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Invasive meningococcal disease (IMD) represents a severe risk for health. It can be considered the most 
dangerous vaccine-preventable disease due to the high probability of related permanent sequelae and death. The 
introduction in many countries of the conjugate vaccines against A, C, W135, and Y meningococcal serogroups 
influenced significantly the impact of the disease. Recently, the difficulties in obtaining an effective vaccine against 
meningococcal serogroup B (MenB) have been get over through the reverse vaccinology, enabling the recognition 
of some antigens providing a response against most of circulating MenB strains worldwide. The new 4cMenB 
vaccine is recommended in Europe, Canada, Australia, the USA, and some Latin American countries. Even if 
sound data on efficacy and safety profile are available, the results in terms of effectiveness are still limited. The 
management of the MenB outbreaks in two US universities demonstrated the ability to quickly achieve high 
vaccination coverage rates and no new cases among immunized subjects were assessed. It is desirable that 
the opportunity to complete preventive intervention against IMD offered by the new 4cMenB vaccine should be 
recognized and that this vaccine is included in the vaccination schedule to complete the panel of immunization 
against Neisseria meningitidis.
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Introduction
Invasive meningococcal disease (IMD) poses a serious 
threat for health and is considered to be the most danger-
ous vaccine-preventable disease by the population. IMD 
is regarded as a dramatic event due to the high probability 
of related permanent sequelae and death. Although the 
role played by the most epidemiologically relevant sero-
groups of Neisseria (N.) meningitidis (A, B, C, W, and Y) 
varies considerably in relation to season and geographical 
area and their epidemiological impact is greatly underesti-
mated, meningococci are a worldwide major public health 
problem.1,2 The availability of conjugate vaccines against 
A, C, W, and Y meningococcal serogroups and their intro-
duction in many countries significantly impacted on the 
disease. Recently, the difficulties in developing an effec-
tive vaccine against meningococcal serogroup B (MenB) 
has been overcome by reverse vaccinology methodology, 
that enabled the identification of some antigens inducing 
a response against most of the circulating MenB strains 
in the world.3

The new vaccine (4CMenB), already approved in 
Europe, Canada, Australia, the USA, and some Latin 
American countries, allows to complete the panel of 
immunization prevention against IMD.4,5

Microbiological and clinical overview
N. meningitidis is a Gram-negative aerobic diplococcus, 
hosted exclusively by men. It is an opportunistic pathogen, 
usually living as a commensal in the nasopharynx, colo-
nizing the upper respiratory tract, without causing damage 
to the host.6,7 The highest rates of nasopharyngeal carriage 
are reported in adolescents and young adults. The asymp-
tomatic carriage prevalence increases from 4.5% in child-
hood, with a peak of 23.7% in 19-year-old individuals, 
and then decreases to 7–8% in adulthood.8 The different 
N. meningitidis strains are divided in 12 serogroups (A, 
B, C, 29E, H, I, K, L, W, X, Y, and Z; serogroup D is cur-
rently classified as a not encapsulated variant of serogroup 
C) on the basis of the capsular polysaccharides immuno- 
histochemical characteristics; serogroups A, B, C, W, and 
Y are responsible for most IMD cases worldwide. Further 
classification into serotypes/subserotypes or immunotypes 
is established on major outer membrane class 1 (PorA) 
and class 2 or 3 (Por B) proteins or on lipopolysaccharides 
(LPS), respectively.9

The main route of transmission is direct contact with 
Flügge’s droplets from people with IMD or, more fre-
quently, from asymptomatic carriers. Usually, the humoral 
response is sufficient to stop the spreading of the micro- 
organism and avoid IMD; but, when the antibody response 
is not optimal, through mechanisms still incompletely 
understood, bacteremia occurs,10 causing endothelial 
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damage, increasing vascular permeability, and inducing a 
prothrombotic state.11 The real meningococcal disease is 
a very uncommon complication of bacterial colonization 
and usually manifests itself with meningitis (over than 
50% of cases), bacteremia, and septicemia.12 The disease 
may occur in endemic, with sporadic cases, or in epidemic 
form, with outbreaks of varying extent and duration. The 
main risk groups are: newborns and children <1 year (in 
which natural immunity is particularly low), adolescents 
(since their behaviors promote close interpersonal con-
tact and have higher carriage rates), travelers in highly 
endemic zones (sub-Saharan Africa), patients with immu-
nosuppression, and elderly subjects.3,13 The characteristics 
of IMD are the quick clinical progression and the presence 
of skin rash, often starting from lower limbs; however, 
patients frequently experience a specific clinical pictures.14 
In contrast to other most common infectious meningitis, 
IMD manifests itself less frequently with seizures or focal 
neurological signs15 and the most commonly sequelae 
include deafness, spasticity, seizures, learning, and atten-
tion disabilities.11

Every year MenB causes 500,000 cases of septicemia 
and meningitis worldwide; although the incidence of the 
invasive form is generally low, it is matter of great concern 
for health professionals due to the quick onset and course 
of the disease, the difficult of early diagnosis, the major 
post-infection sequelae (brain damage, deafness, kidney 
failure, and lower limb amputation), and high fatality rates 
(up to 5–15%).14,16–18

Epidemiology
The overall incidence of the meningococcal disease varies 
around the world: in North America, Europe and Australia 
the rate is 0.3–3 cases per 100,00013, while it can reach 
10–1000/100,000 in Africa, during an epidemic. The same 
serogroups have different geographical distribution: events 
sustained by the group A are more common in Africa and 
Asia, while groups B and C have a greater dissemination 
in North America and Europe. In the United States, the 
incidence of MenB disease is historically low (0.05 per 
100,000); in Canada in the period 1991–2011, the MenB 
disease incidence ranged from 0.1 to 0.9/100,000 per year. 
In Australia (2011), the incidence rate was 0.8/100,000 
and in New Zealand (2012) was 1.2/100,000.4 In 2009, 29 
European countries have reported a meningococcal dis-
ease incidence of 0.92 cases per 100,000; the Republic of 
Ireland (3.4/100,000) and the UK (2.0/100,000) showed 
the highest rates. In 2011, MenB was responsible of 73.6% 
of reported cases, followed by serogroups C (14.4%) and 
Y (8.2%).19 Nonetheless, the incidence of meningococcal 
disease in Europe declined over the past decade, mainly 
due to the introduction of the conjugate vaccine against 
meningococcus C (MenC).

In Italy, IMD is historically associated with an alter-
nation of serogroups B and C. From the 1990s, up to 
2001, MenB prevailed, while in 2003–2004 there was a 

reversed trend with a predominance of MenC. In 2006, 
with the extensive use and implementation of the MenC 
conjugate vaccine, the epidemiological situation changed 
again, making MenB the principal agent of meningitis and 
septicemia, mainly affecting children in the first months 
of life and adolescents.1,20

The molecular epidemiology studies have confirmed 
that several hundred PorA genotypes have been identi-
fied among capsular group B isolates worldwide. Anyway, 
even if the disease is caused by relatively few PorA sub-
types, the development of a PorA based vaccine against 
MenB has been hampered by the requirement to obtain 
a broad protection against heterologous strains (PorA 
subtypes).21,22

Vaccines
Immunization is the most effective strategy for the pre-
vention of meningococcal disease. Polysaccharide vac-
cines against meningococcal A, C, Y, and W serogroups 
are available since the 1970s and 1980s. However, they 
suffer several limitations. Conjugate vaccines were later 
produced: the conjugation of a polysaccharide to a protein 
carrier allows a T-dependent immune response with the 
advantage of generating high affinity antibodies, immu-
nological memory, and responsiveness to booster doses. 
The conjugate vaccines are effective in infants, induce a 
reduction in the carriage state, and favors herd immunity. 
The vaccines currently available include monovalent and 
polyvalent polysaccharidic vaccines containing antigens 
of type A, C, Y, W; a monovalent conjugate MenA vaccine 
(recently introduced in sub-Saharan Africa)20; a conjugate 
MenC vaccine and two types of quadrivalent conjugate 
vaccine (MenACYW). The quadrivalent vaccine conju-
gated with nontoxic mutant of diphtheria toxin23 is indi-
cated in children ≥2 years, adolescents, and adults; the 
quadrivalent vaccine, conjugated with tetanus toxoid, is 
administered from 12 months of life.24

The Italian National Vaccination Plan (PNPV) 
2012–201425 included the MenC conjugate vaccine in 
the immunization schedule with the aim of achieving 
and maintaining a coverage rate ≥95% in newborns and 
adolescents (11–18  years) and establishes the vaccina-
tion with one dose of vaccine against MenC in children 
13–15 months or a dose in adolescents not immunized 
in childhood. It also recommends the identification and 
vaccination of individuals at risk of IMD.

