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Impact of meningococcal group B OMV vaccines, beyond their brief
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ABSTRACT
Meningococcal group B outer membrane vesicle vaccines have been used widely in Cuba, New Zealand,
and Brazil. They are immunogenic and initially assessed largely by their ability to induce serum
bactericidal activity. Measures of efficacy indicate good protection against homologous strains in older
children and adults. Effectiveness appears broader than predicted by immunogenicity and efficacy
studies. The recent discovery that meningococcal group B OMVs may protect against the related Neisseria
species N.gonorrhoeae suggests more to these interesting antigen collections than meets the eye.

Currently there are two OMV-containing group B vaccines available, the new recombinant protein-
based Bexsero� developed by Novartis and VA-MENGOC-BC� developed by the Finlay institute in Cuba.
Also, a third group B vaccine based on two recombinant factor H binding proteins (Trumenba� , Pfizer),
has recently been licenced but it does not include OMV. This commentary explores the population impact
that group B OMV vaccines have had on meningococcal and gonorrhoea diseases. Given the heterologous
effect against diverse strains of the meningococcus observed in older children and adults, and recent
evidence to suggest moderate protection against gonorrhoea, there may be a role for these vaccines in
programmes targeting adolescents and groups high at risk for both meningococcal disease and
gonorrhoea.
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The Neisseria challenge

Gram negative Neisseria is an important cause of both invasive
meningococcal disease and gonorrhoea infections globally.
While effective vaccines against meningococcal groups A, C, W
and Y have been available for over 50 years, meningococcal
group B vaccines have posed challenges.1,2 Despite efforts, little
progress has been made toward effective vaccines against the
gonococcus, now a multidrug resistant super bug.3,4

The most celebrated vaccine strategies against Neisseria
meningitides (Nm) have resided in the conjugation of capsular
polysaccharide to an immunogenic carrier protein such as teta-
nus or diphtheria toxoid.5 However, vaccines against Nm
serogroup B required alternative approaches. This is due to
poor immunogenicity of the polysaccharide and likely homol-
ogy of this antigen to fetal neural tissue.6

The solution, in part, to this problem has been in the devel-
opment of group B strain specific vaccines based on the OMV
expressing, in particular, the immunodominant protein Porin
A (PorA). OMVs are usually extracted by detergent, purified,
and the lipopolysaccharides (LPS) further detoxified by adsorp-
tion to aluminium adjuvant.7 Based largely on immunogenicity
studies8 these vaccines have traditionally been considered use-
ful in situations where disease is primarily caused by a clonal
outbreak arising from a single strain.9,10

Accurate estimates of the vaccine effectiveness against
meningococcal disease are currently hampered by the low
number of cases. While devastating, meningococcal disease is a
relatively rare disease. Studies that have assessed the

effectiveness of OMVs conducted in Cuba, Brazil, NZ, and now
England, have wide confidence intervals around the estimates.
Assessing effectiveness is further compounded by the rapid
reduction in cases once the vaccine is introduced.11

OMV vaccines in older children and adults

Cuba

The history of OMV vaccines began in Cuba and Norway.
Cuba had high rates of meningococcal disease, noted as a major
problem from 1976. Initially most disease was caused by groups
B and C, then in the latter 70s and early 80s 95% of disease
became dominated by a single serotype (B4:P1.15). The epi-
demic peaked from 1983. To address the epidemic Finlay Insti-
tute, Havana, Cuba, developed and successfully tested the first
effective group B OMV vaccine (VA-MENGOC-BC�).12 This
vaccine also included group C polysaccharide and was initially
assessed in a cluster randomised trial conducted between 1987
and 1989 among 133,600 10–14 year olds in a two dose sched-
ule. Vaccine efficacy against meningococcal disease was esti-
mated to be 83%.12

In addition to efficacy, immunological studies in healthy
adults determined long-lasting bactericidal and specific anti-
body against several group B strains and a strong anamnes-
tic response after a booster at 18 months. The lead author
attributed the cross reactivity to the presence of high molec-
ular weight proteins of which there are six, and noted the
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importance of these for immunological memory and cross
reactivity, in particular those associated with iron
metabolism.12

Following the success of the efficacy trials Cuba imple-
mented a mass vaccination campaign during 1989 and 1990,
commencing with the 10–14 age group. The estimate of effec-
tiveness was 92%. The vaccine was then administered to
3,572,900 infants, children and adolescents aged from 3-
months to 20-years13 before being incorporated into the
national immunisation schedule for 3-month old infants.

