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Introduction: meningococcal disease is an infection caused by Neisseria meningitidis, and those of 
serogroup B are currently the most predominant. It has been difficult to create effective vaccines for 
this serogroup in order to modify or reduce its morbidity. The aim of this study was to review existing 
data on the new vaccine 4 CMenB and its potential contribution to the prevention of this infection.

Methods: a panel of 12 experts (from Pediatrics, Public Health and Vaccinology background) conducted 
a literature search and prioritized 74 publications. A review of the vaccine was then prepared, it was 
discussed in a meeting and subsequently validated by e-mail.

Results: 4 CMenB vaccine, based on four components (NadA, fHbp, NHBA and OMVnz), was 
designed by reverse Vaccinology. The Meningococcal Antigen Typing System shows a potential of 70-
80% coverage of the strains in Europe. Clinical trials show that the vaccine is safe and immunogenic 
in infants, children, adolescents, and adults, and induces an anamnestic response. The incidence of 
fever is similar to systemic vaccines administered alone, but higher when coadministered with them, 
although the fever pattern is predictable and self-limited.

It is compatible with the Spanish routine vaccines, and can be administered simultaneously with the 
currently available hexavalent and pentavalent vaccines, as well as the pneumococcal conjugate 
vaccine.

Conclusions: the 4 CMenB vaccine is the only currently available strategy to prevent meningococcal 
disease caused by serogroup B.

Española de Pediatría de Atención Primaria (Spanish Association of Primary Care Paediatrics [AEPap]), Sociedad Española de Infectología 
pediátrica (Spanish Society of Paediatric Infectology [SEIP]) and Sociedad Española de Medicina Preventiva, Salud Pública e Higiene (Spa-
nish Society of Preventative Medicine, Public Health, and Hygiene [SEMPSPH]).
Article published simultaneously in Anales de Pediatría: http://dx.doi.org/10.1016/j.anpedi.2013.04.013
How to quote this article: Gil A, Barranco D, Batalla J, Bayas JM, Campins M, Gorrotxategi Gorrotxategi P. Prevention of serogroup B meningococcal disease 
using a four-component vaccine. Rev Pediatr Aten Primaria. 2014;16:108.e55-e74.
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MENINGOCOCCAL DISEASE

Definition and general concepts

Meningococcal disease is a serious infection 

caused by Neisseria meningitidis (N. meningitidis) 

that can have several clinical presentations such as 

meningitis and sepsis.

Twelve serogroups of N. meningitides have been 

identified, 6 of which (A, B, C, W135, X and Y) can 

infect humans, although currently there is some 

controversy surrounding their nomenclature. Most 

of them are endemic. The epidemiological data 

and serogroup circulation varies by geographical 

region, and all types can produce outbreaks.1

The serogroup B strains that cause invasive disease 

are more genetically diverse than those of other 

serogroups. Infection by meningococcus B (MenB) 

is the main cause of invasive disease in developed 

countries, where infants and adolescents are the 

populations most vulnerable to the severest forms 

of the disease.2

Epidemiology and burden of disease

Geographical and seasonal distribution

Most cases of meningococcal disease occur in win-

ter and early spring.2-7 The epidemiology of the 

disease varies depending on the geographical area 

and the serogroup.8,9 Serogroup A is responsible 

for large epidemics in Africa, while groups B and C 

predominate in developed countries and cause 

most cases in Europe and the American continent. 

Serogroup W135 causes epidemics like the one in 

Saudi Arabia, and in late 2012 it was responsible 

for a considerable number of cases in the African 

meningitis belt, Argentina, and Chile.10. Serogroup 

Y is the most frequent agent of meningococcal dis-

ease in the United States and Colombia, and is very 

common in Canada and Israel. Serogroup Y has 

caused epidemics in Ghana and a few other Afri-

can countries.2

The reasons for the uneven distribution of sero-

types across the world are not understood, but dif-

ferences in population immunity and environmen-

tal factors play a key role in it.
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Prevención de la enfermedad meningocócica por el serogrupo B mediante  
una vacuna de cuatro componentes

Introducción: la enfermedad meningocócica es una infección grave causada por Neisseria meningitidis, 
cuyo serogrupo predominante actualmente es el B, para el que ha sido complejo crear vacunas efectivas 
y, por tanto, difícil modificar o reducir su morbimortalidad. El objetivo de este trabajo ha sido revisar 
los datos existentes sobre la nueva vacuna 4 CMenB y sus posibles aportaciones en la prevención de 
esta infección.
Métodos: se realizó una búsqueda de autor dirigida por 12 especialistas relacionados con la Pediatría, 
Vacunología y Salud Pública, que priorizó 74 publicaciones, para preparar un documento de revisión 
sobre la vacuna. El documento se trabajó en una reunión presencial y se validó posteriormente 
mediante correo electrónico.
Resultados: la vacuna 4 CMenB, basada en cuatro componentes (NadA, fHbp, NHBA y OMVnz), se 
ha diseñado mediante Vacunología inversa. El Meningococcal Antigen Typing System muestra una 
potencial cobertura del 70-80% de las cepas circulantes en Europa. Los ensayos clínicos demuestran 
que la vacuna es inmunógena y segura en lactantes, niños, adolescentes y adultos, e induce memoria 
inmunológica. La incidencia de fiebre es similar a la de las vacunas sistémicas si se administra sola, pero 
resulta mayor cuando se coadministra con ellas, aunque el patrón de fiebre es predecible y autolimitado. 
Es compatible con la mayoría de las vacunas incluidas en el calendario sistemático español, pudiendo 
administrarse simultáneamente con las vacunas hexavalente y pentavalente actualmente disponibles, 
así como con la vacuna antineumocócica conjugada heptavalente. Aún no hay datos disponibles 
respecto al uso concomitante con la vacuna antimeningocócica C y las vacunas antineumocócicas de 
amplio espectro.
Conclusiones: la vacuna 4 CMenB, por el momento, es la única estrategia disponible para prevenir la 
enfermedad meningocócica por el serogrupo B.
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Meningococcal disease in Europe

