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Abstract
Meningococcal disease remains one of the most feared infectious diseases because of its sudden onset, rapid progression and high case fatality rates, while survivors are often left with severe long-term sequelae. Young children have the highest incidence of invasive meningococcal disease (IMD) and nearly all cases in the UK, as in most of Europe and many other industrialised countries, are due to group B meningococci (MenB). The licensure of a broad-coverage, recombinant protein-based MenB vaccine (4CMenB) in 2013 was, therefore, heralded a major breakthrough in the fight against IMD. This vaccine was, however, licensed on immunogenicity and reactogenicity studies only, raising uncertainties about field effectiveness, long-term safety and antibody persistence. In 2015, the UK became the first country to implement 4CMenB into the national infant immunisation schedule and, since then, several countries have followed suit. Seven years after licensure, a wealth of real-world data has emerged to confirm 4CMenB effectiveness, along with large-scale safety data, duration of protection in different age groups, successful strategies to reduce vaccine reactogenicity, impact on carriage in adolescents and the potential for 4CMenB to protect against other meningococcal serogroups and against gonorrhoea. A number of questions, however, remain unanswered, including the investigation and management of vaccine-associated fever in infants, as well as disease severity and assessment of breakthrough cases in immunised children. Increasing use of 4CMenB will provide answers in due course. We now have vaccines against all the major serogroups causing IMD worldwide. Next-generation and combination vaccines against multiple serogroups look very promising.



Introduction
Neisseria meningitidis (the meningococcus) is a major cause of septicaemia and bacterial meningitis worldwide.1 Despite extensive awareness campaigns and improvements in healthcare and intensive care delivery, case fatality rates and severe neurodevelopmental sequelae among survivors of invasive meningococcal disease (IMD) remain unacceptably high.2 Twelve meningococcal serogroups are recognised, of which five (A, B, C, W and Y) are responsible for most IMD cases worldwide, although cases due to serogroup X have been increasing in the African meningitis belt.3 IMD incidence and serogroup distribution varies geographically and over time as new strains emerge and existing strains decline because of natural immunity or vaccination. In Europe and many industrialised countries, group B meningococci (MenB) are currently responsible for the majority of IMD cases, especially in young children and adolescents.4 Whilst capsular polysaccharide vaccines – and, more recently, polysaccharide-conjugate vaccines – against serogroups A, C, W and Y have been available for several decades,4 similar vaccines against MenB have been difficult to develop due to structural similarities of its capsular polysaccharide with human foetal neural cell adhesion molecules, rendering it poorly immunogenic.1 
After more than 20 years in development, the licensure of the protein-based vaccine, 4CMenB (Bexsero®, GSK), in Europe in January 2013 was heralded a major breakthrough in the fight against IMD.1 This was the first broad-coverage MenB vaccine based on recombinant proteins, and is the only one approved for use in infants from 2 months of age.5 In January 2015, the United States also approved 4CMenB for use in 10-25 year-olds.6 7 4CMenB was licensed on immunogenicity and reactogenicity studies only, and as such there were initial concerns about its effectiveness and safety. Seven years on, a wealth of data has emerged following 4CMenB use in large populations. Here we summarise the real-world experience of 4CMenB use since its licensure.
MenB Vaccines
The first MenB vaccines were developed in the 1970s to tackle large outbreaks caused by single MenB strains.8 These vaccines use the wild-type Outer Membrane Vesicle (wtOMV) of the outbreak strain and are effective in controlling single-strain epidemics but offer little cross-protection against other MenB strains. One such vaccine (MeNZB) was developed and successfully used to control an IMD outbreak in New Zealand due to sequence type 41/44 [ST41/44] in the early 2000s.9 
The problem with developing broad-coverage meningococcal vaccines is the significant antigen variability displayed by meningococci. A promising development for MenB vaccines came using reverse vaccinology whereby genome sequencing and complex bioinformatics were used to identify potential vaccine antigens which were then tested for their ability to produce bactericidal antibodies.10 The most immunogenic antigens were then combined to provide broad protection against invasive MenB strains.11 4CMenB is the first such vaccine to become licensed and includes the recombinant proteins Neisserial adhesin A (NadA), factor H binding protein (fHbp) and Neisseria Heparin Binding Antigen (NHBA) which are exposed on the meningococcal surface, as well as the OMV containing a major PorA antigen from the New Zealand outbreak ST41/44 strain (Figure 1).11
Another broad-coverage vaccine, MenB-FHbp (Trumenba®, Pfizer) received EMA approval in 2017. This vaccine contains two recombinant factor H binding proteins (fHbp) from separate subfamilies (A and B), antigens that are present in nearly all MenB strains. So far, the vaccine has not been implemented in any national or regional immunisation programme but has been successfully used to control MenB outbreaks in US universities.12 MenB-FHbp has been reviewed elsewhere recently.13

