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Part I

Meeting programme

_______________________________________________________________________________

Viral Hepatitis Prevention Board Meeting
 Sevilla, Spain, March 11-12, 2004

- Meeting Programme -

Hepatitis B vaccine: long-term efficacy, booster policy, and impact of HBV mutants 

on hepatitis B vaccination programmes

_______________________________________________________________________________

Final meeting programme 2004-03-05 GF

Thursday, March 11, 2004

Session 1
Opening and objectives






Chair: …
09.00 - 09.30

· Welcome

· Introduction of the participants

· Objectives of the meeting:

1. To review long-term efficacy of hepatitis B vaccine and effectiveness of hepatitis B vaccination programmes

2. To review data on immune memory induced by hepatitis B vaccine

3. To update the current hepatitis B booster vaccination recommendations

4. To update the viewpoints on the potential impact of HBV mutants on hepatitis B vaccination programmes

· Review of the meeting programme

· Hepatitis B vaccine: long-term efficacy, booster policy, and impact of HBV mutants on hepatitis B vaccination programmes - Background document

Session 2
Hepatitis B: efficacy of vaccines and effectiveness of vaccination programmes




Chair: …
09.30 - 10.10
Follow-up of hepatitis B vaccination programmes in Taiwan and Singapore


Sheng-Nan Lu (Taipei, Taiwan)
10.10 - 10.15

Discussion

10.15 - 10.55

Follow-up of hepatitis B vaccination programmes in Gambia



Andy Hall (London, United Kingdom)
10.55 - 11.00

Discussion
11.00 - 11.15

Coffee break
11.15 - 11.55

Follow-up of hepatitis B vaccination in Alaskan cohorts

Brian McMahon (Anchorage, USA)
11.55 - 12.00 

Discussion

12.00 - 12.35

Follow-up of hepatitis B vaccination in Canada

Bernard Duval (Beauport, Canada)
12.35 - 12.40

Discussion

12.40 - 14.00

Lunch

14.00 - 14.25

Follow-up of hepatitis B vaccination: studies in Spain

Vicente Carreño (Madrid, Spain)
14.25 - 14.30

Discussion

14.30 - 14.55

Evaluation of the school-based hepatitis B vaccination programme in Spain

Lluís Salleras (Barcelona, Spain)
14.55 - 15.00

Discussion 

15.00 - 15.15

Coffee break

15.15 - 15.30

Update of the universal vaccination programme in Italy since the VHPB meeting in Catania, November 2002 

Alessandro Zanetti (Milano, Italy)
15.30 - 15.35

Discussion

15.35 - 15.55

The decline of hepatitis B viral infection in Saudi Arabia
Banji Ayoola (Abu-Arish, Saudi Arabia)
15.55 - 16.00

Discussion

Session 3

Long-term persistence of hepatitis B antibodies and immune memory





Chair: …
16.00 - 16.20

Kinetics of hepatitis B surface antigen-specific immune responses in acute and chronic hepatitis B
Wulf Böcher (Mainz, Germany)
16.20 - 16.25

Discussion

16.25 - 16.45

Immune memory after hepatitis B vaccination


Wolfgang Jilg (Regensburg, Germany)
16.45 - 16.50

Discussion

16.50




Close of the day and summary by the chairs

Conference dinner

Friday, March 12, 2004

Session 4

Current booster recommendations

Chair: …
09.00 - 09.15

Do we need hepatitis B booster vaccination?

Jangu Banatvala (Oxford, United Kingdom)
09.15 - 09.40

WHO booster recommendations

Daniel Lavanchy (Geneva, Switzerland)
09.40 - 10.05

Current CDC booster recommendations

Susan Goldstein (Atlanta, USA)
10.05 - 10.30

Discussion
10.30 - 10.50

Coffee break

Session 5

Impact of HBV mutants on vaccination programmes


Chair: Alessandro Zanetti, Italy
10.50 - 11.35
Hepatitis B vaccine- and HBIg-induced escape mutations of HBsAg



Ulus Akarca (Izmir, Turkey)
11.35 - 11.40

Discussion

11.40 - 12.10

General discussion on the potential impact of HBV mutants

12.10 - 14.00

Lunch
Session 6

Conclusions of the meeting




Chair: …
14.00 - 15.30

Presentation of the VHPB meeting conclusions, including discussion

David FitzSimons (Geneva, Switzerland)
15.30




Close of the meeting

Part II

Hepatitis B vaccine: long-term efficacy, booster policy, and impact of HBV mutants on hepatitis B vaccination programmes: bibliography

_______________________________________________________________________________

Ayerbe MC, Perez-Rivilla A. ICOVAHB group. Assessment of long-term efficacy of hepatitis B vaccine. Eur J Epidemiol 2001; 17:150-156.

Department of Public Health Service, Gerencia Atencion Primaria Area Sanitaria 8 of Madrid, Spain. mcayerbe@terra.es

In a healthy cohort of 462 subjects in which hepatitis B vaccine was administered between 1990 and 1992 a follow-up study was carried out to determine the duration of protection. Individuals with antibody against the hepatitis B virus surface antigen (anti-HBs) titre lower than 100 mIU/ml were administered a booster dose and antibodies determined 30 days later. The proportion of protection 6.5 years after vaccination was 85% (95% CI: 82-88). Only nine vaccinees seroconverted to anti-HBc positivity without becoming carrier or ill. In 125 subjects in which a booster dose was administered a significant increase in geometric mean of anti-HBs titre was observed (609 mIU/ml) as compared to late (13 mlU/ ml) and early post-vaccination antibody levels (256 mIU/ml, Wilcoxon's test, p < 0.001) suggesting the existence of an anamnestic response. We conclude that in immunocompetent population it is not necessary to administer a booster dose 6.5 years after hepatitis B vaccination.

Ayoola AE, Tobaigy MS, Gadour MO, Ahmad BS, Hamza MK, Ageel AM. The decline of hepatitis B viral infection in South-Western Saudi Arabia. Saudi Med J 2003; 24:991-995.
PO Box 235, Abu-Arish, Kingdom of Saudi Arabia. Tel. +966 (7) 3250717 Ext. 452. Fax. +966 (7) 3250009. E-mail: bayoola@yaol.com/bayoola@yahoo.com

OBJECTIVE: Hepatitis B virus (HBV) infection is endemic in the Kingdom of Saudi Arabia (KSA). The Jizan region in the South-Western area of the country was noted for a high prevalence of hepatitis B surface antigen (HBsAg) carrier rate. The study was carried out to determine the prevalence of HBsAg and other markers of HBV among residents of Jizan and evaluate the impact of the measures adopted in the last decade, to control HBV. METHODS: The study was carried out between 1995 and 1998. The subject were studied in 4 groups: Group A consisted of voluntary blood donors (n = 14883) tested within the blood banking system during the time period June 1995 to June 1997, Group B were patients treated in the hospitals (n = 4692) during the period June 1995 to June 1996, Group C consisted of volunteers recruited from the community (n = 1172) and Group D children aged < 10 years (n = 229). Serum samples were obtained from the subjects tested for HBsAg, total antibody to hepatitis B core antigen, antibody to HBsAg and antibody to hepatitis C virus. RESULTS: Hepatitis B surface antigen was positive in 5.4% of 14883 voluntary blood donors (Group A) and in 5.1% of 1172 persons recruited from the community (Group C) 40.2% were positive for at least one marker of HBV. The prevalence of HBsAg in-patients in Group B was 9.7% (456 of 4692). These prevalence rates are significantly lower than the prevalence of 12% and 32% reported in 1985 and 1986. Only 2 (0.9% of 229) children in Group D were positive for HBsAg, indicating a major decline from the rate of 8.8% observed in an earlier survey. CONCLUSION: The low prevalence of HBsAg in children, provides evidence for the effectiveness and efficacy of the integration of hepatitis B vaccination into the extended programme of immunisation in KSA. The significant decline of HBV markers among unvaccinated Saudi adults indicated an indirect effect of other factors (for example health education and socio-economic progress) on the prevalence and transmission of HBV in Jizan. In areas of high endemicity, the epidemiological characteristics HBV are modified significantly by the combination of HBV vaccination and other complimentary control strategies.
Banatvala JE, Van Damme P. Hepatitis B vaccine - do we need boosters? J Viral Hepat 2003; 10:1-6.
Clinical Virology, Guys Kings and St Thomas' School of Medicine and Dentistry, Clinical Virology, London, UK. jangu@church-end-henham.co.uk

This review analyses the cumulated data from a number of long-term follow-up studies among infants, children and adults vaccinated against hepatitis B in industrialised and developing countries. Despite low or undetectable antibody responses years after vaccination, the development of HBsAg was a rarity and, if present, only transient. Some vaccinees developed anti-HBc responses but none developed an HB carrier state or clinical manifestations of disease. Studies demonstrating anamnestic responses among those with low or undetectable anti-HBs levels following challenge with HB vaccine, together with the production of anti-HBs in circulating B-cells by spot ELISA, confirmed the presence of immune memory among vaccinees. Anamnestic anti-HBs responses all correlate close in kinetics and magnitude with proliferative T-cell responses. The accumulated data from studies assessed in this Review indicate that protection is dependent on immune memory, rather than declining anti-HBs responses and add additional weight to the European Consensus recommendations (12) that following a complete course of vaccination, booster doses are unnecessary in immunocompetent persons. If implemented, this recommendation will have considerable cost benefits world-wide.

Banatvala J, Van Damme P, Oehen S. Lifelong protection against hepatitis B: the role of vaccine immunogenicity in immune memory. Vaccine 2000; 19:877-885.

Department of Microbiology, John Radcliffe Hospital, Oxford, UK. jangu@church-end-henham.co.uk

Long-term protection against hepatitis B (HB) disease is dependent on persistence of a strong immune memory. This paper presents and discusses new knowledge that allows a better understanding of the mechanisms of long-term protection following hepatitis B vaccination. Studies have revealed links between specific lymphoproliferation, the in vivo humoral response and immune memory. The strength of immune memory and of a subsequent secondary immune response can therefore be predicted by the antibody response following primary vaccination. Vaccine antigen dose and structure have been identified as important influences in the primary antibody response and development of immune memory. The data and considerations presented support the use of highly immunogenic HB vaccines in order to provide long-lasting protection against HB disease.

Bauer T, Weinberger K, Jilg W. Variants of two major T cell epitopes within the hepatitis B surface antigen are not recognized by specific T helper cells of vaccinated individuals. Hepatology 2002; 35:455-465.

Institute for Medical Microbiology and Hygiene, University of Regensburg, Regensburg, Germany. tanja.bauer@klinik.uni-regensburg.de

Several naturally occurring variants of immunogenic T cell epitopes were identified within the hepatitis B surface antigen (HBsAg). The effect of these variants on the cellular immune response was studied in individuals vaccinated against HBV. Class-II restricted T-cell responses of 30 vaccinees were analyzed after stimulation of peripheral blood mononuclear cells (PBMCs) with 4 synthetic peptides representing the 4 T-cell epitopes of HBsAg known as of yet. The 2 epitopes P1 (aa 16-33) and P4 (aa 213-226) could be identified as the dominant ones in our vaccinees by proliferation assays and enzyme-linked immunospot assays. Responses to these epitopes were compared with responses to their naturally occurring variants found in HBV isolates of chronic virus carriers. Three of 11 variants of epitope P4 led to a complete loss of T-cell reactivity in 4 of 10 donors, all of whom reacted well to the corresponding wild-type sequence. The remaining 6 donors recognized these variants as well as the vaccine epitope. Similarly, 3 P1-variants of the 12 found induced only a significantly reduced reactivity in 4 of 10 donors, whereas they led to a normal response in the other 6 individuals. Stimulation of T cells also induced the secretion of antibody to HBsAg (anti-HBs) by specific B cells; however, those peptides that failed to activate T cells were also unable to cause any significant anti-HBs production. In conclusion, our results suggest an immune escape of certain mutant strains of HBV in vaccinated individuals could exist at the T-cell level.

Böcher WO, Herzog-Hauff S, Schlaak J, Meyer zum Buschenfeld KH, Lohr HF. Kinetics of hepatitis B surface antigen-specific immune responses in acute and chronic hepatitis B or after HBs vaccination: stimulation of the in vitro antibody response by interferon gamma. Hepatology 1999; 29:238-244.

First Department of Internal Medicine, Johannes-Gutenberg University, Mainz, Germany.

Because cellular and humoral immune responses against the hepatitis B virus (HBV) surface antigen (HBs) might be crucial to overcome HBV infection, HBs-specific B- and T-cell responses of HBV patients and HBs vaccine recipients were analyzed quantitatively and functionally. In patients with acute hepatitis B (AHB), transient high anti-HBs-secreting B-cell frequencies were observed early after clinical onset, whereas 1 patient who probably developed chronic infection and chronic HBV carriers had absent or weak B- and T-cell responses. In HBs vaccine recipients, maximal HBs-specific B- and T-cell responses were detected after the first injection that decreased gradually before anti-HBs antibodies appeared in serum. Years after vaccination, anti-HBs-secreting B cells were enriched in the bone marrow. After in vitro stimulation with HBsAg, peripheral blood mononuclear cells (PBMC) of only 1 of 5 acute and 1 of 6 chronic HBV patients, but of all 6 vaccine recipients, secreted varying amounts of interferon gamma (IFN-gamma), but no interleukin-4 (IL-4) or IL-5. Furthermore, the addition of IFN-gamma, but not of IL-2, -4, -12, or IFN-alpha, resulted in strong increases of anti-HBs-secreting B cells in vaccine recipients and chronic carriers. In conclusion, circulating anti-HBs-secreting B cells were significantly higher in early acute hepatitis B or early after HBs vaccination than in chronic hepatitis B and decreased in the follow-up as a result of compartmentalization to lymphoid tissues. Release of IFN-gamma by antigen-stimulated T cells might be critical for anti-HBs formation.