For many years, it has been attempted to develop a 
vaccine also against serogroup B, but no satisfying results 
were obtained because the capsule of the MenB is a 
self-antigen, and then the polysaccharides B are not very 
immunogenic and are potentially able of inducing auto-
immunity.9,26 The design of protein-based meningococcal 
vaccines is complicated by the important level of genetic 
and antigenic diversity expressed by the meningococcus. 
In fact, a variety of genetic mechanisms allow surface 
structures to adapt to changing environments.27 To give 
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broad protection against MenB, a vaccine must take into 
account a high level of antigenic diversity/variability as 
well as the risk of escape mutants.28

To overcome these issues, vaccines containing outer 
membrane vesicles (OMV) have been formulated. They 
are clone-specific, and therefore effective only in the 
epidemiological context in which a specific clone circu-
lates.3,29 Their use provided good results in terms of con-
tainment of outbreaks in Cuba, New Zealand, Norway, and 
France (Normandy).30,31 In January 2013, the European 
Commission granted marketing authorization of the 
vaccine against the MenB (4CMenB), containing three 
recombinant proteins and OMV derived from NZ98/254 
MenB strain. This vaccine has been produced using the 
innovative technique of reverse vaccinology, which led 
to the identification of new MenB antigens able to induce 
a bactericidal response. The vaccine is composed by the 
proteins fHbp (factor H binding protein), NadA (Neisserial 
adhesin A), and NHBA (Neisserial heparin binding anti-
gen). The OMVs of the epidemic strain of the New Zealand 
NZ98/254, able to induce a robust antibody response, were 
also added.31,32

In detail, fHbp is a surface lipoprotein that binds to 
human factor H and by blocking this inhibitor of the alter-
native complement pathway favors bacterial survival in 
human blood. Nad A is a surface protein that mediates 
the adhesion and the entrance of the pathogen in the naso-
pharingeal epithelial cells; five variants of this adhesin 
have been identified.33 NHBA (Neisserial heparin bind-
ing antigen) is a surface lipoprotein able to bind heparin 
in vitro and to induce bactericidal antibodies. OMVs are 
outer membrane blebs released by meningococci when 
treated with detergent and able to induce protective anti-
bodies against the homologous strain.34

The vaccine has been proven effective and without 
significant side effects. Two randomized controlled mul-
ticenter phase II and III studies in several European coun-
tries on a large cohort of children have shown excellent 
results in terms of immunogenicity without any clinically 
relevant interference with routine vaccines.32,35 In terms of 
reactogenicity, both studies have shown a higher incidence 
of fever when 4CMenB has been given concomitantly with 
other vaccines; anyway, fever was not higher or more fre-
quent than the one usually related to the administration of 
other pediatric vaccines.32,35 A recent study by Snape et al. 
demonstrated that the persistence of immune protection 
was not influenced by the immunization schedule (2-, 4-, 
and 6-month or 2, 3, and 4 month schedules), showing a 
waning of antibodies between the first and the second age 
of life. To overcome the decrease of the antibody titers, 
a booster dose should be administered at 12 months to 
maintain immunity during an age of high risk.36

An innovative method, called MATS (meningococcal 
antigen typing system) has been developed to estimate 
the percentage of circulating strains in a given country 
that may be covered by the immune response induced by 

4CMenB vaccine.37 A survey on 1052 isolates of invasive 
MenB, collected from 2007 to 2008 in five European 
countries, has shown that, depending on the country of 
origin, between 73 and 87% of the isolates had an anti-
genic asset susceptible to be covered by the vaccine.38 
Since the antigens contained in 4CMenB are also present 
in other meningococcal serogroups, this vaccine may offer 
some protection even against non-MenB strains.39

A study carried out on 147 strains belonging to sero-
groups C, W, and Y isolated in UK, Germany, France, and 
Brazil highlighted that the sera of subjects immunized with 
4CMenB vaccine were capable of inducing a complement 
mediated killing of Men C, W and Y in a range from 45 
to 90%, suggesting that 4CMenB can potentially have an 
impact on meningococcal disease caused by non-MenB 
strains.40

In a study involving 10 reference laboratories all around 
the world (Australia, Brazil, Canada, the Czech Republic, 
England and Wales, France, Germany, Greece, Italy, 
Norway, Spain, and the United States), MATS was used to 
estimate strain coverage. The global predicted coverage by 
4CMenB was 78% (95% CI 63–90%) of all MenB strains 
contained in the vaccine, ranging from 66% in Canada 
(95% CI, 43–78%) to 91% in the US (95% CI, 72–96%).41

A year after its approval, the new 4CMenB vaccine has 
been recommended for pediatric immunization in several 
countries, including Australia, Canada, the UK, and Italy; 
in this latter country the vaccine is recommended on a 
regional basis.42 According to the technical datasheet of 
the vaccine,43 active immunization is provided to subjects 
>2 months. The recommended dosage, according to age 
group, is summarized in Table 1. There are two different 
possibilities for the inclusion of the vaccine in the pedi-
atric immunization schedule: an ‘intercalated’ schedule 
(‘3 + 1 intercalated’), with 4CMenB dedicated sessions 
alternated by 15 days compared to routine sessions, and 
a ‘3 + 1 concomitant’ schedule, in which the 4CMenB 
vaccine is administered at the third and fifth month along 
with routine vaccinations, and at the seventh month as 
a single injection. For both proposals, the booster dose 
is administered at 13–15 months of age. The vaccine 
(injected into a separate injection site) may be co-admin-
istered with vaccines against diphtheria, tetanus, acellu-
lar pertussis, Haemophilus influenzae type b, inactivated 
poliomyelitis, HBV, pneumococcus (conjugate), measles, 
mumps, rubella, and chickenpox, without any interference 
on antibody response. Low results were observed with 
regard to the responses to inactivated poliovirus type 2 
and the conjugate pneumococcal serotype 6B and lower 
antibody titers against pertactin antigen of pertussis were 
reported. However, these data do not suggest a clinically 
significant interference. Considering these data and the 
increased frequency of fever and systemic and local reac-
tions in the case of co-administration with other vaccines, 
the ‘Immunization Schedule for Life’ sustained by sev-
eral Italian Scientific Societies, while leaving at territorial 
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schedules adopted in Italian Regions are summarized in 
Table 2.

The first large-scale use of 4CMenB started in the USA 
in 2013, during two meningitis outbreaks occurred in two 
universities and caused by different MenB clones (ST409 
in Princeton and ST32 in Santa Barbara). The first episode 
occurred at Princeton University; since the declaration of 
epidemic cluster, the Department of Health of New Jersey 
(NJDOH) first activated a wide educational campaign to 
inform all students about the pathogen transmission way 
and, then, undertook an antibiotic prophylaxis for all close 
contacts of cases. The identification of the fifth case led 
the Centers for Disease Control and Prevention (CDC), 
the NJDOH and the Princeton University to consider the 
undertaking of a vaccination campaign, in the awareness 
of having to require the Food and Drug Administration 
(FDA) authorization for the use of 4CMenB, not yet 
licensed in the USA. The permission for the experimental 
vaccine use was released just before the identification of 
the eighth case and the first vaccinations were planned in 
early December. The strategy included the administration 

policy-makers the decision of the best schedule to adopt, 
suggests the ‘3  +  1 intercalated’ vaccination schedule. 
This choice, though causing the inconvenience of three 
additional immunization sessions during the first year of 
life, has some advantages: carrying out the three doses of 
4CMenB immunization more quickly, administration of 
no more than two vaccines in a single session and mini-
mizing the possibility of increased adverse events. Starting 
vaccination after the sixth month of age implies a scheme 
2 + 1, with administration at month 6, 8, and a booster dose 
during the second year of life. Such schedule would have 
the advantage of reducing the additional immunization 
sessions to three, but the disadvantage of the theoretical 
lack of prevention of cases that could occur in the first 
months of life. The schedule 2 + 1 would be beneficial if 
the activation of herd immunity, that can indirectly protect 
subjects in the first months of life, would be confirmed. 
Vaccination against MenB should be actively offered to 
subjects at any age, in the presence of concomitant dis-
eases, in workers at risk and to close contacts of patients, 
in case of outbreaks and epidemics.44,45 Immunization 

