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Abstract: Meningococcal disease is a life-threatening invasive infection (mainly septicemia 

and meningitis) that occurs as epidemic or sporadic cases. The causative agent, Neisseria men-

ingitidis or meningococcus, is a capsulated Gram-negative bacterium. Current vaccines are 

prepared from the capsular polysaccharides (that also determine serogroups) and are available 

against strains of serogroups A, C, Y, and W-135 that show variable distribution worldwide. Plain 

polysaccharide vaccines were first used and subsequently conjugate vaccines with enhanced 

immunogenicity were introduced. The capsular polysaccharide of meningococcal serogroup B is 

poorly immunogenic due to similarity to the human neural cells adhesion molecule. Tailor-made, 

strain-specific vaccines have been developed to control localized and clonal outbreaks due to 

meningococci of serogroup B but no “universal” vaccine is yet available. This unmet medical 

need was recently overcome using several subcapsular proteins to allow broad range coverage 

of strains and to reduce the risk of escape variants due to genetic diversity of the meningococ-

cus. Several vaccines are under development that target major or minor surface proteins. One 

vaccine (Bexsero®; Novartis), under registration, is a multicomponent recombinant vaccine 

that showed an acceptable safety profile and covers around 80% of the currently circulating 

serogroup B isolates. However, its reactogenicity in infants seems to be high and the long term 

persistence of the immune response needs to be determined. Its activity on carriage, and there-

fore transmission, is under evaluation. Indirect protection is expected through restricting strain 

circulation and acquisition. This vaccine covers the circulating strains according to the presence 

of the targeted antigens in the circulating isolates as well as to their levels of expression. The 

coverage rate should therefore be updated and the surveillance of circulating isolates should 

include typing schemes for the antigens of the future vaccines. We review the recent available 

data for these upcoming protein-based vaccines and particularly Bexsero®.

Keywords: Neisseria meningitidis, serogroup B, vaccine, typing, epidemiology

Introduction
Neisseria meningitidis, or meningococcus, is a Gram-negative bacterium surrounded 

by a capsule composed of polysaccharides that determines the serogroup of the 

 meningococcus. This bacterium is known to be restricted to humans; its natural 

habitat is the upper respiratory tract, where it establishes a commensal relationship 

(carriage) that involves around 10% of the general population.1 N. meningitidis is 

acquired and transmitted through respiratory droplets during inter-human contact. It 

first colonizes the mucosa of the human nasopharynx. N. meningitidis is also an impor-

tant cause of invasive bacterial disease in infants, children, adolescents, and young 

adults.2 Despite the increasing availability of potent antimicrobials and  sophisticated 
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intensive care units, invasive meningococcal disease is 

associated with case–fatality rates ranging between 6% to 

14%, even with appropriate antibiotic treatment.3–7 Among 

survivors, up to 20% endure subsequent neurologic and 

disabling sequelae.3,8

Meningococcal disease occurs as sporadic cases in 

Europe, North America, Australia, and New Zealand with 

localized outbreaks. The reported incidence of the disease 

in Europe ranges between 0.3 and 4 cases per 100,000 

 population.9 The incidence is much higher in countries 

within the meningitis belt in sub-Saharan Africa where major 

periodic epidemics occur with an incidence approaching 

1000 cases per 100,000 inhabitants.4 Meningococcal disease 

affects mainly children and around half of the cases in Europe 

are reported in children younger than 10 years old. The high-

est rate is usually reported in infants younger than 1 year. 