Bulkow LR, Wainwright RB, McMahon BJ, Parkinson AJ. Increases in levels of antibody to hepatitis B surface antigen in an immunised population. Clin Infect Dis 1998; 26:933-937. 

Arctic Investigations Program, Centers for Disease Control and Prevention, Anchorage, Alaska.

Hepatitis B vaccine is effective in preventing infection with hepatitis B virus (HBV), but its duration of protection is unknown. To examine the effect of exposure to HBV on an immunised population, data were analyzed from a cohort of Alaska Natives who were immunised and then followed up annually for 10 years. A boost in antibody to hepatitis B surface antigen (anti-HBs) was defined as a fourfold rise in levels to > or = 20 mIU/ml that was not accompanied by the presence of antibody to hepatitis B core antigen or attributable to interim vaccination. During 10 years of follow-up, 8.2% of 1,595 vaccines had boosts in anti-HBs. Persons with boosts did not differ significantly from those without boosts in terms of age, gender, village, initial level of anti-HBs, or level of anti-HBs before the boost. These results underscore the continued exposure to HBV among vaccinees and the continued protection against disease that the vaccine provides.

Carman WF, Zanetti AR, Karayiannis P, Waters J, Manzillo G, Tanzi E, Zuckerman AJ, Thomas HC. Vaccine-induced escape mutant of hepatitis B virus. Lancet 1990; 336:325-329.

Department of Medicine, St Mary's Hospital Medical School, London, UK.

In southern Italy, 44 contacts of hepatitis B virus carriers, including infants of carrier mothers, became HBsAg positive despite passive and active immunisation according to standard protocols. In 32 of these vaccinees infection was confirmed by the presence of additional markers of viral replication. In 1 infant, serious disease occurred. The virus from this patient is an escape mutant with a different sequence from that of the isolate from the mother. A point mutation from guanosine to adenosine at nucleotide position 587 resulted in an aminoacid substitution from glycine to arginine in the highly antigenic a determinant of HBsAg. This mutation is stable: it is present in an isolate from the child 5 years later. In some of these patients, including this child, the a determinant, to which a large part of the vaccine-induced immunity is directed, has been partly lost. Binding to HBsAg of a monoclonal antibody, previously mapped to the region of the mutation, was reduced in the child relative to that of the mother.

Centers for Disease Control and Prevention. Hepatitis B virus: a comprehensive strategy for eliminating transmission in the United States through universal childhood vaccination. Recommendations of the Immunization Practices Advisory Committee (ACIP). MMWR Recomm Rep 1991; 40(RR-13):1-25.

The following statement updates all previous recommendations on protection against hepatitis B virus infection, including use of hepatitis B vaccine and hepatitis B immune globulin for prophylaxis against hepatitis B virus infection (MMWR 1985;34:313-24,329-35, MMWR 1987;36:353-66, and MMWR 1990:39 [No.RR-2]:8-19) and universal screening of pregnant women to prevent perinatal hepatitis B virus transmission (MMWR 1988;37:341-46,51, and MMWR 1990;39[No.RR-2]:8-19). Recommendations concerning the prevention of other types of viral hepatitis are found in MMWR 1990;39(No.RR-2):1-8, 22-26. This document provides the rationale for a comprehensive strategy to eliminate transmission of hepatitis B virus in the United States. This prevention strategy includes making hepatitis B vaccine a part of routine vaccination schedules for all infants.

Chadha MS, Arankalle VA. Ten-year serological follow up of hepatitis B vaccine recipients. Indian J Gastroenterol 2000; 19:168-171.

National Institute of Virology, Pune.

AIM: To determine long-term persistence of antibodies to hepatitis B surface antigen (anti-HBs) after vaccination against hepatitis B. METHODS: Thirty-four laboratory workers received hepatitis B vaccine in 1989 in a 0-1-6 month vaccination schedule. Group A (n = 16) received a booster at 3 years after vaccination whereas Group B (n = 18) did not. Anti-HBs was quantitated at 1 month and 1, 2, 3, 5, 6 and 8 years post-vaccination. RESULTS: At eight-year follow up, 10 of 15 subjects in Group A and 3 of 16 in Group B had protective levels of anti-HBs; in addition, two and four subjects, respectively, had detectable anti-HBs though below protective levels. At ten years, 9/15 and 3/16 were anti-HBs positive in Groups A and B, respectively. One subject in each group had rise in anti-HBs titre at 6-year follow up but both of them tested negative for IgG antibodies to hepatitis B core antigen (anti-HBc). A booster dose at 10 years to anti-HBs negative subjects led to an anamestic response in 3/4 and 8/10 persons in Groups A and B, respectively. CONCLUSION: Immunological memory after vaccination against hepatitis B is maintained for at least 10 years.

Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS, Liang DC, Shau WY, Chen DS. Universal hepatitis B vaccination in Taiwan and the incidence of hepatocellular carcinoma in children. Taiwan Childhood Hepatoma Study Group. N Engl J Med 1997; 336:1855-1859.

Department of Pediatrics, National Taiwan University Hospital, Taipei.

BACKGROUND: A nationwide hepatitis B vaccination programme was implemented in Taiwan in July 1984. To assess the effect of the programme on the development of hepatocellular carcinoma, we studied the incidence of this cancer in children in Taiwan from 1981 to 1994. METHODS: We collected data on liver cancer in children from Taiwan's National Cancer Registry, which receives reports from each of the country's 142 hospitals with more than 50 beds. Data on childhood liver cancer were also obtained from Taiwan's 17 major medical centers. To prevent the inclusion of cases of hepatoblastoma, the primary analysis was confined to liver cancers in children six years of age or older. Data were also obtained on mortality from liver cancer among children. RESULTS: The average annual incidence of hepatocellular carcinoma in children 6 to 14 years of age declined from 0.70 per 100,000 children between 1981 and 1986 to 0.57 between 1986 and 1990, and to 0.36 between 1990 and 1994 (P < 0.01). The corresponding rates of mortality from hepatocellular carcinoma also decreased. The incidence of hepatocellular carcinoma in children 6 to 9 years of age declined from 0.52 for those born between 1974 and 1984 to 0.13 for those born between 1984 and 1986 (P < 0.001). CONCLUSIONS: Since the institution of Taiwan's programme of universal hepatitis B vaccination, the incidence of hepatocellular carcinoma in children has declined.

Chen WN, Oon CJ. Human hepatitis B virus mutants: significance of molecular changes. FEBS Lett 1999; 453:237-242.

Department of Clinical Research, Singapore General Hospital, Singapore. gcrcwn@sgh.gov.sg

Human hepatitis B virus, the leading pathogen for hepatitis B, is a compact DNA virus with viral genes that largely overlap. An increasing number of mutations have emerged following human interventions such as vaccination and anti-viral therapy. While vaccine escape mutants are characterized by mutations on the antigenic hepatitis B surface antigen, those carrying mutations in other viral proteins are either resistant to anti-viral therapy or implicated in acute liver diseases. Molecular identification of these various mutants should shed new lights on the underlying mechanism of hepatitis B virus viral escape and resistance and provide helpful information on their effective eradication.

Chotard J, Inskip HM, Hall AJ, Loik F, Mendy M, Whittle H, George MO, Lowe Y. The Gambia Hepatitis Intervention Study: follow-up of a cohort of children vaccinated against hepatitis B. J Infect Dis 1992; 166:764-768.

International Agency for Research on Cancer (World Health Organization), Fajara.

Hepatitis B vaccine has been introduced into The Gambia's national Expanded Programme on Immunisation, with the aim of evaluating the impact on chronic liver diseases and in particular on hepatocellular carcinoma. As part of the project, a cohort of 1000 children was recruited to assess the long-term protection induced by the vaccine. The first 3 years of follow-up are described. By the age of 3 years, 95% of the children had protective antibody levels; 4 (0.6%) are known to be carriers in contrast to the 90-140 that would be expected in the absence of vaccination. The protective effectiveness of vaccine in preventing chronic carriage in the first 3 years of life is thus estimated as 95%. Since the risk of becoming a carrier is highest in those infected early in life, these results are encouraging.

Cooreman MP, Leroux-Roels G, Paulij WP. Vaccine- and hepatitis B immune globulin-induced escape mutations of hepatitis B virus surface antigen. J Biomed Sci 2001; 8:237-247.

Department of Gastroenterology and Hepatology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands. m.cooreman@amc.uva.nl

Hepatitis B virus surface antigen (HBsAg) vaccination has been shown to be effective in preventing hepatitis B virus (HBV) infection. The protection is based on the induction of anti-HBs antibodies against a major cluster of antigenic epitopes of HBsAg, defined as the 'a' determinant region of small HBsAg. Prophylaxis of recurrent HBV infection in patients who have undergone liver transplantation for hepatitis B-related end-stage liver disease is achieved by the administration of hepatitis B immune globulins (HBIg) derived from HBsAg-vaccinated subjects. The anti-HBs-mediated immune pressure on HBV, however, seems to go along with the emergence and/or selection of immune escape HBV mutants that enable viral persistence in spite of adequate antibody titres. These HBsAg escape mutants harbor single or double point mutations that may significantly alter the immunological characteristics of HBsAg. Most escape mutations that influence HBsAg recognition by anti-HBs antibodies are located in the second 'a' determinant loop. Notably, HBsAg with an arginine replacement for glycine at amino acid 145 is considered the quintessential immune escape mutant because it has been isolated consistently in clinical samples of HBIg-treated individuals and vaccinated infants of chronically infected mothers. Direct binding studies with monoclonal antibodies demonstrated a more dramatic impact of this mutation on anti-HBs antibody recognition, compared with other point mutations in this antigenic domain. The clinical and epidemiological significance of these emerging HBsAg mutants will be a matter of research for years to come, especially as data available so far document that these mutants are viable and infectious strains. Strategies for vaccination programmes and posttransplantation prophylaxis of recurrent hepatitis need to be developed that may prevent immune escape mutant HBV from spreading and to prevent these strains from becoming dominant during the next decennia.

Dentico P, Crovari P, Lai PL, Ponzio F, Safary A, Pellegrino A, Meurice F, Di Pasquale A, Tornieporth N, Volpe A, Icardi G. Anamnestic response to administration of purified non-adsorbed hepatitis B surface antigen in healthy responders to hepatitis B vaccine with long-term non-protective antibody titres. Vaccine 2002; 20:3725-3730.

Department of Internal Medicine and Infectious Diseases, General Hospital of Bari, University of Bari, Piazza G Cesare 11, 70124, Bari, Italy. p.dentico@clinif.uniba.it

A clinical trial with four groups receiving either 0.6, 3.5, 10 or 20 micro g of purified non-adsorbed hepatitis B surface antigen (HBsAg) was performed to study the kinetics as well as the capacity of the immune memory to respond following exposure to HBsAg in responders to a complete course of hepatitis B vaccine, in whom anti-HBs titres had declined below the seroprotective level. The study population included 64 healthy individuals. All response parameters seropositivity, seroprotection rates, booster response rates and geometric mean titres (GMTs), consistently showed that the immune response was highly satisfactory and dose-dependent. A remarkable immune response was obtained even with a trace amount of HBsAg. This study further supports recent indication that booster hepatitis B vaccine doses may be unnecessary in healthy adult responders to a full course of hepatitis B vaccination.

Duval B, Boulianne N, De Serres G, Laflamme N, De Wals P, Masse R, Trudeau G, Delage G, Desjardins L. Comparative immunogenicity under field conditions of two recombinant hepatitis B vaccines in 8-10-year-old children. Vaccine 2000; 18:1467-1472.

Unité de recherche en santé publique, Centre de recherche du CHUQ - Pavillon CHUL, 2400 d'Estimauville, Beauport, Canada. bduval@cspq.qc.ca


The immunogenicity of two hepatitis B vaccines was compared in 8-10-year-old children immunised in a school programme. One year apart, 1129 children received Engerix-B 10 µg vaccine (EB), and 1126 received Recombivax-HB 2.5 µg (RB), following the 0, 1, 6 schedule. Blood samples were collected one month after the third dose. Anti-HBs were measured by commercial radioimmunoassay. In the EB group, 99.1% of the children seroconverted (>/= 2 IU/l) compared to 99.7% in the RHB group (p = 0.09). The seroprotection rate (>/= 10 IU/l) was similar for both groups: 98.9% in the EB group and 99.2% in the RB group (p = 0.66). However, GMCs of anti-HBs were higher in children given EB compared to those given RB (7307 vs. 3800 mIU/ml, p < 0.0001). This study showed that both vaccines were highly immunogenic, in the course of a regular field immunisation programme. However, the difference observed in the antibody levels attained according to the vaccine may play a role in the long-term protection of these children.

