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1.
Introduction

In recent years, several case reports have raised concerns that hepatitis B (HB) immunization may be linked to new cases or reactivation of multiple sclerosis (MS) or other demyelinating diseases within a period of 2 to 3 months after vaccination1. Articles published in the media stating a link between HB immunization and MS have further fuelled the worry over the safety of the vaccine.

Although there is no epidemiological evidence showing that MS or flare-ups of MS occur more frequently in recipients of HB vaccine, these concerns persist and have led to a reduction in the uptake of HB vaccine in some countries, particularly in France. 

Since many countries use HB vaccine in their immunization programmes, a thorough scientific evaluation was warranted. The Viral Hepatitis Prevention Board (VHPB), whose activities are incorporated into the World Health Organization (WHO) Collaborating Centre on Prevention and Control of Viral Hepatitis, called a technical consultation on the safety of HB vaccines to review accumulated data and policy implications. This consultation took place in Geneva from September 28 through September 30, 1998 and brought together representatives from national public health and regulatory authorities, academia, the hospital sector, the pharmaceutical industry and the World Health Organization. Participants included experts in the fields of public health, epidemiology, immunology, neurology and pharmacology (see annex 1).

The primary objective of this meeting was to update the WHO statement regarding hepatitis B vaccine and multiple sclerosis that had appeared in the Weekly Epidemiological Record in 19972. The specific objectives of the meeting, on which this report is based, were to: 

· summarise available data on the safety of HB vaccines; 

· review systems for registering adverse events; 

· review epidemiological studies conducted to determine the hypothetical relationship between HB vaccines and neurological disorders;

· achieve a consensus on the safety of hepatitis B vaccine programmes. 

2. 
Hepatitis B

2.1. Scope of the issue

Hepatitis B (HB) is one of the major diseases of mankind and is preventable with safe and effective vaccines. More than 2,000 million persons worldwide have serologic evidence of past or current HB virus infection and there are more than 350 million chronic carriers of the virus at high risk of death from cirrhosis and liver cancer, diseases which kill almost 1 million persons a year3.  

Although it is imperative to determine if there are any serious side effects related to hepatitis B vaccine, it is also important to put the concerns over the safety of the HB vaccine in context, weighing the real risk of HB infection and disease in non-immunized individuals against the hypothetical risk of MS following HB immunization.

In the USA, for instance, the Centers for Diseases Control and Prevention (CDC) estimates (on the basis of death certification data and specific studies) that of the 32,000 deaths from chronic liver disease per annum (in the USA), 54% are due to hepatitis viruses B and C infections; 4,480 of these chronic liver disease deaths are due to hepatitis B virus. Hepatocellular carcinoma deaths due to hepatitis B add another 3,000 deaths per annum. The annual costs of this infection in the USA are estimated at US$ 658 million.

2.2. Hepatitis B vaccine

HB vaccines have been available since 1982 and more than 1 thousand million doses have been used. Approximately 100 countries, consistent with World Health Organization policy, have added HB vaccination to their routine childhood immunization programmes and most countries have in addition adopted a policy to vaccinate adults at increased risk.

HB vaccine is considered one of the safest and least reactogenic vaccines. The vaccine is approximately 95% effective in preventing the HBV chronic carrier state, and direct reduction of liver cancer has already been documented in immunized children. The use of hepatitis B vaccine, both plasma-derived and recombinant, has resulted in dramatic reductions in the prevalence of the carrier state in many areas4 5. In areas without significant perinatal transmission the carrier rate has been reduced to less than 1% from levels of 15-20%. In areas where perinatal transmission is important (e.g. China) the reduction has been to less than 2% of the vaccinated population5. There is now clear data from Taiwan showing that hepatitis B vaccination reduces the incidence of liver cancer in children6 7. It is evident that the benefit of HB vaccination outweighs any claimed risk in all age groups.

2.2.1. Overview of assessment of vaccine safety

Several methods for assessing vaccine safety are in use. These include:

· Post-marketing surveillance – either passive or active;

· Reported case reports and case series;

· Data linkage methods.

