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Introduction

This document is meant as a short introduction to the Viral Hepatitis Prevention Board (VHPB) meeting on 'Combined hepatitis B vaccines,' Malta, October 22-23, 2001. It deals with the general context of the subjects to be treated and should give the initial impetus to discussion. It is not intended to be a complete overview. The meeting itself and the presentations will almost certainly yield a wealth of  interesting and original data and points of view, which will be summarised in the meeting report. In accordance with a good VHPB tradition, this information will then be compiled and will appear in the next issue of Viral Hepatitis.

An enormous amount of articles and other papers have been published concerning all possible aspects of combined vaccines, many of them containing hepatitis B antigens. These publications cover subjects such as the choice of the composing antigens, development and clinical applications, serological testing, potency testing, safety items, adverse events, interference phenomena, delivery methodology, novelties and new technologies, risk groups and age groups, differences between developing and industrialised countries, benefits and costs, etc. As a result, it is almost not feasible, probably not even desirable, and certainly not within the aim of this introductory document to prepare a full overview of all these items and possibilities. The practical goals are, on the contrary, to open this most interesting chapter dealing with combined vaccines and to stimulate discussion and further reading. 

The Malta meeting

A number of selected subjects, all related to hepatitis B antigen containing combined vaccines, will be treated at the meeting and are grouped as follows. The first group covers vaccination schedules and programmes: (1) Overview of the vaccination programme in Malta; (2) Countries where combined vaccines are licensed - Current types of combined hepatitis B vaccines and their trade names; (3) Infant and adolescent vaccination programmes and availablity of combined vaccines in the US; (4) Feedback from the respective countries - The use of combined vaccines in universal vaccination programmes, for individuals and selected groups - Recent or future changes in vaccination schedules due to the availability of combined vaccines; (5) European Union action on vaccine-preventable diseases; (6) Harmonisation of vaccination calendars in European countries.

Current and new combined vaccines are treated in the second part: (1) European regulatory authorities' perspective and view on proving safety and immunogenicity of combined vaccines - General aspects; (2) European regulatory authorities' perspective and view on proving safety and immunogenicity of combined vaccines - Focus on non-clinical testing; (3) Implications of introducing combined vaccines on vaccine supply, regulation, and programme flexibility; (4) Influence of combined vaccines on infant immunisation coverage - Recent data from Italy, Germany, and Belgium; (5) A global perspective on combined vaccines.

The question 'Combined vaccines: where is the limit?' is the subject of the next group of subjects and comprises: (1) The immunology of vaccination; (2) Importance of combined hepatitis B vaccines: point of view of a paediatrician; (3) Immunogenicity and safety profile of combined vaccines in infants; (4) New hexavalent vaccines: an overview of safety and immunogenicity data; (5) Discussion on safety issues in the production of combined v monovalent vaccines, stocks of vaccines, and how to encourage companies to produce combined vaccines.

Finally, several aspects of the impact of introducing combined vaccines will be presented and discussed: (1) Economics of combined vaccines; (2) Decision-making process and impact of implementation of hexavalent vaccines in national immunisation programmes: the case of Germany; (3) Discussion on why countries do or do not introduce combined vaccines and impact of vaccines on the decision-making process.

Hepatitis B and the vaccine

This chapter is intended for participants whose research area is not fully focused on hepatitis B virus (HBV) infection and prevention. Hepatitis B is a major public health problem worldwide; approximately 30% of the world population, or about two billion persons, have serologic evidence of HBV infection. Of these, an estimated 350 million have chronic HBV infection and at least one million chronically infected persons die each year from liver cancer and cirrhosis. HBV is only second to tobacco as a known human carcinogen.

Hepatitis B virus is the most important representative of a group of viruses that cause hepatitis. In general, transmission of the virus occurs through several means: perinatally from an infected mother to her infant at or near birth, from person to person, through unsafe injections and transfusions, and through sexual contact. Although HBV shares similar transmission routes as the human immunodeficiency virus (HIV), it is 40 to 100 times more infectious. Very young children are most at risk. In developing countries, most infections occur during childhood, through perinatal transmission or child-to-child transmission.