Edmunds WJ, Medley GF, Nokes DJ. Vaccination against hepatitis B virus in highly endemic areas: waning vaccine-induced immunity and the need for booster doses. Trans R Soc Trop Med Hyg 1996; 90:436-440.

Department of Biological Sciences, University of Warwick, Coventry, UK.

A dynamic model of the transmission of hepatitis B virus (HBV) was used to investigate some of the possible implications of the loss of vaccine-induced immunity on the effectiveness of mass HBV vaccination in high endemicity countries. The model, which describes the processes of horizontal and vertical transmission of HBV in a rapidly growing population, was based on one previously published, modified to allow for waning vaccine-induced immunity. All model parameters were empirically based. Summaries of published data provided estimates of the mean duration of immunity in vaccine responders and age-dependence in the risk of developing acute HBV disease. Simulations of the temporal and long-term impact of mass infant immunisation on the prevalence of HBV chronic carriage and acute disease suggested that booster doses are of little benefit in coping with waning vaccine protection. The key factor is that vaccine-induced protection should be long enough to prevent infection in the first few years of life, when the risk of developing chronic carriage is highest.

European Consensus Group on Hepatitis B Immunity. Are booster immunisations needed for lifelong hepatitis B immunity? Lancet 2000; 355:561-565.


Long-term protection against clinically significant breakthrough hepatitis B (HB) virus infection and chronic carriage depends on immunological memory, which allows a protective anamnestic antibody response to antigen challenge. Memory seems to last for at least 15 years in immunocompetent individuals. To date there are no data to support the need for booster doses of HB vaccine in immunocompetent individuals who have responded to a primary course. All adequately vaccinated individuals have shown evidence of immunity in the form of persisting anti-HBs and/or in vitro B-cell stimulation or an anamnestic response to a vaccine challenge. Nonetheless several countries and individuals currently have a policy of administering booster doses to certain risk groups. Boosters may be used to provide reassurance of protective immunity against benign breakthrough infection. For immunocompromised patients, regular testing for anti-HBs, and a booster injection when the titre falls below 10 mIU/mL, is advised. Long-term monitoring should continue, to confirm the absence of clinically significant breakthrough episodes of hepatitis B and to find out if a carrier state develops after 15 years. Also, non-responders to a primary course should continue to be studied.

Floreani A, Baldo V, Cristofoletti M, Renzulli G, Valeri A, Zanetti C, Trivello R. Long-term persistence of anti-HBs after vaccination against HBV: an 18 year experience in health care workers. Vaccine 2004; 22:608-611.

Department of Surgical and Gastroenterological Sciences, University of Padua, Via Giustiniani 2, 35128, Padua, Italy

The aim of the present study was to evaluate the long-term persistence of seroprotection after hepatitis B virus (HBV) vaccination. A total of 422 health care workers (HCWs) were evaluated 4.8-18.8 years after primary immunisation (mean follow-up 11.8 years); 241 of them had received plasma-derived vaccines and 181 had been given yeast-derived vaccines; 107 subjects received a booster dose of yeast-derived vaccine 6 years after primary immunisation with either plasma-derived or yeast-derived vaccines. Seroprotection was assumed when the anti-HBs titres were > 10 mIU/ml. The overall response after primary immunisation was 98.8%. Among subjects who reached a 10 year follow-up, those treated with plasma-derived vaccine had a seroprotection rate of 87.8 compared to 81.6% of those vaccinated with yeast-derived vaccines (P < 0.001). Anti-HBs geometric mean titres (GMTs) after primary immunisation were similar in the two groups, but were significantly lower at 10 years follow-up in the group that had received a yeast-derived vaccine (104 mIU/ml versus 244 mIU/ml in those who used a plasma-derived vaccine, P < 0.05). Anti-HBs GMTs in the 107 subjects given the booster dose were 242 mIU/ml pre-booster titre, and rose to 35,171 mIU/ml after the booster dose. A mean 10.1 years after the booster dose, GMTs were 952 mIU/ml. Overall, the anti-HBs seroprotection rate was 95.4% (102 subjects). Based on GMT results, no booster dose is necessary in healthy adults for at least 10 years after primary immunisation.

Fortuin M, Karthigesu V, Allison L, Howard C, Hoare S, Mendy M, Whittle HC. Breakthrough infections and identification of a viral variant in Gambian children immunized with hepatitis B vaccine. J Infect Dis 1994; 169:1374-1376.

International Agency for Research on Cancer, The Gambia Hepatitis Intervention Study, Banjul.

Hepatitis B (HB) breakthrough infections, identified by the presence of HB core (c) antibody, were found in 32 of 358 Gambian children vaccinated with plasma-derived HB vaccine. Over 2 years, 15 of these children lost their HBc antibodies. These children had significantly higher HB surface antibody levels before infection than those who retained HBc antibodies. One child, who responded well to the vaccine, had HB viral DNA detected in the presence of HBs antibodies. The S gene sequence of this DNA showed nucleotide changes that resulted in an amino acid substitution at residue 141 (lysine to glutamic acid) of the surface antigen. This finding suggests the child was infected with a variant virus that was not neutralized by antibodies resulting from HB vaccination.

Fortuin M, Chotard J, Jack AD, Maine NP, Mendy M, Hall AJ, Inskip HM, George MO, Whittle HC. Efficacy of hepatitis B vaccine in the Gambian expanded programme on immunisation. Lancet 1993; 341:1129-1131.

International Agency for Research on Cancer, The Gambia Hepatitis Intervention Study, Banjul.

As part of the Gambia Hepatitis Intervention Study, hepatitis B antigens and antibodies were assayed in 720 3-4 year old children who had received 4 doses of 10 µg plasma-derived hepatitis B vaccine in infancy, the findings were compared with 816 controls. The cross sectional study took place from September, 1990, to July, 1991. Study subjects were tested for hepatitis B core antigen (HBcAg), as well as antigens and antibodies to hepatitis surface, e, and core protein, and those testing positive were tested a year later for HBsAg to determine chronic carrier status. Children negative for core antibody and surface antigen were considered uninfected; those positive for core antibody were considered infected; those positive for surface antigen 2 times 6 months apart were considered carriers. 4.6% of the vaccinated children were infected, and 0.6% were chronic carriers. 3 of these carriers had infected or carrier mothers, and 1 had only received 1 dose of vaccine. In the controls, there were 29% judged infected by anti-HBc, including 13% who were also positive for HBsAg. 86% of these were considered chronic carriers when tested a year later. Thus the vaccine was estimated to be 84% effective against infection and 94% effective against chronic carriage. The current Gambian vaccine consists of 2.5 µg recombinant hepatitis B vaccine.

Gesemann M, Scheiermann N. Quantification of hepatitis B vaccine-induced antibodies as a predictor of anti-HBs persistence. Vaccine 1995; 13:443-447.

Institut fur Laboratoriumsmedizin, St Markus-Krankenhaus, Frankfurt am Main, Germany.

Hepatitis B vaccine-induced antibodies (anti-HBs) were quantified in 35 subjects (study group) and in an additional 24-59 subjects (controls) during a period of 82 months after vaccination against hepatitis B and the values used as a basis to develop a logarithmic formula to describe the post-booster antibody kinetics. The actual anti-HBs titres are shown to be proportional to the peak titre one month post-booster but inversely proportional to the number of months between the time of booster and of retesting. Using this model and an anti-HBs quantification more than a month post-booster, the individual persistence of vaccine-induced anti-HBs antibodies can be calculated.

Goh KT. Prevention and control of hepatitis B virus infection in Singapore. Ann Acad Med Singapore 1997; 26:671-681.

Quarantine & Epidemiology Department, Institute of Environmental Epidemiology, Singapore.

Hepatitis B virus (HBV) accounted for 24% to 54% of the reported acute viral hepatitis cases in Singapore from 1982 to 1996. The prevalence of HBV infection, as indicated by the presence of markers of HBV, increased from 9.3% in children below 5 years of age to 54.6% in adults above 55 years. The overall hepatitis B surface antigen (HBsAg) prevalence was 5.7% for males and 3.4% for females, with the highest rate among the Chinese. About 39% of the HBsAg carriers were hepatitis B 'e' antigen positive. The main mode of transmission during the first year of life was perinatal, with 43% of the babies born to HBsAg-positive mothers developing the carrier state. Horizontal transmission within the infected household was significantly associated with sharing of personal and household articles. Based on the findings of seroprevalence surveys in various population groups and clinical trials on the safety, immunogenicity and efficacy of various doses and schedules with the plasma-based and yeast-derived hepatitis B vaccines in newborn babies, a national childhood hepatitis B vaccination programme was formulated and implemented in phases, starting with babies born to carrier mothers on 1 October 1985 and finally extending to all newborns on 1 September 1987. The hepatitis B prevention and control programme has been successful. During the period 1994 to 1996, more than 90% of children completed the full schedule of immunisation by below one year of age, and 85% had evidence of vaccination at school entry at age six. Follow-up of 2 cohorts of vaccinated children showed that perinatal transmission has been reduced by 80% to 100%. Horizontal transmission has also declined through other public health measures. The efficacy of the hepatitis B vaccine and the adequacy of reduced doses in the long-term protection of chronic carrier state have been shown in children and adults. The incidence of acute hepatitis B has declined from 10.4 per 100,000 in 1985 to 4.8 per 100,000 in 1996. There is a noticeable reduction in HBsAg prevalence in selected population (school children, national servicemen and antenatal women). The age-standardised incidence rate of primary liver cancer among males had also dropped from 27.8 per 100,000 per year during 1978 to 1982 to 19.0 per 100,000 per year during 1988 to 1992.

Gong J, Li RC, Yang JY, Li YP, Chen XR, Xu ZY, Liu CB, Cao HL, Zhao K, Ni DM. Long-term efficacy of infant hepatitis B immunization program. Zhonghua Gan Zang Bing Za Zhi 2003; 11:203-205. [Article in Chinese]

Center for Disease Prevention and Control, Guangxi Zhuangzu Autonomous Region, Nanning 530021, China.

OBJECTIVE: To evaluate the long-term efficacy of infant hepatitis B (HB) immunisation programme on preventing hepatitis B virus (HBV) infection, and to assess its impact on the incidence of HB in children. METHODS: Since 1986, the universal HB vaccination for newborn babies with standard, pediatric dose had been launched without serologic prescreening of pregnant women for HBsAg, in a high endemic county of Long-An. A hepatitis surveillance system was set up to evaluate the possible impact on the incidence of hepatitis B. To serologically evaluate the effectiveness of the programme, a stratified random sampling of 1000 children in 1987 birth cohorts, who received plasma-derived HB vaccine, was recruited for long-term follow up at the age of 1 to 13 years. A cross-sectional seroepidemiological survey was conducted in the county in 1985, before the programme, and in 2001, for 1551 children born in 1996-2000 who were administered yeast recombinant HB vaccine. RESULTS: During the 1 to 13 years after the programme, the rates of HBsAg-positive were 0.7% to 2.9% with an average of 1.7% and the protective rates were 83.5% to 96.6%. HBV infection rates were 1.1% tp 5.1% with an average of 2.4% and the protective rates were 93.5% to 98.4%. For the population aged 1 to 4 years who were immunised with recombinant HB vaccine, HBsAg positive rates were 1.8% to 2.4% with an average of 2.0% and the protective rates were 78.4 to 85.2%. 14 years after the programme, the cumulative incidence of acute hepatitis B in the children aged 1 to 14 years fell to 1.5 cases per 100,000 children, down 91.8% as compared with that in 1985 to 1987. However, the cumulative incidence of 14.4 cases per 100,000 population in unvaccinated children was not significantly different from that in the history controls. Acute hepatitis B children had not been reported, showing that the vaccination programme was 100% protective in children. CONCLUSION: The universal infant HB vaccination programme in a hyperendemic area has proved to be effective in controlling HBV infection and decreasing the incidence of acute hepatitis B in children. Booster dose is unnecessary in 13 years after the immunisation. The protective efficacy of yeast recombinant HB vaccine is similar to that of plasma-derived HB vaccine.

Grethe S, Monazahian M, Böhme I, Thomssen R. Characterization of unusual escape variants of hepatitis B virus isolated from a hepatitis B surface antigen-negative subject. J Virol 1998; 72:7692-7696.

Department of Medical Microbiology, University of Göttingen, D-37075 Göttingen, Germany. sgrethe@gwdg.de

Hepatitis B virus DNA was extracted from serial serum samples of a hepatitis B surface antigen-negative patient with antibodies to the core protein as the only marker of an infection with hepatitis B virus. This patient showed no symptoms of hepatic injury. Sequencing of the amplified viral DNA demonstrated multiple amino acid changes clustering in surface-exposed regions of the surface protein. Synthesis and association of the middle (M) and small (S) surface proteins could be shown in vitro. The variant surface antigens were recognized neither by monoclonal antibodies to the surface antigen nor by the vaccinee's sera. Consequences for hepatitis B surface antigen testing and vaccine development are discussed.

Guidotti LG. The role of cytotoxic T cells and cytokines in the control of hepatitis B virus infection. Vaccine 2002; 20 Suppl 4:A80-A82.