According to data from the European Centre for 

Disease Prevention and Control (ECDC), the inci-

dence of meningococcal disease in Europe ranges 

from 0.13 to 3.37 cases per 100 000 inhabitants 

(year 2009)9. The predominant serogroups in Eu-

rope in the 1990s were serogroups B and C9. Still, 

the incidence of invasive meningococcal disease 

has shown a considerable decline in the past dec-

ade due to the introduction of meningococcal C 

conjugate vaccines in the routine childhood im-

munisation schedule of many countries4 (from 1.9 

per 100 000 inhabitants to 0.92 per 100 000 inhab-

itants). As a result, serogroup B is the predominant 

type in Europe now. This serogroup tends to cause 

epidemic waves subject to long cycles.

The incidence of meningococcal disease varies by 

age, with the highest rates found in infants, fol-

lowed by adolescents and young adults. According 

to 2009 data for Europe, the incidence in infants 

was of 15.9 cases per 100 000 inhabitants, fol-

lowed by children aged 1 to 4 years (5.4 per 100 

000 inhabitants) and adolescents aged 15 to19 

years (2.0 per 100 000 inhabitants)2-4.

Serogroup B causes most cases of meningococcal 

disease in Europe. Of the reported cases from 2009 

for which there was data on the capsular group 

(amounting to 88%), 71% were caused by sero-

group B (particularly in those countries that had 

introduced conjugated vaccines against serogroup 

C), 13% by serogroup C, and 4% by serogroup Y. Be-

tween 1993 and 1996, serogroup B was already 

the cause of 68% of reported cases in Europe.2-4,11

As for the distribution of serogroups by age, a large 

proportion of the cases caused by serogroup B in-

volved young children. The analysis of 4435 cases 

of invasive meningococcal disease reported in Eng-

land and Wales over a period of 4 years (2006–

2010) showed that 58% of the cases caused by 

serogroup B occurred in children younger than five 

years, and that this serogroup was predominant in 

this age group, accounting for 94% of the cases.4

Meningococcal disease in Spain

In Spain, meningococcal disease is subject to man-

datory, urgent, and individual reporting. Cases are 

registered in the Red Nacional de Vigilancia Epide-

miológica (National Network of Epidemiological 

Surveillance) after being reported to the Sistema 

de Enfermedades de Declaración Obligatoria 

(Mandatory Notification Disease System [EDO])12.

According to data published in weekly epidemio-

logical bulletins between 2006 and 2007, the inci-

dence rate of reported cases (confirmed cases and 

suspected but not confirmed cases) was of 1.37 

per 100 000 inhabitants, and decreased to 1.21 per 

100 000 inhabitants in 2010.12,13 However, while 

there have been considerable reductions in the 

hospitalisation and mortality rates associated to 

this disease in recent years, morbidity and mortal-

ity continue to be significant in children younger 

than 5 years.14

Incidence rates vary across the various autono-

mous communities in Spain. In the 2006–2007 

period, some autonomous communities had inci-

dence rates of up to 4.19 cases per 100 000 inhab-

itants, and in 2009–2010 some reached rates of up 

to 3.33 per 100 000 inhabitants.12,13 Table 1 shows 

the incidence rates for 201012.

The introduction of the vaccine against serogroup 

C in 2000 brought on a significant change in the 

epidemiology of meningococcal disease in Spain, 

with serogroup B becoming the main causative 

agent of invasive disease. Since there is no effec-

tive vaccine against serogroup B, it is difficult to 

change or reduce the morbidity and mortality as-

sociated with meningococcal disease in Spain. The 

incidence rates of confirmed cases in recent years 

(approximately from 2006 to 2010) have ranged 

between 0.17 and 0.12 for serogroup C and 1.12 

and 0.69 for serogroup B. The decline observed in 

the number of cases caused by serogroup B, par-

ticularly in 2010, is similar to that observed in oth-

er European countries9. This decline may be due to 

the cyclical nature of the disease2-6 and be deter-

mined by various environmental factors and risk 

behaviours.2 The cyclical pattern of the disease re-

quires strict surveillance to obtain the necessary 
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data for the potential use of vaccines with differ-

ent formulations, and to monitor the impact of us-

ing these vaccines. For example, in the decade of 

1975 to 1985, meningococcal disease reached 

rates of 30 cases per 100 000 inhabitants in the 

autonomous community of Galicia.15 Only 10 to 

30 cases caused by other serogroups (A, W135, and 

Y) are reported in Spain, depending on the season, 

with incidence rates ranging from 0.02 to 0.06 per 

100 000 inhabitants).12,13

Consequences of meningococcal disease

It is estimated that 10% to 14% of meningococcal 

disease cases are fatal, and that 8% to 20% of sur-

vivors have long-term neurological sequelae.16 

Some of the sequelae associated to bacterial men-

ingitis and meningococcal septicaemia are hear-

ing loss, amputations, skin complications, psycho-

social impairments, hydrocephalus, neurological 

and developmental impairments, and kidney fail-

ure.16-19

It is important that we study the economic impact 

and the burden of hospitalisation associated to 

meningococcal disease in Spain. A study on the 

hospitalisations and fatalities associated with 

meningococcal disease based on CMBD data from 

1997 to 2008 found an annual hospitalisation rate 

of 2.33 per 100 000 inhabitants14, with an associ-

ated cost of more than 5 million euro per year.