Table 1  Recommended dosing of 4CMenB according to age group

aThe first dose should be given at 2 months of age. The safety and efficacy in infants less than 8 weeks of age has not yet been established. 
No data are available.

bIn case of delay, the booster should not be given later than 24 months.
cThe need for, and timing of, further booster doses has not yet been determined.
*There are no data in adults above 50 years of age.
Note: Adapted from: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/002333/WC500 

137857.pdf

Age group Primary immunization
Intervals between primary 

doses Booster

Infants, 2–5 months Three doses each of 0.5 ml, 
with first dose given at 
2 months of agea

Not less than 1 month One dose between 12 and 
23 monthsb,c

Unvaccinated infants, 
6–11 months

Two doses each of 0.5 ml Not less than 2 months One dose in the second year 
of life with an interval of at least 
2 months between the primary 
series and booster dosec

Unvaccinated infants, 12–
23 months

Two doses each of 0.5 ml Not less than 2 months One dose with an interval of 
12–23 months between the pri-
mary series and booster dosec

Children, 2–10 years Two doses each of 0.5 ml Not less than 2 months Need not established
Adolescents (from 11 years) and 
adults*

Two doses each of 0.5 ml Not less than 1 month Need not established

Table 2  Immunization schedules adopted by Italian Regions offering MenB vaccination

Region Schedule

Primary cycle

Booster doseFirst dose Second dose Third dose

Basilicata 3 + 1 intercalated 3rd month + 15 
days/4th month

5th month + 15 
days/6th month

7th−8th month From 13th month

Apulia 3 + 1 intercalated 3rd month + 15 
days

4th month + 15 
days

6th month 15th month

Tuscany 3 + 1 intercalated 3rd month + 15 
days

4th month + 15 
days

6th month 13th month

Liguria 3 + 1 intercalated 3rd month + 15 
days

4th month + 15 
days

6th month 15th month

Sicily 3 + 1 intercalated 4th month 6th month 7th−8th month 15th–18th month
Veneto 2 + 1 7th month 9th month
Friuli Venezia Giulia 2 + 1 7th month 9th month 15th month
Autonomous prov-
ince bolzano

2 + 1 7th month 9th month

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/002333/WC500137857.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/002333/WC500137857.pdf
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adequate surveillance system is fundamental to detect 
possible adverse events, even rare and potentially serious, 
following vaccination.70 In this regard, a recent study has 
been carried out in Canada. In order to control the spread-
ing of the MenB disease, in Saguenay–Lac-Saint-Jean 
Region of Quebec, a vaccination campaign with 4cMenB 
was addressed to subjects’ resident or attending school in 
the area, aged from 2 months to 20 years. In May–June 
2014, during the first dose administration, an active and 
passive surveillance system was implemented in order to 
recognize and monitor any related adverse event within the 
first seven days following vaccination, particularly high 
fever (≥40.5° C), febrile convulsions, transient arthralgia, 
and to assess whether and how they could negatively affect 
the availability of the subjects to receive the second dose 
of vaccine. The surveillance system reported a significant 
incidence of painful local reactions, fever (14–15% of chil-
dren aged 2–23 months) and general malaise. The percent-
age of children, adolescents, and young adults with fever 
≥40.5° C was equal to 0.1%; no cases of fever ≥40.5° C 
were observed in children who had received 4CMenB con-
comitantly with other routine vaccinations. Overall, the 
average maximum temperature was lower than expected; 
as a matter of fact, the average maximum temperature 
resulted 38.9° C (38.8° C in children less than two years 
of age and 39° C in 2–20-year-old subjects). 71

No serious or unexpected reactions were reported, so 
the majority of vaccinated subjects expressed the intention 
to receive the second dose.72 The coverage rate reached 
83% for the first dose and was 73% for the second dose. 
No cases of IMD occurred among both young and older 

of two doses and overall vaccination coverage reached 
over 90%. The second epidemic outbreak occurred at 
Santa Barbara University (California) in November 2013. 
As in Princeton’s outbreak, the Department of Health of 
Santa Barbara (SBPHD) coordinated the activities of pre-
vention, first with antibiotic prophylaxis, then adminis-
trating two doses with a scheme similar to that adopted 
in Princeton.46–48 Following these events, in June 2014, 
the FDA announced the authorization for extensive use 
of the vaccine in the US for adolescents and young adults 
between 10 and 25 years of age.49 To date, the CDC rec-
ommends that all university students, graduates, and all 
members of the university community in Princeton can 
receive a free immunization against the MenB.50 Data 
on seroprevalence obtained from Princeton students are 
available by means of a cross-sectional survey launched 
in April 2014, that enrolled 607 participants. Focusing on 
the largest group of subjects who received both doses, 
approximately 66% of subjects had an hSBA titer > 1:4 
against the outbreak strain, two months after the second 
dose of 4CMenB. In a subgroup of 245 subjects immune 
response against one of the vaccine strains was assessed. 
After two doses, almost all of them showed a protective 
titer (hSBA titers > 1:4). In addition, the geometric mean 
titers (GMTs) were higher for the strain contained in the 
vaccine than the outbreak strain.51

Immunization recommendations adopted by several 
countries and their references are summarized in Table 
3.52–69 Since the suitability of a new vaccine can be influ-
enced by concerns regarding the safety, the effectiveness 
or multiple injections requirement, the presence of an 

Table 3  MenB immunization recommendations adopted by several countries

Abbreviations: HCSP: Haut Conseil de la Santé Publique; SIKO: Sächsische Impfkommission; DAKJ: Deutsche Gesellschaft für Kinder und 
Jugendmedizin; ATAGI: Australian technical advisory group on immunisation; SIP: Comissão de Sociedade de Infeciologia Pediatrica; 
SPP: Sociedade Portuguesa de Pediatria; HCW: Health care workers; NIKO: Národní Imunizační Komise; NACI: National advisory com-
mittee on immunization; OEK: Országos Epidemiológiai Központ; NIAC: National immunisation advisory committee; FDA: Food and drugs 
administration.

Country Organization and indications Date References

France HCSP: high-risk subjects, outbreak, epidemic, iperepidemics October 2013 [52]
Germany SIKO (Saxony): 2 months−18 years December 2013 [53]

DAKJ: children >2 months; Adults >50 years (voluntary repayment insur-
ance-based) 

[54, 55]

Australia ATAGI: children <2 years; 15–19 years March 2014 [56]
Czech Republic NIKO: children >2 months to 10 years and young people 13–15 years [57]
Canada NACI : children >2 months, high-risk subjects, outbreaks, epidemics, iperepi-

demics
[58]

Austria Impfaussschuss des OSR: children >2 months, toddlers, adolescents, high-risk 
subjects and HCW 

June 2014 [59]

Portugal SIP and SPP: children >2 months [60]
Ireland NIAC: high-risk groups (age ≥1 year), outbreak [61]
Chile Instituto de Salud Publica, Ministero da Salud, Gobierno de Chile: children 

>2 months 
[62]

Spain AEP: children >2 months August 2014 [63]
Hungary OEK: children >2 months, high-risk subjects, HIV positive, splenectomized 

subjects
[64]

Poland Sanitary – Epidemiological council: children and adults at risk, lab worker, HCW, 
close contacts, travelers, army 

October 2014 [65]