Department of Molecular and Experimental Medicine, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla, CA 92037, USA.

The aim of this study was to elucidate the molecular basis for viral clearance and liver disease in the pathogenesis of hepatitis B virus (HBV) infection. Using transgenic mice that replicate HBV at high levels in the liver as recipients of HBV-specific cytotoxic T cells (CTL), we have shown that the antiviral potential of the CTL is primarily mediated by noncytolytic mechanisms that involve the intra-hepatic production of IFN-gamma by these cells. We also showed that, following antigen recognition, HBV-specific CTL recruit antigen non-specific inflammatory cells that contribute to amplify the liver disease initiated by CTL. These results provided insight into immunological and virological processes that may lead to the development of new therapeutic strategies to terminate chronic HBV infection.

Hadler SC, Francis DP, Maynard JE, Thompson SE, Judson FN, Echenberg DF, Ostrow DG, O'Malley PM, Penley KA, Altman NL, et al. Long-term immunogenicity and efficacy of hepatitis B vaccine in homosexual men. N Engl J Med 1986; 315:209-214.

To study the duration of antibody persistence and protection provided by the hepatitis B vaccine, we followed 773 homosexual men for five years after completion of vaccination. Among the 635 participants in whom antibody levels above 9.9 sample ratio units (SRU) developed after vaccination, 15 percent lost antibody altogether, and in another 27 percent, antibody levels declined below 10 SRU within five years. The extent of the maximal antibody response strongly predicted the persistence of protective antibody. Hepatitis B infection occurred in 55 men; 8 of these infections were clinically important (characterised by the presence of the hepatitis B surface antigen and elevation of liver-enzyme levels), and two of the patients became hepatitis B virus carriers. The long-term risk of hepatitis B infection was inversely related to the maximal antibody response to vaccine. Most severe infections occurred among those who responded poorly or had no response to the vaccination. The risk of late infection with hepatitis B in those with an initially adequate vaccine response increased markedly when antibody levels decreased below 10 SRU, but only 1 of 34 late infections resulted in viremia and liver inflammation. A second series of vaccinations induced a moderate antibody response in 50 percent of the subjects who initially had no response or a poor response; however, the persistence of antibody was poor. Both antibody loss and the risk of severe disease should be considered when booster-dose strategies for the hepatitis B vaccine are being designed.

Hadler SC, Judson FN, O'Malley PM, Altman NL, Penley K, Buchbinder S, Schable CA, Coleman PJ, Ostrow DN, Francis DP. Outcome of hepatitis B virus infection in homosexual men and its relation to prior human immunodeficiency virus infection. J Infect Dis 1991; 163:454-459.

Division of Viral and Rickettsial Diseases, Centers for Disease Control, Atlanta, Georgia 30333.

To investigate the effect of human immunodeficiency virus type 1 (HIV-1) infection on subsequent hepatitis B virus (HBV) infection, HIV antibody was sought in homosexual men who developed HBV infection during a hepatitis B vaccine trial. Among 134 unvaccinated HIV-1-negative men, 7% became HBV carriers, 64% had viremia, and 42% had clinical illness. Among vaccinated HIV-1-negative men, HBV infection severity decreased with number of vaccine doses administered. When adjusted for prior hepatitis B vaccination status, persons with HIV-1 infection preceding HBV infection had a significantly higher risk of developing HBV carriage, viremia, prolonged ALT elevation, and clinical illness. Among HIV-1-infected men, the risk of HBV carriage was increased in unvaccinated persons (21%) and those who failed to respond to vaccination (31%) and further increased in those who received vaccine doses at the time they developed new HBV infection (56%-80%), suggesting inactivated hepatitis B vaccine may temporarily impair the immune response to HBV infection in HIV-1-infected persons. HIV-1 infection was also associated with reduced alanine aminotransferase elevations during the first 36 months of follow-up of men who became HBV carriers.

He C, Nomura F, Itoga S, Isobe K, Nakai T. Prevalence of vaccine-induced escape mutants of hepatitis B virus in the adult population in China: a prospective study in 176 restaurant employees. J Gastroenterol Hepatol 2001; 16:1373-1377.
Department of Clinical Pathology, Institute of Clinical Medicine, Tsukuba University, Ibaraki, Japan.

BACKGROUND AND AIM: Hepatitis B virus (HBV) variants with mutations in the S gene would pose a substantial risk to the community as current HBV vaccines are not effective in preventing infection with them. The majority of such vaccine escape mutants so far reported have been found while studying vertical transmission of HBV; the vaccine failure rate in connection with vaccine escape mutants in adults is not clear at the moment. The purpose of this study was to evaluate the efficacy of immunisation against HBV in the adult population by analysis using polymerase chain reaction (PCR) to detect HBV-DNA, and also to elucidate the type of mutation encountered in vaccine failure cases. METHOD: A total of 176 adult restaurant employees in China, who had been vaccinated according to the food epidemic law, were enrolled in a standard vaccination programme. Their serum HBV-DNA was determined before and 1 year after the completion of the vaccination programme. In those infected with HBV, despite having received the HBV vaccine, direct sequencing within the S gene of the amplified samples was conducted. RESULTS: Although only two cases were found to be hepatitis B surface antigen (HBsAg) positive 1 year after the completion of the vaccination programme, six subjects (3.4%) were found to be HBV-DNA positive assessed by a nested PCR. Four out of these six cases had a point mutation within the 'a' determinant; they were Gly-145-Ala, and Ile/Thr-126-Asn/Ser. CONCLUSION: The HBV vaccine failure rate assessed by using PCR analysis was 3.4% (six of 176) in the Chinese adult population undergoing the HBV vaccination programme. Hepatitis B virus variants with missense mutation within the 'a' determinant were responsible in most cases.

Hino K, Katoh Y, Vardas E, Sim J, Okita K, Carman WF. The effect of introduction of universal childhood hepatitis B immunization in South Africa on the prevalence of serologically negative hepatitis B virus infection and the selection of immune escape variants. Vaccine 2001; 19:3912-3918.

First Department of Internal Medicine, School of Medicine, Yamaguchi University, 1-1-1 Minami Kogushi, Ube, Yamaguchi 755-8505, Japan. k.hino@po.cc.yamaguchi-u.ac.jp

The effect of universal hepatitis B vaccination on the prevalence of serologically negative hepatitis B virus infection (HBV) and the emergence of HBsAg variants is unknown. We prospectively studied two different cohorts of 12--24 month old children in South Africa. They consisted of the unvaccinated children (n = 459) born before the introduction of universal vaccination and the vaccinated children (n = 1213) between 1 and 2 years after the introduction of the vaccination programme. The frequency of detecting HBV DNA by PCR was reduced from 6.5% in unvaccinated children to 0.3% in vaccinated children (P < 0.00001). There were no unique amino acid substitutions within the major hydrophilic region of the S sequence in both pre- and post-vaccination samples. Universal childhood vaccination reduced the frequency of serologically negative HBV infection and did not necessarily lead to selection of escape variants.

Honorati MC, Palareti A, Dolzani P, Busachi CA, Rizzoli R, Facchini A. A mathematical model predicting anti-hepatitis B virus surface antigen (HBs) decay after vaccination against hepatitis B. Clin Exp Immunol 1999; 116:121-126.

Laboratorio di Immunologia e Genetica, Istituto di Ricerca Codivilla Putti-I.O.R., Bologna, Italy.

The determination of serum levels of antibodies against hepatitis B virus surface antigen (anti-HBs) after hepatitis B vaccination is currently the only simple test available to predict the decay of protection and to plan the administration of booster doses. A total of 3085 vaccine recipients of plasma-derived and recombinant vaccine have been followed for 10 years to determine the kinetics of anti-HBs production and to construct a mathematical model which could efficiently predict the anti-HBs level decline. The anti-HBs peak level was reached 68 days after the last dose of recombinant vaccine and 138 days after the last dose of plasma-derived vaccines. The age of vaccinees negatively influenced the anti-HBs levels and also the time necessary to reach the anti-HBs peak. A bilogarithmic mathematical model (log10 level, log10 time) of anti-HBs decay has been constructed on a sample of recombinant vaccine recipients and subsequently validated on different samples of recombinant or plasma-derived vaccine recipients. Age, gender, type of vaccine (recombinant or plasma-derived), number of vaccine doses (three or four) did not influence the mathematical model of antibody decay. The programme can be downloaded at the site: http:@www2.stat.unibo.it/palareti/vaccine.htm . Introducing an anti-HBs determination obtained after the peak, the programme calculates a prediction of individual anti-HBs decline and allows planning of an efficient booster policy.

Howard CR, Allison LM. Hepatitis B surface antigen variation and protective immunity. Intervirology 1995; 38:35-40.

Department of Pathology and Infectious Diseases, Royal Veterinary College, University of London, UK.

Hepatitis B surface antigen (HBsAg) particles consist predominantly of a glycoprotein of 226 amino acids which bears the B-cell epitopes important for the induction of protective antibody responses in humans. It has been clearly shown that the region between residues 120 and 150 of the S protein represents the a determinants common to all hepatitis B virus (HBV) isolates and is exposed on the surface of the HBV particle. Anti-a antibodies protect adults against the majority of infections irrespective of the subtype of the wild-type virus. Occasional examples of infection positive for anti-HBs antibodies have been associated with the emergence of HBV variants. In particular, asymptomatic infections have been described in vaccinated children, an observation which is associated with an amino acid change in a domain critical for anti-HBs binding. Variation in amino acid sequence is also found within the preS amino terminal extensions of the S protein, although these do not correlate with subtypic variations among the S-antigenic domains. There is no direct evidence that preS determinants per se may stimulate a protective immune response in humans, although the hepatocyte attachment domain is located in the preS1 region which is conserved between HBV isolates. The inclusion of preS specificities augments anti-HBs responses in an experimental animal; however, at the present time it is unclear as to how this may best be exploited in improving hepatitis B vaccines for human use. Variability in HBV envelope proteins has implications for the design of vaccination programmes and the diagnosis of HBV infections; however, the low frequency of HBV variants emerging in the face of increasing levels of herd immunity to hepatitis B at the present time means that the extension of immunisation programmes using existing vaccines remains a priority.

Hsu HY, Chang MH, Liaw SH, Ni YH, Chen HL. Changes of hepatitis B surface antigen variants in carrier children before and after universal vaccination in Taiwan. Hepatology 1999; 30:1312-1317.

Department of Emergency Medicine, College of Medicine, National Taiwan University, Taipei, Taiwan.

Mutants of a determinant of hepatitis B surface antigen (HBsAg) identified in vaccinated children pose a potential threat to long-term success of vaccination programmes. We examined the mutants of a determinant (residues 110-160) of HBsAg in hepatitis B virus (HBV) DNA-positive children identified during previous serosurveys in Taipei undertaken just before (1984), 5 years after (1989), and 10 years after (1994) universal vaccination began. In HBV DNA-positive children from 3 surveys, the prevalence of a determinant mutants increased from 8 of 103 (7.8%) in 1984 to 10 of 51(19.6%) in 1989 and 9 of 32 (28.1%) in 1994 and was higher in those fully-vaccinated than unvaccinated (12/33 vs. 15/153, P = 0.0003). Most amino acid changes of the variants clustered in residues 125-129 and 140-149. In all 27 children with detectable mutants, the mean age of those vaccinated was younger than those unvaccinated (4. 8 +/- 3.8 vs. 7.9 +/- 2.3 yrs, P < 0.05); and mutations occurred in a region with greatest local hydrophilicity (residues 140-149) more frequently in those vaccinated than in those unvaccinated (10/12 vs. 6/15, P = 0.0253). More mutated residues and more mutations at neutralizing epitopes, such as N146, C147, T148, and C149, were found in the 1994 survey. Vaccinated children may contract variant infections through vertical or horizontal transmission. Universal vaccination has accelerated an accumulation of HBsAg a determinant mutants with amino acid changes critical for immune escape in vaccinated children who became carriers, suggesting that new vaccination strategies should be considered.

Huang LM, Chiang BL, Lee CY, Lee PI, Chi WK, Chang MH. Long-term response to hepatitis B vaccination and response to booster in children born to mothers with hepatitis B e antigen. Hepatology 1999; 29:954-959.

Department of Pediatrics, National Taiwan University Hospital, Development Center for Biotechnology, Taipei, Taiwan. lmhuang@ha.mc.ntu.edu.tw

Hepatitis B (HB) vaccine provides an uncertain duration of protection and the optimal timing of booster vaccine remains unclear. This study examined the immune response at 10 years of 118 children who had developed protective anti-HB surface (anti-HBs) levels after a primary series of HB immunisations in infancy. All of the children were born to hepatitis B e Antigen (HBeAg)-positive hepatitis B surface antigen (HBsAg) carrier mothers. HB markers in all subjects and cellular immune response in some were determined. A booster was given to all subjects after the collection of samples and another blood sample was collected 4 weeks later. The results showed that a total of 39 (33%) of the children were seronegative for anti-HBs. T-cell proliferative response to HBsAg was noted in 47% of children. On HBsAg stimulation, leukocyte samples from a significantly higher proportion of subjects produced cytokines (81% of T cells produced interleukin-2 [IL-2] and 100% produced IL-5). The booster dose of HB vaccine induced the production of a protective level of anti-HBs (>/= 10 mIU/mL) in all subjects. Cellular immunity was augmented with a positive rate of 58%, 90%, and 100% for HBsAg-induced T-cell proliferation, IL-2 production, and IL-5 production, respectively. Although 14 (11.9%) of the subjects were HB core antibody positive at 10 years of age, no new HBsAg carrier was detected. The results of this study show that protection afforded by HB vaccination persisted to the age of 10 years in all vaccinees. Immunologic memory was detected in all subjects including those who had lost their anti-HBs seropositivity. These results suggest that no booster vaccination is needed before 10 years of age. The most sensitive marker of immunologic memory is IL-5 production of T cells.

