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ABSTRACT (303 WORDS)

Neisseria meningitidis still leads to deaths and severe disability in children, adolescents and
adults. Six different capsular groups of N. meningitidis cause invasive meningococcal disease in
the form of meningitis and septicaemia in humans. Although conjugate meningococcal vaccines
have been developed to provide protection against four of the capsular groups causing most
disease in humans, vaccines against capsular group B, which causes 85% of cases in Australia
and the United Kingdom, have only recently been developed. A capsular group B meningococcal
vaccine, 4CMenB (Bexsero®), has recently been licensed in the European Union, Canada and
Australia. In Australia, a submission for inclusion of 4CMenB in the funded national
immunisation programme has recently been rejected. A decision to include the vaccine in the
national immunisation programme in the United Kingdom is mandated if a cost-effective price
can be obtained. With the current low incidence of invasive meningococcal disease in many
regions, cost — effectiveness of a new capsular group B meningococcal vaccine is borderline in
both the United Kingdom and Australia. Cost-effectiveness of an infant programme is
determined largely by the direct protection of those vaccinated and is driven by the higher rate
of disease in this age group. However, for an adolescent programme to be cost-effective it must
provide both long term protection against both disease and carriage. The potential of
vaccination to reduce the rate of severe invasive disease is a real possibility. A dual approach
using both an infant and adolescent immunisation programme to provide direct protection to
those age groups at highest risk of meningococcal disease and to optimise the potential herd
immunity effects is likely to be the most effective means of reducing IMD. This commentary aims
to describe the known disease burden and consequences of meningococcal disease and the

development and potential effectiveness of new capsular group B meningococcal vaccines.
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INTRODUCTION (5168 WORDS)

Although uncommon, invasive meningococcal disease (IMD) causes death in young healthy
children and adolescents in up to 10% of cases.}? Debilitating consequences frequently follow
resolution of the infection, with 21-57% of cases developing long term complications including
amputation, cerebral infarction and severe skin scarring.*” The World Health Organisation
estimates that there were approximately 171,000 deaths in 2000 caused by IMD.2 A high
proportion of these deaths occur in developing countries such as Africa where traditionally the
Sub-Saharan “meningitis belt” has been associated with high mortality rates from IMD caused

by seasonal outbreaks due to capsular group A.

The highest incidence of IMD occurs in children < 5 years of age (particularly those under 12
months of age) with a second peak in adolescents and young adults, 15-24 years of age.”!? The
average annual incidence of IMD in Australia is 1:100,000,** and in the United Kingdom (UK)
2:100,000,** and is higher in young infants (1.1-8.4:100,000-age specific rate).? The
meningococcus is carried in the nasopharynx and IMD results following invasion of the blood or
meninges by a hypervirulent strain. Adolescents have the highest prevalence of naso-pharyngeal

carriage of both benign and hypervirulent meningococcal subtypes.®

IMD causes high anxiety in both the medical community and the general public due to its rapid
onset with the potential for a fatal outcome within 24 hours of onset of infection, in previously
healthy children and adolescents. Despite advances in early diagnosis and treatment with
antibiotics children remain vulnerable to IMD due to the relative immaturity of their immune

system. 1°

This commentary aims to present the best available evidence for use of meningococcal vaccines
in the control of IMD in children, adolescents and adults. Our literature review was confined to

publications most relevant to the evaluation of IMD immunisation progammes in relation to



disease burden and epidemiology, meningococcal vaccine safety and efficacy, and potential
programme barriers and facilitators. We identified relevant articles with searches of PubMed
and Embase and references from identified papers on these topics. Only papers published in

English were included.



EPIDEMIOLOGY

There are 13 known capsular groups of Neisseria meningitidis identified by their different
capsular polysaccaride structure, however almost all invasive disease is caused by six
meningococcal capsular groups (A, B, C, W, Y and X).” 8 There is a seasonal variation in disease
incidence with most cases in temperate climates occurring in winter and early spring, while
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those in sub-Saharan Africa occur during the dry season.® Viral infections, in particular

influenza, have been shown to predispose to secondary infection with meningococci.?