In Europe, the incidence in this age group was 18.3 in 2008 

and 15.9 cases per 100,000 population in 2009.9

Encapsulated isolates cause the majority of invasive 

infections. The capsule represents the major virulence 

factor responsible for evasion of opsonophagocytosis and 

complement-mediated killing.10,11 Meningococcal capsules 

can be classified into 12 serogroups, based on chemically 

and antigenically distinct capsular polysaccharides, but only 

six serogroups are responsible for almost all meningococcal 

diseases worldwide: A, B, C, Y, W-135, and X with large 

variations in the global epidemiology.7,12,13 Serogroup B pre-

dominates in Europe, North America, South America, Aus-

tralia, and New Zealand.4,14,15 The capsule is composed of the 

polymerization of units of sialic acid (for serogroups B, C, Y, 

and W-135) and the polymerization of units of mannosamine 

(for serogroup A).16,17

In addition, the meningococcus is naturally competent for 

transformation. The frequent horizontal DNA exchanges and 

recombination between isolates are responsible for the high 

genetic diversity encountered in the meningococcus. This 

diversity affects all surface proteins that undergo significant 

variations and complicates the development of universal 

vaccines against the meningococcus. The meningococcus 

is also subject to selective pressure by the host immune 

response. Typing of meningococcal isolates is crucial for 

the development of vaccination strategies. The pheno-

typic typing determines the serogroup (capsule), serotype 

(i mmunospecificity of the outer membrane protein, PorB) 

and serosubtype (immunospecificity of the outer membrane 

protein, PorA). The genotyping analyzes the DNA polymor-

phism of the meningococcus and allows clustering of the 

isolates into genetic lineages (clonal complexes). A clonal 

complex is a subset of isolates (clones) that are close enough 

to recognize a common origin (ancestor).

Meningococcal vaccines licensures
The licensure of meningococcal vaccines requires immu-

nogenicity and safety studies, which provide data in age 

groups that will be targeted by the vaccination strategies. 

Once vaccine licensure is obtained, the recommendation 

may differ among countries according to local epidemiology 

(mainly incidence, serogroup, and age distributions). Immu-

nogenicity studies essentially measure serum bactericidal 

titers in sera in vaccinated subjects and compared titers 

before and after vaccination. Titers in serum bactericidal 

assays (SBAs) are defined by the serum dilution with the 

capacity to reduce 50% of bacterial viability. Interpretation 

and validation of immunogenicity studies are based on the 

“surrogate of  protection” that is based on the correlation 

between protection against invasive meningococcal disease 

and SBA titers of at least 4 using human complement in 

the SBAs.18,19 During the development of meningococcal 

vaccines, immunogenicity studies must take into account 

three variables:

–	 The percentage of vaccinated subjects with a bactericidal 

titer of at least 4 (the values before and after vaccination 

are compared).

–	 The percentage of subjects with an increase in bactericidal 

titer after vaccination. Usually a fourfold increase in the 

SBA titers is considered to be correlated with vaccine 

effectiveness.

–	 The geometric mean of bactericidal titers in vaccine 

recipients (values before and after vaccination are 

compared).

Polysaccharide meningococcal 
vaccines
The rapid progression to serious illness or death and long-

term morbidities associated with meningococcal disease, in 

spite of appropriate antibiotic treatment, argue for preventive 

vaccination to reduce the burden of the disease.20

The capsule is a suitable vaccine structure because 

of its immunogenicity, its abundance, and its surface 

 accessibility. Vaccines based on the capsular polysaccharides 

of N. meningitidis have been developed since the 1960s.21–23 

Plain polysaccharide-based vaccines are widely used with rel-

ative success in mass immunizations during outbreaks. They 

are efficacious in older children and in adults, but are much 

less immunogenic in children younger than 2 years old.24 The 

development and the use of meningococcal  polysaccharide 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

16

Taha and Deghmane
V

ac
ci

ne
: D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

15
7.