Mode of transmission and clinical manifestations

Carriage and transmission of meningococcal 

disease

Humans are the only known reservoir of N. menin-

gitidis, and the upper respiratory tract is the main 

locus of infection. The presence of meningococcus 

in the upper respiratory tract can be transient; lead 

to colonisation (carriage); or produce invasive dis-

ease.16

Meningococcus is transmitted from person to per-

son through the secretions of the upper respira-

tory tract of asymptomatic carriers or diseased in-

dividuals.16,20 The latency period usually lasts 3 to 

4 days, but it may range from 2 to 7 days. Individu-

als that do not develop disease in the 7 days fol-

lowing colonisation may remain asymptomatic 

carriers.21 Although most studies on asymptomat-

ic carriage are cross-sectional, some studies with 

longitudinal nasopharyngeal samples have con-

cluded that carrier state may be chronic, lasting for 

several months; intermittent (with consecutive 

colonisation by different strains); or simply tran-

sient, lasting a few days or weeks.22

The prevalence of carriers in the general popula-

tion varies widely, ranging from 0.6% and 34.4% 

according to several studies.23-27 The carriage rate 

is greater among individuals that dwell in closed 

settings, such as childcare centres, schools, univer-

sities, dormitories, or military barracks; in active or 

passive smokers; and in individuals with diseases 

of the upper respiratory tract.16

Table 1. Incidence rates of meningococcal disease by 
autonomous community (notified cases) per 100 000 
inhabitants (Spain, 2010)

Autonomous  
community

Incidence rate per 100 000 
inhabitants

Andalusia 1.53
Aragon 0.70
Asturias 1.05
Baleares 1.12
Canarias 0.77
Cantabria 3.33
Castile-La Mancha 1.31
Castile and Leon 0.82
Catalonia 1.45
Valencia 0.84
Extremadura 1.67
Galicia 1.85
Madrid 0.65
Murcia 0.63
Navarre 2.12
Basque Country 1.51
La Rioja 0.95
Ceuta 2.91
Melilla 0
Total Spain 1.21

Taken from: Servicio de Vigilancia Epidemiológica. Centro Nacional  
de Epidemiología. Instituto Carlos III.12
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Clinical manifestations

Sepsis and meningitis are the two most common 

forms of meningococcal disease. They may devel-

op in isolation or simultaneously in the same pa-

tient. Meningococcal septicaemia presents with 

fever, petechiae, and maculopapular rash.28 In 

most cases, the skin lesions appear in the first 24 

hours following onset of fever.28 Between 10% and 

20% of patients develop fulminant sepsis, charac-

terised by purpura, hypotension, myocardial dys-

function, and finally multiorgan failure, with a 

high mortality rate.28

Meningitis without sepsis typically presents with 

vomiting, photophobia, headache, stiff neck, al-

tered level of consciousness ranging from obtun-

dation to coma, and in infants, a bulging fontanel 

or refusal to feed. Skin lesions are rare in meningi-

tis without sepsis.29

It is important to take into account that symptoms 

of meningococcal disease, with or without sepsis, 

may be nonspecific in the early hours and can be 

mistaken for signs of a viral infection.17,30

In rare cases, meningococcal infection can cause 

other conditions, such as arthritis, pneumonia, en-

docarditis, or pericarditis.29

Diagnosis

Early diagnosis of meningococcaemia is particu-

larly challenging and requires a high level of clini-

cal suspicion and microbiological confirma-

tion.16,31

The most sensitive testing method is the polymer-

ase chain reaction (PCR), whose results are not af-

fected by prior treatment with antibiotics. PCR 

methods are also used to confirm the genotype 

(serogroup) and subgenotypes (serosubtypes). Real 

time PCR is the most frequently used technique.

Still, bacterial culture of a bodily fluid that is sterile 

under normal conditions, such as blood or cerebro-

spinal fluid (CSF), or the Gram stain procedure for 

CSF, continue to be the most widely used methods 

in hospital settings. It is important to note that the 

sensitivity of these methods declines considerably 

after initiation of antibiotic therapy.3,16

Nonculture methods, such as the use of commer-

cially available kits to detect polysaccharide anti-

gen in the CSF, have been developed to facilitate 

and enhance laboratory diagnosis. These methods 

are rapid and specific and can provide a serogroup-

specific diagnosis, but false negative results are 

common, and there can be cross-reactivity with 

other serogroups, especially in infection by sero-

group B3. Consequently, these methods are not 

usually included among those accepted for confir-

mation of a case.

Isolation of the bacterium from nasopharyngeal 

swabs is not sufficient for diagnosis. It is only in-

dicative of colonisation, and therefore its use is not 

recommended for diagnosis of invasive disease.16

Treatment

Meningococcal disease is potentially fatal and 

must always be considered a medical emergency.32 

Early antibiotic therapy is one of the most impor-

tant factors in the prognosis of the disease, so 

treatment should be initiated during the visit to 

the healthcare centre, before the patient is re-

ferred to the hospital.

The treatment of choice is cefotaxime or ceftriax-

one until antimicrobial susceptibility testing re-

sults are available.16,32

During hospitalisation, the only precaution neces-

sary is preventing contact with respiratory secre-

tions of the patient (droplet isolation) for the first 

24 hours of antibiotic treatment.

Prevention

Chemoprophylaxis

There are two types of transmission sources: the 

asymptomatic carrier and the symptomatic patient. 