Prior to the Second World War, capsular group A meningococcal disease (MenA) was a common
cause of meningococcal infection in the UK and caused a high proportion of disease in the
Australian Indigenous population in the early 1970s, but is now rarely found in either country.?*
23 The reason for this decline is unknown but it remains the most common capsular group
worldwide due to the high incidence of group A disease in Sub-Saharan Africa, though this is
falling rapidly as a result of a targeted vaccine programme.2* Capsular group Y is more common
in some settings and causes 30% of cases in the USA® Group Y is more often associated with
disease in the elder® particularly in adolescents. This increase has been seen globally, including
a slight increase in Australia and the UK in 2011/2012.% 26 Capsular group W is a more common
cause of IMD in Asia and Africa than the UK and Australia, and an increasing cause of IMD in
Latin America. However recent surveillance in the UK has identified an increase in group W
disease in all age groups in England and Wales which does not appear to be related to travel or
an association with pilgrimage to Hajj (historically associated with increase in cases). Capsular

group X is rare and tends to cause sporadic outbreaks, the majority of which occur in Africa.?’

Prior to the implementation of the national capsular group C meningococcal (MenC)
immunisation programme in the UK (November 1999) and in Australia (January 2003), one third

of cases in both countries were due to group C meningococci. A large decline in group C disease



occurred following MenC vaccine introduction in both countries, however there has been no

impact on disease caused by other capsular groups including capsular group B disease.

Capsular group B disease is endemic in high and middle income countries, including North
America, Australia, South America and the European Union (EU). In Australia, 85% of cases of
IMD are now due to group B, a significant change in the serogroup epidemiology, with 65% of
cases occurring in children and adolescents.?® ! In England and Wales, 764 cases were notified
in 2011-2012 with the majority due to group B.% In the USA, around 30% of cases are due to

group B and in the EU, 70% of cases are due to group B since introduction of MenC vaccines.> %



THE BURDEN OF INVASIVE MENINGOCOCCAL DISEASE: OUTCOMES AND CONSEQUENCES

The true global burden of disease is unknown due to varying quality of surveillance systems in
different regions of the world, leading to under reporting in many countries. A study conducted
in the UK prior to the introduction of a MenC vaccine, identified that 57% of 58 cases had major
physical sequelae, with greater cognitive deficits associated with younger age at diagnosis.* The
study also found that medical follow-up was poor with only 53 of 101 (52%) cases reporting any
follow-up after IMD, with significant unrecognised and untreated morbidity. Another recent UK
study, MOSAIC (meningococcal outcome study in adolescents and children) using a case-control
approach, identified major sequelae in 36% of meningococcal survivors with a lower quality of
life, greater risk of depression and poor mental health function in child and adolescent survivors
of IMD compared with age and sex matched controls.?® Although this study provided a detailed
assessment of the outcomes of IMD in the UK in children and adolescents, the burden of disease
is likely to be different in different countries where different meningococcal genotypes circulate,
and in the UK during different periods. In comparison a Canadian study of IMD cases found 21%
of survivors developed major sequelae.?® The outcomes and impact from IMD in Australian

children are poorly documented.'*3**

In a recent audit of 10 years of IMD cases in children in South Australia, 37.6% (41/109)
developed sequelae including limb amputation, hearing loss, skin scaring and chronic headaches
and lethargy.’A long term follow-up of survivors who had experienced bacterial meningitis in
childhood was reported in the year 2000.3! The study prospectively followed a cohort of 166
children admitted to the Royal Children’s Hospital, Melbourne between the ages of 3 months to
14 years between 1983 and 1986. This case-control study indicated 8.5% of bacterial meningitis
survivors had major neurological, auditory or intellectual impairment. A further 18% of survivors