Immunogenicity
Given the low incidence of IMD, performing appropriately powered clinical trials to demonstrate protection against invasive disease prior to licensing is unfeasible due to the large number of participants required. Meningococcal vaccines are, therefore, licensed based on immunogenicity, reactogenicity and safety. The World Health Organization (WHO) accepts the serum bactericidal antibody assay with rabbit (rSBA) or human complement (hSBA) as a serocorrelate of protection against IMD  and this had been used as the basis of licensing glycoconjugate vaccines against meningococcal serogroups A, C, W and Y.14  
Determining the proportion of circulating MenB strains that would be killed by 4CMenB, however, would require hSBA assays against a wide panel of invasive strains and, therefore,  large volumes of serum and complement, especially from infants, which is impractical. To circumvent this, the Meningococcal Antigen Typing System (MATS) was developed and standardised globally to predict whether an invasive MenB strain is potentially preventable by 4CMenB.15 MATS combines an enzyme-linked immunosorbent assay (ELISA) to measure the immunological cross-reactivity for three 4CMenB protein antigens (fHbp, NadA, and NHBA) with genetic typing of the PorA variable 2 (VR2) region, to predict susceptibility of MenB strains to killing in the hSBA assay. MATS is considered a conservative predictor for MenB strain coverage in different countries.15 16 17 
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	Factor H binding protein (fHbp) – binds factor H, which enables bacterial survival in the blood 
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	Neisserial adhesin A (NadA) – promotes adherence to and invasion of human epithelial cells, which may be important for colonisation
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	Neisseria heparin-binding antigen (NHBA) – present in virtually all strains and binds heparin, which may promote bacterial survival in the blood
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	Outer Membrane Vesicle (OMV) incorporating the New Zealand PorA P.1.4 antigen – shown to induce strain-specific bactericidal antobody response when used in the New Zealand MenB outbreak


Figure. The 4 major antigens contained in 4CMenB (Bexsero®)

In England and Wales, for example, a comparative analysis of MATS and hSBA using a representative panel of MenB strains causing IMD during 2007-08 reported a MATS-predicted coverage of 70% (95% CI, 55-85%) compared to 88% killing in the hSBA (95% CI, 72-95%).18 Global MATS positivity estimates range from 66% in Canada to 91% in  the US.15 MATS, has, however, been shown to correlate with high rates of individual seroprotection,17  and, in one study, MATS-positive MenB isolates were associated with more severe disease and outcomes in children than MATS-negative isolates in the absence of vaccination.2  A notable limitation of MATS is that it can only predict coverage against cultured meningococci and cannot predict coverage for PCR-confirmed cases which account for around 50% of confirmed IMD cases in the UK.1,19 A new technique, the genetic Meningococcal Antigen Typing System (gMATS), bypasses this limitation by predicting vaccine coverage comparing the genetic sequences of the fHbp, NHBA and NadA antigens to reference strains in the PubMLST database, instead of using ELISA as in the standard MATS assay. Thus, gMATS could potentially be used to predict vaccine coverage directly from clinical samples without the need for culturing the meningococci. Similarly to MATS, however, gMATS also underestimates the vaccine coverage of strains.20 

4CMenB impact and effectiveness
In September 2015, the UK became the first country to implement 4CMenB into its publicly funded national infant immunisation programme. Although initially not considered cost-effective, the Joint Committee on Vaccination and Immunisation (JCVI) subsequently recommended the introduction of 4CMenB at a reduced two-dose infant priming schedule (2+1) instead of the licensed three-dose (3+1) schedule.21 The decision was based on the results of a randomised controlled trial where infants received 4CMenB at 2, 4 and 6 months of age, but a blood sample taken one month after the second priming dose found that nearly all infants achieved seroprotective antibody thresholds against at least one vaccine antigen.22  As with all other infant vaccines in the national immunisation programme, uptake was very high and, within 10 months of the programme, MenB cases halved in vaccine-eligible infants, irrespective of vaccination status of the cases or strain coverage by 4CMenB.19 Vaccine effectiveness for two doses in infancy was estimated to be 82.9% in infants (aged <12 months). This was very reassuring given that a retrospective MATS analysis of MenB strains in England estimated only 66% MenB strain coverage by 4CMenB in infants during 2014-15, the year prior to 4CMenB implementation.17 After three years, 4CMenB continues to protect children against MenB disease at least until their third birthday; in England, there has been a 75% reduction in age-groups that were fully eligible for vaccination, irrespective of vaccine uptake, immunisation status of cases or strain coverage by 4CMenB.23 An estimated 277 cases were prevented compared to 169 cases confirmed (62% reduction) during the first three years of the programme. This trend has continued into the fourth year of the programme, with further reductions in MenB disease in children aged <5 years (Figure 2). 
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Figure 2. Meningococcal B (MenB) cases in children under 5 years of age during 2014/15-2018/19 surveillance years (September to August following year) in England (solid line) compared to MenB cases predicted by trends among unvaccinated cases (dashed line) over the same period. The arrow indicates the start of the MenB infant immunisation programme. Only half the birth cohorts in children under 5 years of age have been eligible for the 4CMenB immunisation programme. As the infant 4CMenB programme continues, more birth cohorts will be protected against MenB cases and cases should decline further in the coming years (SOURCE: Public Health England).