Jung MC, Pape GR. Immunology of hepatitis B infection. Lancet Infect Dis 2002; 2:43-50.

Institute for Immunology and Medical Departments, University of Munich, Munich, Germany. maria-christina.jung@med2.med.uni-muenchen.de

The immune response initiated by the T-cell response to viral antigens is thought to be fundamental for viral clearance and disease pathogenesis in hepatitis B virus (HBV) infection. The T-cell response during acute self-limited hepatitis B in people is characterised by a vigorous, polyclonal, and multispecific cytotoxic and helper-T-cell response. By contrast, the immune response in chronic carriers, not able to eliminate the virus, is weak or undetectable. Thus a dominant cause of viral persistence could be the existence of a weak antiviral immune response. Methodological progress in animal models allows more precise investigation of the mechanisms by which the immune system resolves viral infection or develops chronic infection. Although clearance of most virus infections is widely thought to indicate the killing of infected cells by virus-specific T cells, data suggest that non-cytolytic intracellular viral inactivation by cytokines released by virus-inactivated lymphomononuclear cells could have an important role in the clearance of this virus without killing the infected cell. Additional factors that could contribute to viral persistence, which have been partly proven in animal models, are viral inhibition of antigen processing or presentation, modulation of the response to cytotoxic mediators, immunological tolerance to viral antigens, viral mutations, and infection of immunologically privileged sites. In view of the central role of cellular immunity in disease pathogenesis, strategies have been proposed to manipulate this cellular immune response in favour of protection from disease.

Karthigesu VD, Allison LM, Ferguson M, Howard CR. A hepatitis B virus variant found in the sera of immunised children induces a conformational change in the HBsAg ‘a’ determinant. J Med Virol 1999; 58:346-352.

Department of Pathology and Infectious Diseases, Royal Veterinary College, London, UK.

The emergence of variants in the outer envelope proteins of hepatitis B virus (HBV) are found among individuals vaccinated against HBV and asymptomatic carriers of the infection. For example, children in The Gambia vaccinated against hepatitis B may show serological evidence of breakthrough infections, particularly if anti-HBs antibodies induced by the vaccine are low in titre. A single-point mutation at nucleotide 421 of the S gene is associated with such breakthrough infections. In the present study, the antigenicity of variant HBV S protein expressed as HBsAg particles in a vaccinia virus expression system has been characterised using a panel of monoclonal antibodies directed against linear and conformational determinations of the S protein. A cellular ELISA procedure using expressed antigen in Vero cells revealed differences in reactivity using four of the six antibodies that had been raised against the adw subtype of HBV and recognise conformational epitopes in the a determinant. In two instances, an enhanced reactivity for the variant antigen was found, confirming that point mutations in the a determinant of the S protein between residues 139 and 147 may result in significant changes in conformation. These findings also demonstrate that there are distinct antigenic differences between the vaccine strains of HBsAg/ adw subtype and the predominant HBsAg subtype circulating in West Africa. The implications of this work are that serodiagnosis of HBV infections may be unreliable in populations where there is a possibility of variant HBV infections emerging in the face of increasing herd immunity to HBV as a result of vaccination, particularly using monoclonal antibody-based diagnostic tests. Such variants may play a role in the maintenance of HBV infections in endemic regions.

Kato H, Nakata K, Hamasaki K, Hida D, Ishikawa H, Aritomi T, Nakao K, Kato Y, Yano M, Eguchi K. Long-term efficacy of immunization against hepatitis B virus in infants at high-risk analyzed by polymerase chain reaction. Vaccine 1999; 18:581-587.

The First Department of Internal Medicine, Nagasaki University School of Medicine, 1-7-1 Sakamoto, Nagasaki, Japan.

Perinatal transmission of hepatitis B virus (HBV) is a common cause of chronic infection. In the present study, we evaluated the long-term efficacy of immunisation against HBV in infants at high-risk, by using polymerase chain reaction (PCR). Two hundred and fifty-one infants received hepatitis B immunoglobulin at birth and a course of hepatitis B vaccine within 6 months of age between 1981 and 1993. Of 251 infants, 203 (81%) and 97 (39%) were followed until 1 and 4-6 years of age, respectively. HBV-DNA was detected by PCR in 74 (36%) of 203 children at 1 year of age, while the prevalence rate of children positive for HBV-DNA decreased to 14 (14%) of 97 children at 4-6 years of age, including 2 children who had the breakthrough variants of HBV. Our results indicate that most of HBV infections occur early, during the first year, and that immunisation against HBV effectively protects infants at high-risk against viral transmission, at least up to 4-6 years of age.

Koff RS. Immunogenicity of hepatitis B vaccines: implications of immune memory. Vaccine 2002; 20:3695-3701.

Department of Medicine, University of Massachusetts Memorial Medical Center, 55 Lake Avenue North, Worcester, MA 01655, USA. koffr@ummhc.org

The subunit recombinant hepatitis B virus (HBV) vaccines available in the US differ in hepatitis B surface antigen content. Clinical studies have linked higher antigen formulations with enhanced peak protective antibody levels. This is important for the elderly, smokers, the obese, and the immunocompromised. Immune memory, which is responsible for prolonged protection when HBV vaccine-induced antibody levels become undetectable, may be related to antigen persistence on immunologically active cells. Antigen persistence may be related to antigen content of the vaccine and thereby influences the duration of immunity. Proof of this concept will require additional studies of immune memory in HBV.

Komatsu H, Fujisawa T, Sogo T, Isozaki A, Inui A, Sekine I, Kobata M, Ogawa Y. Acute self-limiting hepatitis B after immunoprophylaxis failure in an infant. J Med Virol 2002; 66:28-33.

Department of Pediatrics, National Defense Medical College, Saitama, Japan. grd1303@gr.ndmc.ac.jp

The occurrence of acute hepatitis after failure of immunoprophylaxis in cases of mother-to-infant transmission of hepatitis B virus (HBV) is uncommon. Because immunoprophylaxis failure is caused by the emergence of an ‘a’ determinant escape mutant, the infants usually become HBV carriers. To evaluate whether mutations in the S gene coding for the surface protein that contains the ‘a’ determinant are associated with acute hepatitis after immunoprophylaxis failure, HBV DNA of an infant in which acute hepatitis developed with seroconversion to anti-HBs antibodies at 12 months of age despite administration of anti-hepatitis B immunoglobulin and hepatitis B vaccine was analyzed. The S gene from HBV DNA isolated from the serum of the infant at 12, 19, and 27 months of age was cloned and sequenced. Mutations affecting amino acid residues in the first loop within the ‘a’ determinant (codons 124-147) were found at 12 months of age. Moreover, a novel deletion mutant, with a 1-bp deletion at nucleotide 449 of the S gene, was found at 19 and 27 months of age. This deletion resulted in a frame shift and it introduced a stop codon (TAG) at codon 176. Because the open reading frame of the S gene is completely overlapped by the polymerase gene, mutations in the S gene may affect the polymerase gene. Based on this case, this study suggests that the observed frame-shift mutation in the S gene might affect the polymerase protein and induce prompt suppression of viral replication.

Lee KM, Kim YS, Ko YY, Yoo BM, Lee KJ, Kim JH, Hahm KB, Cho SW. Emergence of vaccine-induced escape mutant of hepatitis B virus with multiple surface gene mutations in a Korean child. J Korean Med Sci 2001; 16:359-362.

Department of Gastroenterology, Laboratory of Liver and Digestive Disease, Ajou University School of Medicine, Suwon, Korea.

The S protein of hepatitis B virus is the principal component of virus envelope and the primary target of anti-HBs response. Mutants or variants that escape neutralization by anti-HBs have been selected during immunoprophylaxis of HBV after birth and liver transplantation. We investigated a case of a Korean child who was vaccinated at birth against hepatitis B and also given hepatitis B immunoglobulin, but nevertheless later became infected with the virus. Hepatitis B virus-specific deoxyribonucleic acid covering the region of genome encoding the predominant ‘a’ determinant of hepatitis surface antigen was amplified using polymerase chain reaction, and the nucleotide sequence was determined. We present for the first time in Korea the independent emergence of an escape mutant with substitution of arginine for glycine at amino acid 145 and proline for glutamate at amino acid 120 in ‘a’ determinant after immunisation.

Li H, Li RC, Liao SS, Yang JY, Zeng XJ, Wang SS. Persistence of hepatitis B vaccine immune protection and response to hepatitis B booster immunization. World J Gastroenterol 1998; 4:493-496.

Department of Epidemiology, institute of Basic Medical Sciences, CAMS & PUMC,5 Dong Dan San Tiao, Beijing 100005, China.

AIM: To identify the persistence of immune protection of China-made, plasma-derived hepatitis B vaccine after infancy immunisation and the time table of booster immunisation.METHODS: A cross-sectional follow-up study and an experimental study on booster were used for the evaluation of the serological effect 7 years after vaccination and the antibody anamnestic response. Radioimmunoassay was used for the detection of hepatitis B virus markers. RESULTS: The protective anti-HBs positive rates of 1018 children, who were vaccinated according to the regimen of three doses of 10 µg hepatitis B vaccine in their infancy, declined from 75.0% during the first two years to 48.2% in the 7th year after the first dosage, however, the positive rates for HBsAg and anti-HBc always fluctuated at a low frequency. A total of 144 subjects aged 6 or 7 years, who were negative for both HBsAg and anti-HBc before booster, were selected from 1018 children of the follow-up study, and boosted with 1µg intradermally or 2 µg hypodermically hepatitis B vaccines. Their anti-HBs GMT and anti-HBs positive rates were 190.6 mIU/ml and 89.6% in the first month after booster, significantly higher than 14.7 mIU/ml and 54.9% before booster (P < 0.01), and declined back to 25.3 mIU/ml and 75.5% in the 12th month; among 65 children with the anti-HBs negative before booster, 40 had a level of anti-HBs < = 100 mIU/ml one month after booster, suggesting retention of immune memory in most of them. CONCLUSION: No need for revaccination against hepatitis B in the 7th year after the initial immunisation due to better persistence of immune protection of the vaccine and retention of immune memory to hepatitis B virus in the vast majority of the vaccinees.

Liao SS, Li RC, Li H, Yang JY, Zeng XJ, Gong J, Wang SS, Li YP, Zhang KL. Long-term efficacy of plasma-derived hepatitis B vaccine: a 15-year follow-up study among Chinese children. Vaccine 1999; 17:2661-2666.
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To determine necessity and timing of booster of hepatitis B vaccine, we need to observe the duration of its protection. We report the results of a 15-year follow-up of a cohort of 649 children who participated in a randomised, double blind, placebo-controlled trial on a plasma-derived hepatitis B vaccine in 1982. During the 15 years after vaccination, more vaccinated children had anti-HBs of 10 S/N ratios or over, compared with the controls, at all nine observations. At 15 years 50.0% (26/52) of the participants studied in the vaccinated group and 33.3% of the tested controls (18/54) retained anti-HBs levels of S/N ratios > or = 10 (P < 0.09). However, since 5 years after vaccination, median S/N ratios of anti-HBs among the vaccinated children with detectable anti-HBs were lower than those of the controls except that detected at 15 years. 16.7% (9/54) of the tested children in the control group were HBsAg positive at 15 years after vaccination, in comparison with 1.9% (1/52) of the tested children in the vaccinated (P < 0.02). 28 chronic HBsAg carriers were identified in the control cohort over the 15 years, whereas only 1 case was noted in the vaccinated group (8.2% vs. 0.3%, P < 0.00001), corresponding to an efficacy of 96%.

Lin YC, Chang MH, Ni YH, Hsu HY, Chen DS. Long-term immunogenicity and efficacy of universal hepatitis B virus vaccination in Taiwan. J Infect Dis 2003; 187:134-138. Epub 2002 Dec 13.

Department of Pediatrics, National Taiwan University Hospital and National Taiwan University, College of Medicine, Taipei, Taiwan.

The long-term immunogenicity of universal hepatitis B virus (HBV) vaccine is seldom studied in large-scale prospective community-based populations, especially in adolescents. This study enrolled 1200 children aged 7 years with complete HBV immunisation in infancy and determined HBV surface antigen (HBsAg), its antibody (anti-HBs), and HBV core antibody (anti-HBc) annually until the children were aged 14 years. Eleven children had new HBV infections with anti-HBc positivity as the only marker. None became positive for HBsAg or had detectable HBV DNA by polymerase chain reaction. The percentage of protective anti-HBs in 951 children without booster vaccination gradually decreased from 71.1% at age 7 years to 37.4% at age 12 years. Only 1 of the 200 children in the booster group and 2 of the 258 children in the nonbooster group developed new anti-HBc positivity. The results suggest that routine booster vaccination may not be required to provide protection against chronic HBV infection before age 15 years.