In addition to the epidemic strain, the vaccine appeared to
induce long lasting bactericidal activity against all pathogenic
group B species with an estimated efficacy of 83–94% in chil-
dren aged 10—14 years after two doses, depending on
geographical region.12 Since implementation of VA-MEN-
GOC-BC� the meningococcal rates in Cuba have remained
low, with a population incidence of <1 per 100,000 maintained
since 1993 and <0.5 per 100,000 since 2000. The rate for the
years 2008 to 2016 was 0.1 per 100,000.14

Further effectiveness data for VA-MENGOC-BC� came
from Brazil during a group B epidemic in Sao Paolo, dominated
by a strain with the same sub-type as Cuba (B:15:P1.15). Brazil
evaluated the effectiveness in a case-control study after 2.4 mil-
lion children aged under 6-years were vaccinated between 1990
and 1991. Effectiveness was estimated to be 74% (95% CI: 16–
92%) in children over 4-years of age, while there was no evi-
dence of effectiveness in the younger children. In this large
population, as observed in Cuba, the effectiveness against strain
specific disease was the same as the effectiveness against heter-
ologous strains,15 a finding that supports the value of the other
OMV antigens present in the vaccine.

Norway

From 1974 to 1990, like Cuba, Norway experienced a meningo-
coccal epidemic dominated by a single subtype (B:15:P1.7,16).
An OMV vaccine (MenBVac) was developed in 1983 and tested
in efficacy trials, delivering two doses of vaccine or placebo to
171,800 adolescents from 1988 to 1991.16 Efficacy was estimated
to be 87% after 10 months of observation, falling to 57% after
29 months. The rapid decline of serum bactericidal activity
(SBA) prevented the vaccine being used in a national vaccination
campaign16 and effectiveness was not explored until 2011 when
MenBVac was used to control an epidemic in France.

Between 2006 and 2009, MenBVac was delivered to 26,014
individuals aged under 20-years living in Normandy, France in
response to a group B outbreak dominated by B:14:P1.7,16, the
same serosubtype as Norway. Most recipients received a 2C1
schedule at weeks 0, 6 and month 8. Although a formal effec-
tiveness study was not performed, the epidemiology of the
dominant type was described. The incidence of B:14:P1.7,16
cases decreased from 31.6 in 2006 to 5.9 per 100,000 in 2009
among the group targeted for vaccination.17

The NZ experience

Rates of meningococcal disease in NZ increased in the early
1990s with most cases caused by B:4:P1.7b. A partnership was
formed between the Norwegian Institute of Public Health,

Chiron (which later became Novartis), the University of Auck-
land, the Institute of Environmental Science and Research and
the World Health Organization to develop a vaccine strategy.
The outcome was MeNZBTM, a tailor-made OMV vaccine,
based on the Norwegian MenBVac, developed, and tested in
phase I and II trials, and then rolled out in a mass immunisa-
tion campaign. Between 2004 and 2006 one million individuals
aged 6-weeks to 20-years were vaccinated with MeNZBTM,
which was subsequently withdrawn in 2008 due to low uptake
among infants, and lack of data to support the co-administra-
tion with pneumococcal vaccine, a priority for the national
schedule.18

Using data from 2001 to June 2006, the effectiveness of
MeNZBTM was estimated to be 75% (95% CI; 52–85%).19 Two
years later the effectiveness against strain-specific disease in
people aged 6-months to 19-years was estimated to be 68%.
After three doses and adjustments for confounders and a pro-
grammatic effect, effectiveness against non-strain specific group
B was conservatively estimated to be 56% (95% CI; 17–77%),
and against all meningococcal disease 67% (95% CI; 57–76%),
demonstrating protection beyond the PorA subtype.20

However, the overall impact of MeNZBTM on the epidemic
was moderate. By the time MeNZBTM had been developed,
tested, and rolled out, the epidemic had naturally waned.21

Bexsero�

The OMV vaccines in Cuba, Brazil, Norway and NZ performed
reasonably well in older children and adults, and cross protec-
tion was clearly evidenced. Most data indicated limited applica-
tion in infants and younger children, and immune responses
are highly sero-subtype-specific in this group.7 To address this
three group B vaccine candidates were identified using reverse
vaccinology and developed into an investigational recombinant
group B vaccine (rMenB). Immunogenicity studies compared
three doses of rMenB administered alone or with an rMenB
formulation that had the MeNZBTM OMV added. The rMenB
alone induced bactericidal antibody in more than 80% of par-
ticipants against three out of seven reference group B strains.
However, with the rMenB plus MeNZBTM OMV more than
90% of participants developed a greater than 4-fold hSBA titre
for five strains and 70% for a sixth strain.22

The combination of recombinant proteins with the OMV also
resulted in improved performance of the OMV in this age group
when compared with the immunogenicity of the OMV alone
observed in the NZ studies,23 supporting a synergistic effect.