Greece National pediatric society: children >2 months December 2014 [66]
Uruguay Ministerio de Salud Publica: subjects aged from 2 months to 50 years 2014 [67]
Brazil Sociedade Brasileira de Infectologia: subjects aged from 2 months to 50 years January 2015 [68]
USA US FDA: use limited in adolescents and young adults January 2015 [69]
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personnel was conducted due to the greater estimated 
risk for meningococcal infection in workers occupation-
ally exposed to N. meningitidis serogroup B (more than 
40-fold higher than for all adults aged 30–59 years). A 
seroprotective and broad antibody response was elic-
ited while local reactions, systemic events, and adverse 
events were commonly mild to moderate in severity, and 
no potentiation with subsequent doses was demonstrated.81 
According to these findings, the US Advisory Committee 
on Immunization Practices (ACIP) recommends MenB 
vaccination for individuals at higher risk for meningococ-
cal infection, including microbiologists.82

Discussion and conclusion
The availability of new vaccines against MenB allows 
to improve the possibilities of prevention toward menin-
gococcal diseases, as it is directed against one of the 
most epidemiologically relevant serogroups of Neisseria 
meningitidis. Both vaccines are immunogenic and safe 
but recommended for different age groups and avail-
able in different countries. In addition, antibody levels 
within six months post-dose 3 for MenB-FHbp, appears 
to decline, while for 4CMenB a modest antibody wan-
ing was observed through 24 months post-dose 2.51 The 
highest spreading of MenB in children <1 year suggests 
that the most effective prevention strategy is to focus the 
immunization intervention in this age group by means of 
the 4CMenB vaccine, according to the vaccination sched-
ules indicated in the technical datasheet. As the vaccine 
was only recently added in vaccine schedules in several 
countries, compared to sound data in terms of efficacy and 
safety profile, the results in terms of effectiveness on the 
field are still limited. The management of the outbreaks in 
the US universities demonstrated how the meningococcal 
disease is perceived as a true medical emergency by the 
population and by health authorities. The adopted immu-
nization practices, while not structured to allow an evalua-
tion of the effectiveness of vaccination, showed the ability 
to quickly achieve high vaccination coverage rates and no 
new cases among subjects immunized were assessed. It 
is desirable that the opportunity to complete preventive 
intervention against the meningococcal disease offered 
by the availability of the new MenB vaccines should be 
recognized and that these vaccines are included in the vac-
cination schedule of different countries.

Abbreviations
IMD 	  Invasive Meningococcal Disease
Men B 	  Neisseria meningitidis serogroup B
PorA 	  porin A, formerly class 1 protein
PorB 	  porin B, formerly class 2/3 protein
LPS 	  lipopolysaccharide
MLST 	  multi-locus sequence typing
ST 	  sequence type
IgA 	  immunoglobulin A

people, from the start of the vaccination campaign. This 
observation is congruent with the hypothesis of a positive 
effect of the vaccine.73

Besides, four randomized clinical trials in adolescents 
of 11–18 years showed that the vaccine is well tolerated 
and safe. The most frequent reactions were local as pain at 
the injection site (86%), while the most common general 
reaction was malaise (51%); fever occurred between the 
first and the second day after vaccination in a very low 
percentage of vaccinated subjects (0.2%).74

The use of paracetamol (Prophylactic acetaminophen) 
has been recommended in order to reduce the incidence 
of post-vaccination fever in children. Acetaminophen, 
administered at the time of vaccination, followed by two 
subsequent doses at 4–6 h intervals, reduced the incidence 
of fever of 51–65% in the seven days following vacci-
nation. The use of the drug does not have an impact on 
the immunogenicity of the vaccine and does not inter-
fere with the response to other routine vaccines.75 From 1 
September 2015, the MenB vaccination was added to the 
NHS Childhood Immunisation Programme in UK with 
the other routine vaccinations at 2, 4, and 12–13 months 
of age, that makes the Great Britain the first country in 
the world to offer a national, routine and publicly funded 
MenB vaccination program.76 In contrast to what expected 
in the technical datasheet, the proposed schedule provides 
two doses with a booster at 12 months in order to prevent 
antibodies waning.77

In the United States (USA), another new vaccine was 
recently approved by the Food and Drugs Administration 
(FDA) for use in persons aged 10–25 years: MenB-FHbp.78 
As it induces high fever in infants, it is not recommended 
for use in children under 10 years of age. It contains two 
purified recombinant lipidated factor H binding protein 
(FHbp) antigens, both FHbp subfamily (A and B). The 
vaccine is registered as a three-dose series, with the second 
and third doses administered 2 and 6 months, respectively, 
after the first dose. The immunogenicity and safety in ado-
lescents and young adults were evaluated in several clinical 
trials conducted in the USA and in Europe on adolescents 
aged 11–18 years. They showed similar results in terms of 
immunogenicity and no immunogenic interference when 
MenB-FHbp was administered with other vaccines, except 
for the antibody response to HPV type 18.79,80 Antibody 
persistence through 48 months after the third dose was 
evaluated in a clinical trial, that demonstrated an initial 
rapid decline in antibodies after vaccination followed by a 
flattening out of the antibody curve after six months. More 
than 50% of vaccinated subjects continued to demonstrate 
hSBA titers greater than or equal to the lower limit of 
quantification against three of the four strains tested after 
48 months.78 The most common solicited adverse reactions 
observed in the seven days after receipt of MenB-FHbp in 
the clinical trials were pain at the injection site (≥85%), 
fatigue (≥40%), headache (≥35%), myalgia (≥30%), 
and chills (≥15%).80 In addition, a study on laboratory 



Kuhdari et al.  Meningococcal B vaccination: real-world experience and future perspectives

Pathogens and Global Health    2016    VOL. 110    NOS. 4 & 5154

11 �van Deuren M, Brandtzaeg P, van der Meer JW. Update on 
meningococcal disease with emphasis on pathogenesis and clinical 
management. Clin Microbiol Rev. 2000;13:144–66.

12 �Cohn AC, MacNeil JR, Clark TA, Ortega-Sanchez IR, Briere EZ, 
Meissner HC, et al. Centers for disease control and prevention (CDC). 
Prevention and control of meningococcal disease. Recommendations 
of the advisory committee on immunization practices (ACIP). 
MMWR Recomm Rep. 2013;62:1–28.

13 �Dwilow R, Fanella S. Invasive meningococcal disease in the 21st 
century – an update for the clinician 2015. Curr Neurol Neurosci 
Rep. 2015;15:2. doi:http://dx.doi.org/10.1007/s11910-015-0524-6.

14 �Pace D, Pollard AJ. Meningococcal disease: clinical presentation and 
sequelae. Vaccine. 2012;30:B3–B9. doi:http://dx.doi.org/10.1016/j.
vaccine.2011.12.062.

15 �Stephens DS, Apicella MA. Neisseria meningitidis. In: Bennet E, 
Dolin R, Blaser M, editors. Mandell, Douglas, and Bennett’s principles 
and practices of infectious diseases. Philadelphia: Elsevier; 2014.

16 �Sadarangani M, Scheifele DW, Halperin SA, Vaudry W, Le Saux N, Tsang 
R. Outcomes of invasive meningococcal disease in adults and children in 
Canada between 2002 and 2011: a prospective cohort study. Clin Infect 
Dis. 2015;60:e27–e35. doi:http://dx.doi.org/10.1093/cid/civ028.

17 �Andrews SM, Pollard AJ. A vaccine against serogroup B Neisseria 
meningitidis: dealing with uncertainty. Lancet Infect Dis. 2014;14:426–
34. doi:http://dx.doi.org/10.1016/S1473-3099(13)70341-4.

18 �Rosenstein NE, Perkins BA, Stephens DS, Popovic T, Hughes JM. 
Meningococcal disease. N Engl J Med. 2011;344:1378–88.

19 �European Centre for Disease Prevention and Control (ECDC). 
Surveillance of invasive bacterial diseases in Europe 2008/2009. 
Stockholm: ECDC; 2011. Available from: http://ecdc.europa.eu/en/
activities/diseaseprogrammes/vpd/Pages/index.asp.

20 �Chang Q, Tzeng YL, Stephens DS. Meningococcal disease; changes 
in epidemiology and prevention. Clin Epidemiol. 2012;4:237–45. 
doi:http://dx.doi.org/10.2147/CLEP.S28410.