Lin DB, Wang HM, Lee YL, Ling UP, Changlai SP, Chen CJ. Immune status in preschool children born after mass hepatitis B vaccination program in Taiwan. Vaccine 1998; 16:1683-1687.

School of Medical Technology, Chung Shan Medical and Dental College, Taichung, Taiwan, Republic of China.

A mass hepatitis B vaccination programme began in Taiwan in 1984. In order to determine the immune status of hepatitis B virus (HBV) infection among preschool children, a total of 25 kindergartens in 20 townships and metropolitan precincts in central Taiwan were randomly selected through stratified sampling. Serum specimens of 2130 healthy preschool children aged 2-6 years old were screened for the HBV markers and liver function in 1996. HBV surface antigen (HBsAg), antibody against HBsAg (anti-HBs) and antibody against HBV core antigen (anti-HBc) were tested by reverse passive hemagglutination (RPHA), enzyme immunoassay (EIA) and radioimmunoassay (RIA) using commercial kits. HBV vaccination rate of the preschool children was 98%, and complete vaccination rate (three or four doses of HBV vaccine) was 94%. The HBsAg seropositive rate was 4.5% among incomplete vaccinees and 1.3% among complete vaccinees. The anti-HBs was detectable in 1637 of 2000 complete vaccinees (81.9%) and in 53 of 88 incomplete vaccinees (60.2%). The overall prevalence rate of anti-HBc was 2.4% (52 of 2130). The older the age, the lower the anti-HBs seropositive rate. The anti-HBs seropositive rats for complete vaccinees were 100% at 2 years old and 75% at 6 years old. There were no significant differences in HBsAg-seropositive rates and anti-HBs-seropositive rates among different residential areas or ethnic groups. There were three children who were seropositive on HBsAg, anti-HBs and anti-HBc, whether they were infected by the vaccine-induced escape mutant of HBV deserves scrutiny.

Lin X, Xu Z, Ou-Yang P. Long-term efficacy study of hepatitis B vaccination in newborns--results of 11 years' follow-up. Zhonghua Liu Xing Bing Xue Za Zhi 1999; 20:174-177. [Article in Chinese]

Department of Epidemiology, School of Public Health, Shanghai Medical University.

OBJECTIVE: To evaluate the long-term efficacy of hepatitis B(HB) vaccination in newborns and the need for a booster dose. This research is one of the longest HB vaccine follow-up studies in the world with its subjects came from a programme of universal infant HB vaccination. METHODS: Children who were born in 1986 and immunised with hepatitis B vaccine at birth were followed up at least once a year. Serum HBsAg, anti-HBc and anti-HBs were tested. At the 5th year after the first dose the prevalence of hepatitis B infection in the children in other district who were also born in 1986 and remained unvaccinated was surveyed as external controls. Random sampling was applied and the possible bias was analysed. The trends of the positive rates of serum HBsAg, anti-HBs and anti-HBc in the immunised cohort were studied. With external control, the long-term efficacy of HB vaccination was calculated. RESULTS: The positive rates of HBsAg in the vaccine group from the first to eleventh year were 0.46%-0.98% and were below than those of baseline and external control. HBsAg rates in the cohort at different ages were similar with an average of 0.70%(25/3 578). The long-term efficacy of newborn vaccination was 85.42% (95% confidant interval: 70.11%-100%). CONCLUSIONS: The efficacy of HB vaccine was long-lasting and a booster dose was not necessary at least up to age 11 years.

Liu HB, Meng ZD, Ma JC, Han CQ, Zhang YL, Xing ZC, Zhang YW, Liu YZ, Cao HL. A 12-year cohort study on the efficacy of plasma-derived hepatitis B vaccine in rural newborns. World J Gastroenterol 2000; 6:381-383.

Virology Department of Hebei Provincial Sanitary and Anti Epidemic Station, 36 Hongqilu, Baoding 071000, Hebei Province, China.

AIM: To understand the anti HBs persistence and the long-term preventive efficacy in rural newborns after vaccination with plasma-derived hepatitis B vaccine.METHODS: In the time of Expanded Program on Immunization (EPI), the newborns were vaccinated with 10 µg doses of hepatitis B vaccine and 762 newborns who were HBsAg negative after primary immunisation were selected for cohort observation from 1986 to 1998. Their serum samples were detected qualitatively and quantitatively for hepatitis B infecting markers, including HBsAg, anti-HBs and anti-HBc by SPRIA Kits. The annual HBsAg positive conversion rate was counted by life-table method.RESULTS: (1)The anti-HBs positive rate was 94.44% for the babies born to HBsAg negative mothers and 84.21% for those born to HBsAg positive mothers in the 1st year after immunisation, and dropped to 51.31% and 52.50% in the 12th year respectively.GMT value was dropped from 31.62 to 3.13 and 23.99 to 3.65 in the 2nd to the 12th year respectively. There was a marked drop in GMT at the 3rd to the 5th year, and in anti HBs positive rate at the 9th to the 10th year. (2) In the period of 12 years observation, the person-year HBsAg positive conversion rates were 0.12% (5/4150.0) in newborns born to HBsAg negative mothers and 0.20% (1/508.0) in those born to HBsAg positive mothers, and none of the HBsAg positive converted children became HBsAg chronic carriers. Compared with the baseline before immunisation, the protective rates were 97.19% and 95.32% respectively.CONCLUSION: The protective efficacy of plasma-derived hepatitis B vaccine persisted at least 12 years, and a booster dose seems not necessary within at least 12 years after the primary three-doses immunisation to newborns born to HBsAg negative mothers.

Maupas P, Chiron JP, Barin F, Coursaget P, Goudeau A, Perrin J, Denis F, Mar ID. Efficacy of hepatitis B vaccine in prevention of early HBsAg carrier state in children. Controlled trial in an endemic area (Senegal). Lancet 1981; 1:289-292.

Three doses of inactivated hepatitis B vaccine were given at one-month intervals to Senegalese children aged less than two years. A control group received diphtheria/tetanus/polio vaccine. Of those HB vaccine recipients who were seronegative before immunisation, 94.5% had a specific anti-HBs response. Anti-HBs of maternal origin did not interfere with the active immunisation. HB vaccine was without ill-effects, irrespective of hepatitis B marker status before immunisation. After twelve months' follow-up, the incidence of the HBsAg carrier state was reduced by 85% in susceptible children (p less than 0.0001).

Mele A, Tancredi F, Romanò L, Giuseppone A, Colucci M, Sangiuolo A, Lecce R, Adamo B, Tosti ME, Taliani G, Zanetti AR. Effectiveness of hepatitis B vaccination in babies born to hepatitis B surface antigen-positive mothers in Italy. J Infect Dis 2001; 184:905-908. Epub 2001 Aug 14.

Clinical Epidemiology Unit, Istituto Superiore di Sanità, Rome, Italy. amele@iss.it

This study examined 522 children born to hepatitis B surface antigen (HBsAg)-positive mothers from 1985 through 1994 and evaluated the protection provided by anti-hepatitis B virus (HBV) immunisation at birth. Babies were given hepatitis B immunoglobulin and hepatitis B vaccine at birth. At 5-14 years after immunisation, 17 children (3.3%) were anti-HB core antigen positive, and 3 also were HBsAg positive. One carrier child had a double mutation, with substitution of proline ( serine at codons 120 (P120S) and 127 (P127S) within the a determinant of HBsAg. Of the 522 children, 400 (79.2%) of 505 still had protective anti-HBsAg titres > or = 10 mIU/ml. Thus, HBV vaccination of children born to HBsAg-positive mothers is effective and confers long-term immunity. There is no evidence that the emergence of HBV escape mutants secondary to the immune pressure against wild-type HBV is of concern.

Moradpour D, Blum HE. Clinical significance of hepatitis B virus mutants. Schweiz Rundsch Med Prax 1998; 87:205-209. [Article in German]

Abteilung Innere Medizin II, Medizinische Universitätsklinik Freiburg (D).

Hepatitis B virus (HBV) mutants have recently been identified in patients with acute or fulminant as well as chronic infections. Naturally occurring mutations have been identified in all viral genes and regulatory elements. Mutations in the gene coding for the hepatitis B surface antigen (HBsAg) may result in infection or viral persistence despite the presence of antibodies against HBsAg (anti-HBs) (‘vaccine escape’ or ‘immune escape’). Mutations in the gene encoding the pre-core/core protein (pre-core stop codon mutant) result in a loss of hepatitis B e antigen (HBeAg) and sero-conversion to antibodies to HBeAg (anti-HBe) with persistence of HBV replication (HBeAg minus mutant). Mutations in the core gene may lead among others to an immune escape due to a T cell receptor antagonism. Mutations in the polymerase gene can be associated with viral persistence or resistance to nucleoside analogues. Thus, HBV mutations may affect the natural course of infection, viral clearance and response to antiviral therapy. The exact contribution of specific mutations to diagnosis and therapy of HBV infection as well as patient management in clinical practice remain to be established.

Oon CJ, Chen WN. Current aspects of hepatitis B surface antigen mutants in Singapore. J Viral Hepat 1998; 5 Suppl 2:17-23.

Department of Clinical Research, Ministry of Health, Singapore General Hospital, Republic of Singapore.

Mutations occurring on the major antigenic 'a' determinant of hepatitis B surface antigen (HBsAg) have been detected in immunised Singapore children, despite immunoprophylaxis with hepatitis B immune globulin and HBV vaccine. These vaccine-escape HBsAg mutants display a predominance of the Gly145-to-Arg145 mutation in the antigenic 'a' determinant. Our latest follow-up studies indicate the stability of this as well as other vaccine-escape HBsAg mutants over time. We have also identified HBsAg mutants in immunised children with amino acid substitutions outside the 'a' determinant. Transmission of various vaccine-escape HBsAg mutants have been shown in our epidemiological studies. Detection of HBsAg mutants, carrying amino acid changes at various position of the 'a' determinant in random population, points to their emergence in Singapore before the implementation of the vaccination programme. Of significant interest is the recent identification of vaccine-escape HBsAg mutants in hepatocellular carcinoma.

Oon CJ, Chen WN, Goh KT, Mesenas S, Ng HS, Chiang G, Tan C, Koh S, Teng SW, Toh I, Moh MC, Goo KS, Tan K, Leong AL, Tan GS. Molecular characterization of hepatitis B virus surface antigen mutants in Singapore patients with hepatocellular carcinoma and hepatitis B virus carriers negative for HBsAg but positive for anti-HBs and anti-HBc. J Gastroenterol Hepatol 2002; 17 Suppl:S491-S496.

Department of Clinical Research, Singapore General Hospital, Ministry of the Environment, Singapore.

BACKGROUND AND AIMS: Mutations on the a-determinant of hepatitis B virus surface antigen (HBsAg), capable of escaping detection and vaccination, are identified in HBsAg-positive/anti-HBs-positive vaccinated infants. We studied the prevalence of these mutants in HBsAg-negative/anti-HBc-positive chronic HBV carriers and patients with hepatocellular carcinoma (HCC). METHODS: DNA sequence coding for the antigenic a-determinant of HBsAg was amplified from either HCC genomic DNA or serum samples of the selected patients and sequenced. The replicative mutant genomes were reconstituted in vitro and their reactivity to commercial kits measured. RESULTS: Mutations within and/or outside the a-determinant were identified in patients seronegative for HBsAg. They were then reconstituted in vitro and transiently transfected into HepG2 cells. Culture medium containing secreted HBV viral particles was collected and assayed for their binding to commercial kits. Drastic decrease of reactivity to these kits was seen with most of the identified mutations, including those located outside the a-determinant. CONCLUSION: The existence of a more complex antigenic structure of HBsAg is indicated by the decreased reactivity to detection of mutations, some of which are outside the a-determinant, escape vaccination and may persist in seronegative patients. The high proportion of HBsAg mutants that are integrated in HCC genomes suggests a role of these mutants in hepatocarcinogenesis, possibly leading to mutant HBV-related HCC.

Peces R, Laures AS. Persistence of immunologic memory in long-term hemodialysis patients and healthcare workers given hepatitis B vaccine: role of a booster dose on antibody response. Nephron 2001; 89:172-176. 