Infection in adults usually results in self-limiting, acute illness with jaundice (yellowing of the skin and eyes), dark urine, loss of appetite, extreme fatigue, and abdominal or muscle pain that can last for weeks or months. Death resulting from acute infections is rare. Infected adults usually recover from acute illness, but 5-10% may become chronic carriers of the virus. The age at the time of infection is an important determinant of the risk of becoming a chronic carrier. Infants infected within the first six months of life have a 80-90% carrier risk, compared to a 10% carrier risk of infections in adults. As many as 25% of children infected in the first year of life will eventually die as a result of complications related to HBV infection. Currently there are no effective treatments for chronic hepatitis B infection. Available drug therapies have not been shown to change the natural course of the disease, and generally fall into two main categories: drugs that might stop viral replication (e.g., acyclovir and ribavirin) and drugs that might bolster the host body's immune system against viral infection (e.g., hepatitis B immune globulin, hepatitis B vaccine, and interferons). 

The development of modern vaccines is one of the most significant achievements in the history of combating infectious diseases. A new era in vaccinology began about 1950 following notable advances made during the forties and the second world war. Its pursuit has been based largely on breakthroughs in cell culture, bacterial polysaccharide chemistry, molecular biology, and immunology, which have yielded many live and killed viral and bacterial vaccines plus the recombinant-expressed hepatitis B vaccine.

In natural HBV infections, liver cells produce much more hepatitis B surface antigen (HBsAg) than is needed to coat viral particles, and the excess HBsAg forms 22 nm spherical and long tubular particles. HBsAg is the glycoprotein that forms the outer coat of the hepatitis B virus. Plasma derived hepatitis B vaccines are prepared by purifying HBsAg particles from the plasma of HBsAg-positive donors. These vaccines are inactivated to guarantee that no infectious viruses or other microorganisms are present, and then alum is added as an adjuvant. Plasma derived vaccines have been available since 1981 and have been used in more than 70 million individuals with an outstanding record of safety and efficacy.

Modern type hepatitis B vaccine contains alum adjuvented highly purified preparations of HBsAg. Production occurs in yeast or mammalian cells cells that have replicating plasmids containing the viral HBsAg gene inserted. Thus produced HBsAg forms spherical particles similar to the natural 22 nm spherical particles in both chemical composition and immunogenicity. Recombinant HBsAg for vaccines may be produced in almost unlimited amounts in fermentation recipients. These procedures warrant sufficient availability of antigen for future vaccine supply. 

Recombinant DNA technology-based hepatitis B vaccine (called recombinant hepatitis B vaccine) is highly immunogenic, even in newborns, and can induce protective antibodies against HBsAg (anti-HBs) in 90-97% of healthy individuals. It has been available for nearly twenty years now. Safety and immunogenicity has been shown in both carefully monitored clinical trials and under field conditions. The vaccine has been successfully used in field trials in many parts of the world, where the immunogenicity in infants is usually 95-99%. The protective efficacy against the development of disease or carrier state is often 95-99% in cohorts of immunised infants. A direct reduction in liver cancer in cohorts of immunised children has been demonstrated in Taiwan.

Hepatitis B vaccine is effective in preventing HBV infection when given either before exposure or shortly after. If given prior to infection, it can prevent disease and carrier state from developing in almost all individuals. At least 85-90% of hepatitis B-associated deaths are vaccine-preventable. WHO recommends that hepatitis B vaccine be included in routine infant immunisation programmes in all countries. Overall, experience with hepatitis B vaccine has shown long-term protective efficacy against disease lasting ten years and more. It has been used in more than 500 million persons, and has proven itself to be among the most immunogenic and most effective vaccines yet developed. It is most effectively used as a routine part of the infant immunisation schedule, although it can be used at any age. 

Hepatitis B vaccines are extremely safe. Mild, transient local reactions commonly occur. Despite extensive press coverage of the subject, no scientific evidence exists for the alleged association between hepatitis B vaccination and serious events such as multiple sclerosis (MS). MS has not been shown to occur more frequently in vaccine recipients than in a comparable age, sex, and ethnicity matched poulation of unvaccinated individuals. Unsubstantiated vaccine 'scares' should not be allowed to have a negative impact on current vaccination strategy. 