99
.5

2.
83

 o
n 

13
-J

ul
-2

02
1

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Vaccine: Development and Therapy 2012:2

conjugate vaccines are an optimal alternative as they induce a 

T-dependent immune response and result in the development 

of an immunological memory and can be used in children 

younger than 2 years old.25,26 Moreover, conjugate vaccines 

do not induce hyporesponsiveness, a phenomenon defined by 

the absence of an increase in the antibody response against 

meningococci upon subsequent doses of meningococcal plain 

polysaccharide vaccines.27 In addition, polysaccharide con-

jugate vaccines induce “herd immunity” through the restric-

tion of circulation of isolates among people.7,28 V accines 

exist to protect against meningococcal A, C, W-135, and Y 

disease. Development of an effective serogroup B capsular 

polysaccharide vaccine is hindered by the poor immunoge-

nicity of the B polysaccharide29 and by concerns over the 

possible induction of autoimmune antibodies.30 Indeed, the 

serogroup B polysaccharide structure is similar to the neural-

cell adhesion molecules.31 Since the majority of cases in some 

parts of the developed countries are caused by serogroup B 

isolates, with a disproportionate burden in infants, a vaccine 

against this group would be highly desirable and represents 

a major unmet medical need.

Alternative strategies for  
a meningococcal B vaccine
The absence of a vaccine composed of capsular polysac-

charide against serogroup B strains may be circumvented by 

the development of vaccines based on subcapsular  antigens. 

These vaccines are expected to be directed against the menin-

gococcal strains regardless of serogroup.

Outer membrane vesicles (OMVs)
Detoxified extracts of outer membrane vesicles are prepared 

from one or several strains and used as vaccines.32 These 

vesicles are immunogenic and the immune response is mainly 

directed against the PorA outer membrane protein. Due to the 

high variability of PorA among isolates, this type of vaccine is 

strain-specific (tailor-made).33,34 OMV vaccines are adequate 

to control hyperendemic or epidemic situations caused by a 

particular strain (clonal event).33 This strategy was tested in 

three countries in epidemic conditions with three different 

strains: Cuba, Norway, and New Zealand.33 However, these 

vaccines generate only little cross-immunity between strains, 

particularly in young children,35 and do not offer protection 

against heterologous strains.36 The immune response is largely 

directed against surface-accessible loops on the porin protein, 

PorA,35,37 which is antigenically variable.37 Moreover, the dura-

tion of the immune response is limited and repeated doses are 

required. A three-dose regimen was used in New Zealand in 

people less than 20 years old and over one million doses were 

administered (MeNZB®; Novartis, Basel, Switzerland). In 

children under one year, a fourth dose is required.38 Another 

recent experience using an OMV vaccine (MenBvac®; The 

Norwegian Institute of  Public Health, Oslo, Norway) was in 

the Seine Maritime in France among subjects between 1 and 

24 years old with two doses at 6-week intervals and a booster 

dose 6 months after the second dose.39 These vaccines are well 

tolerated. Side effects are usually local (pain, erythema, indu-

ration) and severe side effects (myelopathy, Guillain-Barré 

syndrome, and demyelinating diseases) are very rare.39,40

To enlarge strain coverage by OMV-based vaccines, a 

new generation of OMV-based vaccines was tailored using an 

engineered capsule deficient strain that also lacked the lacto-

N-neotetraose structure on their lipooligosaccharide. Two 

or three strains were therefore used, each expressing three 

different PorA genes to produce a recombinant PorA OMV 

vaccine with six or nine different PorA subtypes (HexaMen® 

or NonaMen®, respectively).41,42 This vaccine was developed 

by the National Vaccine Institute in The Netherlands and 

was aimed to cover the majority of circulating isolates in 

that country. However, the main drawback in these vaccines 

is still the coverage of circulating isolates. Moreover, the 

induced immune response was variable against PorA sub-

types included in the vaccine and the immune response was 

of short duration.43

Reverse vaccinology era paving  
the way towards a recombinant  
vaccine against serogroup B
Traditionally, vaccines have been developed by isolating and 

purifying antigenic components from the pathogen of interest, 

which typically has been heat-killed or chemically inactivated. 