Service of Nephrology, Hospital Central de Asturias, Oviedo, Spain. txrena@hca.es

Hepatitis B (HB) vaccine is effective in producing protection against HB virus infection, but the persistence of immunity remains largely unknown. Seventy-six hemodialysis (HD) patients (60 after primary HB vaccination and 16 with natural immunity) and 46 healthcare workers (32 after primary HB vaccination and 14 with natural immunity) were followed up for 10 years to evaluate the persistence of immunity. Ten years after vaccination, the analysis showed a lower seroconversion rate (38 vs. 75%, p < 0.001) in HD patients as compared with healthcare workers. In the follow-up period, the protective immunity developed through HB virus infection also showed a lower seroconversion rate (44 vs. 86%, p < 0.025) in HD patients as compared with healthcare workers. To assess the status of immunologic memory, we administered a booster dose of HB vaccine 3-12 years (mean 6.7 +/- 0.6 years) after primary vaccination in a selected group of 37 HD patients who presented a decline of their antibodies or were nonresponders. In another group of 12 healthcare workers who had a decline of their antibodies, we also administered a booster dose of HB vaccine 5-8 years (mean 5.8 +/- 0.3 years) after primary vaccination. Nineteen of the 37 HD patients (51%) presented an anamnestic response to the booster dose, and 15 of these (40%) were high responders. All of the healthcare workers responded to the booster dose with a high antibody response. We conclude that patients undergoing HD not only have lower rates of immunisation to HB than healthy adults, but also that these are frequently transient. Booster doses after a primary course of vaccine are effective in about the half of HD patients who presented a decline of their antibodies or were nonresponders but whether they are necessary is unclear. The majority of healthcare workers continue to have high levels of protective HBs antibody for at least 10 years and routine boosters are not required.

Poovorawan Y, Theamboonlers A, Hirsch P, Vimolket T, Sinlaparatsamee S, Chaiear K, Siraprapasiri T, Khwanjaipanich S, Owatanapanich S, Chunsuttiwat S. Persistence of antibodies to the surface antigen of the hepatitis B virus (anti-HBs) in children subjected to the Expanded Programme on Immunization (EPI), including hepatitis-B vaccine, in Thailand. Ann Trop Med Parasitol 2000; 94:615-621.

Department of Paediatrics, Faculty of Medicine, Chulalongkorn University & Hospital, Bangkok, Thailand. yong.p@chula.ac.th

Will hepatitis-B vaccine administered at birth, and at 2 and 6 months of age, as an integral part of Thailand's Expanded Programme on Immunization, provide long-term protection? In an attempt to answer this question, residents of five provinces (representing five distinct geographical areas of Thailand) who were aged 1-10 years and had received this course of vaccination were enrolled on a serological study. Each was tested, with ELISA, for the surface antigen of hepatitis B (HBsAg) and for antibodies against this antigen (anti-HBs) or against the core antigen (anti-HBc). Over all age-groups, the prevalences of HBsAg, anti-HBs and anti-HBc were 0.67%, 71.4% and 5.5%, respectively. Although the prevalence of anti-HBs decreased with age, it remained at 56%-65% among those aged 6-10 years. Between 2% and 17% of the subjects aged 1-9 years had high titres of anti-HBs. Based on these results, an additional booster, still a controversial issue, does not appear to be required in order to prevent infection with hepatitis B virus and thus permit the eventual eradication of chronic carriage and its fatal sequelae in Thailand.

Rapicetta M, Ferrari C, Levrero M. Viral determinants and host immune responses in the pathogenesis of HBV infection. J Med Virol 2002; 67:454-457.

Laboratory of Virology, Istituto Superiore di Sanità, Rome, Italy.

Hepatitis B virus (HBV) is a virus that infects about 350,000,000 people worldwide with a clinical spectrum of acute hepatitis, the healthy carrier state, cirrhosis and hepatocellular carcinoma (HCC). The outcome of HBV infection is the result of complicated viral-host interactions. As in other infections with non-cythopatic viruses, the immune response is thought to play a crucial role in disease pathogenesis but there is increasing evidence that a variety of viral mechanisms, some depending on the function of virally encoded proteins, have a profound impact on the infected hepatocytes, the liver microenvironment, and host anti-viral responses. Indeed, the virus has evolved multiple mechanisms to ensure its success in infecting a susceptible host. The essential aspects of the life cycle of HBV and the host immune response are reviewed and recent new developments in the molecular virology of HBV, including experimental animal models, in the role of accessory viral proteins in disease pathogenesis and HCC development and in the characterisation of the T cell response in the control of HBV infection, are highlighted.

Salleras L, Bruguera M, Buti M, Domíngez A. Prospects for vaccination against hepatitis A and B in Catalonia (Spain). Vaccine 2000; 18 Suppl 1:S80-S82.

Department of Health and Social Security, General Directorate of Public Health, Travessera de les Corts, 131, Pavello Ave Maria, 08028, Barcelona, Spain.

Catalonia is in an area of intermediate endemicity for hepatitis A virus (HAV) infection. An Expert Committee has recently proposed the implementation of universal hepatitis A vaccination for 12-year-olds, based on the fact that no risk factors can be identified for hepatitis A in 50% of cases, and also that selective vaccination targeted at high-risk groups has a limited potential to reduce the incidence of hepatitis A. The well-established programme of hepatitis B vaccination of pre-adolescents in Catalonian schools has high levels of vaccination coverage. This will provide a means to introduce hepatitis A vaccination in a cost-effective way in schools, by replacing the single vaccine with the combined hepatitis A and B vaccine. High-risk groups will also continue to be targeted. A pilot programme has commenced in the 1998/1999 school year and will be evaluated after 3 years. If it is successful, it will be extended indefinitely.

Seto D, West DJ, Ioli VA. Persistence of antibody and immunologic memory in children immunized with hepatitis B vaccine at birth. Pediatr Infect Dis J 2002; 21:793-795.

Kapiolani Medical Center for Women and Children, Honolulu, HI 96826, USA. dexters@kapiolani.org
Forty-two healthy children immunised with a course of hepatitis B vaccine beginning at birth were tested at 6 years of age for persistence of anti-hepatitis B antibody (anti-HBs) and then given a booster dose of vaccine. Although nearly one-half had become seronegative, all retained robust immunologic memory and rapidly regained a protective anti-HBs titre of at least 10 mIU/ml after booster vaccination.

Shih HH, Chang MH, Hsu HY, Lee PI, Ni YH, Chen DS. Long term immune response of universal hepatitis B vaccination in infancy: a community-based study in Taiwan. Pediatr Infect Dis J 1999; 18:427-432.

Department of Pediatrics, National Taiwan University Hospital, Taipei.

OBJECTIVES: To evaluate the long term immunity provided by a universal hepatitis B vaccination programme in infancy and the booster effect on school age children who had no protective antibody titres to hepatitis B surface antigen. METHODS: We conducted a community-based seroepidemiologic study of 1337 healthy 7-year-old children in Taiwan one decade after the implementation of a mass hepatitis B vaccination programme. A booster vaccination was suggested for noncarrier children who did not have protective titres of surface antibody. Serologic responses and infection rates were compared with those of the nonboostered children. In a nonselected group of 39 volunteer noncarrier vaccinees, quantitative serologic response was determined before, 1 month after a booster vaccination and 1 year later. RESULTS: A total of 572 children (42.8%) had low concentrations of surface antibody, and 9 were hepatitis B surface antigen carriers (0.7%). Eighty-two percent of ‘nonprotected’ vaccinees showed immunologic memory to a booster dose and developed protective antibody titres 1 month later; 60.6% maintained protective titres 1 year later. The frequency of new hepatitis B virus infection was similar for those who received a booster and those who did not as investigated by the core antibody seroconversion during 1-year follow-up. However, the risk was low, with annual incidences of < 1% in both groups, and none became chronic carriers. CONCLUSION: According to these data a universal vaccination programme in infancy provides adequate protection against hepatitis B virus infection for school age children and a booster vaccination is not recommended.

Vellinga A, Van Damme P, Bruckers L, Weyler JJ, Molenberghs G, Meheus A. Modelling long-term persistence of hepatitis B antibodies after vaccination. J Med Virol 1999; 57:100-103.

Center for the Evaluation of Vaccination, Epidemiology and Community Medicine, University of Antwerpen, Belgium.

Antibody response to hepatitis B vaccination was measured in 97 institutionalised, mentally handicapped patients after a 0-, 1-, 6-month vaccination schedule. Two groups were formed at month 7 according to the antibody response, which determined whether they needed an additional vaccine dose at month 12, to achieve an antibody titre of 100 IU/litre. All residents were followed up yearly for the first 5 years, after which, they received another booster dose. Another blood sample was taken 11 years after the start of the programme. A linear mixed-regression model was used to analyse the data. Random and fixed effects were included to determine the generally known risk factors and the still unknown individual characteristics that influence the titre of hepatitis B surface antibodies (anti-HBs). The mean anti-HBs titre was a function of time, type of mental retardation (Down's syndrome or other types of mental retardation), the use of antiepileptic drugs, and the additional booster at month 12. The immediate and vigorous response of the immune system to booster vaccination shows that the immunologic memory is good after primary vaccination. For the maintenance of protection, the recommendation for mentally retarded patients in institutions is vaccination of all seronegative residents as well as new entrants, after which, no additional boosters will be necessary.

Viviani S, Jack A, Hall AJ, Maine N, Mendy M, Montesano R, Whittle HC. Hepatitis B vaccination in infancy in The Gambia: protection against carriage at 9 years of age. Vaccine 1999; 17:2946-2950.

The Gambia Hepatitis Intervention Study, International Agency for Research on Cancer, Fajara, Banjul.

To estimate the efficacy in The Gambia (West Africa) of infant hepatitis B vaccination against infection and carriage with the virus at the age of 9 years. The HBV status of 9-year old children vaccinated in infancy was compared to that of unvaccinated children of the same age. Eight percent of the vaccinated children had been infected by HBV compared to 50% of the unvaccinated control group; HBV carrier status was 0.6 and 10% respectively, resulting in a vaccine efficacy of 83% against infection and of 95% against chronic carriage. The results show that infant vaccination provides a high level of protection at the age of nine years against both HBV infection and chronic carrier status and no booster dose of vaccine is required in the first decade. These findings support the WHO recommendation for the introduction of HBV vaccination into the Expanded Programme on Immunization in Africa.

West DJ, Calandra GB. Vaccine induced immunologic memory for hepatitis B surface antigen: implications for policy on booster vaccination. Vaccine 1996; 14:1019-1027.

Merck Research Laboratories, West Point, PA 19486, USA.

This paper reviews published literature on the long-term persistence of immunologic memory for HBsAg after a course of hepatitis B vaccine and the functional significance this has for policy on booster vaccination. Several studies have shown that vaccine induced antibody (anti-HBs) specific for the surface antigen (HBsAg) of hepatitis B virus (HBV) is protective at a serum concentration of 10 milli-International Units per millilitre (mIU/ml). When acquired passively (e.g. from hepatitis B immune globulin), susceptibility to infection returns as antibody declines. However, vaccine induces active synthesis of anti-HBs accompanied by immunologic memory for HBsAg that affords ongoing protection independent of antibody. Persistent memory over periods of 5 years or more is evident from large, rapid increases in antibody following booster vaccination, even in subjects who have lost antibody. Complementary studies, using an in vitro enzyme linked immunosorbent assay (spot-ELISA), show that the number of memory B lymphocytes able to produce anti-HBs does not diminish as the level of antibody declines. That immunologic memory provides effective immunity is suggested by serologic studies over periods of 5 years or more of vaccinees frequently exposed to HBV. Although many failed to maintain at least 10 mIU/ml of antibody, there have been very few clinically significant breakthrough infections. Thus, it appears unnecessary to give healthy vaccinees a booster vaccination when the level of anti-HBs falls below 10 mIU/ml. Current studies suggest good retention of immunologic memory in healthy vaccinees over periods of 5-12 years. While additional studies will better define the limits of this phenomenon, routine booster vaccination should not be needed to sustain immunologic memory and protection within 5 years and perhaps longer after the primary vaccination series.

Whittle HC, Inskip H, Hall AJ, Mendy M, Downes R, Hoare S. Vaccination against hepatitis B and protection against chronic viral carriage in The Gambia. Lancet 1991; 337:747-750.

Medical Research Council Laboratories, Fajara, Banjul, The Gambia.

358 children in the Gambian villages of Keneba and Manduar, where hepatitis B virus (HBV) infection is endemic, were vaccinated with plasma-derived vaccine against HBV according to one of four regimens and followed for up to 4 years. Two regimens by which vaccine was injected intradermally into children between 0 and 4 years old led to peak geometric mean (95% CI) concentrations of antibody against HBV surface antigen of 270 (202-358) and 555 (418-748) mIU/ml. The third regimen--intramuscular vaccination of children aged between 0 and 4 years--gave geometric mean peak antibody concentrations of 926 (765-1122) mIU/ml. A fourth regimen was intramuscular vaccination of children between 1 and 9 months old, which gave geometric mean antibody concentrations of 5431 (3903-75,456) mIU/ml. Despite these widely divergent responses and a 89% decay in antibody over the first 2 years, vaccination against HBV was 97% effective in preventing chronic infection. Vaccination was less effective in preventing uncomplicated infection: 5.3% of 264 vaccinees in Keneba and 19.1% of 94 vaccinees in Manduar tested positive for antibody to HBV core antigen. These ‘breakthrough infections’ did not differ in frequency between regimens, and were associated with low initial antibody responses and chronic maternal carriage of HBV.

Whittle H, Jaffar S, Wansbrough M, Mendy M, Dumpis U, Collinson A, Hall A. Observational study of vaccine efficacy 14 years after trial of hepatitis B vaccination in Gambian children. BMJ 2002; 325:569.