Recommended hepatitis B immunisation strategies have differed in various regions of the world because of the different epidemiological patterns of HBV infection. When the vaccine became available in 1982, expert groups recommended that universal infant immunisation was the proper strategy for areas where HBV infection was moderately or highly endemic, and that immunisation of high-risk groups was the recommended strategy for areas of lower endemicity. Although high-risk individuals will undoubtedly benefit from immunisation, there is now considerable agreement from both epidemiological and practical viewpoints that such high-risk group strategies will not lead to a significant reduction of HBV infection on a national or international scale. High-risk groups are difficult to reach with currently existing health care services. For a more extensive treatment of this subject we refer to the VHPB meeting report on 'Hepatitis B vaccination: How to reach risk groups,' published in the October 2001 issue (Volume 10 - Number 1) of Viral Hepatitis. Persons at high risk of HBV infection are often infected before they present to any health setting where immunisation could be offered. For these reasons, immunisation of all infants and/or adolescents is now national policy in the all industrialised countries except Scandinavia, UK, Ireland, The Netherlands, and Japan. Most experts believe that universal infant or adolescent immunisation is the proper strategy for long range control of HBV infection everywhere. So the current goal for hepatitis B vaccination must be the widest possible coverage of the world's population with primary immunisation. 

The first objective of routine infant hepatitis B immunisation is to prevent early childhood infection that result in chronic disease later in life. By preventing chronic HBV infection, this strategy also serves to reduce the major reservoir for transmission of new infections. As countries progress in including hepatitis B vaccine in their national immunisation programmes, strategies for implementation will be influenced by local endemicity rates of disease as well as the availability of financial and human resources. Dramatic decreases in vaccine cost in developing countries have allowed public health officials to consider the mass use of this vaccine in infant immunisation programmes, although it is still considerably more expensive than the other routine childhood vaccines. More than one hundred countries now use it as a routine part of their national immunisation programme. 

Combined vaccines

Potential advantages of using combined vaccines include reducing the cost of stocking and administering separate vaccines, reducing the cost for extra health care visits, and facilitating the addition of new vaccines into immunisation programmes. The price of a new combined vaccine can sometimes exceed the total price of separate vaccines for the same diseases. However, the combined vaccine might represent a better economic value if one considers the direct and indirect costs of extra injections, delayed or missed vaccinations, and additional handling and storage. The use of combined vaccines is also a practical way to overcome the constraints of multiple injections, especially for starting the immunisation series for children behind schedule, and it might improve timely vaccination coverage. Some immunisation providers and parents object to administering more than two or three injectable vaccines during a single visit because of a child's fear of needles and pain and because of unsubstantiated concerns regarding safety. This results in deferred vaccination and either additional costly follow-up, resulting in decreased vaccination coverage and likely increased disease burden. Other disadvantages of injections include needlestick injuries and, in the developing and to some extent in industrialised countries, improper disposal of needles and syringes and their unsterile reuse. 

There are a few recognised principles in combined vaccine administration: (1) Outside of any existing contraindications, one should always try to give the combined vaccine over separate injections of component vaccines; (2) Do not mix vaccines together unless specified by the approved product label insert; (3) Vaccine licensure does not indicate that products of different manufacturers can be given interchangeably; (4) Giving an extra dose of an antigen that is not indicated at the time but included in the combined vaccine is acceptable when the separate requisite vaccine is not available and when there is a greater benefit than risk associated with the nonrequisite antigens. 

The availability of combined vaccines containing protective antigens against the majority of infectious diseases for which universal immunisation is recommended in infancy would simplify the implementation and increase the acceptance of vaccination, could reduce the global cost of vaccination programmes, and improve disease control, while offering the possibility of disease elimination or even pathogen eradication. The desirability of the introduction of combined vaccines is further enhanced, and made more urgent, because of the increasing number of diseases that can be prevented by vaccination. 