The need to find highly conserved antigens for a universal 

meningococcal B vaccine has led to a pioneering approach 

called reverse vaccinology that takes advantage of the avail-

ability of the complete genome sequences of N. meningitidis 

to help define novel antigens as vaccine candidates (in silico 

analysis to define conserved surface-located meningococcal 

proteins). Subsequently, these vaccine candidates can be con-

firmed (or not) experimentally through cloning, expression 

of the corresponding genes, and immunization with purified 

proteins.44 Indeed, genomic analysis allowed the identifica-

tion of a “cocktail” of several proteins that can be used for 

a universal vaccine against N. meningitis and in particular 

those belonging to serogroup B.45,46 Using this approach, 

the Chiron Company (now Novartis, Basel, Switzerland) 
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exploited the data of the complete genome of serogroup B 

MC58 meningococcal strain generated by Tettelin et al47 to 

identify several proteins as vaccine candidates. They were 

used to develop a new recombinant vaccine that can target 

meningococcal isolates of serogroup B. This vaccine went 

through several stages of development.46 Five components 

were first identified (GNA1870, GNA2132, NadA, GNA1030, 

and GNA2091) and were evaluated for their immunogenicity 

alone or taken together in a five-component vaccine against 

MenB (5CVMB). In preclinical studies, these proteins have 

shown the potential to protect against a broad range of 

disease-causing meningococcal B strains using sera obtained 

from immunized mice.48 Three of these proteins were found 

to be immunogenic and induced a bactericidal immune 

response: GNA1870 (also known as factor-H binding pro-

tein), GNA2132 (also known as Neisseria heparin-binding 

antigen [NHBA]), and the meningococcal adhesion, NadA.48 

Subsequently, three proteins were evaluated: a fusion protein 

GNA2091–1870, another fusion protein GNA2132–1030, and 

the NadA protein. The OMV of the strain NZ98/254 was then 

added to increase strain coverage through the PorA protein 

and to enhance immunogenicity.49,50 This four-component 

vaccine against MenB (4CMenB/Bexsero) was thereafter 

used in the subsequent clinical studies.49 The final formula-

tion of the vaccine is 50 µg each of factor H binding protein 1 

(fHbp), NadA, and NHBA fusion proteins, 25 µg of detoxified 

OMV from N. meningitidis strain NZ98/254, and 1.5 mg of 

aluminum hydroxide.

Immunogenicity and safety  
of the Bexsero/4CMenB vaccine
For capsular polysaccharide-based vaccines, SBA is a well-

established surrogate assay for protection. Works on OMV-

based vaccines also showed that protection after vaccination 

correlated with SBA, and suggested that SBA can also serve 

as a surrogate assay for protection.51 The selection of target 

strains for SBA is uncomplicated for polysaccharide vaccines 

as the capsule is highly expressed on the meningococcal sur-

face (in particular in invasive isolates) and the structure of the 

capsule is shared by isolates belonging to the same serogroup 

regardless of their genotypes. For protein-based vaccines, the 

choice of isolates for the SBA is less  straightforward. Ideally, 

the selected isolates should allow testing the immunogenicity 

of each component of the vaccine separately and evaluating 

the interference/synergism of the antibodies targeting several 

components.

The first immunogenicity studies with the 4CMenB 

vaccine in infants were performed with three doses and 

used six different serogroup B isolates to evaluate the 

immunogenicity. Several of these six isolates shared antigens 

with the vaccines but others were unmatched or even missed 

vaccine components.52,53 These studies analyzed in infants the 

immunogenicity of two formulations of the vaccine (with 

or without OMV). The immune response was evaluated by 

measuring the geometric mean of the SBA titers, the percent-

age of responders (fourfold increase in SBA titer), and the 

percentage of subjects achieving at least a bactericidal titer 

of 4 (correlated with protection). Immune response was low 

or even absent against unmatched strains. The results were 

clearly in favor of enhancement of the immunogenicity by 

the addition of the OMV component to the vaccine.52,53 The 

immune response declined 6 months after the third dose but 

a booster dose administered at 12 months of age elicited an 

anamnestic response.53 These studies unraveled the require-

ment of estimating the coverage of the circulating isolates 

by the vaccine using representative collections of isolates. 