Subsequent studies have validated the UK decision to implement a reduced, two-dose infant priming schedule. Clinical trials have demonstrated similar immunogenicity in infants receiving two priming doses (at 3 and 5 months of age) compared to those receiving three doses (at 2.5, 3.5 and 5 months).24 Vaccine-induced antibodies from infants receiving these two schedules showed no differences in the percentage of strains killed in an hSBA assay against 40 MenB strains causing IMD in England.25 
In addition to the UK, 4CMenB was also implemented in the Saguenay-Lac-Saint-Jean region of Quebec, Canada in 2014 in response to an increase in MenB disease incidence to 3.4/100,000, ten times higher than the national rate.26 Of the 59,373 individuals aged 2 months to 20 years who were eligible for the vaccine, 83% received it and MenB disease incidence in the target population fell from 11.4/100,000 in 2006-2014 to 0.4/100,000 in 2014-2018 (p < 0.0001). Five MenB cases occurred during a four year period from July 2014 to June 2018, including a six year-old child vaccinated with 2 doses at two years of age, one unvaccinated young adult and 3 unvaccinated older adults. Vaccine effectiveness was estimated to be 79% (95%CI, -231% to 99%) over this four-year period with an overall 86% (95%CI, -2% to 98%) reduction in MenB disease risk in the vaccine-eligible cohort, albeit with wide and non-significant confidence intervals because of small numbers of cases.26 More recently, Andorra, San Marino, Ireland, Italy, Lithuania and several regions in Spain including Castilla y Leon and the Canary Islands have also implemented 4CMenB into their publicly-funded national infant immunisation programmes,27–33 while in South Australia the vaccine is additionally being offered to toddlers and adolescents.34 

Box 1: Summary of Implementation around the world in Children and Adolescents*
Implementation into publicly funded National Immunisation Programme
· UK (September 2015) 2+1 infant schedule19
· Andorra (2016) 2+1 infant schedule31 
· San Marino (2017) 3+1 infant schedule up to 2 years32 
· Ireland (Oct 2016) 2+1 infant schedule27
· Italy (January 2017) 3+1 infant 27**
· Lithuania (2018) 2+1 infant schedule28 
· South Australia (2018)34 
Recommended but not publicly funded 
· Austria – 3 dose schedule ages 2 months to 2 years27
· Czech Republic- recommended for infants, toddlers and adolescents (2+1 for infants, 2 doses only for older children) 27
· Germany - Recommended only in Saxony region for infants and toddlers27
· USA – used in seven separate University outbreaks between 2013 and 2018 (California, New Jersey, Oregon, Pennsylvania, Wisconsin, Massachusetts)12 initially, currently also for adolescents with a category B recommendation (individual clinical decision based on risk-benefit)
Used in outbreak management only
· Canada- 2014 SLSJ region of Quebec- 59,373 individuals aged 2-20 years offered 4CMenB (2 doses)26

* Many other countries recommend 4CMenB for at-risk individuals of different ages
** In Italy, the national recommendation is for a 3+1 schedule although individual regions are free to introduce different schedules and some regions have opted for a 2+1 schedule33