Medical Research Council Laboratories, PO Box 273, Banjul, Gambia. hwhittle@mrc.gm

OBJECTIVE: To determine the duration of protection from hepatitis B vaccine given in infancy and early childhood. DESIGN: Cross sectional serological study of hepatitis B virus infection in children of various ages 14 years after the start of a trial of vaccination regimens. SETTING: Two villages in the Gambia. PARTICIPANTS: Children and adolescents given hepatitis B vaccine in infancy or early childhood: 232 were aged 1-5 years, 225 aged 5-9 years, 220 aged 10-14 years, and 175 aged 15-19 years. MAIN OUTCOME MEASURES: Vaccine efficacy against infection and against chronic infection in the different age groups. RESULTS: Vaccine efficacy against chronic carriage of hepatitis B virus was 94% (95% confidence interval 89% to 97%), which did not vary significantly between the age groups. Efficacy against infection was 80% (76% to 84%). This was significantly lower in the oldest age group (65%, 56 to 73). Of the uninfected participants in this age group, 36% had no detectable hepatitis B virus surface antibody. Time since vaccination and a low peak antibody response were the most powerful risk factors for breakthrough infection (P < 0.001 in each case). Low peak antibody response was also a risk factor for chronic carriage (odds ratio 95, 19 to 466). CONCLUSIONS: Children vaccinated in infancy are at increased risk of hepatitis B virus infection in the late teens. The risk of chronic carriage after sexual exposure needs further assessment to determine if booster vaccines are necessary.

Whittle HC, Maine N, Pilkington J, Mendy M, Fortuin M, Bunn J, Allison L, Howard C, Hall A. Long-term efficacy of continuing hepatitis B vaccination in infancy in two Gambian villages. Lancet 1995; 345:1089-1092.

Medical Research Council Laboratories, Banjul, The Gambia.

Beginning in 1984, in the villages of Keneba and Manduar in The Gambia, health workers have continuously vaccinated all infants and all non-immune children less than 5 years old against hepatitis B virus (HBV). The children received 3 doses of 2 µg plasma-derived HBV vaccine intradermally at 2-month intervals, 20 µg vaccine intramuscularly followed by 2 intradermal doses of 2 µg vaccine at 2-month intervals, or 3 doses of 20 µg intramuscularly at 2-month intervals. Antibody titres of the first 3 groups of children in 1984 fell with time with no differences between the groups. Yet, vaccine efficacy against HBV infection and chronic carriage of hepatitis B surface antigen (HBsAg) increased with time. In 1993, overall vaccine efficacy against HBV infection stood at 94.7%. It was 95.3% for HBsAg carriage. Vaccine efficacy against HBV infection for children vaccinated between 1984 and 1989 was 89.8% compared to 97.7% for those vaccinated between 1989 and 1995. The vaccine efficacy against chronic HBsAg carriage was 95.1% and 97.1%, respectively. Breakthrough infections in children vaccinated during 1985-1989 and 1989-1993 were more frequent in children with low antibody concentrations (p 0.001). Among chronic HBsAg carriers, the prevalence of markers of HBV infectivity (i.e., HBVe antigen and HBV DNA) fell with age (p 0.01). During 1989-1993, the number of breakthrough infections was fewer than 50% of the expected number of infections. Since the infectivity of chronic HBsAg carriers is falling with time, the researchers submit that long-term HBV vaccination is reducing HBV transmission in Keneba and Manduar.

Williams JL, Christensen CJ, McMahon BJ, Bulkow LR, Cagle HH, Mayers JS, Zanis CL, Parkinson AJ, Margolis HS. Evaluation of the response to a booster dose of hepatitis B vaccine in previously immunised healthcare workers. Vaccine 2001; 19:4081-4085.

Alaska Native Medical Center, Viral Hepatitis Program, ANC-HEP, 4315 Diplomacy Drive, Anchorage, AK 99508, USA. jwilliam@anmc.org

INTRODUCTION: Hepatitis B vaccination is recommended for all healthcare workers (HCW) at risk of exposure to infectious body fluids. However, the absolute duration of protection from immunisation is unknown. The purpose of this randomised comparison trial was to determine how previously immunised HCW respond to different booster doses of hepatitis B vaccine. METHOD: Adult HCW (n = 59) were classified by level of hepatitis B surface antigen (anti-HBs), either < 10 milli-International Units per millilitre (mIU/ml) or 10-50 mIU/ml. Participants were then randomized to receive a 2.5 or 10 µg dose of hepatitis B vaccine. Evaluation of anti-HBs levels were conducted 10 to 14 days, one month and one year postbooster. RESULTS AND DISCUSSION: All participants responded to the booster dose with increased anti-HBs levels. At 14 days, mean anti-HBs levels were significantly higher for those with higher levels at baseline (P = 0.004) and those receiving the 10 µg dose (P = 0.016). At one month, those with higher anti-HBs levels at baseline and those receiving the 10 µg dose were significantly higher (P < 0.01 for both). At one year, the increase for the higher dose was no longer statistically significant when examined by itself (P = 0.081); statistical significance (P = 0.021) was achieved after adjusting for anti-HBs level at baseline. For all participants, the geometric mean anti-HBs level was 2618 mIU/ml at 14 days, 2175 mIU/ml at one month and 88.9 mIU/ml at one year. At all time points the increase in anti-HBs levels represented an increase over the geometric mean baseline level of anti-HBs (7.4 mIU/ml). Hepatitis B immunised adults responded to a booster dose of hepatitis B vaccine from 3 to 13 yr postvaccination series. Data support current recommendations that immunised HCW do not require periodic antibody testing or vaccine boosters.

Williams IT, Goldstein ST, Tufa J, Tauillii S, Margolis HS, Mahoney FJ. Long term antibody response to hepatitis B vaccination beginning at birth and to subsequent booster vaccination. Pediatr Infect Dis J 2003; 22:157-163.
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BACKGROUND: Few studies have examined the long term persistence of antibody after hepatitis B immunisation beginning at birth and the response to a subsequent challenge with a booster dose of vaccine. METHODS: Two groups of children received hepatitis B vaccine on a schedule of birth and 1 and 6 months of age. Group 1 received recombinant vaccine and a booster dose at 5 years of age. Group 2 received plasma-derived vaccine and a booster dose at 9 years of age. Group 1 children were tested for antibody after the primary vaccine series. All children were tested for antibody before administration of the booster dose and at 2 and 4 weeks and 1 year after the booster. In addition all children were tested for markers of hepatitis B virus infection. RESULTS: Antibody testing conducted after the primary series for children in Group 1 (n = 70) showed that 90% had protective antibody concentrations at 13 months of age, and testing before the booster dose showed that 41% had protective antibody concentrations. All children with protective antibody concentrations after the primary series had an anamnestic antibody response to the booster dose. In Group 2 (n = 41) 39% of children had protective antibody concentrations before the booster dose, and 93% had an anamnestic antibody response to the booster dose. One year after the booster dose there were 26-fold and 11-fold declines in antibody concentration in Groups 1 and 2, respectively. CONCLUSIONS: A primary vaccination series with either plasma-derived or recombinant hepatitis B vaccine affords long term protection for children when vaccinated beginning soon after birth.
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The hepatitis B virus (HBV) vaccine may provide protection through the clonal expansion of specific memory cells without necessarily having to produce high serum antibody levels. We develop a mathematical model which distinguishes between the accumulation of sensitive memory B and T-helper cells prior to a booster and the high circulating antibody levels present in an individual after a booster. We suggest this immune memory accumulates primarily in an antigen-independent fashion. These phenomena suggest individuals may be immune to infection six months after the priming vaccine dose(s) regardless of whether they receive a booster or not. This hypothesis is supported by immunogenicity data and by two independent vaccine efficacy trials comparing 0, 1 month schedules with 0, 1 and 6 month schedules.

Wilson JN, Nokes DJ, Carman WF. Current status of HBV vaccine escape variants - a mathematical model of their epidemiology. J Viral Hepat 1998; 5 Suppl 2:25-30.

Wellcome Trust Centre for the Epidemiology of Infectious Disease, University of Oxford, UK.

We present a deterministic model of the possible emergence of a vaccine escape variant of hepatitis B virus (HBV). The model identifies the key unknowns determining this process: the protection afforded by the current vaccines against particular HBV variants; the infectiousness of these variants; and the current prevalence of individuals infectious with the variants (each factor relative to wild-type). By making pessimistic assumptions about these unknowns we show that even a highly infectious variant, under a vaccine programme that affords no protection against the variant, would still take decades to emerge. Thus the current low prevalence of variants is not evidence for the cross-reactivity of the current vaccines or for a lack of infectiousness in the variants. As any vaccine failure will be inapparent for decades it may be sensible to recommend vaccine modifications now rather than later.

Wilson JN, Nokes DJ, Carman WF. The predicted pattern of emergence of vaccine-resistant hepatitis B: a cause for concern? Vaccine 1999; 17:973-978.
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We develop an epidemiological model of hepatitis B virus (HBV) in The Gambia in order to investigate the possible patterns of emergence of a vaccine-resistant strain. Under pessimistic assumptions (e.g., the current vaccine provides no cross-immunity against the variant) the model predicts the variant will not become dominant over the wild-type for at least 50 years. Therefore the current low prevalence of variant infections is not evidence for high cross-immunity of the vaccine or for low infectiousness of the variant, but may simply be a consequence of the epidemiology of HBV. The efficacy of the present vaccine against possible variants needs to be evaluated now to determine whether vaccine modifications are required. However, the model also suggests that serological surveillance may be unable to determine this efficacy for 40-50 years.

Wilson JN, Nokes DJ, Carman WF. Predictions of the emergence of vaccine-resistant hepatitis B in The Gambia using a mathematical model. Epidemiol Infect 2000; 124:295-307.
 
Wellcome Trust Centre for the Epidemiology of Infectious Disease, University of Oxford, UK.

Vaccine escape variants of hepatitis B virus (HBV) have been identified world-wide. A mathematical model of HBV transmission is used to investigate the potential pattern of emergence of such variants. Attention is focused on The Gambia as a country with high quality epidemiological data, universal infant immunisation and in which escape mutants after childhood infections have been observed. We predict that a variant cannot become dominant for at least 20 years from the start of vaccination, even when using a vaccine which affords no cross protection. The dominant factor responsible for this long time scale is the low rate of infectious contacts between infected and susceptible individuals (we estimate the basic reproduction number of hepatitis B in The Gambia to be 1.7). A variant strain that achieves high prevalence will also take many years to control, and it is questionable whether emergence will be identifiable by sero-surveillance until of high prevalence. The sensitivity of the model predictions to epidemiological and demographic factors is explored.

Wu W, Sun C, Jiang M, Xu Y, Zhang GH, Liu CB, Cao HL, Lin XM, Xu ZY. Long-term efficacy of vaccination against hepatitis B in newborns: 13 years' follow-up. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi 2001; 15:239-241. [Article in Chinese]
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OBJECTIVE: To evaluate long-term efficacy of hepatitis B vaccination in newborns. METHODS: In the past 13 years we followed up the children who had been immunised with hepatitis B vaccine at birth in 1986 every other year. At each follow-up visit, every child was tested for HBsAg, anti-HBs and anti-HBc. RESULTS: HBsAg positive rate of these birth cohort was low (range between 0.46% and 0.98%) during 13 years' follow-up. Long-term efficacy of the vaccination in preventing HBsAg carriage was confirmed. CONCLUSIONS: Thirteen years later no booster was after needed.

Zumaeta E, Gonzalez Griego A, Ferrandiz J, Villanueva A, Soto V, Almeida R, Gonzalez VE, Gonzalez G, Lugo MG, Ramirez V, Alerm A, Diaz R, Anton Lolo M. Predicted duration of protective anti-HBs antigens in Peruvian health care workers after six years of vaccination. Rev Gastroenterol Peru 2001; 21:276-281. [Article in Spanish]
 
Departamento del Aparato Digestivo, Hospital Nacional G. Almenarta, ESSALUD, Lima, Peru.

Given the importance attributed to the protection of health care workers against viral Hepatitis B (VHB) by the World Health Organization (WHO) and the Center for Disease Control (CDC), in 1993, the Instituto Peruano del Seguro Social (Social Security Peruvian Institute), today known as ESSALUD, ruled the vaccination of personnel in risk working in the 4 national hospitals, using Cuban vaccine Heberbiovac HB (20 mg, schedule 0, 1, 2 months). Our purpose was to evaluate the antibody persistence in the vaccinated individuals after six years from immunisation, and the possible presence of HB virus infection markers. Sera from 144 health care workers were studied, for a 70.24% coverage, in relation to the initially seroprotected in the 1993 study. For markers detection, commercial immunoenzymatic methods were used. HBsAg and anti-HBc were negative in all the serology samples studied, thus we conclude that no evidence of infection by this virus was found in any of the vaccinated subjects. Anti-HBs was positive, being all of them seroconverted, with seroprotection and hyperresponse as of 91.6% and 43.7% respectively. The mean life time of anti-HBs (t 1/2) is three years, predicting that the antibodies level will be over 10 IU/l until after 15 years from the end of the schedule. The subjects under 40 had significantly higher levels of seroprotection and hyperresponse, being the females those that stayed in the upper categories of response. Evaluation of the post-reinforcement memory in the seroconverted, not protected cases, is recommended, as well as extend the work with ESSALUD to other hospitals in the country.
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