In the USA, the Food and Drug Agency Center for Biologics Evaluation and Research (CBER) is responsible for licensing and monitoring biological products such as vaccines, biological therapeutic agents, blood and blood products. It carries out monitoring by collaboration with manufacturers in the design and analysis of post-licensure studies and with the CDC in the Vaccine Adverse Events Reporting System (VAERS) (passive surveillance)8. 

Although post-marketing surveillance, case reports and data linkage are useful in determining vaccine safety and identifying adverse events associated with vaccination, certain drawbacks are inherent in each:

· Vaccine safety surveillance differs from drug surveillance in that the recipients of the vaccine are usually healthy and this influences both the rate of reporting of potential adverse events and the acceptability of them.

· Passive reporting is particularly deficient in that only potential events in vaccine recipients are reported, and even then probably only a minority. The number of people who receive the vaccine in total is usually not known, nor is the rate of the event in those who did not receive the vaccine.

· Case reports and series suffer from these deficiencies as well, but in addition may be affected by referral bias once a physician becomes known to be interested in the condition and its alleged association with vaccine.

· In analytical epidemiological studies, whether case control or cohort, there are many potential sources of bias and confounding which make results difficult to interpret. The Institute of Medicine, for instance, noted that studies of a potential link between sudden infant death syndrome and diphtheria-tetanus-pertussis vaccine had initially found an increased risk but once designs and analysis were refined the relationship was consistently protective.

The temporal relationship between receipt of the vaccine and onset of the alleged adverse event is probably the strongest evidence for a true relationship. This can best be examined through data linkage of routine vaccine records to routine health outcome data with the addition of demographic information. Even in this situation careful adjustment of confounding is required, in particular changes in the underlying rate of disease with time.

Complementary sources of information on vaccine safety come from diseases associated with natural infection, differences between the natural agent and the vaccine, understanding of the patho-physiology of the condition concerned and background population data on rates of illness – particularly in comparable groups to those targeted for vaccination.

The 1992 Institute of Medicine Report on Vaccine Safety found that there was inadequate evidence to either accept or reject an association between hepatitis B vaccine and any neurological disorder9 10. The reasons being that: 

· randomised clinical trials lack power.

· post-licensure surveillance is limited (mostly passive).

· there is competition for resource between safety assessment and control activities.

2.2.2. Vaccine safety and causality

To demonstrate a link between vaccination and the onset of an unrelated illness, certain epidemiological criteria must be met in any epidemiological study. These criteria (known as Bradford Hill’s criteria11) include temporality, consistency, coherence, specificity, biological plausibility and strength of association, consistency being particularly important.

The assessment of causality is a difficult judgement. Epidemiologists have often been poor at communicating both the method used and the conclusions from it. There is a need for simpler messages emphasising that animal studies, case reports and series, passive surveillance and ecological studies can only be hypothesis generating.

3. 
Auto-immune diseases, including multiple sclerosis

MS is a disease of the central nervous system (CNS) characterized by the destruction of the myelin sheath surrounding neurons. MS is a progressive, often fluctuating disease with exacerbations and remissions over many decades usually resulting in permanent disability and sometimes death12.

The cause of MS is unknown. The most widely accepted hypothesis is that MS occurs in patients with a genetic susceptibility, and that some environmental factor or factors ‘trigger’ clinical exacerbations. The genetic predisposition is well supported by many studies showing an increased risk of MS in family members of cases, identical twins, certain ethnic populations and certain HLA subtypes. 

Multiple sclerosis is the commonest CNS disease in the 20-45 age group. It shows a peak incidence around the age of 30 and this distribution has been considered to be consistent with the incubation period distribution for an infection in adolescence such as infectious mononucleosis. The disease is more common in females than males by a ratio of 3:1, as is seen in other autoimmune disorders.

The diagnosis is based on symptomatology consistent with plaques in at least two anatomical locations. For this reason the diagnosis is often delayed following the first episode of demyelination. Current therapeutic interventions involve various immune modulatory drugs.

Studies in twins show concordance in monozygous twins of around 26% but only 4% in dizygous twins. This clearly indicates both a genetic component to the disease and, since more than 70% of monozygous twins are not concordant, environmental factors in the aetiology. Three studies using genomic scans to determine the location of the responsible genes were inconclusive.