had an attributable risk of minor impairment. A retrospective five year case review study of IMD
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cases in Western Australia between 1990 and 1995 found a morbidity rate of 8.6% with sequelae
including hearing loss, limb amputation and skin scarring and a case fatality rate of 8.6%.3% As it
is difficult to predict which children are at risk of IMD, apart from those with immunodeficiency
conditions, studies have attempted to predict children that develop severe disease or
sequelae.”® In the recent review examining outcomes of IMD in South Australian children, those
admitted with a diagnosis of meningitis and septicaemia compared to meningitis or septicaemia
alone were more likely to develop sequelae (OR=7.8; P=0.002, OR=15.5; P<0.001, respectively),
with high fever on presentation to hospital a predictor of development of sequelae
(OR=4.5;p=0.012).” This study also highlighted the controversial finding that antibiotics given
early prior to hospital admission may be associated with a more severe outcome, although
children who receive antibiotics are likely to have more severe disease on presentation and be
more easily diagnosed as a possible IMD case. A systematic review delineated the contradictory
results from studies of the effects of early antibiotic treatment, suggesting confounding factors
and the proportions of cases receiving antibiotics could explain the heterogeneity in results

between studies.?®

In addition to the devastating direct consequences of the disease, affected children and their
families may also be compromised by the neuropsychological consequences of this infection
including depression, post-traumatic stress disorder, reduced educational attainment and

inability to lead a successful and productive life.?> 37
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MENINGOCOCCAL VACCINE DEVELOPMENT

Polysaccharide meningococcal vaccines (MenACWY)

Pure polysaccharide meningococcal vaccines against disease caused by capsular groups A, C, W,
and Y were initially developed and derived from capsular polysaccharides of the bacteria. The
capsular polysaccharide is a virulence factor for the bacteria and helps prevent immune
mediated bacterial killing. These vaccines are relatively ineffective in young children < 2 years of
age, because they are unresponsive to these T-cell independent antigens.3® The effectiveness of
these vaccines is therefore limited as the burden of disease is concentrated in the age group
amongst whom these vaccines are least effective.®® In addition, these vaccines have mostly
shown no effect on nasopharyngeal carriage and therefore do not contribute to herd immunity,

an important community benefit of childhood immunisation programmes. %°

Conjugate meningococcal vaccines to provide broad protection (MenC, MenA, MenACWY

vaccines)

Conjugate polysaccharide vaccines have been developed in which the polysaccharide capsules
are conjugated to a carrier protein to induce a T cell dependent response, making these vaccines
immunogenic from early infancy. In the USA a quadrivalent conjugate vaccine is recommended
routinely for adolescents from 11 years of age in a 2 dose schedule.*! In Australia, the UK and
other EU countries monovalent MenC vaccines have been introduced in response to the large
proportion of cases due to capsular group C in the past few decades. These MenC vaccines have
been associated with a decrease in group C disease in other, unvaccinated, age groups providing
evidence of the effect of conjugate vaccines on carriage and the additional benefits to the
community of herd immunity. In Australia the MenC vaccine is given as 1 dose at 12 months of
age, and at the time of introduction in 2003 a catch-up programme to 20 years of age was

implemented. In the past few years group C disease has rarely been reported in those aged
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under 20 years old in Australia and there have been only a handful of cases in older adults. In
the UK, where the MenC vaccine was initially provided as a 3 dose then 2 dose infant schedule,
again accompanied by a catch-up campaign incorporating adolescents and young adults, the
incidence of MenC disease has decreased by 94% in immunised populations and 67% in
unimmunised populations.?* 4> 4 Concerns about waning of MenC antibodies in populations
immunised in early childhood resulted in a booster dose being added to the infant schedule in
the UK which now consists of one dose at 3 months, a second dose at 12 months and a further

dose in adolescence at 13-15 years of age.*

A conjugate group A vaccine was recently developed in response to the enormous disease
burden from capsular group A disease in the Sub-Saharan meningitis belt. A large reduction in
group A disease has been observed in Sub-Saharan countries that have already implemented

the programme.*54®

Capsular group B meningococcal vaccines

i. Difficulties developing a MenB vaccine to provide protection against endemic strains