Moreover, the level of expression of theses antigens and 

their surface accessibility should also be addressed (see the 

next paragraph).

A recent Phase IIb immunogenicity study,54 randomized 

1885 2-month-old infants to receive three doses of 

Bexsero/4CMenB together with routine infant vaccines 

(7-valent pneumococcal conjugate vaccine and a combined 

diphtheria, tetanus, acellular pertussis, inactivated polio, 

hepatitis B, and Haemophilus influenzae type b vaccine), or 

given separately. Immune responses against fHbp, NadA, 

or PorA antigens were measured using the human serum 

bactericidal antibody (hSBA) assay measured 30 days after the 

third dose of 4CMenB against three reference strains expressing 

each of the specific antigens. A titer $ 5 was used to ensure 

that SBA titers in sera form vaccinated infants reached with 

statistical confidence the threshold of 4 that is the surrogate 

of protection. Moreover, response against NHBA antigen was 

measured using a specific enzyme-linked immunosorbent assay 

(ELISA), as a specific reference strain was still missing at the 

time of the study. At least 99% of participants had hSBA titers 

of $5 for strains of fHbp and NadA, and 79% for the OMV 

reference strain after immunization with 4CMenB/Bexsero 

and routine vaccines together either at 2, 4, and 6 months, 

or at 2, 3, and 4 months.18,54 No major difference in SBA titers 

was observed when Bexsero/4CMenB was administered alone 

or with the routine vaccines. Furthermore, responses to routine 

vaccines given with Bexsero/4CMenB were non-inferior to 

routine vaccines alone for almost all antigens.

The data also showed that Bexsero/4CMenB, when admin-

istered alone, had a reactogenicity profile that was similar 
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to those of the routine vaccines. However, higher systemic 

reaction in infants, notably an increased fever was experi-

enced in co-administration schedules of Bexsero/4CMenB 

with other routine infant vaccines (51% to 61%). This finding 

could become an important issue with routine use. Fever mir-

rors the inflammatory process that is usually associated with 

immunization and antipyretic drugs such as paracetamol could 

be prescribed preventively, however, such prescription may 

reduce antibody responses and should not be used routinely.55 

This Phase IIb randomized controlled study found supporting 

evidence to use this vaccine in various vaccination schedules 

in the first year of life, when the likelihood of contracting this 

often-deadly disease is the highest.

Another recent Phase IIb/III randomized, observer-

blind, placebo-controlled study was also conducted among 

adolescents in Chile. Bexsero/4CMenB was used at 1-, 2-, 

and 3-dose schedules with no coadministration of other 

v accines.56 The study concluded with an acceptable safety 

profile in adolescents and suggested an optimal dosing 

schedule of two doses administered 1 to 6 months apart.56 

Interestingly, rates of fever ($38°C) among adolescents 

were low and reports of fever 39°C or higher were rare and 

no evidence of increasing rates of reactions with subsequent 

doses of Bexsero/4CMenB was identified. However, two 

cases of juvenile arthritis, individually assessed as probably 

related to Bexsero/4CMenB, were reported 170 and 198 days, 

respectively, after the third dose (3-doses scheduled at 0, 1, 

2 months) among the 303 per-protocol subjects. These cases 

require further investigations due to the known association 

between invasive meningococcal infection and arthritis.57

At 6 months, seroresponse rates reached 99%–100% 

for each of the three strains expressing one of the three 

antigens included in the vaccine (NadA, fHbp, and NHBA) 

after  second or third doses. Moreover, preliminary data were 

reported in this work for hSBA against a strain indicative 

of NHBA responses. These data were consistent with the 

ELISA results and therefore allowed to address directly the 

bactericidal role of antibodies against NHBA.