Secondary cases of disease can be prevented by 

eradication of the carrier status of those individuals 

likely to have colonisation of the upper respiratory 

tract, such as contacts in a nursery or school, or the 

household members of an index patient.31

The risk of contracting the disease from contact 

with a patient is highest in the first days of the dis-
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ease (from a week prior to onset of symptoms to 

24 hours after the index patient starts the appro-

priate antibiotic treatment).3,16 The attack rate of 

meningococcal disease in individuals in close con-

tact with the patient has been estimated to be be-

tween 400 and 800 times greater than in the gen-

eral population. In these cases, nasopharyngeal 

cultures are not useful to determine who needs 

chemoprophylaxis, and is thus not recommend-

ed.33

The purpose of chemoprophylaxis is to lower the 

risk of acquiring invasive disease by eradicating 

carrier status in contact groups. Chemoprophy-

laxis succeeds in reducing the risk of contracting 

the disease by more than 80%. The antibiotics ad-

ministered as chemoprophylaxis are meant to 

eradicate nasopharyngeal carrier status and must 

be administered as soon as possible, as they are 

likely to be of little or no benefit if given more than 

14 days after the onset of disease in the index pa-

tient.3,16

Two of the antibiotics most recommended and 

widely used in clinical practise are rifampicin and 

ciprofloxacin. The efficacy of ofloxacin, azithro-

mycin, and ceftriaxone has also been demon-

strated, although the usefulness of azithromycin 

is debated due to the observed bacterial resist-

ance.16,31

Since secondary cases may appear several weeks 

after contact with the index case, vaccination 

against meningococcus can be a very useful com-

plement to prophylaxis when an outbreak is 

caused by a serogroup for which there is an avail-

able vaccine.33 However, mass chemoprophylaxis 

programmes are not recommended to control 

large outbreaks of meningococcal disease. This ap-

proach is impractical and unlikely to be successful 

due to several factors, such as the multiple sources 

of infection, the prolonged risk of exposure, logis-

tic problems, and high cost.3

Vaccination

The most effective preventive strategy to control 

meningococcal disease is vaccination.3,34 To have 

optimal impact on prevention of this disease, the 

vaccines must be included for administration at an 

early age in childhood immunisation schedules.4

Types of meningococcal vaccines

Unconjugaged polysaccharide vaccines. The earli-

est effective meningococcal vaccines based on pu-

rified capsule polysaccharide were developed in 

the 1960s against serogroups A and C, followed by 

similar vaccines against serogroups Y and W135 in 

the 1980s. These vaccines have played a promi-

nent role in disease prevention for decades, but 

have significant limitations35: they are not immu-

nogenic in infants, they do not induce immuno-

logical memory, and they do not confer mucosal 

protection, and thus cannot induce herd immuni-

ty.34,36 The development of conjugate vaccines 

against these serogroups has been an essential 

step in establishing long-term protection. Howev-

er, it was not possible to develop a vaccine against 

serogroup B using its capsule polysaccharides. 

Conjugate vaccines. Glycoconjugate vaccines 

against serogroup C were developed in the 1990s. 

Since 1999, they have been introduced in several 

European countries (first in the United Kingdom 

and Spain, then gradually in others), Australia, Unit-

ed States, and Canada. Conjugation was able to 

overcome the limitations of polysaccharide vac-

cines.

Monovalent formulations against serogroup C 

were followed by multivalent glycoconjugate for-

mulations, and in 2005 the first glycoconjugate 

vaccine against serogroups A, C, Y and W135 was 

licensed for use in the United States. Currently, 

there exist 3 quadrivalent conjugate vaccines 

against serogroups A, C, Y and W135, which differ 

in their transport protein component,34,37 although 

only 2 of them are currently available in Spain, re-

quiring prescription and restricted to hospital use.

A glycoconjugate vaccine against serogroup A has 

been available since December 2010. The vaccine 

aims to control disease caused by this serogroup, 

whose rate of incidence in the African meningitis 

belt is high.34,37
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This vaccine came from a novel experience com-

bining the efforts of international organisations 

such as the WHO and of corporate enterprise. The 

vaccine can help control this disease in a region 

where poverty and limited resources pose barriers 

to the solution of major public health problems, as 

is the case of meningitis caused by group A menin-

gococcus.

The use of meningococcal conjugate vaccines has 

been a key step in the prevention of the disease. 

However, meningitis caused by serogroup B 

meningococcus has yet to be controlled.