The complicated logistics of administering different vaccines that each require several inoculations is a significant barrier to successful immunisation of a population. Furthermore, interest in immunisation is continuously gaining momentum since it is now generally recognised that vaccines are among the safest and most cost-effective medical interventions for infectious diseases that continue, in spite of the widespread use of efficacious antimicrobial drugs, to be an important cause of morbidity and mortality. The burden is likely to increase due to the development of antimicrobial drug resistance. 

Basic research on new vaccines and or improvement of existing ones such as the use of new technologies may be carried out in academic or other non-industrial laboratories, but development work, including the necessary extensive clinical testing, that lead to products that can be approved for routine use is usually co-ordinated and financed by commercial companies. The decision to develop any particular combined vaccine will therefore be influenced not only by its medical desirability and technical feasibility but also by the potential financial returns that the required investments in time and resources may bring to the company. 

All major vaccine manufacturers are currently working, either alone or through strategic alliances, towards developing more polyvalent vaccines by adding antigens such as inactivated polio virus, conjugated Haemophilus influenzae type b (Hib) polysaccharide, and hepatitis B surface antigen to the diphtheria-tetanus-pertussis (DTP) vaccine either in its classical (whole-cell) or more purified (acellular) formulations. Experience is showing that the development of combined vaccines involves much more than the simple mixing of existing antigens. Possible incompatibilities or mutual interferences between the antigens themselves, or between excipients, preservatives, adjuvants, residual contaminants, stabilisers, and suspending fluids make it mandatory that each formulation be thoroughly tested for quality, stability, efficacy, and safety, through an increasing number of vaccine trials. Furthermore, the ability to produce and control it consistently must be established before it can be licensed for commercial use.

The advantages of combined vaccines in immunisation programmes are so obvious that all major manufacturers of vaccines have in the past ten years devoted considerable energy and resources to developing more polyvalent vaccines based on either the classic (whole-cell) or acellular DTP vaccines. Experience has shown that the development of a new combined vaccine is time-consuming and expensive. There are many difficulties of a technical, regulatory, commercial, and political nature to overcome.

The past decade has shown a marked increase in the number of vaccines currently licensed and recommended for use in infants and children. Although most agree that it is desirable to combine as many of these vaccines as possible into a single injection, safety and efficacy must not be sacrificed. Clearly, a resurgence in Hib meningitis or measles, e.g., would not be an acceptable price for the convenience of a single injection; but it is not clear how large a reduction in immunogenicity can be incurred without paying such a price.

The use of combined vaccines or the simultaneous administration of multiple vaccines permits a number of desirable outcomes. Most importantly, the number of health care provider visits can be reduced while vaccine coverage can be increased. This permits better protection against more diseases earlier in life, and in the case of combined vaccines, reduced number of injections and the associated morbidity. These efficient and positive outcomes need to be carefully weighed, however, against the possibility that without careful evaluation, the sum may be less than the parts with respect to immunogenicity or efficacy. In terms of adverse reactions or safety, there is the opposite concern, that the sum may be greater than the parts, the combining of vaccines may increase the frequency of existing serious reactions or lead to new reactions. Sorting out which reaction is due to which vaccine may be quite difficult, however. Finally, with respect to economics, combining vaccines may increase the complexity of vaccine production for manufacturers, and may lead to the creation of a monopoly.

Combined vaccines have some drawbacks. Chemical incompatibility or immunologic interference when different antigens are combined into one vaccine could be difficult to overcome. Vaccine combinations that require different schedules might cause confusion and uncertainty when children are treated by multiple vaccine providers who use different products. The trend to develop combination products could encourage vaccine companies to merge to acquire the needed intellectual property. Competition and innovation might be reduced if companies with only a few vaccine antigens are discouraged from developing new products. Additional drawbacks include the potential to limit immunisation programme flexibility, regulatory issues, the impact on the supply of traditional vaccines, possible sole source procurement options, the possibility of one supplier for multiple antigens, and the fact that combinations can be more expensive than monovalent options.