21 �Sridhar S, Greenwood B, Head C, Plotkin SA, Sáfadi MA, Saha 
S, et al. Global incidence of serogroup B invasive meningococcal 
disease: a systematic review. Lancet Infect Dis. 2015;15(11):1334–46. 
doi:http://dx.doi.org/10.1016/S1473-3099(15)00217-0.

22 �Drysdale SB, Pollard AJ. Group B meningococcal vaccine science 
and policy. J Infect. 2015;71(Suppl 1):S15–20.

23 �European Medicines Agency (EMA). European public assessment 
report for Menveo; 2012. Available from: http://www.ema.europa.eu/
docs/en_GB/document_library/EPAR_-_Summary_for_the_public/
human/001095/WC500090148.pdf.

24 �European Medicines Agency (EMA). European public assessment 
report for Nimenrix; 2012. Available from: http://www.ema.europa.
eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_
public/human/002226/WC500127665.pdf.

25 �Ministry of Health. Italian national plan for immunization prevention 
(PNPV); 2012–2014. Available from: http://www.salute.gov.it/
imgs/C_17_pubblicazioni_1721_allegato.pdf.

26 �Snape MD, Pollard AJ. The beginning of the end for serogroup B 
meningococcus? Lancet. 2013;381:785–87.

27 �Bai X, Borrow R. Genetic shifts of Neisseria meningitidis serogroup B 
antigens and the quest for a broadly cross-protective vaccine. Expert Rev 
Vaccines. 2010;9(10):1203–17. doi:http://dx.doi.org/10.1586/erv.10.116.

28 �O’Ryan M, Stoddard J, Toneatto D, Wassil J, Dull PM. A multi-
component meningococcal serogroup B vaccine (4CMenB): the 
clinical development program. Drugs. 2014;74(1):15–30. doi:http://
dx.doi.org/10.1007/s40265-013-0155-7.

29 �Holst J, Oster P, Arnold R, Tatley MV, Næss LM, Aaberge IS, 
 et al. Vaccines against meningococcal serogroup B disease containing 
outer membrane vesicles (OMV): lessons from past programs and 
implications for the future. Hum Vaccin Immunother. 2013;9:1241–
53. doi: http://dx.doi.org/10.4161/hv.24129.

30 �Arnold R, Galloway Y, McNicholas A, O’Hallahan J. Effectiveness of 
a vaccination programme for an epidemic of meningococcal B in New 
Zealand. Vaccine. 2011;29:7100–6. doi: http://dx.doi.org/10.1016/j.
vaccine.2011.06.120.

31 �Gorringe AR, Pajón R. Bexsero. Hum Vaccin Immunother. 
2012;8:174–83. doi: http://dx.doi.org/10.4161/hv.18500.

32 �Gossger N, Snape MD, Yu LM, Finn A, Bona G, Esposito S, et al. 
European MenB vaccine study group. Immunogenicity and tolerability 
of recombinant serogroup B meningococcal vaccine administered 
with or without routine infant vaccinations according to different 
immunization schedules: a randomized controlled trial. JAMA. 
2012;307:573–82. doi: http://dx.doi.org/10.1001/jama.2012.85.

33 �Martin NG, Snape MD. A multicomponent serogroup B meningococcal 
vaccine is licensed for use in Europe: what do we know, and what are 
we yet to learn? Expert Rev. Vaccines. 2013;12(8):837–58.

TNF-α 	  tumor necrosis factor α
IL 	  interleukin
HIV 	  human immunodeficiency virus
Men C 	  Neisseria meningitidis serogroup C
OMV 	  outer membrane vesicles
fHbp 	  factor H binding protein
NadA 	  Neisserial adhesin A
NHBA 	  Neisserial heparin binding antigen
4CMenB 	� Four-component meningococcal serogroup B 

vaccine
PNPV 	  Italian National Vaccination Plan
NJDOH 	  Department of Health of New Jersey
CDC 	  Centers for Disease Control and Prevention
FDA 	  Food and Drug Administration
SBPHD    Department of Health of Santa Barbara

Conflict of interest
GG received grants from GlaxoSmithKline Biologicals 
SA, Sanofi Pasteur MSD, Novartis, Crucell/Janssen, and 
Pfizer for being consultant or taking part in advisory board, 
expert meetings, being a speaker or an organizer of con-
gresses/conferences, and acting as investigator in clinical 
trials; AS, PK, SL, NV have no competing interest.

ORCID

Armando  Stefanati   http://orcid.org/0000-0001-6094- 
3439
Silvia Lupi  http://orcid.org/0000-0002-5402-7888

References
  1 �Halperin SA, Bettinger JA, Greenwood B, Harrison LH, Jelfs 

J, Ladhani SN, et al. The changing and dynamic epidemiology 
of meningococcal disease. Vaccine. 2012;30:B26–B36. doi: 
http://dx.doi.org/10.1016/j.vaccine.2011.12.032.

  2 �World Health Organization (WHO). Meningococcal vaccines: WHO 
position paper. Wkly Epidemiol Rec. 2011;86:521–39.

  3 �Panatto D, Amicizia D, Lai PL, Cristina ML, Domnich A, Gasparini R. 
New versus old meningococcal group B vaccines: how the new ones 
may benefit infants & toddlers. Indian J Med Res. 2013;138(6):835–
46.

  4 �Kaaijk P, van der Ende A, Luytjes W. Routine vaccination against 
MenB. Considerations for implementation. Hum Vaccin Immunother. 
2014;10:310–16. doi:http://dx.doi.org/10.4161/hv.26816.

  5 �Mameli C, Galli E, Mantegazza C, Fabiano V, Zuccotti GV. The 
multicomponent meningococcal serogroup B vaccine (4CMenB): origin, 
composition, health impact and unknown aspects. Future Microbiol. 
2015;10:1579–98. doi:http://dx.doi.org/10.2217/fmb.15.91.

  6 �Vernikos G, Medini D. Bexsero® chronicle. Pathog Glob Health. 
2014;108:305–16. doi:http://dx.doi.org/10.1179/204777321
4Y.0000000162.

  7 �Gasparini R, Amicizia D, Lai PL, Panatto D. Neisseria meningitidis: 
pathogenetic mechanisms to overcome the human immune defences. 
J Prev Med Hyg. 2012;53:50–5.

  8 �Christensen H, May M, Bowen L, Hickman M, Trotter CL. 
Meningococcal carriage by age: a systematic review and meta-
analysis. Lancet Infect Dis. 2010;10:853–61. doi:http://dx.doi.
org/10.1016/S1473-3099(10)70251-6.

  9 �Hill DJ, Griffiths NJ, Borodina E, Virji M. Cellular and molecular 
biology of Neisseria meningitidis colonization and invasive disease. 
Clin Sci (Lond). 2010;118:547–64. doi:http://dx.doi.org/10.1042/
CS20090513.

10 �Stephens DS, Hoffman LH, McGee ZA. Interaction of Neisseria 
meningitidis with human nasopharyngeal mucosa: attachment and 
entry into columnar epithelial cells. J Infect Dis. 1983;148:369–76.