Effectiveness of vaccination strategies. Throughout 

time, different vaccination strategies have proven 

to be effective in controlling meningococcal infec-

tion. In the early 1990s there was an increase in the 

incidence of invasive cases by serogroup C in Eu-

rope. After the introduction of conjugate vaccines 

against this serogroup in the routine immunisation 

programmes of several European countries, the in-

cidence of disease caused by serogroup C dropped 

dramatically, and the vaccine had proved its ability 

to induce herd immunity. The postvaccination re-

duction in serogroup C has led to the current pre-

dominance of serogroup B.9,36,38

Specific data from European countries, such as the 

United Kingdom, the Netherlands, or Spain, dem-

onstrate this fact. In the United Kingdom, the use 

of the conjugate vaccine against meningococcus C 

(introduced in its routine childhood immunisation 

schedule in 1999, including a catch-up dose to be 

given at up to 18 years of age) was associated with 

a significant and sustained reduction of invasive 

meningococcal disease caused by this serogroup, 

with rates of only 0.02 per 100 000 inhabitants (a 

reduction from 955 cases to 13) in the 2008–2009 

period.36,38

In the Netherlands, the conjugate vaccine against 

meningococcus C was introduced in the routine 

immunisation schedule in 2002 with a single dose 

at 14 months. The same vaccine was used to im-

plement a national catch-up campaign in children 

1 to18 years of age, with a coverage of approxi-

mately 94%.39

The vaccine was introduced in the Spanish rou-

tine immunisation schedules in 2000 to be ad-

ministered at 2, 4, and 6 months of age, along 

with a catch-up programme for children younger 

than 6 years that was later expanded to age 18 

years, although the schedule varied widely be-

tween the country’s various autonomous com-

munities and depending on the year it was intro-

duced. The incidence of disease in infants and 

children aged up to 9 years declined from 7.04 

cases per 100 000 inhabitants (1999–2000) to 

1.08 per 100 000.36 The effectiveness of the pro-

gramme has been 95.2% for infants and 97.8% for 

catch-up immunisation of children younger than 

6 years.40 Population protection has been less 

pronounced than in other countries, since the 

catch-up campaign initially targeted children 

younger than 6 years and did not include adoles-

cents, the age group with the highest rate of car-

riers.40 While a vaccine effectiveness of 94% was 

observed 4 years after the introduction of the 

conjugate vaccine in the Spanish immunisation 

schedule, a loss in protection was also detected in 

children who had been vaccinated but had not 

received a booster dose at 12 months of age.40 

This led to the modification of the original sched-

ule, postponing the administration of the third 

dose to the second year of life.40

Evolution of meningitis cases by serogroups in 

Spain following routine vaccination against sero-

group C. A significant drop in infection by sero-

group C was observed after the introduction of the 

conjugate vaccine (year 2000), while the incidence 

of disease caused by serogroup B had not declined 

and was actually rising (Figure 1).41 In a ten-year 

period, there has been an 88% decline in the inci-

dence rate of meningitis C (1999–2000 compared 

with 2009–2010)12. The same is true of hospitali-

sation and mortality rates, which have experi-

enced a considerable drop.14 However, the overall 

reduction in number of cases is lower than the one 

observed in the United Kingdom or the Nether-

lands,9 probably due to the low coverage of adoles-

cents in catch-up campaigns in some of Spain’s 

autonomous communities.
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Figure 2 also shows that the introduction of the 

conjugate vaccine has resulted in a decrease in 

cases caused by serogroup C, while the changes in 

disease caused by serogroup B have been minor.12

Vaccines against serogroup B

The capsule polysaccharide of serogroup B has a 

high antigenic similarity with saccharides of hu-

man neural tissue and is poorly immunogenic in 

humans. The use of serogroup B meningococcus 

polysaccharides for the development of vaccines 

has been limited by the theoretical risk that these 

vaccines could overcome immunologic tolerance 

and induce autoimmunity. Consequently, strate-

gies for developing vaccines against serogroup B 

disease have focused primarily on noncapsular an-

tigens.3,43

Outer membrane vesicle vaccines. Early attempts 

to develop a vaccine against serogroup B N. menin-

gitidis were based on outer membrane vesicles 

(OMVs), which contain several immunogenic anti-

gens, including lipo-oligosaccharide and porin A 

(PorA). However, lipo-oligosaccharide is an endo-

toxin that can be harmful to the host, and while 

attempts have been made to remove it by treat-

ment with detergents, it cannot be eliminated 

completely and results in a higher reactogenicity. 

Consequently, lipo-oligosaccharide is no longer in-

cluded in the formulation of OMV vaccines, and 

PorA is now their main antigen.44

While PorA in OMV vaccines induces a robust im-

mune response, it is highly variable in serogroup B 

strains.45 Therefore, vaccines based on this compo-

nent produce a strain-specific immune response. 

They are also not sufficiently immunogenic in in-

fants.34,44,46.

At present, OMV vaccines are the only vaccines 

available to control outbreaks of specific hypervir-

ulent strains of MenB, and they only confer short-

term protection. These vaccines are only effective 

in outbreaks caused by a strain that expresses the 

specific PorA contained in the vaccine.

OMV vaccines against MenB have been developed 

and used in Cuba (routinely for 20 years), Norway 

(in controlled clinical trials), New Zealand (during 

an outbreak), 47 recently in Normandy (France), 48 

and years ago in Brazil.49 This limits their use in re-

gions like North American or Europe, where sero-

Figure 1. Evolution of meningitis B and C cases in an 8-year span in Spain
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group B disease is caused by a wide range of sero-

subtypes.36,37,44,45,50,51

Studies with OMV vaccines show that a vaccine 

with multiple antigens is more likely to cover a 

larger number of N. meningitides strains, facilitat-

ing an immune response against a greater number 

of different strains, and thus greater protection 

against meningococcal disease.44

Table 2 shows a summary of the studies done with 

OMV vaccines.52

Latest-generation vaccines. The considerable di-

versity of outer-membrane proteins that cause se-

rogroup B disease, as well as geographic and pos-

sibly temporal variations, may limit the usefulness 

of noncapsular antigen vaccines.3 As we saw 

above, development of a vaccine against sero-

group B has been based on candidate antigens, 

but this approach has yielded few results.34

rLP2086 vaccine. Currently, vaccines based on Fac-

tor H binding proteins (fHbps) are being investi-

gated. These proteins segregate into two subfami-

lies, designated A and B. Vaccines can be 

monovalent or bivalent depending on whether 

they contain one or both subfamilies of the pro-

tein. It has been observed that the bivalent vaccine 

(currently being developed by Pfizer),53 composed 

by both types of fHbp, elicited greater bactericidal 

activity against the MenB strains expressing these 

types of fHbp than monovalent vaccines. Bivalent 

rabbit immune sera in serum bactericidal antibody 

assays (SBAs) against several strains of MenB killed 

87 of the 100 tested isolates. Bivalent human im-

mune sera killed 36 of 45 MenB isolates. The best 

predictor for killing in the SBA was the level of in 

vitro surface expression of fHBP.34,54 The bivalent 

vaccine is currently undergoing phase III clinical 

trials. 