When antigens are combined, immunologic interference can be observed which could compromise the ability of the vaccine to provide protection. Interference has been observed to date with several combinations. The significance of the level of interference observed is often not known. However, review of the kinetics of bacterial infection and the immune response suggest that immunologic interference that reduces the number of children who achieve accepted tresholds of antibody concentration may put children at increased risk of infection. Unless specific correlates of protection are available, the use of combined vaccines with decreased immunogenicity may pose an increased risk of vaccine failure and of disease in children.  

Parenteral combined vaccines should be used, if licensed and indicated for the patient's age, instead of their equivalent component vaccines. Hepatitis A, hepatitis B, and Hib vaccines, in either monovalent or combination formulations from the same or different manufacturers, are interchangeable for sequential doses in the vaccination series. However, using acellular pertussis vaccine product(s) from the same manufacturer is preferable for at least the first three doses, until studies demonstrate the interchangeability of these vaccines. Immunisation providers should stock sufficient types of combined and monovalent vaccines needed to vaccinate children against all diseases for which vaccines are recommended, but they do not need to stock all available types or brand-name products. When patients have already received the recommended vaccinations for some of the components in a combined vaccine, administering the extra antigen or antigens in the combination is often permissible if doing so will reduce the number of injections required.

Combined vaccines merge antigens that raise immune responses able to prevent different diseases or to protect against multiple strains of infectious agents causing the same disease. Combined vaccines available for many years include diphtheria and tetanus toxoids, and whole-cell pertussis vaccine (DTPw), measles-mumps-rubella vaccine (MMR), and trivalent inactivated polio vaccine (IPV). Combinations licensed in recent years in the US, e.g., include diphtheria and tetanus toxoids, and acellular pertussis vaccine (DTPa), DTPw-Hib vaccine, DTPa-Hib vaccine, and Hib-hepatitis B vaccine. Updated information on the situation in Europe will be presented at the VHPB meeting in Malta, October 22-23, 2001. In the future, combined vaccines will include increasing numbers of components in different arrays to protect against these and other diseases, including hepatitis A, Neisseria meningitidis, Streptococcus pneumoniae, and varicella.

For several years, combined vaccines were not an issue in the United States, since immunisation in the first six months of life consisted of DTP and OPV. In the 1990s, however, with the licensure of hepatitis B vaccines, increased use of IPV, development of Hib vaccines and now pneumococcal vaccines, there is a refocus on combined vaccines. 

Licensure in the United States of some of the combinations now used in Europe (e.g., licensed hexavalent vaccines) is possible, given supporting national surveillance data or improvements in the understanding of the correlates of immunity. Enhanced vaccination tracking systems and postmarketing efficacy surveillance should provide confidence that material reductions in efficacy could be detected following licensure, and thereby ease the approval of combinations that result in moderate, but perhaps immaterial, declines in immunogenicity.

There are significant requirements for approval of new vaccines in the US. The number of study arms to be built into a combined vaccine clinical trial increases exponentially, i.e. the number of study arms is 2n  (n = the number of antigens in the vaccine). Therefore, a combined vaccine with four antigens will require a study design with sixteen study arms. In addition, study arms cannot have unlicensed vaccines. There is also a need to discern between chemical or immunologic interference in vaccine response, and therefore there is a need to compare same-site injections with vaccines given at different sites. Vaccine manufacturers may also not wish to combine competing products in the same clinical trial. 

Before adopting a policy of simultaneous administration of multiple vaccines or licensing a combined vaccine, randomised clinical trials with careful follow-up of the patients are conducted. These trials, however, are usually limited in sample size and duration of follow-up, and may be conducted in populations not fully representative of the general population. 

Different markets have varying demands for combined vaccines for multiple reasons: programmatic, financial or political.  The process of antigen allocation needs to be very carefully managed, so as to ensure the demands and desires of the countries are met adequately and affordably, without jeopardising the global supply of traditional vaccines. WHO and its partners will need to review  possible combined vaccines and take a firm position with regard to the acceptability of each combination. They will also be responsible for providing manufacturers with clear, accurate demand forecasting of these combinations to avoid a crisis with regard to global supply. While the regulatory issues are in hand, WHO should also continue action to address and monitor this activity to ensure that combined vaccines are available to developing countries as well.