Targeting infants by the vaccination is required as the 

incidence is the highest in this group with a high proportion 

of serogroup B isolates.9 Targeting adolescents may represent 

an additional advantage in conferring a “population-based 

immunity.” Indeed, carriage and circulation of meningococcal 

isolates is the highest among adolescents and young adults.1 

High coverage rate of vaccination among adolescents may 

therefore limit the circulation of isolates and hence conferring 

an indirect protection of the population in addition the direct 

protection of the adolescents.58 The impact of the vaccine 

on the carriage is currently under evaluation in an ongo-

ing, multicenter, controlled study to evaluate the effect of 

the 4CMenB vaccine and MenACWY conjugate vaccines 

on pharyngeal carriage of N. meningitidis in young adults 

(clinicalTrials.gov identifier NCT01214850).

Strain coverage by the 
Bexsero/4CMenB vaccine
Due to the variability of N. meningitidis, the proteins included 

in the Bexsero/4CMenB vaccine show variations at the level 

of the sequences of these proteins as well as at the level of 

their expression among the different circulating isolates. 

Indeed, Brehony et al showed that the fHbp gene displays 

diversity in a representative meningococcal strains sample. 

Variants of this gene can be classified into two or three 

major groups of the meningococcal isolates, each displaying 

several alleles that have some association with meningococ-

cal lineages and serogroups.59 Furthermore, Murphy et al 

performed nucleotide sequencing of fHbp genes obtained 

from 1837 invasive meningococcal B isolates from the USA, 

Europe, South Africa, and New Zealand.60 All sequences fell 

into two subfamilies or variants that each had a rather large 

number of alleles. Intersubfamily recombination may lead 

to the emergence of new fHbp sequences.

The NadA encoding gene also varies among isolates with 

variable levels of expression and may be absent in several 

genetic lineages of N. meningitidis.61 Indeed, NadA seems to 

be linked to isolates belonging to the ST-32 clonal complex 

(mainly serogroup B) and ST-11 and ST-8 clonal complexes 

(hyperinvasive isolates that are mainly serogroup C but rarely 

serogroup B). This observation is of interest as antibodies 

against NadA may allow targeting of serogroup B isolates 

belonging to the ST-11 and ST-8 lineages that mismatch with 

the other components of the vaccine.53,61

SBA assays are still indispensable to the vaccine 

 licensure. However, in order to overcome the heavy and 

complex SBA assays, high throughput laboratory methods 

should be developed to reliably link polymorphism/the 

level of expression of the vaccine candidates to bactericidal 

a ntibodies. The Meningococcal Antigen Typing System 

(MATS) was therefore developed to determine the presence, 

the  diversity, the level of expression of the proteins included 

in the 4CMenB vaccine, and to estimate the potential cov-

erage by the vaccine of the circulating isolates. MATS is a 

vaccine antigen-specific ELISA assay which can detect quan-

titative differences in the expressed antigens relative to a ref-

erence strain. MATS  predicts killing (at $80%  probability) 

of an isolate by SBA if the relative expression level value 
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(also called relative potency [RP]) of this isolate for any 

of the three vaccine antigens (NadA, fHbp, and NHBA) 

is higher than a threshold called the positive bactericidal 

threshold (PBT).62 A collection of 124 serogroup B isolates 

from five European countries, the USA, Australia, and New 

Zealand were analyzed for both their level of expression by 

MATS and their killing by SBA. When pooled sera from 

7-month-old infants given three doses of Bexsero/4CMenB 

were analyzed, 83% of strains, showing at least one antigen 

with a RP above the PBT, were killed and 73% at or below the 

PBT were not killed.62 Works are now in progress to predict 

the coverage rate in large collections of currently circulat-

ing isolates of N. meningitidis of serogroup B in Australia, 

Europe, and the USA.