There is a striking geographical pattern with disease prevalence and incidence increasing with latitude as one moves north or south from the equator. Migrant studies demonstrate that risk of disease changes with migration between these latitude bands and that this effect is dependent on the age at migration. 

Descriptive studies in Norway have clearly shown time/space clustering of residence in adolescence as well as differing trends in disease in different geographical areas.

Environmental agents that have been proposed as aetiological agents include:

· Infectious diseases, either as triggers of auto-immunity or through persistent infection;

· diet (primarily animal fats);

· trauma to the head;

· toxic agents, such as heavy metals and organic solvents.

There is some consistency in the finding for organic solvents. However, further aetiological research is needed to guide rational treatment as well as prevention. In particular, studies of gene/environment interactions are required. It is proposed that well designed, multi-centre analytical studies with sufficient power for sub-group analyses are needed.

3.1. Immunological mechanisms and molecular mimicry

Several potential mechanisms are thought to underlie autoimmune processes including multiple sclerosis. The model of autoimmunity is one in which genetic factors – both Major Histocompatibility Complex (MHC) and non-MHC overlap with environmental factors in contributing to the disease. The specific mechanism in multiple sclerosis is an immunological mechanism initiated by one or more viruses. The virus could potentially induce autoimmunity in one, or a combination of, four ways:

· Polyclonal activation

· Infection of lymphoid cells

· Anti-idiotype

· Molecular mimicry13
Polyclonal activators cause a clonal expansion of B cells leading to an anti-self response. Epstein-Barr virus or lipopolysaccharide antigen are examples of these. An alternative or complementary pathway is through superantigen stimulation of T cells. If superantigen stimulates naive T cells then expansion followed by apoptosis results. If the T cells are already activated, however, then autoimmunity can result. These stimuli can act through either complement mediated cell lysis or immune complex mediated cell injury. Polyarteritis nodosa that can be associated with hepatitis B surface antigen is a classic example of immune complex mediated disease.

Viral infection of lymphoid cells might either be of B cells or other antigen presenting cells – leading to up regulation of self antigens and presentation of these (for example in heat shock proteins) or T cells leading to up regulation through cytokine production (in particular gamma interferon).

Anti-idiotype mechanisms of induction of autoimmunity might arise from a common antigen on the surface of both virus and cell surface. Under normal circumstances, the development of anti-idiotype antibody to the human cell antibody regulates immune response to subsequent viral challenge. However, if the viral challenge occurs in the neonate then the protective idiotype antibody may not be produced. The self antigen- antibody would then attach to tissues and induce an inflammatory response.

Molecular mimicry occurs when there is sequence homology between antigen in the infecting organism and the host. This may result from the virus inherently coding for cross-reactive determinants or by the incorporation of host components into the virion. The classic example of this is the antigen on the Streptococcus pyogenes that cross reacts with joint, heart and skin antigens and can lead to rheumatic fever.

Multiple situations are known where molecular mimicry occurs (e.g. Coxsackie B virus  and myocardial tissue, measles virus and stress proteins or myelin basic protein). If the viral antigen is processed by antigen presenting cells and presented in association with class I MHC this results in a cytotoxic T cell response whereas if it is class II MHC then CD4 mediated auto-immunity results.

3.2. Animal models and demyelination

The best animal model used to simulate the demyelination of multiple sclerosis is experimental allergic encephalitis in the mouse. A neuroantigen in Freunds complete antigen is injected into the mouse resulting in perivascular cellular infiltrates in the brain and demyelination. This results clinically in a limp tail, hind limb paralysis and incontinence. 

The responsible encephalitogenic regions of myelin basic protein differ in the rabbit, mouse and in man. Sequence homology (molecular mimicry) has been demonstrated between the rabbit encephalitogenic protein and the polymerase gene of hepatitis B surface antigen14. It is to be noted that hepatitis B vaccine does not contain this gene and that it is to the rabbit encephalitogenic protein. However, injection of rabbits with the viral peptide produced myelin basic protein (MBP) specific antibodies in a majority of  rabbits, some of which developed inflammatory changes in the brain, thus validating mimicry as a mechanism of neuro-inflammatory disease. 