The development of an effective and safe capsular group B meningococcal (MenB) vaccine has
been a priority in combating meningococcal disease, since this capsular group is now the
predominant cause of infection in the UK, Australia and other countries. MenB vaccine
development has been impeded because the group B capsular polysaccharide, a homopolymer
of alpha(2-8)-linked polysialic acid, is identical to sugars decorating human foetal neural cell
adhesion molecule, and therefore a human self-antigen. A capsular polysaccharide vaccine is
unsuitable for vaccine development due to lack of immunogenicity (presumably as a result of
tolerance to a self antigen) and the theoretical risk of autoimmunity. When purified capsular
group B polysaccharide was used to vaccinate adult volunteers, no measurable increase in anti-

capsular antibody was demonstrated.*’” The use of capsular group B polysaccharide non-
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covalently complexed to outer membrane proteins as a human vaccine generates only short-
lived 1gM responses.*® Even when conjugated to a carrier protein, it was noted to have poor
immunogenicity.*> > Therefore, development of a conjugate MenB vaccine was not possible and

other ways to develop MenB vaccines were considered.

ii. Development of MenB vaccines against specific MenB serosubtypes causing epidemics (e.g.

MeNZB vaccine; OMV based serotype specific vaccines)

In response to the meningococcal epidemics in countries such as New Zealand and Cuba,
serosubtype specific or “tailor-made” MenB outer membrane vesicle (OMV) vaccines were
developed. The meningococcus continuously releases “blebs” or outer membrane vesicles
during development containing hundreds of different antigens.>! These outer membrane blebs
contain lipopolysaccharide (LPS) and outer membrane proteins (OMPs). In these OMVs, the
OMP Porin Ais an immunodominant protein which has been shown to be immunogenic and has
over 600 different variants.>> These variants induce limited cross protection in young children
and in this age group any vaccine developed from OMVs tends to provide protection limited to
the specific serosubtype causing the epidemic. Such vaccines were developed and implemented
during long epidemics in New Zealand (MeNZB), Norway (MenBVac) and Cuba (VA-MENGOCOC-
BC) caused by specific serosubtypes but cannot protect against endemic group B disease. The
MeNZB® vaccine which was based on a typical isolate from the outbreak, was used in New
Zealand with success >3 but this does not provide sufficient coverage of other circulating
subtypes in Australia and globally.>* It was established early in clinical trials that immunogenicity
waned and that a booster dose was important in maintaining protective antibody levels. Post-
licensure surveillance of 200,000 children who received MeNZB® vaccine, found no increase in
serious adverse event rates of pre-selected conditions (e.g. acute flaccid paralysis,
encephalopathy, seizures), in excess of the background rates to be expected in the general

population for these conditions.* Injection site reactions (redness and/or swelling) occurred
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more frequently in infants than control vaccines (Men C vaccine) but were of short duration and
short term fevers were common but comparable to those receiving the control vaccine and did
not require medical intervention.>® With more than 3 million doses of MeNZB® administered to
individuals under 20 years of age no new or unexpected safety concerns were identified. More
specifically systemic events including fever were not associated with any increased risk of febrile
convulsion in young children following vaccination.’® Although the MeNZB® vaccine was
considered protective only against the epidemic MenB strain, there was some evidence of
protection (VE=54%) against non-epidemic MenB strains.”’ The effectiveness of the New
Zealand immunisation programme was estimated to be 80% for children < 5 years of age®® and

77% overall.””

iii. New capsular group B meningococcal vaccines with the potential for protection against

endemic disease (OMV and outer membrane protein-derived vaccines)