http://dx.doi.org/10.1007/s11910-015-0524-6
http://dx.doi.org/10.1016/j.vaccine.2011.12.062
http://dx.doi.org/10.1016/j.vaccine.2011.12.062
http://dx.doi.org/10.1093/cid/civ028
http://dx.doi.org/10.1016/S1473-3099(13)70341-4
http://ecdc.europa.eu/en/activities/diseaseprogrammes/vpd/Pages/index.asp
http://ecdc.europa.eu/en/activities/diseaseprogrammes/vpd/Pages/index.asp
http://dx.doi.org/10.2147/CLEP.S28410
http://dx.doi.org/10.1016/S1473-3099(15)00217-0
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/001095/WC500090148.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/001095/WC500090148.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/001095/WC500090148.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/002226/WC500127665.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/002226/WC500127665.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/002226/WC500127665.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1721_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1721_allegato.pdf
http://dx.doi.org/10.1586/erv.10.116
http://dx.doi.org/10.1007/s40265-013-0155-7
http://dx.doi.org/10.1007/s40265-013-0155-7
http://dx.doi.org/10.4161/hv.24129
http://dx.doi.org/10.1016/j.vaccine.2011.06.120
http://dx.doi.org/10.1016/j.vaccine.2011.06.120
http://dx.doi.org/10.4161/hv.18500
http://dx.doi.org/10.1001/jama.2012.85
http://orcid.org/0000-0001-6094-3439
http://orcid.org/0000-0001-6094-3439
http://orcid.org/0000-0002-5402-7888
http://dx.doi.org/10.1016/j.vaccine.2011.12.032
http://dx.doi.org/10.1016/j.vaccine.2011.12.032
http://dx.doi.org/10.4161/hv.26816
http://dx.doi.org/10.2217/fmb.15.91
http://dx.doi.org/10.1179/2047773214Y.0000000162
http://dx.doi.org/10.1179/2047773214Y.0000000162
http://dx.doi.org/10.1016/S1473-3099(10)70251-6
http://dx.doi.org/10.1016/S1473-3099(10)70251-6
http://dx.doi.org/10.1042/CS20090513
http://dx.doi.org/10.1042/CS20090513


Kuhdari et al.  Meningococcal B vaccination: real-world experience and future perspectives

� Pathogens and Global Health    2016    VOL. 110    NOS. 4 & 5 155

53 �Sächsische Impfkommission; 2013. Recommendations of the Saxon 
Vaccination Commission to carry out vaccinations in Saxony. 
Available from: Available from: http://www.gesunde.sachsen.de/
download/lua/LUA_HM_Impfempfehlungen_E1.pdf.

54 �Deutsche Gesellschaft für Kinder und Jugendmedizin (DAKJ). 
Impfprophylaxe invasiver Erkrankungen mit Meningokokken 
der Serogruppe B Stellungnahme der Kommission für 
Infektionskrankheiten und Impffragen [Opinion of the Commission on 
Infectious Diseases and Immunization on immunization prophylaxis 
of invasive disease meningococcalserogroup B]; 2013. Available 
from: http://dakj.de/media/stellungnahmen/infektionskrankheiten-
impffragen/2013-meningokokkenB-impfprophylaxe.pdf

55 �Ständigen Impfkommission (STIKO). Epidemiologisches Bulletin. 
Stellungnahme der Ständigen Impfkommission (STIKO) am 
Robert Koch-Institut (RKI) zum Stand der Bewertung des neuen 
Meningokokken-B-Impfstoffs Bexsero [Opinion of the Standing 
Committee on Vaccination (STIKO) at Robert Koch Institute (RKI) 
for prior review of the newMeningococcal B vaccine Bexsero]; 2013. 
Available from: http://www.rki.de/DE/Content/Infekt/EpidBull/
Archiv/2013/Ausgaben/49_13.pdf?__blob=publicationFile

56 �Immunise Australia program; 2014. Available from: http://www.
immunise.health.gov.au/

57 �Doporučení České vakcinologické společnosti pro očkování proti 
invazivním meningokokovým onemocněním; 2014. Available 
from: http://www.mzcr.cz/Verejne/dokumenty/doporuceni-ceske-
vakcinologicke-spolecnosti-pro-ockovani-proti-invazivnim-
mening_8893_1985_5.html

58 �Public Health Agency of Canada. Advice for the use of the 
multicomponent meningococcal serogroup B (4CMenB) vaccine; 
2014. Available from: http://www.phac-aspc.gc.ca/naci-ccni/mening-
4cmenb-eng.php

59 �Bundesministerium für Gesundheit. Österreichischer Impfplan 2014 
[Austrian vaccination plan]; 2014. Available from: http://www.bmg.
gv.at/home/Schwerpunkte/Gesundheitsfoerderung_Praevention/
Impfen/Oesterreichischer_Impfplan_2014

60 �Sociedade Portuguesa de Pediatria; 2014. Available from: http://www.
spp.pt/noticias/default.asp?IDN=363&op=2&ID=132

61 �National Immunisation Advisory Committee. National immunization 
guidelines; 2014. Available from: http://hse.ie/eng/health/
immunisation/hcpinfo/guidelines/chapter13.pdf

62 �Instituto de Salud Publica, Ministero da Salud, Gobierno de Chile. 
Folleto de informacion al professional Bexsero vacuna meningococica 
recombinante adsorbida multicomponente del serogupo B, suspension 
inyectable [Information Leaflet on recombinant serogroup B of the 
multicomponent adsorbed Meningococcal vaccine Bexsero, injectable 
suspension]. Available from: http://www.ispch.cl.

63 �Posicionamiento del CAV-AEP sobre Bexsero® (4CMenB) [Position 
of the CAV-AEP on Bexsero® (4CMenB)]; 2014. Available from: 
http://vacunasaep.org/profesionales/noticias/posicionamiento-cav-
aep-sobre-bexsero

64 �Országos Epidemiológiai Központ [National Epidemiology Center]; 
2014. Available from: http://www.oek.hu/oek.web?to=2238&nid=1
195&pid=1&lang=hun

65 �Dziennik Urzędowy Ministra Zdrowia [Official Journal of the Ministry 
of Health]. Komunikat głównego inspektora sanitarnego [the main 
message sanitary inspector]. Available from: http://www.gis.gov.pl/
ckfinder/userfiles/files/EP/szczepienia/PSO_2015.pdf

66 �National Pediatric Society. Clinical recommendation of the greek 
pediatric society; 2014. Available from: http://vaccines.e-child.gr/
sistasis/sistasis-ellinikis-pediatrikis-eterias/

67 �Republica Oriental Del Uruguay: Ministerio de Salud Publica 
[Uruguay Republic: Public Health Ministry]. Certificado de registro 
de Especialidad farmacéutica [Registration of pharmaceutical 
specialty]. 2014 Oct 2.

68 �Sociedade Brasileira de Infectologia. Governo Federal licencia uso 
da vacina meningocócica B. Avaiable from: http://www.infectologia.
org.br/posts-910/

69 �US FDA. FDA approves a second vaccine to prevent serogroup B 
meningococcal disease. Avaiable from: http://www.fda.gov

70 �Bettinger JA, Deeks SL, Halperin SA, Tsang R, Scheifele DW. 
Controlling serogroup B invasive meningococcal disease: the 
Canadian perspective. Expert Rev Vaccines. 2013;12:505–17. doi:  
http://dx.doi.org/10.1586/erv.13.30.

71 �Institut National de Santé Publique du Quebec (INSPQ). Rapport 
intérimaire de surveillance de la sécurité de la première dose du vaccin 
contre le méningocoque de sérogroupe B au Saguenay−Lac-Saint-
Jean [Interin reportmonitoring the safety of the first dose vaccine 
against serogroup B meningococcal disease in Saguenay-Lac Saint 
Jean]; 2014 July. Available from: https://www.inspq.qc.ca/pdf/
publications/1885_Vaccin_Menincogoque_SerogroupeB.pdf

34 �Serruto D, Bottomley MJ, Ram S, Giuliani MM, Rappuoli R. The 
new multicomponent vaccine against meningococcal serogroup B, 
4CMenB: immunological, functional and structural characterization 
of the antigens. Vaccine. 2012;30(Suppl 2):B87–97.

35 �Vesikari T, Esposito S, Prymula R, Ypma E, Kohl I, Toneatto D,  
et al. Immunogenicity and safety of an investigational multicomponent, 
recombinant, meningococcal serogroup B vaccine (4CMenB) 
administered concomitantly with routine infant and child vaccinations: 
results of two randomised trials. Lancet. 2013;381(9869):825–35.

36 �Snape MD, Voysey M, Finn A, Bona G, Esposito S, Principi N,  
et al. Persistence of bactericidal antibodies after infant serogroup B 
meningococcal immunization and booster dose response at 12, 18 
or 24 months of age. Pediatr Infect Dis J. 2016;35(4):e113–23. doi:  
http://dx.doi.org/10.1097/INF.0000000000001056.

37 �Donnelly J, Medini D, Boccadifuoco G, Biolchi A, Ward J, Frasch 
C, et al. Qualitative and quantitative assessment of meningococcal 
antigens to evaluate the potential strain coverage of protein-based 
vaccines. Proc Natl Acad Sci USA. 2010;107:19490–5.