In the mouse, the use of a vaccinia recombinant expressing the encephalitogenic protein induced protection against experimental allergic encephalitis (EAE). This offers a model for the primary prevention of demyelinating diseases. Alternatively, the use of vaccinia expressing myelin proteolipid protein (PLP) primed mice for EAE following challenge with encephalitogenic peptides derived from PLP. Interestingly, the demyelination in these animals did not show the relapsing pattern of classical EAE15 16.

To date, the search of the recombinant surface antigen gene of hepatitis B has revealed no homology between albumin, myelin basic protein and other CNS proteins.

4.
Available data on safety of hepatitis B vaccines

4.1. Literature and clinical trials

Safety trials have been carried out in healthy individuals of all ages as well as in those at increased risk of infection and those with impaired immunity (for example haemodialysis patients). The recording of adverse events within trials is the responsibility of the investigator. Active surveillance is usually carried out for the first 4 to 14 days after each dose of vaccine and unsolicited recording of health events occurs for 30 days after each dose. Serious adverse events are recorded throughout any study which may be up to 7 or 13 months in immunogenicity studies or longer in phase III trials. Deaths and congenital abnormalities should be reported at any time a) if they are brought to the attention of the investigator and b) if they are thought to be vaccine related. 

A literature search found that 350 clinical trials on the safety of hepatitis B vaccines have been conducted. From these, information is available on 230 trials involving some 18,000 subjects. In these trials, 2,000 serious adverse events were reported, of which 111 were considered by the investigators to be related to the HB vaccine. Interpretation of this data is difficult, however, because of the subjectivity involved in each trial report. The sensitivity of trials for serious adverse events is also limited beyond the period of active follow up.

4.2. Data from the USA

The Vaccine Adverse Event Reporting System (VAERS) has been fully operational in the USA since November 1990. In 1991, one of the earliest reports to the system was from a Wisconsin physician who reported four nurses affected by demyelination subsequent to HB vaccination (from a total nursing population of 20,000). Examination of the VAERS data (1991) showed that rates of neurological disorders were ten times higher in hepatitis B vaccinees than with any other vaccine. This held true for non-demyelinating symptomatology (dizziness, paraesthesiae, and vasodilatation) as well as clear demyelination. This increased reporting of symptoms is most likely attributable to the fact that the majority of recipients of HB vaccine were healthcare workers who are most likely to report possible adverse events.

An examination of demyelination events by time since vaccination did not show the expected peak in week 1 (as observed with influenza vaccine and Guillain Barré syndrome17 18 19). More recent safety data relating to recombinant hepatitis B vaccine in children has been published which shows no unexpected adverse events in neonates and infants given vaccine, despite the use of at least 12 million doses in these age groups20 21 22.
A review of data from VAERS on demyelinating disease for 1991-1997 showed 68 reports of multiple sclerosis. The mean age of the vaccinee was 35 (range 15-58 years), with 77% female and 10% male (13% did not supply this information). The median reported interval from vaccination to onset of illness was 13 days. In addition, 49 reports of optic neuritis and 26 of transverse myelitis were noted. When these events were analysed by dose of vaccine (1st, 2nd, 3rd) no pattern emerged and no conclusion could be drawn from this data. In contrast, the reports of hair loss in association with routine hepatitis B vaccination are likely to be causal – particularly in view of the effect of re-challenge with the vaccine23.

4.3. Data from Canada24 25
In Canada, some 5 million doses have been delivered in vaccination programmes targeting pre-adolescents, infants and risk groups (varying by province and over time). Between 1990 and 1998, some 2,735 adverse events were reported, 65% of these by females. The distribution of events was similar to the age distribution of vaccination. In addition, there were reports of chronic fatigue syndrome associated with the vaccine, although these reports came from a TV programme. Analysis of the time relationship to vaccination showed no relationship between HB vaccination and MS. Several specific studies of the putative relationship with multiple sclerosis are planned in Canada.