4CMenB vaccine. Novartis Vaccines and Diagnos-

tics has developed a new vaccine against sero-

group B based on four components, to which we 

devote a specific section due to its novel character 

and its upcoming availability.

Figure 2. Meningococcal disease. Total cases and main serogroups. Seasons 1996–1997 through 2008–2010
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THE FOUR-COMPONENT VACCINE AGAINST 
MENINGOCOCCUS B: A NEW VACCINE 
APPROACH AGAINST SEROGROUP B 
MENINGOCOCCUS

Reverse vaccinology

Traditionally, vaccine development has been based 

on laboratory culture of organisms for the isola-

tion and potential manipulation of their compo-

nents. Once components are isolated, they are 

tested for their ability to elicit an immune re-

sponse. Identifying antigen candidates for vaccine 

development by this method is very time consum-

ing, and the method cannot be used to develop 

vaccines against pathogens that lack immuno-

dominant antigens, such as capsular antigens or 

toxins.

Reverse vaccinology starts from the genomic se-

quence of the microorganism. Specialised bioin-

formatic software is used to analyse the open 

reading frames (ORFs) in the sequence, that is, 

known genes and DNA fragments that may en-

code different types of surface proteins in the bac-

terium (even if their function, regulation, etc. are 

unknown), determining the regions of the genome 

that may encode certain functions. This allows the 

identification of antigens that are most likely to be 

vaccine candidates. Vaccines are prepared with the 

selected antigens, and then tested in animal mod-

els before the development of the final prod-

uct.55,56

The reverse vaccinology approach has the advan-

tage that the genome of the microorganism offers 

a catalogue of virtually all the proteins that the 

pathogen can express at any given time, whether 

they are expressed in vivo or in vitro. This facilitates 

the selection of the proteins that may be surface-

exposed starting from the genome, and not the 

microorganism.55 Despite having some limitations 

(the inability to identify non-protein antigens, 

Table 2. Summary of studies of outer membrane vesicle vaccines
Location Study period Age group Vaccine immunogenicity (% of individuals  

with fourfold increase of bactericidal antibodies  
in serum)

Cuba 1987-1989 10-14 years 83
1987-1989 5 months-24 years 83-94

Chile 1987-1989 1-21 years 51
Norway 1988-1991 13-21 years 57.2
Brazil 1989-1990 3 months-6 years 47-74

1990-1991 3 months-6 years 0-74
Chile 1994 <12 months Homologous strain >90

Heterologous strain 0
2-4 years Homologous strain >67

Heterologous strain 31-35
7-30 years Homologous strain >67

Heterologous strain 37-60
Netherlands 1996 2-8 years 16-100
New Zealand 2001-2006 6 months-20 years 73

2004-2006 6 months-5 years 80

6 months-3 years 84.8

France 2006-2009 2 months-19 years After 2 dose 37
After 2 + 1 dose at week 6 88
After 2 + 1 dose at 15 months 56

United Kingdom 2009 Adults 8-31
United States 2011 Adults 41-81

Adapted from Panatto et al.52.
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such as polysaccharides or glycolipids56,57), it has 

been a momentous breakthrough in the develop-

ment of protein-based vaccines against complex 

microorganisms.

Design of the four-component vaccine against 

meningococcus B by reverse vaccinology

The development of a serogroup B meningococcal 

vaccine constitutes the first example of the suc-

cessful application reverse vaccinology.56,57 Devel-

opment started by screening the genome of one 

MenB strain, which led to the identification of 

around 600 ORFs. All these ORFs were amplified by 

PCR and cloned in Escherichia coli. A total of 350 

recombinant proteins were expressed, purified, 

and used to immunise mice.34,55,58,59

The sera obtained from the mice were then tested 

with several assays: Western blot to confirm that 

each protein was expressed in vivo and localised in 

the outer membrane; enzyme-linked immuno-

sorbent assay (ELISA) and fluorescence-activated 

cell sorter analysis were performed to verify the 

surface-localisation of the expressed proteins. Fi-

nally, the sera were tested for bactericidal activity, 

which is a correlate for protection in humans. The 

immunogenicity analysis identified 28 protein an-

tigens that could induce bactericidal antibodies in 

serum.34,55,58,59

Of these 28 antigens, a few were highly conserved 

in a group of MenB strains and were immunoreac-

tive to sera from convalescent patients with 

meningococcal disease. The selected antigens 

were prioritised based on their ability to induce 

broad protection as inferred by SBA or observed in 

passive protection in the infant rat or mouse pro-

tection assays. The three antigens that met these 

criteria were the neisserial heparin-binding anti-

gen (NHBA), and genome-derived neisserial anti-

gens: GNA2132, GNA1870 or fHbp, and GNA1994 

or neisserial adhesin A (NadA). Two additional an-

tigens, GNA1030 and GNA2091, were included be-

cause they induced protective immunity in some 

assays, and fused to NHBA and fHbp, respectively. 

Still, none of them induced a broad enough protec-

tive response to cover all tested strains. Since the 

combination of several antigens in a single vaccine 

confers enhanced protection, the key antigens 

were combined into a multicomponent vaccine.60  

Figure 3 shows the process of vaccine develop-

ment.

Vaccine components (antigens) and doses of each 

component

Originally the vaccine was formulated with 3 com-

ponents—the antigens fHbp, NadA, and NHBA—

and called recombinant MenB vaccine (rMenB). 