Other vaccines targeting 
meningococci B
While  4CMenB is  the leading vaccine against 

 meningococci B, other vaccines targeting this serogroup 

are under  development. One of these vaccines consists of two 

variants of fHbp (under development by Pfizer). fHbp shows 

high levels of diversity among isolates.60 However, fHbp 

induced bactericidal antibodies against strains of different 

phenotypes.63 Combining two variants of this protein in the 

vaccine aims to produce cross immune reactivity against 

fHbp proteins of a large majority of isolates of serogroup B. 

A recent study presented data from a Phase II trial in adoles-

cents with this bivalent vaccine containing two variants of 

fHbp (one representative of each subfamily) and concluded 

on good safety and immunogenicity profiles.64 However, this 

vaccine still needs to be evaluated in children and infants. 

The SBA analysis used eight isolates that represent the most 

frequent alleles of fHbp. It is noteworthy here that as for the 

4CMenB vaccine, the SBA prediction of killing of isolates 

was linked to the level of surface expression of fHbp.65 It 

is therefore crucial to select isolates for immunogenicity 

studies that are relevant to the ongoing epidemiology of the 

disease, to evaluate the level of expression of fHbp and to 

correlate these levels of expression with bacterial killing.

The fHbp bivalent vaccine was well tolerated in adoles-

cents and local pain was the most frequent reported reaction. 

However, one related case of anaphylactic reaction requires 

further exploration.64,66

Concluding remarks
The development of vaccines based on recombinant proteins 

and targeting meningococci B is a kind of quantum leap 

in meningococcal vaccine development and the effort to 

 control serogroup B meningococcal disease. The main point 

is to use a “cocktail” of several components to achieve strain 

coverage and enhanced protection.67 Reverse vaccinology 

should also allow vaccine development against other microbial 

agents and therefore enhance the control of infectious diseases. 

In December 2010, a Marketing Authorization Application 

for Bexsero/4CMenB was submitted in Europe and in other 

countries.68 The dossier included clinical and epidemiologi-

cal data supporting the safety profile and immunogenicity of 

Bexsero/4CMenB. Regulatory action is not yet undertaken 

but may be expected by the end of 2012 or early 2013. 

 Nevertheless, many questions remain to be answered:

–	 What is the anticipated effectiveness of Bexsero/4CMenB 

in different countries or regions? The incidence of the 

serogroup B varies from country to country.  Genetically 

diverse isolates may circulate in different regions. 

Implementation of recommendations will depend on 

country-specific incidence of serogroup B disease but 

also on the level of coverage of the circulating isolates 

by the vaccine. The recommendations may therefore vary 

from a routine use in the calendar to a targeted use of 

the vaccine to control outbreaks and clusters. Therefore, 

future immunogenicity studies should address the issue 

of the choice of the strains for hSBA that should reflect 

epidemiological distribution.

–	 Bexsero/4CMenB targets many antigens shared by the 

meningococcal isolates irrespective of their serogroup. 

Thus the effect of the vaccine on transmission, carriage, 

and prevention of disease caused by other serogroups 

(non-B serogroups) needs to be evaluated. This point is 

of interest in countries applying national strategies against 

other serogroups. The Bexsero/4CMenB vaccine may 

offer a potential unique strategy against meningococcal 

disease in counties where the incidence of serogroup C is 

now low after routine vaccination against N. meningitidis 

of serogroup C.

–	 Additionally, under future selective pressure, the emer-

gence of escape variants should be monitored as isolates 

expressing variants of the antigens included in the vaccine 

might not be covered. The implementation of MATS 

approach may be required in different areas to monitor 

such escape variants and evaluate whether the vaccine 

requires “updating” according to the circulating isolates.

Finally, the persistence of protective SBA titers beyond 

6 months after the third dose needs to be defined. This point 

is of interest notably for infants and young children where 

the incidence of the disease is the highest. It is also required 

to determine whether further booster doses are needed.
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