Prior to licensure Bexsero� was used in response to a
meningococcal group B outbreak at a university in the
United States in 2013. Two doses of vaccine were adminis-
tered 10 weeks apart to 499 vaccinees. No cases were
observed among vaccinated students.24 In May 2014,
Canada implemented a brief mass immunisation campaign
with Bexsero� in a region in Quebec. Of 59,000 target resi-
dents aged under 20-years 82% were vaccinated in the
7 months to 31 December 2014. There were four cases in
unvaccinated persons and none among the vaccinated,25

providing early indications of vaccine effectiveness.
The UK is the first country able to estimate the effectiveness

of Bexsero� after addition of the vaccine to the infant
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immunisation programme. Though the predicted effectiveness
based on the Meningococcal Antigen Typing System (MATS)
was 75%, the effectiveness of pooled sera was 88%. In a cohort
study conducted 10-months after implementation, two-doses
of vaccine were estimated to be 82.9% (95% CI; 24¢1–95¢2)
against all meningococcal B cases, and 94.2% effective against
vaccine specific cases. Within this short period, the cases in eli-
gible infants halved.26

Evidence to date supports that Bexsero� offers broad
meningococcal group B protection in all age groups.

Performance of OMV vaccines in younger age groups

With the exception of Bexsero�, the overall performance of
OMV vaccines in younger age cohorts is markedly lower than
that observed in older age groups. The problem is likely two-
fold. First, studies evaluating two OMV vaccine doses consis-
tently found low or no evidence for effectiveness in younger
age groups. The NZ experience indicated that a three-dose pri-
mary regime for younger children and the addition of a fourth/
booster dose for infants could overcome this to a certain
extent.20 Secondly, younger children are more likely to be un-
primed by environmental Neisseria species.

The VA-MENGOC-BC� showed poor immunogenicity
among young children in Brazil, where a high proportion of
the disease was caused by the same serotype or subtype anti-
gens as the Cuban vaccine strain. Whilst 74% protective in
older children, it had no measurable effect in children aged
under two years.15 However, specific IgG of lasting duration
was observed as was the induction of a T-cell immune memory
response, even in infancy, and both boost strongly.27,28

To assess the potential effectiveness of the VA-MENGOC-
BC for an outbreak in Chile, immunogenicity studies were con-
ducted in infants, children aged 2–4 years, and young adults, in
a three-dose regime given 2-months apart. All age groups
responded well to the homologous strain. However, older chil-
dren and adults also developed SBA to heterologous types but
infants did not, limiting but not precluding the use of the vac-
cine against a heterologous strain.8

Immunogenicity versus impact

While there is little doubt as to the importance of SBA in pro-
tection against meningococcal disease, and as a gold standard
correlate of protection, not all individuals with less than a 4-
fold rise in SBA are susceptible to disease.29 A systematic review
evaluating the predicted versus observed effectiveness of group
B OMV vaccines found that predicted effectiveness based on
SBA tended to be lower than the observed effectiveness. Two
possible reasons for this have been posed. One, effectiveness
studies may have overestimated the protective effect due to
unadjusted residual confounding;20 or two, while SBA is a cor-
relate, it is not necessarily exclusive and other mechanisms also
play a role, such as opsonophagocytosis.30 This is supported by
several lines of evidence including the lack of a relationship
between disease incidence and seroprevalence of SBA;31 and
the higher than predicted efficacy measured after SBA titres
have declined below 1:4.32 Demonstration of immunogenicity
using the SBA assay, may be only an indirect and incomplete

estimate of protective immunity, and an absence of SBA does
not mean an absence of protection.33

Although the lofty goal of vaccine development are vaccines
that induce complete protective immunity with no adverse side
effects, there may be reason not to throw the baby out with the
water when one falls well short of this ideal. The question is
what is adequate enough to warrant the effort and expense?
Rather than focusing on measures of vaccine immunogenicity
or efficacy it can be helpful to also consider the overall impact
of a vaccine on the disease in the population. An important
example is that of Cuba. Since the initial mass campaign, fol-
lowed by implementation of the VE-MENGOC-BC� in 1988
the incidence of all meningococcal disease across all age groups
has declined from a pre-vaccine high of 14.3 per 100,000 in
198334 to a sustained less than 1 per 100,000 since 1993 through
to 2006. Between 2008 and 2016 the rates dropped further and
have remained at 0.1.14 While this 25-year meningococcal hia-
tus (<1 per 100,000 population) could reflect a natural decline
and current baseline of Nm in Cuba, it could alternatively indi-
cate a significant vaccine impact on community immunity.