In view of the difficulties with polysaccharide vaccines against capsular group B meningococcal
disease, researchers have focused on non-capsular targets in search of candidate vaccine
antigens. This, however, has been problematic due to the high level of antigenic diversity of the

meningococcus.>

Two newly developed vaccines designed to protect against capsular group B disease (although
lacking the capsular polysaccharide that defines this Group) have been developed with the
potential to offer protection against endemic and epidemic disease; one licensed in several
countries including Australia, Canada and the European Union, 4CMenB (Bexsero®, Novartis)
and one recently licensed in the USA, rLP2086 (Trumenba®, Pfizer) ® The rLP2086 vaccine
received the Food and Drug Administration’s Breakthrough Therapy designation (to expedite

the development and review of potential new medicines for serious and life-threatening
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diseases)®® which includes more intensive FDA guidance on an efficient drug development

programme.®?

a) 4CMenB vaccine

A new approach to vaccine development known as “reverse vaccinology” identified new OMPs
as potential vaccine candidates. In contrast to the traditional approaches that have been used
to develop vaccines, reverse vaccinology uses the genome sequence of the bacteria to identify
likely surface-exposed candidate antigens and then, after expression of the protein and
preclinical immunisation experiments, selects those proteins that meet set criteria as potential
vaccine candidates. In the case of 4CMenB, these antigens include factor H binding protein
(fHbp), neisserial adhesion A (NadA), and neisserial heparin-binding antigen (NHBA), which were
formulated with the New Zealand outbreak vaccine to produce 4CMenB. In December 2010, a
file on 4CMenB was submitted to the European Medicines Agency for a marketing authorisation

and was assigned the trade name, Bexsero®.%3

b) Safety and predicted effectiveness of 4CMenB

The safety and reactogenicity profile of 4CMenB was evaluated in early phase studies, the
majority of which were conducted in the UK, with a large Phase 3 trial conducted in five
European countries.®* > Studies involving over 8000 participants have shown that 4CMenB has
an acceptable safety profile. Overall, reactogenicity rates amongst participants receiving
4CMenB with routine vaccines were increased compared with the rates amongst those receiving
routine vaccines only or those receiving MenC and routine vaccines. Use of paracetamol to
reduce the proportion and level of fever in infants and children < 2 years of age at the time of
vaccination has been studied and shown to be effective and therefore recommended in
Australia, the UK and Quebec, Canada. In contrast to a previous study that showed a reduction

in immunogenicity when concomitant paracetamol was received with routine infant
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immunisations,® a Phase Il study of children receiving 4CMenB and routine vaccines with or
without prophylactic paracetamol showed no important effect on immune response to the

concomitant vaccine antigens, ¢7- %8

Safety data from the first population implementation of 4CMenB, in Quebec has shown an
acceptable safety profile “in the field”. Of 12,332 completed telephone surveys of a total of
43,740 persons aged 2 months — 20 years receiving their first dose of 4CMenB, 14-15% of
children < 2 years were reported as having a fever with one febrile convulsion reported in a one
year old child.%® Predicting efficacy of MenB vaccines is complicated, not only due to the low
incidence of disease but also due to the number of vaccine antigens and the number of naturally
occurring protein variants. When clinical efficacy trials are not feasible, appropriate surrogate
markers of protection that allow interpretation of immunogenicity are therefore essential. Use
of the serum bactericidal antibody (SBA) assay as a correlate of protection has been used in the
case of 4CMenB, and is the licensure criterion for the vaccine. The SBA measures functional
activity of antibody through complement-mediated lysis of the bacteria. This is the accepted
correlate because complement-mediated bacterial killing by bactericidal antibodies is believed
to be the primary mechanism of protection against meningococcal disease. The role of
antibodies in natural immunity to meningococcal disease was established by Goldschneider et
al. where an inverse correlation between the incidence of disease and the prevalence of SBA
against MenA, MenB and MenC were reported.”” The presence of anti-meningococcal
antibodies, measured by bactericidal activity (hSBA titer > 1:4) using an intrinsic human
complement source in the assay, was indicative of protection against systemic meningococcal
infection. Thus, an hSBA titre of > 4 was used as the established end point measurement for
MenB vaccines efficacy. This approach was affirmed in 2005 at a World Health Organization
(WHO) sponsored meningococcal serology standardisation workshop’® and from several efficacy