38 �Bexsero meningococcal group B vaccine for injection in pre-filled 
syringe. Summary of product characteristics. [cited 2015 Mar 19]. 
Available from: https://www.medicines.org.uk/emc/medicine/28407/
SPC/Bexsero+Meningococcal+Group+B+vaccine+for+injection+in
+pre-filled+syringe/#INDICATIONS.

39 �Tomei S, Biolchi A, Brunelli B, De Angelis G, Moschioni M, Masinagi 
V, et al. Potential coverage of the BEXSERO® MenB vaccine on 
non-B meningococci. In: Proceedings of the 19th IPNC 2014. 
Asheville, North Carolina, USA, 12–17 October 2014, 30 [Poster 30].

40 �Gorla MCO, Lemos APS, Biolchi A, et al. Impact vaccination 
with the Novartis meningococcal serogroup B vaccine 4CMenB 
(BEXSERO®) on non-serogroup B disease burden in Brazil. In: 
Poster presented at 32nd ESPID 2014 in Dublin, Ireland. 6-10 May 
2014, 361

41 �Medini D, Stella M, Wassil J. MATS: global coverage estimates 
for 4CMenB, a novel multicomponent meningococcal B vaccine. 
Vaccine. 2015;33:2629–36.

42 �Gabutti G. Meningococco B: controllo di due focolai epidemici 
mediante vaccinazione [Meningococcus B: control of two outbreaks 
by vaccination]. J Prev Med Hyg. 2014;55:1–3.

43 �European Medicines Agency (EMA). European public assessment 
report for Bexsero; 2013. Available from: http://www.ema.europa.eu/
docs/en_GB/document_library/EPAR_-_Summary_for_the_public/
human/002333/WC500137857.pdf.

44 �Italian Society of Hygiene, Preventive Medicine and Public Health. 
The rationale for ‘immunization schedule for life’. 2nd edition; 
2014. Available from: http://sip.it/formazione-aggiornamento/ecco-
il-nuovo-calendario-vaccinale-per-la-vita.

45 �Istituto Superiore di Sanità (ISS). Gruppo di Lavoro del centro 
nazionale di epidemiologia, sorveglianza e promozione della salute 
(CINEPS) Dati e evidenze disponibili per l’introduzione della 
vaccinazione antimeningococco B nei nuovi nati e negli adolescenti 
[Data and evidences for introduction of antimeningococcus 
B immunization in newborns and adolescents]; 2014 June. 
Available from: http://www.epicentro.iss.it/temi/vaccinazioni/pdf/
Istruttoria%20MENINGOCOCCO%20B.pdf.

46 �Novartis meningitis B vaccine Bexsero® receives FDA breakthrough 
therapy designation in the US (news release). Basel: Novartis; 2014 
Apr 7. Available from: www.novartis.com/newsroom/media-releases/
en/2014/1774805.shtml.

47 �Centers for Disease Control and Prevention (CDC). Princeton 
University meningococcal disease outbreak. Available from: www.
cdc.gov/meningococcal/outbreaks/princeton.html.

48 �National Foundation for Infectious Diseases. Addressing the 
challenges of serogroup B meningococcal disease outbreaks on 
campuses: a report by the national foundation for infectious diseases. 
Available from: www.nfid.org/meningococcal-b.

49 �Novartis submits application to the FDA for meningitis B vaccine 
candidate Bexsero® to help protect US adolescents and young adults. 
Available from: http://www.novartis.com/newsroom/media-releases/
en/2014/1793710.shtml.

50 �Princeton University. Available from: http://web.princeton.edu/sites/
emergency/meningitis.html.

51 �CDC. Advisory committee on immunization practices (ACIP). 
Summary report, 2015. Atlanta, GA. Available from: http://www.
cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-2015-
06.pdf.

52 �Haut Conseil de la Santé Publique (HCSP). Avis relatif à l’utilisation 
du vaccin Bexsero® (Novartis vaccines and diagnostics) [Notice 
about Bexsero immunization]; 2013. Available from: http://www.
hcsp.fr/Explore.cgi/Telecharger?NomFichier=hcspa20131025_
vaccmeningocoqueBBexsero.pdf.

http://www.gesunde.sachsen.de/download/lua/LUA_HM_Impfempfehlungen_E1.pdf
http://www.gesunde.sachsen.de/download/lua/LUA_HM_Impfempfehlungen_E1.pdf
http://dakj.de/media/stellungnahmen/infektionskrankheiten-impffragen/2013-meningokokkenB-impfprophylaxe.pdf
http://dakj.de/media/stellungnahmen/infektionskrankheiten-impffragen/2013-meningokokkenB-impfprophylaxe.pdf
http://www.rki.de/DE/Content/Infekt/EpidBull/Archiv/2013/Ausgaben/49_13.pdf?__blob=publicationFile
http://www.rki.de/DE/Content/Infekt/EpidBull/Archiv/2013/Ausgaben/49_13.pdf?__blob=publicationFile
http://www.immunise.health.gov.au/
http://www.immunise.health.gov.au/
http://www.mzcr.cz/Verejne/dokumenty/doporuceni-ceske-vakcinologicke-spolecnosti-pro-ockovani-proti-invazivnim-mening_8893_1985_5.html
http://www.mzcr.cz/Verejne/dokumenty/doporuceni-ceske-vakcinologicke-spolecnosti-pro-ockovani-proti-invazivnim-mening_8893_1985_5.html
http://www.mzcr.cz/Verejne/dokumenty/doporuceni-ceske-vakcinologicke-spolecnosti-pro-ockovani-proti-invazivnim-mening_8893_1985_5.html
http://www.phac-aspc.gc.ca/naci-ccni/mening-4cmenb-eng.php
http://www.phac-aspc.gc.ca/naci-ccni/mening-4cmenb-eng.php
http://www.bmg.gv.at/home/Schwerpunkte/Gesundheitsfoerderung_Praevention/Impfen/Oesterreichischer_Impfplan_2014
http://www.bmg.gv.at/home/Schwerpunkte/Gesundheitsfoerderung_Praevention/Impfen/Oesterreichischer_Impfplan_2014
http://www.bmg.gv.at/home/Schwerpunkte/Gesundheitsfoerderung_Praevention/Impfen/Oesterreichischer_Impfplan_2014
http://www.spp.pt/noticias/default.asp?IDN=363&op=2&ID=132
http://www.spp.pt/noticias/default.asp?IDN=363&op=2&ID=132
http://hse.ie/eng/health/immunisation/hcpinfo/guidelines/chapter13.pdf
http://hse.ie/eng/health/immunisation/hcpinfo/guidelines/chapter13.pdf
http://www.ispch.cl
http://vacunasaep.org/profesionales/noticias/posicionamiento-cav-aep-sobre-bexsero
http://vacunasaep.org/profesionales/noticias/posicionamiento-cav-aep-sobre-bexsero
http://www.oek.hu/oek.web?to=2238&nid=1195&pid=1&lang=hun
http://www.oek.hu/oek.web?to=2238&nid=1195&pid=1&lang=hun
http://www.gis.gov.pl/ckfinder/userfiles/files/EP/szczepienia/PSO_2015.pdf
http://www.gis.gov.pl/ckfinder/userfiles/files/EP/szczepienia/PSO_2015.pdf
http://vaccines.e-child.gr/sistasis/sistasis-ellinikis-pediatrikis-eterias/
http://vaccines.e-child.gr/sistasis/sistasis-ellinikis-pediatrikis-eterias/
http://www.infectologia.org.br/posts-910/
http://www.infectologia.org.br/posts-910/
http://www.fda.gov
http://dx.doi.org/10.1586/erv.13.30
http://dx.doi.org/10.1586/erv.13.30
https://www.inspq.qc.ca/pdf/publications/1885_Vaccin_Menincogoque_SerogroupeB.pdf
https://www.inspq.qc.ca/pdf/publications/1885_Vaccin_Menincogoque_SerogroupeB.pdf
http://dx.doi.org/10.1097/INF.0000000000001056
http://dx.doi.org/10.1097/INF.0000000000001056
https://www.medicines.org.uk/emc/medicine/28407/SPC/Bexsero+Meningococcal+Group+B+vaccine+for+injection+in+pre-filled+syringe/#INDICATIONS
https://www.medicines.org.uk/emc/medicine/28407/SPC/Bexsero+Meningococcal+Group+B+vaccine+for+injection+in+pre-filled+syringe/#INDICATIONS
https://www.medicines.org.uk/emc/medicine/28407/SPC/Bexsero+Meningococcal+Group+B+vaccine+for+injection+in+pre-filled+syringe/#INDICATIONS
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/002333/WC500137857.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/002333/WC500137857.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/002333/WC500137857.pdf
http://sip.it/formazione-aggiornamento/ecco-il-nuovo-calendario-vaccinale-per-la-vita
http://sip.it/formazione-aggiornamento/ecco-il-nuovo-calendario-vaccinale-per-la-vita
http://www.epicentro.iss.it/temi/vaccinazioni/pdf/Istruttoria%20MENINGOCOCCO%20B.pdf
http://www.epicentro.iss.it/temi/vaccinazioni/pdf/Istruttoria%20MENINGOCOCCO%20B.pdf
http://www.novartis.com/newsroom/media-releases/en/2014/1774805.shtml
http://www.novartis.com/newsroom/media-releases/en/2014/1774805.shtml
http://www.cdc.gov/meningococcal/outbreaks/princeton.html
http://www.cdc.gov/meningococcal/outbreaks/princeton.html
http://www.nfid.org/meningococcal-b
http://www.novartis.com/newsroom/media-releases/en/2014/1793710.shtml
http://www.novartis.com/newsroom/media-releases/en/2014/1793710.shtml
http://web.princeton.edu/sites/emergency/meningitis.html
http://web.princeton.edu/sites/emergency/meningitis.html
http://www.cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-2015-06.pdf
http://www.cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-2015-06.pdf
http://www.cdc.gov/vaccines/acip/meetings/downloads/min-archive/min-2015-06.pdf
http://www.hcsp.fr/Explore.cgi/Telecharger?NomFichier=hcspa20131025_vaccmeningocoqueBBexsero.pdf
http://www.hcsp.fr/Explore.cgi/Telecharger?NomFichier=hcspa20131025_vaccmeningocoqueBBexsero.pdf
http://www.hcsp.fr/Explore.cgi/Telecharger?NomFichier=hcspa20131025_vaccmeningocoqueBBexsero.pdf