4.4. Data from Italy 

Hepatitis B vaccination is obligatory in Italy, resulting in infant vaccination coverage in excess of 90%. In total, over 15 million doses of vaccine have been delivered. Compensation is available for proven vaccine induced harm and this facilitates reporting of adverse events. In total, 504 adverse events have been reported, giving a rate of 3/100,000 doses; 19 of these involved the central nervous system (for a rate of 1/million doses) although none were multiple sclerosis. The vaccine manufacturer (SmithKline Beecham) operates an independent database. When this was searched, 5 patients with CNS events were found in Italy, one of whom had multiple sclerosis.

4.5. Data from Industry 

Some 630 million doses of hepatitis B vaccine have been distributed worldwide, 69 million of these in France. Based on the database maintained by the companies reports of multiple sclerosis (274 in number) were at a rate of 0.19/100,000 doses globally and 0.59 per 100,000 in France. Examination of the time relationship between vaccine receipt and disease onset showed no pattern to suggest causality. 

5.
Review of the epidemiological studies in progress: preliminary data and summary of study protocols
5.1. France

An increase in reports of central nervous system demyelinating disease (CDD) possibly associated with hepatitis B vaccine at the end of 1996 led to the initiation of two epidemiological exercises in France. 

First, the expected number of cases of CDD that would have occurred by chance in association with vaccination was calculated based on the underlying rate of disease and the number of doses of hepatitis B vaccine distributed in France. The observed number of cases was less than the expected. However, because of a number of uncertainties in this calculation a case control study was carried out.

Incident cases of CDD with their first episode of demyelination occurring within the last six months were recruited from hospital neurology departments. Controls also came from the same neurology departments. They were patients with other neurological conditions some of which, for example migraine, were chronic. They were selected by the neurologists and matched on age, sex and date of examination. Subjects with contraindications to vaccination were excluded. The vaccination status of subjects was determined by telephone interview following a letter to the subject requesting that they find their records and fixing a time for the telephone conversation. The preliminary results were presented using a variety of case sub-groups and time intervals. None of these showed statistically significant associations between HB vaccination and CDD.

There was some concern about the design of this study. In particular, the selection of controls was less than ideal since pre-existing disease might have influenced their likelihood to be vaccinated. Community controls would have been preferable. There was some reassurance on this point since the hospital controls’ vaccine experience was similar to that of the general population.

5.2. UK

Analysis of a computerized, UK-based General Practitioner data base covering some 4 million people was carried out. The database includes prescriptions for vaccination as well as disease codes. Individuals aged 20-60 years with episodes of CDD between 1/1/90 and 1/6/97 were selected from the database and matched by age, sex and practice to six controls each. Prior vaccination with hepatitis B and other vaccines was examined. 

Further refinements to the analysis are needed but preliminary results show no association with multiple sclerosis but a marginal association with acute demyelination not diagnosed as multiple sclerosis. Potential confounding and bias have been carefully addressed in this study and controlled as far as was possible.

The study had the major advantage of prospective identification of exposure to vaccination and outcome. Although cases had not yet been formally validated, the diagnosis was based on hospital attendance and these records had been independently reviewed by three physicians blinded to exposure status. There was some concern about the completeness of vaccination data since vaccines given at Occupational Health departments, STD clinics and Travel clinics might not be included in the GP records. However, any misclassification would be non-differential.

5.3. USA

An analysis of a research database from the Diversified Pharmaceutical Services, a pharmacy benefits management company, was carried out in the USA. The research database was formed from six primary healthcare programmes and records reimbursement claims for both hepatitis B vaccination and medical treatment for demyelinating disorders. A cohort analysis was performed defining a group of 27,229  who had claimed for hepatitis B vaccination and a group of 107,469 who had not claimed for hepatitis B vaccination. These groups were matched on age and sex. Analysis of rates showed rate ratios of less than one for all outcomes indicating a potential protective effect of hepatitis B vaccination. This was interpreted as potentially due to a ‘healthy vaccinee’ effect.

Concern about the validity of both exposure and outcome measurement in this study was expressed. In addition it was not clear that person years at risk by time interval had been calculated appropriately.