studies of OMV vaccines.”” 7® However, a hSBA > 1:5 was used in a number of Phase 2 and 3
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studies of 4CMenB, to be conservative and due to regulatory requirement.” Despite variation
of assays between laboratories, the proportion of participants with a fourfold rise in antibodies
remained relatively constant.”® Data on SBA activity of pooled serum obtained at approximately
13 months of age from infants immunised with 3 dose priming and 1 dose booster course of
4CMenB indicated 88% of a panel of 40 invasive strains in England and Wales were susceptible
to killing by post-immunisation sera.”® Nevertheless, whether titres of anti-group B
meningococcal bactericidal antibody correlate with true protection from meningococcal disease
is unknown without a longitudinal vaccine efficacy trial. Indeed, some studies have suggested
that protection against group B infection may also be due to opsonic antibodies and to innate

immune responses, which are not demonstrated in the SBA.”” %

4CMenB is immunogenic against a set of four reference strains by testing hSBA responses to
vaccine antigens, NadA, fHbp, NHBA and NZ PorA P1.4 in infants (from 2 months of age),
toddlers, adolescents and adults up to 50 years of age.5* %> 885> A booster dose at one year of
age is licensed in the approved vaccination schedule for infants in Australia® and any child

immunized under 2 years of age in the EU to support waning immunity.”* 8’

Although immunogenicity studies have demonstrated a robust immune response to 4CMenB,
efficacy or effectiveness have not yet been proven as efficacy studies are unachievable due to
the large number of participants required to show an effect (reduction in meningococcal
disease) in view of the rarity of the disease. Strain coverage as determined by Meningococcal
Antigen Testing (MATS) suggests that this vaccine could protect against 76% of circulating
genotypes causing invasive meningococcal disease in Australia and 73% in England and Wales.8®
8 Predicted coverage was shown to vary between states in Australia with coverage potentially
as high as 90% in South Australia, 71% in New South Wales and 84% in Queensland with other

state coverage estimates less likely to be accurate due to the small number of samples analysed
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(Tasmania 45%).°° The true effectiveness will not be known until the vaccine is used at a
population level, however the PorA component in 4CMenB is common to the MeNZB® vaccine
which showed 73% effectiveness when implemented in a national immunisation programme in
New Zealand. In addition, the potential effect of MenB vaccines on carriage of the
meningococcus in the nasopharynx is limited.> ¢7-°1 92 Very little is known about the effects of a
MenB vaccine on carriage, but there is the potential that introduction of new MenB vaccines
may disrupt the usual carriage ecosystem with non-vaccine type replacement genotypes.
Provisional results from a Phase Il study show 4CMenB had a modest impact on N. meningitidis
carriage with a decrease of 16.5% in existing carriage.®® Therefore monitoring of clinical severity
of disease and sequelae and causative genotypes will be essential prior to, during and after

vaccine introduction.?®

c) rLP2086 MenB vaccine

The new MenB vaccine developed by Pfizer includes a MenB outer membrane protein,
designated as LP2086 which has been shown to be a bacterial virulence factor and a target for
functional bactericidal antibodies. LP2086 was subsequently determined to be fHbp which the
bacterium uses to evade complement-mediated bacteriolysis and which is also contained in
4CMenB. The LP2086 amino acid sequences from MenB isolates can be divided into 2
subfamilies, A and B, and 1 member from each family has been included in this investigational
vaccine candidate to provide broad coverage against all MenB isolates. Although 4CMenB also

contains this importance OMP, it only contains fHbp from one sub family, not both.

