV infection 
beyond the persistence of vaccine-induced antibodies (see section 0 on page 19),  
the current scientific evidence does not support the use of booster doses of HBV vaccine 
among immunocompetent individuals who have responded to a complete primary 
vaccination series (161,183,184,185). The WHO, as well as advisory groups in Europe 
and the USA, do not recommend a booster dose in immunocompetent individuals 
(183,186,187). However, some reports focusing on long-term protection provided 
by HBV vaccination in infancy, conclude that continued surveillance and long-term 
monitoring of HBV disease trends in these children, especially in those immunized 
with only three vaccinations in the first year of life, have to be conducted as they 
grow older in order to follow up if a booster dose might become necessary later in life 
(173,181,183,188,189). 
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3.1 Discussion (research needs)

There is extensive evidence on the excellent safety and immunogenicity profile of 
hepatitis B vaccines. However, future research projects could address a few relevant 
issues and, as such, build additional evidence to fine-tune recommendations to improve 
the current impact of hepatitis B vaccination campaigns.

In view of the higher probability of developing chronic HBV infection and its •	
consequences when infected in the earliest phase of life, prevention of perinatal 
transmission of HBV should have the highest priority. Therefore, additional 
evidence on the following research questions should be pursued.

It has been demonstrated that timely administration of the birth dose results  –
in the highest vaccine effectiveness. However, there are several regions 
in the world where birth at home is common and thus where immediate 
administration of the birth dose may be difficult to achieve (190). This calls 
for additional research to assess how long after birth the first dose of HBV 
vaccine can be given and still result in comparable protection to when the 
first dose is given <24 hours at birth.

How can we improve the delivery of hepatitis B vaccine for newborns who  –
are born at home (i.e. a call for programmatic research)? In this respect, 
increasing the knowledge base about the potential impact of cold-chain 
deviations may also prove helpful.

In settings where countries have successfully implemented HBV vaccination  –
during infancy or childhood, with high vaccination rates, what could be 
the added value of adolescent and adult vaccination?

Infant hepatitis B vaccination schedules: there are only very few studies reported •	
that had applied a “standard EPI” (i.e. 6, 10, 14 weeks or 0, 6, 14 weeks) 
vaccination schedule. Nevertheless, field evidence has clearly demonstrated the 
efficacy of the Expanded Programme on Immunization (EPI) schedules, at least 
in preventing HBV infections early in life and, as such, preventing the large 
majority of chronic HBV infections. However, there is a discrepancy between 
the WHO-proposed vaccination schedules and the Centers for Disease Control 
and Prevention (CDC) recommendations for the interval between the first and 
last dose of HBV vaccine (i.e. at least a 16-week interval). The evidence-base for 
this issue should be enlarged.

3. Future prospects
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The available evidence on the co-administration of HBV vaccines with other infant •	
vaccinations should be complemented with data on the co-administration with  
other vaccines that are (or may be) proposed to be given at birth or early infancy  
(e.g. meningococcal, malaria, pertussis, polio) or with other injections (e.g. vitamin 
A, vitamin K).

There is substantial evidence regarding the persistence of vaccine-induced anti-•	
HBs and immune memory. Based on the currently available data, the duration 
of protection is assumed to last for life. However, further research is needed to 
better document the exact duration of protection, especially for those vaccinated 
as infants, and to validate the current statement that booster doses are not required 
for fully vaccinated, immunocompetent individuals. Similarly, there is a need to 
study the long-term immunogenicity and efficacy of the standard EPI schedules, 
especially since the existing universal hepatitis B vaccination programmes will 
have substantially reduced the endemicity of HBV in these populations, and thus 
the probability of their being naturally boosted.

Additional research may also help to improve the available vaccines and the •	
strategic options to administer them, by:

needle-free administration of (hepatitis B) vaccines; –

vaccines with increased immunogenicity (e.g. to minimize non-response  –
and for people with immunocompromised conditions);

vaccines with increased (or at least better documented) thermostability,  –
including better translation of the available knowledge into guidelines and 
recommendations.
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