5.4. Industry

A study has been proposed and funded by Pasteur Mérieux - Connaught to address the issue of whether hepatitis B vaccination influences the rates and timing of onset of relapses in multiple sclerosis. The design is a case-crossover design in which three month periods of time preceding a relapse in the individual will be compared to three month periods when not preceding a relapse. Thus the cases act as their own control. A pilot study found a prevalence of vaccination in a three month period of 12%. Based on this, a sample size of 600 was estimated to detect a RR of 2.0.

It was noted that many of these patients might be receiving immuno-modulatory drugs which could modify the effect of vaccination. This effect modification will have to be examined in the analysis and to have the power to do this a larger sample size – perhaps fourfold larger – is needed.

5.5. Summary and review of the epidemiological studies
Multiple Sclerosis is almost certainly a multi-factorial condition (or conditions) in which some causes act during or prior to adolescence in genetically susceptible individuals. The disease epitomises the difficulties of designing studies aimed at infectious disease interplay between environmental and genetic factors.

The presentation of the epidemiologic data generated a discussion in which following points were made:

· The presentations highlighted the range of variables that were potential confounders in the study of a possible association between hepatitis B vaccine and multiple sclerosis. In particular the need to control for adolescent infections and socio-economic group. 

· The interval from vaccination to onset of demyelination in the cases reported from France was of the order of two months. It was unclear how this fitted with data suggesting that the aetiology of MS acted some decade before the peak incidence.

· In the light of this, the possibility was raised that vaccination might only act as a trigger precipitating MS in individuals who would inevitably develop the disease in time.

· No studies appeared to have addressed an association between natural hepatitis B infection and MS. Such a study could possibly be performed using stored sera from completed case control studies.

· The geographical pattern of multiple sclerosis seemed almost to be a mirror image of persistent hepatitis B infection and this might deserve formal analysis.

· The putative association raised the question of the incidence of multiple sclerosis in the highly vaccinated, and high latitude, Eskimo population in Alaska.

· The question was raised whether it is biologically plausible that no association exists between natural hepatitis B carriage (where there are massive amounts of HBsAg in the circulation) and MS whereas there is a putative association with the injection of relatively small quantities of surface antigen as vaccine. The immunologists felt that this was plausible given the potential for large dose tolerance induction. In addition,  natural replicative infection is quite different from vaccination with only part of the non-replicative antigenic repertoire of the virus.

In general, the epidemiologic studies presented at the meeting were preliminary and had several limitations, especially statistical power. 

To date:

· None of the studies have findings which are statistically significant.

· None of the studies are as yet published in peer review journals.

· None of the studies have (yet) used Guidelines for Future Analytical Research26. 

· No attempt has yet been made to calculate the cost benefit situation in terms of the upper 95% confidence interval on any estimate of effect, should an association exist.
Two publications from the late 80s did not find any association between vaccine and CNS disorders21 22. 

6. Conclusions and consensus

There is no doubt that currently available hepatitis B vaccines are highly efficacious in inducing protective immunity; the hepatitis B vaccine has protected over 200 million people worldwide from hepatitis B virus infection, a serious and untreatable disease that can lead to cirrhosis and liver cancer. For the 4 million children born in the US each year, universal hepatitis B immunization will prevent 7,500 deaths from cirrhosis and liver cancer. Recently, it has been suggested that vaccination against hepatitis B might cause or precipitate CNS demyelinating disorders including MS. 

As with all medicines, regulatory authorities assess the safety and effectiveness of vaccines throughout their development and continue to monitor both safety and effectiveness when used in the population at large. When concerns arise, they are pursued with in-depth studies to determine whether they represent any risk to the population.

A scientific group of experts met at WHO to review the epidemiology and current understanding of the pathogenesis of MS. Current understanding of these diseases indicates a multi-factorial pathogenesis and the contribution of both genetic and environmental factors. Numerous environmental factors including infectious agents have been evaluated in studies conducted throughout the world. Both the age distribution of onset of disease and migration studies suggest that exposure to an environmental agent in early childhood or adolescence contributes to the pathogenesis of MS with a 10-15 years interval to onset of disease. An increase in risk with increase in latitude has been consistently demonstrated, but this is a marker for an as yet unidentified factor.

There are three hypotheses that could explain the observed cases of demyelinating disorders following HB vaccine: 

1. Coincidence, due to the large number of HB vaccine doses administered, many of them in age groups where symptoms of MS first occur.