Clinical trials have been conducted in adolescents, children and toddlers using an initial
formulation of the rLP2086 vaccine which then underwent optimisation to improve the stability
of the vaccine and increase the immunogenicity.®* The initial formulation showed robust

immune responses against strains matched to the vaccine antigens but reduced immunogenicity
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against divergent strains. Overall, the vaccine has been well-tolerated in clinical trials in adults,
adolescents, children and toddlers.®>” An improved formulation of the rLP2086 has been
produced and tested in adults and adolescents with robust immune responses elicited against
divergent strains.? Results of a small pilot study of the safety and immunogenicity of rLP2086 in
46 infants, showed high fever rates with 64% and 90% of infants developing fever after receiving
one 20- or 60-pug rLP2086 dose, respectively. Only two infants in the 20-ug group and one infant
in the 60-ug group experienced fevers >39.0°C. Due to these high fever rates, the study was
terminated early with the potential use of this vaccine for infants still undetermined.® The
majority of clinical trials of the Pfizer candidate rLP2086 MenB vaccine have been conducted in

Australia through a network of vaccine trials units; the National Vaccine Research Network.%*%8

This vaccine has been developed primarily to provide protection for adolescents. Several recent
MenB outbreaks in universities in the USA have confirmed the importance of having available
MenB vaccines to control disease transmitted by hyper virulent strains where young people live

in close proximity.'%

iv. Potential additional benefits of MenB vaccines

One potential advantage of these OMP containing MenB vaccines is the possibility that they may
provide cross protection against disease caused by other capsular groups. As all capsular groups
contain OMPs such as fHpb, an incidental benefit may be even broader protection than

intended. In vitro studies support this potential benefit.10% 102

As suggested above the impact of the MenB vaccine on carriage remains uncertain but even a

modest reduction in colonisation rates, or colonisation density, could potentially contribute to

reduction in disease in unvaccinated populations.®* 13
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DISCUSSION

Vaccines are now available for the first time with the potential to provide protection against a
high proportion of strains causing endemic and epidemic IMD in humans. Until recently,
vaccines to provide protection against the Men A, C, W, Y have been available and funded in
many countries. A vaccine to provide protection against the commonest strain (MenB) in high
income countries is now licensed and available but not yet federally supported in a national
immunisation programme. Although group B disease accounts for 85% of IMD cases in Australia,
the Pharmaceutical Benefits Advisory Committee (PBAC), Australia has rejected the inclusion of
4CMenB on the National Immunisation Programme Schedule for the prevention of MenB
disease in infants and adolescents due to unsatisfactory cost-effective estimates.'® The PBAC
concluded the rarity of the disease does not justify the cost of a mass vaccination programme,
with uncertainties around effectiveness and duration of immunity contributing to this decision.
However medical professionals and meningococcal research organisations in Australia and the
UK have argued that the burden of the disease and long-term impact is not fully understood
with effectiveness unlikely to be established until the vaccine is introduced into a national

programme, 10> 106

In the UK, the vaccine has borderline cost-effectiveness, with an initial analysis finding the

vaccine to be just cost-effective at a very modest price 7

a further analysis (published in an
interim JCVI statement) finding it unlikely to be cost-effective,®” and a final analysis, conducted
using updated data, concluding that the vaccine could be cost-effective at a low vaccine price.'%
The UK process uses published guidance to determine cost-effectiveness and included a period
of stakeholder consultation to ensure the best evidence was used to inform the cost-

effectiveness model.'%



21

In the recently released final position statement from the JCVI, a recommendation has been
made to the UK Departments of Health that the MenB vaccine should be included in the funded
national immunisation programme, if a cost-effective price can be negotiated.!® Acknowledged
uncertainties about herd immunity, strain coverage, projected disease rates, duration of
protection, costs to the health service and efficacy of 4CMenB have resulted in difficulty in
evaluating cost-effectiveness of the vaccine, essential to any funding decision.” Paradoxically,
many of these data will only be available through use of the vaccine in large populations.”? The
success of a mass immunisation campaign against group C disease in the UK has demonstrated
strong evidence of high vaccine efficacy and herd immunity with an 80% reduction in serogroup

C disease within 18 months of programme implementation.®®

Cost-effectiveness considerations of funding a MenB vaccine.