Kuhdari et al.  Meningococcal B vaccination: real-world experience and future perspectives

Pathogens and Global Health    2016    VOL. 110    NOS. 4 & 5156

meningococcal serogroup B disease. Vaccine. 2016 Feb 10;34(7):875–
80. doi: http://dx.doi.org/10.1016/j.vaccine.2015.11.057.

78 �CDC. Morbidity and Mortality Weekly Report (MMWR). Use of 
serogroup B meningococcal vaccines in adolescents and young 
adults: recommendations of the advisory committee on immunization 
practices, 2015. 2015 Oct 23;64(41):1171–6.

79 �Bhuyan P, Eiden J, Jones TR, York LJ, Ginis J, Jansenet KU, et al. 
Immunogenicity of human papilloma vaccine coadministered with 
an investigational bivalent rLP2086 vaccine against meningococcal 
serogroup B in healthy adolescents. Philadelphia, PA: IDWeek; 2014. 
Available from: http://ofid.oxfordjournals.org/content/1/suppl_1/
S317.2.full?sid=25a2b12f-c211-4ecc-bb47-e6ceba7bb4a2

80 �Food and Drug Administration. Trumenba US package insert. 
Washington, DC: Food and Drug Administration; 2014. Available 
from: http://www.fda.gov/downloads/BiologicsBloodVaccines/
Vaccines/ApprovedProducts/UCM421139.pdf

81 �Reiner DM, Bhuyan P, Eiden JJ, Ginis J, Harris S, Jansen KU, 
 et al. Immunogenicity, safety, and tolerability of the meningococcal 
serogroup B bivalent rLP2086 vaccine in adult laboratory workers. 
Vaccine. 2016;34(6):809–13. doi: http://dx.doi.org/10.1016/j.
vaccine.2015.12.016.

82 �Folaranmi T, Rubin L, Martin SW, Patel M, MacNeil JR. Use of 
serogroupB meningococcal vaccines in persons aged ≥10  years 
at increased risk forserogroup B meningococcal disease: 
recommendations of the advisory committee on immunization 
practices, 2015. MMWR Morb Mortal Wkly Rep. 2015;64:608–12.

72 �Institut National de Santé Publique du Quebec (INSPQ). Initial dose 
of a multicomponent serogroup B meningococcal vaccine in the 
Saguenay–Lac-Saint-Jean region, Québec, Canada: an interim safety 
surveillance report; 2014 July. Available from: http://www.inspq.qc.ca/
pdf/publications/1902_SerogroupB_Meningococcal_Vaccine.pdf

73 �Institut National de Santé Publique du Quebec (INSPQ). Impact 
épidémiologique de la campagne de vaccination contre le 
méningocoque de sérogroupe B dans la région du Saguenay-Lac-
Saint-Jean, en 2014: rapport au 31 décembre 2014 [Epidemiological 
impactof the vaccination campaign against Meningococcal B 
in the Saguenay-Lac region Saint-Jean in 2014: report on 31 
December 2014]. Available from: https://www.inspq.qc.ca/pdf/
publications/1983_Impact_Vaccination_SerogroupeB_Saguenay.pdf

74 �Nolan T, O’Ryan M, Wassil J, Abitbol V, Dull P. Vaccination with a 
multicomponent meningococcal B vaccine in prevention of disease 
in adolescents and young adults. Vaccine. 2015;33(36):4437–45. doi: 
http://dx.doi.org/10.1016/j.vaccine.2015.06.011.

75 �Prymula R, Esposito S, Zuccotti GV, Xie F, Toneatto D, Kohl I, 
et al. A phase 2 randomized controlled trial of a multicomponent 
meningococcal serogroup B vaccine (I). Hum Vaccin Immunother. 
2014;10(7):1993–2004. doi: http://dx.doi.org/10.4161/hv.28666.

76 �National Health Service (NHS). Men B vaccine. Available from: 
http://www.nhs.uk/Conditions/vaccinations/Pages/meningitis-B-
vaccine.aspx

77 �Watson PS, Turner DP. Clinical experience with the meningococcal 
B vaccine, Bexsero®: prospects for reducing the burden of 

http://dx.doi.org/10.1016/j.vaccine.2015.11.057
http://ofid.oxfordjournals.org/content/1/suppl_1/S317.2.full?sid=25a2b12f-c211-4ecc-bb47-e6ceba7bb4a2
http://ofid.oxfordjournals.org/content/1/suppl_1/S317.2.full?sid=25a2b12f-c211-4ecc-bb47-e6ceba7bb4a2
http://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM421139.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM421139.pdf
http://dx.doi.org/10.1016/j.vaccine.2015.12.016
http://dx.doi.org/10.1016/j.vaccine.2015.12.016
http://www.inspq.qc.ca/pdf/publications/1902_SerogroupB_Meningococcal_Vaccine.pdf
http://www.inspq.qc.ca/pdf/publications/1902_SerogroupB_Meningococcal_Vaccine.pdf
https://www.inspq.qc.ca/pdf/publications/1983_Impact_Vaccination_SerogroupeB_Saguenay.pdf
https://www.inspq.qc.ca/pdf/publications/1983_Impact_Vaccination_SerogroupeB_Saguenay.pdf
http://dx.doi.org/10.1016/j.vaccine.2015.06.011
http://dx.doi.org/10.4161/hv.28666
http://www.nhs.uk/Conditions/vaccinations/Pages/meningitis-B-vaccine.aspx
http://www.nhs.uk/Conditions/vaccinations/Pages/meningitis-B-vaccine.aspx

	Introduction
	Microbiological and clinical overview
	Epidemiology
	Vaccines
	Discussion and conclusion
	Conflict of interest
	References