Later on, OMVs derived from a Norwegian strain 

(OMVnw) were added to the formulation, and 

some trials were conducted with this combination 

(rMenB + OMVnw). Finally, the Norwegian OMVs 

were replaced by New Zealand strain OMVs, which 

offer broader coverage, giving rise to the rMenB + 

OMVnz vaccine, also known as the 4CMenB in ref-

erence to its four components.34

The vaccine is administered by intramuscular in-

jection in 0.5 mL doses. Its composition consists 

of34,50,61:

  50 µg recombinant Neisseria meningitidis B 

NHBA-GNA1030 fusion protein.

  50 µg recombinant Neisseria meningitidis B 

NadA protein.

  50 µg recombinant Neisseria meningitidis B 

GNA2091-fHbp fusion protein.

  25 µg OMV from Neisseria meningitidis B strain 

NZ98/254, measured as the amount of protein 

contained by PorA P1.4.

The NadA, GNA2091-fHbp, and NHBA-GNA1030 

components are adsorbed onto 1.5 mg of alumini-

um hydroxide, 3.25 mg of sodium chloride, and 10 

mM of histidine.

The antigens included in the vaccine perform the 

following functions in the bacterium34:

  NadA: there are 5 known variants (Nad1-

Nad5). Its function is to promote adhesion 

and invasion of host epithelial cells, so it may 

play an important role in carriers of the dis-

ease. It also binds to monocyte-derived den-
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Figure 3. Process of vaccine development by reverse vaccinology of the 4CMenB vaccine

Mining of genome with bioinformatic 
software to select potential antigens

Amplification of genes by PCR  
and cloning of genes

Protein overexpression  
in E. coli

Mice immunised with  
purified proteins

Five candidate antigens formulated for  
use in vaccine (NadA, GNA1030 fused with 
GNA2132, and GNA2091 fused with fHbp)

Confirmation of immunogenicity by SBA 
assay looking at bacterial lysis in presence of 

antibody and complement

Confirmation of surface expression by 
FACS and ELISA

ELISA: enzyme-linked immunosorbent assay; FACS: fluorescence-activated cell sorting; PCR: polymerase chain reaction;  

SBA: serum bactericidal activity.

Adapted from Tan et al.7.
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dritic cells and macrophages, which may en-

hance the immune response to NadA 

following its ingestion and presentation to 

lymphocytes. Thus, the generation of specific 

antibodies against this protein could interfere 

with colonisation, and thus prevent carrier 

status, although the real impact on carriage 

remains unknown.

  fHbp: it is an N. meningitidis surface lipopro-

tein and it is classified into 3 variants (1–3) ac-

cording to some authors, and into 2 subfami-

lies (A for variants 2 and 3, and B for variant 1) 

according to others. This lipoprotein binds the 

host complement alternative pathway inhibi-

tor (Factor H), helping the bacterium evade 

complement-mediated killing and increasing 

its survival. It also binds the bacterial sidero-

phore enterobactin in vitro. Blocking this lipo-

protein can help the immune system kill the 

microorganism.

  NHBA: it is a surface-exposed lipoprotein of N. 

meningitidis that is a target of both meningo-

coccal and human proteases and binds to hep-

arin in vitro. In the absence of the bacterial cap-

sule, binding to heparin is associated to 

increased survival of N. meningitidis in human 

serum, and might facilitate adherence to host 

tissues. However, we still know little about this 

antigen.

  OMVnz: the outer membrane vesicles come 

from a New Zealand epidemic strain, NZ 

98/254 (B:4:P1.7-2,4), and were used in the de-

velopment of vaccines to control an outbreak 

in this country.62 However, its protection is 

highly specific, as it mainly confers immunity 

against its immunodominant antigen, PorA, 

which is highly variable. Its inclusion in the 4 

CMenB vaccine increases its immunogenicity, 

and offers protection against the strains that 

express PorA subtype P1.4.

In order to evaluate the immunogenicity of each 

protein component of the 4CMenB vaccine, clinical 

trials have used specific strains that express only 

one of the antigens that compose the vaccine, so 

that the response to each of the four components 

could be assessed separately. The strains used in 

clinical trials have been 44/76-SL (fHbp response), 

NZ98/254 (PorA response), 5/99 (NadA response), 

and M10713 (NHBA response). The last one was 

identified later than the others and has only been 

analysed in recent studies.

Clinical development and compatibility  

with other vaccines

Tables 3 and 4 (source available at http://dx.doi.

org/10.1016/j.anpedi.2013.04.013) present the 

available information on the clinical trials of the 

4CMenB vaccine, and their main results.34

The clinical development of the vaccine has 

shown that it is both safe and immunogenic in 

children as well as adults. It induces immunologic 

memory and it is compatible with routinely used 

vaccines. In regards to safety, the most commonly 

observed local and systemic reactions in infants 

and children younger than 2 years were pain upon 

applying pressure and erythema at the site of in-

jection, fever, and irritability. In clinical trials in 

infants, fever developed more frequently when 

4CMenB was administered concomitantly with 

routine vaccines than when it was administered 

alone. When 4CMenB was administered alone, 

the frequency of fever was similar to the frequen-

cy of fever associated to routine vaccines adminis-

tered during the clinical trials. When fever devel-

oped, it usually followed a predictable and 

self-limiting pattern (onset at 6 hours, peak at day 

2, end at day 3) and was clinically unimportant. 

Fever could be prevented by prophylactic adminis-

tration of paracetamol.