2. “Triggering”: An increased risk of symptomatic demyelination following HB vaccine which would act as a “trigger” in individuals predisposed to develop MS or central nervous system (CNS) demyelinating diseases. These individuals would have developed demyelination with or without an  altered natural history following some immunologic or other precipitating factor.

3. A true causal relationship between HB vaccination and MS or other CNS demyelinating disease.  

Evidence to support the first hypothesis includes the fact that no statistically significant association was found between hepatitis B vaccine and MS in the limited studies conducted to date. Further, the age and sex distributions of MS cases reported through spontaneous reporting systems match the recognised age and sex distribution of MS cases that preceded the use of the vaccine and are not correlated with vaccine administration. 

In support of the second hypothesis of an increased risk of MS following HB vaccination seen as a precipitating factor is that some studies have shown slightly elevated odds ratios although these were not statistically significant. Evidence inconsistent with this second hypothesis is the observation that no increased risk was found in another study. No tangible evidence was presented for the biologic plausibility of any association.  

There is no evidence whatsoever of a causal link between hepatitis B virus infection and CNS demyelinating disorders including multiple sclerosis. Additional epidemiological and immunological research is ongoing or planned to further examine any association between vaccination, including hepatitis B, and CNS demyelinating disease. Altogether, evidence in favour of an increased risk following vaccination is weak and does not meet the criteria for causality.  

The group reached the following consensus:

· Epidemiological studies have identified that transmission of hepatitis B virus occurs through contact with contaminated blood and other clinical materials, sexual transmission, child to child transmission and through household contacts. Yet in almost all countries studied, approximately 1/3 of hepatitis cases occurs in people who are not included in these identified high risk groups. Strategies that target only groups at high risk of hepatitis B virus infection have failed, therefore strategies that protect the population at large are encouraged.

· Those who have already been vaccinated should be reassured that no studies demonstrate that they are at increased risk of developing MS.

· MS does not occur in children <1 year of age.  There is no reason to believe that infant immunization with hepatitis B vaccine will change this fact.

· MS is a very rare disease in children and adolescents. Amongst the cases of MS that have been reported to surveillance systems, there is no evidence that MS was caused by the hepatitis B vaccine in these cases.
· By better understanding the pathogenesis and aetiology of MS and related demyelinating disorders one would be in a position to identify factors that influence its initiation and outcome. Therefore, research into the causation and immunopathogenesis of CNS demyelinating disorders  including MS should be encouraged and supported.

· Similarly, the influence of HB vaccination on immune functions, including immunological memory, should be further investigated. An important aspect of immunological research concerns the availability of biological material including T and B lymphocytes, monocytes, serum and plasma which has been stored properly. Therefore a close collaboration between epidemiologists and clinical researchers is essential. This also implies close liaison with regulatory authorities.

· Any future or ongoing study of demyelinating disorder and HB vaccine should take advantage of the large experience gathered to date on conducting MS aetiologic studies and the Guidelines developed.  The vaccine and MS communities would benefit from jointly organizing the best possible case-control study on aetiology of MS.  Such a study would examine a wide range of hypotheses (though each being as specific as possible); including different viral, bacterial and parasital infections, environmental factors, and vaccinations, and control for various potential confounders.  

· Principal investigators of existing studies should standardise methodology to facilitate future meta-analysis. In addition, validation of vaccination exposure should be improved by obtaining a copy of the vaccination certificate and/or serology for hepatitis B surface antibody. Researchers should also collect better information on potential confounders.

· The creation of an European Union vaccine pharmacovigilance and vaccine safety studies network would improve signal generation and hypothesis testing.

· The data available to date, although limited, does not demonstrate a causal association between HB immunization and CNS demyelinating diseases, including MS.  No evidence presented at this meeting indicates a need to change public health policies with respect to HB immunization.  Therefore, based on demonstrated important benefits – including the prevention of cirrhosis and cancer, and a hypothetical risk, the group supports the WHO recommendations that all countries should have universal infant and/or adolescent immunization programs and continue to immunize adults at increased risk of HB infection as appropriate.
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