Beyond meningococcal disease – gonorrhoea

Epidemiological evidence from Cuba, Brazil, and NZ has dem-
onstrated that Nm OMV vaccines can provide broad protection
against meningococcal disease. This led to the hypothesis they
may affect a more distantly related bacterium. Graphed surveil-
lance data clearly show a marked decline in the incidence of
gonorrhoea in Cuba following implementation of the VA-
MENGOC-BC�, in contrast to syphilis and genital warts for
which incidences remained the same. A double peak and lag in
gonorrhoea cases before the decline coincide with the mass
catch-up immunisation campaign and then the age of sexual
onset in the birth cohort.13

NZ also saw a decline in reported gonorrhoea cases during
and after use of MeNZBTM (Fig. 1). No other sexually transmit-
ted infections (STI)s described in the national surveillance
reports declined during this period.35 These ‘eyeball’ observa-
tions suggested that these Nm OMV vaccines could possibly
offer cross protection against gonorrhoea.

To test this hypothesis a retrospective case-control study of
14,730 sexual health clinic patients aged 15–30 years, who had

Figure 1. Gonorrhoea rates in selected regions, 1998–2014.35
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been eligible to receive the MeNZBTM vaccine, was carried out
in NZ. The outcomes of interest were laboratory confirmed
gonorrhoea and, as a control, chlamydia. Demographic infor-
mation and vaccine status were linked to the cases using the
NZ unique personal identifier (National Health Index Num-
ber). The odds of disease outcomes in vaccinated and unvacci-
nated participants were compared. Individuals who had
received the MeNZBTM vaccine were significantly less likely to
be cases than controls with an adjusted OR 0¢69 (95% CI 0¢61–
0¢79%); p < 0¢0001.36 A subsequent national cohort study
found a significant vaccine effectiveness against gonorrhoea-
associated hospitalisation.37 While causality is best assessed in a
randomised controlled trial these data support the value of
undertaking such an assessment. Given the lack of correlates of
protection against gonorrhoea infection and progress in vaccine
candidates these findings were both surprising and intriguing.

Perhaps some clues reside in the fact that OMV vaccines are
notably more qualitatively and quantitatively immunogenic in
older age groups, evidenced by the strong heterologous boost-
ing in older ages.38,39 Nm carriage rates can be high,31 as dem-
onstrated in cross sectional studies, and protective immunity
appears to ensue. However, the resulting immunity from car-
riage has not yet been well characterised.31

If carriage results in protective immunity then perhaps we
would expect to see patterns of gonorrhoea incidence affected
by Nm epidemics. Conversely would we see these patterns
affected by meningococcal vaccine programs? Perhaps to make
sense of this we will need to step back from SBA and give more
consideration to cellular and mucosal immunity, of which SBA
may not be directly predictive.40 Some evidence suggests that
when superimposed on naturally acquired immunity, an OMV
vaccine can selectively re-programme the mucosal compart-
ment,40 a potential mechanistic avenue for the somewhat para-
doxical effect of the group B meningococcal vaccines on both
heterologous strains as well as gonorrhoea.

Commensal bacteria are noted to be efficient promoters of
mucosal lymphoid tissue development41 and Neisseria species
establish in the mucosa where IgA and transduction of IgG are
the primary humoral effectors. Human parotid saliva positive
for Nm IgA has cross recognition against Neisseria gonorrhoeae
(Ng).13 Boosting individuals positive for Nm IgA with VA-
MENGOC-BC� results in an increase in this immunity.13 Also,
given this vaccine induces a strong cellular immune response,
the presence of SBA may underestimate protection.27

Implications

There are currently two Nm group B vaccines that include
OMVs in wide use. Both appear to provide broad protection
against their Nm target diseases and both are likely to offer
cross protection against gonorrhoea to a greater or lesser
extent. While Bexsero� has not yet been formally assessed
against Ng it not only contains the antigen that has been
(MeNZBTM),36 but also two of the three recombinant proteins
(fHbp and NHBP) in the formulation are variably expressed in
Ng isolates and NHBP induces cross reactive antibodies against
the gonoccocus.42 While also not formally assessed, VA-MEN-
GOC-BC� appears ecologically associated with a remarkable
decline in Ng disease incidence in Cuba.13 Mathematical

modelling suggests that even a moderate efficacy and duration
of effect could have considerable public health impact with
respect to gonorrhoea.43-45 Provision of a booster dose of one
of these vaccines at an age prior to sexual debut, where com-
mensal carriage and possibly priming with an infant dose of
OMV vaccine may provide a basis for heterologous boosting,
could be worth exploring as a strategy to mitigate the growing
burden of gonorrhoea, as well as enhancing population immu-
nity against Nm.

These OMV vaccines may hold clues to inform gonorrhoea
vaccine development and existing off-the-shelf vaccines con-
taining Nm OMV may offer us an exciting way forward in the
vexatious problem of super-gonorrhoea.
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