Vaccine coverage (Meningococcal Antigen  

Typing System)

The necessary steps to evaluate the potential im-

pact of the 4CMenB vaccine are:

  Demonstrating its immunogenicity by means 

of SBAs using human complement (hSBA) and 

calculating its protection rate based on the ac-

cepted surrogate markers of protection.
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  Calculating the strain coverage (proportion of 

circulating disease-causing strains in a region 

or country that are potentially killed by im-

mune serum produced by the vaccine). The po-

tential coverage of a vaccine against serogroup 

B depends on this calculation.

Up to now, the efficacy of vaccines against dis-

eases like MenB, with low incidence rates, that 

preclude conducting efficacy clinical trials that 

require the enrolment of a large number of sub-

jects, has been estimated by means of surrogate 

protection parameters. In the case of meningo-

coccal disease, efficacy has been inferred from 

SBA results. Serum bactericidal antibody assays 

have been used to demonstrate the immuno-

genicity of this new vaccine against serogroup B, 

testing the four strains that were the source of 

the different vaccine antigens against sera from 

immunised individuals.60 Still, conducting clinical 

trials to assess the overall protective efficacy of 

this vaccine, as has been done with conjugate 

polysaccharide vaccines, is not a viable option. In 

the evaluation of polysaccharide vaccines, the an-

tigen is common to all strains of the serogroup, so 

sera are tested against a single strain that ex-

presses the antigen. In the case of the four-com-

ponent vaccine against serogroup B, each serum 

sample would have to be tested against hundreds 

of strains expressing all or most of the possible 

antigenic variants of the serogroup, which is obvi-

ously not feasible.

The Meningococcal Antigen Typing System (MATS) 

is a standardised and reproducible method devel-

oped to assess the potential strain coverage of the 

4 CMenB vaccine against specific meningococcal 

strains susceptible to be killed by vaccine-induced 

antibodies,71 although it could be used in other 

vaccines.

The MATS uses a vaccine-antigen specific enzyme 

immunoassay (ELISA) that detects qualitative and 

quantitative differences in antigen expression; 

thus, it measures both immunologic cross-reactiv-

ity and the quantity of expressed NHBA, NadA, and 

fHbp antigens. It also includes PorA genotyping 

information to assess the potential coverage with 

this antigen. The results obtained using ELISA cor-

related with the killing of strains in SBAs, and it 

was found that isolates exceeding a threshold 

value (positive bactericidal threshold [PBT]) in the 

ELISA for any of the three vaccine antigens had a 

≥80% probability of being killed by immune serum 

in the SBA. Strains positive for two or more anti-

gens had a greater probability (96%) of being killed 

in the presence of sera from immunised individu-

als. The MATS assay allows typing of large panels 

of strains and prediction of the potential coverage 

of the vaccine.

Thus, the vaccine’s strain coverage is defined as the 

proportion of circulating strains that exceed the 

PBT for at least one vaccine antigen (NadA, NHBA, 

or fHbp) in the MATS or are matched to the PorA 

subserotype of the OMV component of the vaccine 

(P1.4).

The MATS can be used to monitor possible chang-

es in the endemic population of MenB over time, 

monitoring the distribution of vaccine antigens in 

isolates of MenB carriers and individuals with 

MenB disease following the introduction of the 

vaccine, and to detect the possible emergence of 

variants resistant to the vaccine.71,72 Using MATS, 

a study that tested a panel of 1052 MenB strains 

from 5 European countries (Germany, France, Eng-

land and Wales, Italy, and Norway [EU5]) predicted 

that the 4CMenB vaccine would cover 73% to 87% 

of the strains.73 The data obtained from a similar 

study in Spain74 showed a potential strain cover-

age of 69%, only slightly lower than the one pre-

dicted by the EU5 study. This difference may be 

due to a different distribution of meningococcal 

clonal lineages associated to clinical cases in 

Spain.
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RECOMMENDED VACCINATION STRATEGY: 
POSOLOGY PROPOSED TO THE EUROPEAN 
MEDICINES AGENCY

Table 5 presents the posology proposed to the Eu-

ropean Medicines Agency.

CONCLUSIONS

The main conclusions of the working group on the 

consensus document for the 4CMenB vaccine are 

the following:

  The 4CMenB vaccine is safe and immunogenic 

in infants, children, adolescents, and adults, 

and it induces immunological memory.

  The systemic reactogenicity of the 4CMenB 

vaccine (incidence of fever) is greater than that 

of routine vaccines when it is administered 

concomitantly with the latter (although its re-

actogenicity is similar to that of routine vac-

cines when administered alone), and the pat-

tern of fever is predictable and self-limiting. 

The 4CMenB vaccine is compatible with most 

routine vaccines included in the Spanish im-

munisation schedule, and it can be adminis-

tered concomitantly with the currently availa-

ble hexavalent and pentavalent vaccines, as 

well as with the heptavalent pneumococcal 

conjugate vaccine. There are still no data on the 

concomitant administration with the menin-

gococcal serogroup C vaccine and broad-spec-

trum pneumococcal vaccines.

  The new 4CMenB vaccine is estimated to cover 

between 70% and 80% of the circulating strains 

in Europe.

  At present, the 4CMenB vaccine is the only 

available strategy to prevent meningococcal 

disease caused by serogroup B.
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Table 5. Indications proposed to the European Medicines Agency (pending approval)
Population Age Dose  

schedule
Intervals Recommended  

booster dose
Infants 2 to 5 months 3 1 to 2 months At 12-23 months

Unvaccinated infants 6 to 11 months 2 2 months
At 12-23 months;
≥2 months after the primary series

Children 12 months to 10 years 2 2 months –
Adolescent and adults 11 years and older* 2 1 to 2 months –

*The immunogenicity and safety profile of 4CMenB has not been studied in adults older than 50 years.
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