Hepatitis B vaccine is available in monovalent formulations that protect only against hepatitis B and also in combination formulations that protect against hepatitis B and other diseases. Monovalent hepatitis B vaccines can be used for any dose in the hepatitis B vaccination schedule and must be used for vaccination at birth. Combined vaccines that include hepatitis B vaccine can be used any time all of the antigens in the combined vaccine are indicated by the vaccination schedule. They cannot be used before six weeks of age, because DTP and Hib immunogenicity are reduced if given before this age. Thus, combined vaccines cannot be used to administer the birth dose of hepatitis B vaccine. 

Combined vaccines, based on DTPw or DTPa with hepatitis B, polio, and Hib antigens, will do much to enhance compliance and facilitate the universal immunisation of children, ensuring the eventual achievement of the longterm goal of control, elimination, and ultimately eradication of hepatitis B virus. Combined hepatitis A and hepatitis B vaccine offers dual protection against hepatitis A and B, particularly for groups such as travellers going to endemic regions.

Traditional DTPw, consisting of a combination of diphtheria and tetanus toxoids, and killed Bordetella pertussis cells, have been available for over fifty years. Such vaccines given as combinations (all antigens present as a full liquid vaccine) or in association (concomittant administration at separate sites) with Hib conjugate vaccines, with or without IPV, are available in several European countries, the US, and Canada. However, concerns about the safety of whole-cell pertussis vaccines have prompted the development of acellular vaccines composed of purified antigens from B. pertussis believed to be involved in protective immunity. These acellular vacines, which contain between one and five antigens depending on the vaccine manufacturer, have been shown to have an improved safety profile over whole-cell vaccines with a high efficacy. These new vaccines will likely replace the whole-cell vaccines in general vaccination programmes, with a DTPa combination being central to the development of new multivalent formulations. 

A pentavalent vaccine combining a two component DTPa [pertussis toxoid (PT) and filamentous hemagglutinin (FHA)] vaccine, IPV, and a tetanus-conjugated Hib vaccine [purified H. influenzae type b polysaccharide conjugated to tetanus (PRP-T)] has been shown to be immunogenic and well-tolerated. Addition of a hepatitis B vaccine to routine immunisation programmes is considered necessary to protect children against exposure later in life and to lower the global incidence of the disease. This vaccine can be administered in association with other childhood vaccines according to routine paediatric immunisation schedules. To improve hepatitis B vaccination coverage in infancy, it therefore seemed a logical step to combine hepatitis B antigen with such a pentavalent combined vaccine in a single formulation. A hexavalent combined vaccine containing the hepatitis B component is potentially an important preventive tool, to protect infants against six infections with a single injection. Two vaccines of this type have already been licensed in the European Union, in November 2000.

In order to keep up high motivation among families and thus high vaccination coverage, more emphasis must be put on information about vaccines, their properties and proper use. Economic analyses are becoming more important in the decision to use new vaccines. Therefore, cost-benefit, cost-effectiveness and cost-utility analyses need to be conducted so that a basis can exist for determining a rational policy.

Concluding, further efforts are needed to study and obtain more data on the following key subjects related to combination vaccines: (1) The interchangeability of vaccines produced by different manufacturers to prevent the same disease, particularly those that differ in the nature or quantity of one or more component antigens; (2) The safety and efficacy of administering combined vaccines to patients who might already be fully immunised for one or more of the components; (3) Economic and operations research on (a) The frequency of delayed or missed vaccinations because of objections to multiple injections; (b) The costs of any increased disease burden caused by such missed vaccinations; (c) The costs of extra visits needed to comply with the routine immunisation schedule; (d) The administrative overhead and cost of errors and confusion that might result when handling a greater number of products; (4) The effects on immunogenicity and safety of simultaneous or repeated exposures to the same proteins used as antigens (e.g., tetanus and diphtheria toxoids) and/or as carrier components in existing and future conjugated vaccines; (5) Research to develop and evaluate alternative means of antigen delivery by the mucosal, parenteral, and cutaneous routes, which would allow new and existing vaccines to be administered less painfully and more safely than with needles and syringes. 
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