Despite the difficulties with cost-effectiveness estimates it is expected that a programme will be
implemented in the UK. The final position statement from JCVI acknowledged the importance
of contributions from meningitis charities and commented that “the rapid and severe nature of
IMD, the burden of disease in infants and young children and the value society places on
preventing diseases in its youngest members were considered throughout the committee’s
deliberations” .1 Reducing the number of vaccinations for MenB immunisation as suggested by
the JCVI (2 primary + 1 booster compared to the 3 primary + 1 booster dose recommended by
the manufacturer) will contribute to a more cost-effective national programme, however there
are limited data on the immunogenicity of this reduced regime. A Phase 2 study comparing 4
doses to a single dose of 4CMenB vaccine, reported good immunogenicity after 2 doses at 2 and
4 months of age.’* Reduced dose schedules have been introduced with other vaccine
programmes (3 doses rather than the recommended 4 doses of Prevenar7/13 in the UK and

Australian immunisation programmes).
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The availability of two licensed MenB vaccines in Australia is a much closer reality with the
second MenB vaccine being licensed in the USA very recently for use in adolescents and young

adults 10-25 years of age.

There are other likely societal benefits from introduction of MenB vaccines including reduction

in public anxiety and fear about IMD.

Education of parents and immunisation providers about the use of MenB vaccines is important
prior to introduction of a funded programme. The increased incidence of fever seen with
4CMenB could result in increased medical attention or lead to lower uptake of subsequent
vaccinations and therefore, parental and healthcare professional education about the potential
reactogenicity of 4CMenB when administered with other concomitant immunisations will be
important, in addition to the use of paracetamol/acetominophen. A recent study identified that
despite the potential for 4CMenB to cause fever in infants, parents and the community as a
whole considered the benefits of this vaccine outweighed the risks.''° Only 10.8% (95% Cl; 8.5—
13.2) of parents reported they would be less likely to have their child immunised with a MenB
vaccine due to potential associated mild-moderate fever. A further study has indicated that
family physicians regard the MenB vaccine for children the highest priority for a funded
programme compared to currently unfunded but recommended pertussis, influenza and human

papillomavirus vaccine programmes.!!?
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CONCLUSION

Although eradication of the meningococcus bacteria is not achievable through vaccination and
not necessarily desirable, the potential to reduce severe invasive meningococcal disease is a real
possibility. There is a strong theoretical basis and early emerging evidence to suggest that these
OMP based vaccines such as the new MenB vaccines may provide not only protection against
group B strains but potentially could provide cross protection against other capsular groups.
However significant reduction in meningococcal disease is likely to require the dual approach of
both an infant and adolescent immunisation programme to provide protection to age groups
where the highest rates of IMD occur and to optimise the potential herd immunity effects which
have been so important in the success of conjugate meningococcal vaccines. Such an impact
depends critically on the extent and duration of protection against carriage (and therefore herd
immunity), which remains an unknown parameter. Furthermore, while an infant or adolescent
programme could be cost-effective depending on the different modeling scenarios applied, for
an adolescent programme this would be dependent on the vaccine providing long term

protection against both disease and carriage.!*?

Surveillance of IMD following introduction of a MenB vaccine in the UK, Australia and other
countries will be essential to determine how effective the vaccine is, and identify problems with
increased reactogenicity including additional health care utilisation, any herd immune effects

and any replacement disease with new virulent or non-virulent meningococcal strains emerging.

The opportunity to reduce rates of meningococcal disease is within reach and is an important

consideration when prioritising vaccines for national immunisation programmes.
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