Vaccine Reactogenicity and Paracetamol Prophylaxis
Pre-licensure clinical trials reported high rates of fever, especially in infants receiving 4CMenB concomitantly with other routine immunisations.35 36 Fever was reported in 26-41% of infants receiving 4CMenB alone and 23-36% with routine vaccines given alone compared to 51-61% when 4CMenB was co-administered with routine vaccines.36 A recent meta-analysis of published studies identified significantly higher rates of fever, local reactions and systemic reactions with 4CMenB compared to routine vaccinations, which were mainly mild-to-moderate, short-lasting and self-limiting.35 Rare cases of febrile convulsions and Kawasaki disease were also identified although numbers were too small to for comparison with background incidence.35 
A randomised controlled trial subsequently reported significantly lower rates of 4CMenB-associated fever (especially fever ≥39.0oC) and adverse reactions in infants receiving prophylactic paracetamol (three doses at 4-6 hour intervals, with the first dose given around the time of vaccination) compared to those receiving the same vaccinations without paracetamol, without affecting  the immunogenicity of any of the 4CMenB or routine vaccine antigens.37 This finding was in contrast to a previous trial that had reported lower antibody responses to routine vaccine antigens in infants receiving prophylactic paracetamol,38 but the evidence was sufficiently robust for the UK to recommend prophylactic paracetamol for infants receiving 4CMenB alongside their routine immunisations at 8 and 16 weeks of age with the first dose given around the time of vaccination and two further doses at 4	-6 hourly intervals.39 Similarly, following mass administration with 4CMenB in Quebec, Canada, significant reductions in fever rates were reported with paracetamol prophylaxis, although the magnitude of effect decreased with age. In children aged <2 years, for example, fever rates were 44% lower when paracetamol was co-administered with the first dose of 4CMenB compared to only a 22% reduction among 5-16 year-olds.40 An attitudinal survey of UK parents found that the overwhelming majority would accept 4CMenB immunisation despite the high rates of fever because the fear of their child developing IMD was far worse than self-limiting post-vaccination fever;41 most parents also had no concerns giving their infant prophylactic paracetamol to reduce the risk of vaccine-related adverse events.41 Prophylactic paracetamol is not recommended for the booster at one year because both parents and healthcare professionals expressed more confidence with managing fever and other vaccine-related reactions in the older infant.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In clinical trials, medical attention for fever was reported in up to 5% of infants receiving 4CMenB concomitantly with their routine immunisations (equating to potentially 40,000 infants in the UK) but these rates were substantially reduced with prophylactic paracetamol and providing parents with appropriate advice about the risk and management of fever after vaccination (5.3% to 1.4% in one study).37,42 In the UK, several post-vaccine implementation studies have reported a small increase in primary care consultations,43 Emergency Department attendance, short-care admissions and hospitalisations after 4CMenB vaccination,44 which together constitute <1% of vaccinated infants. For frontline clinicians, however, such infants present a diagnostic challenge because their presenting features (fever, vomiting, refusal to feed, lethargy) can be similar to serious bacterial infections  and, since 4CMenB triggers a pro-inflammatory immune response, both the peripheral white cell count and C-reactive protein levels may also be raised. Consequently, a significant proportion of infants with vaccine-associated reactions post-4CMenB will be hospitalised and many will receive empiric intravenous antibiotics until investigations reliably exclude an underlying bacterial infection.44 Giving 4CMenB separately to routine immunisations, however, does not reduce the rate of adverse events. Using pooled data from multiple clinical trials, a recent study reported that, whilst vaccine-related adverse events (including fever) per episode were higher in infants receiving 4CMenB concomitantly with routine vaccines, the overall cumulative risk of adverse events was significantly lower than if the vaccines were given at separate immunisation visits.45 
In premature infants, neonatologists were particularly concerned that the higher rates of adverse events (including fever) after 4CMenB might lead to clinical instability, leading many neonatal units to postpone vaccination and/or vaccinate without paracetamol prophylaxis. An exemplary, collaborative national audit involving neonatal units across England after 4CMenB implementation, however, found that although fever rates were higher in infants receiving 4CMenB concomitantly with routine vaccinations, the risk was reduced with prophylactic paracetamol and, importantly, there were no significant differences in the proportion of infants with reported apnoea, bradycardia, desaturation or increased respiratory support when compared to a historical cohort of premature infants that did not receive 4CMenB with their routine immunisations.46

Safety
Since 4CMenB was the first recombinant vaccine of its kind to be licensed, there were concerns about rare and/or long-term adverse events, which would only be identified after widespread use. After the first 3 million vaccines administered to nearly 1.3 million infants aged 2-18 months in the UK, no safety concerns were identified.47 There was no evidence of any increased risk of seizures, Kawasaki disease or sudden infant death syndrome among 4CMenB recipients. Ecological analyses identified no evidence of any increase in rates of febrile or afebrile seizures after the first, second and booster doses of 4CMenB.47 Post-implementation surveillance did identify 160 cases of local reactions described a persistent nodule at the site of injection, usually without other local symptoms, which is now included in the Summary of Product Characteristics.47 A potential concern following 4CMenB implementation was that adverse events after the first dose of vaccine may lead parents to avoid further vaccinations for their infants, thus potentially compromising the whole immunisation programme. Post-implementation surveillance, however, was reassuring with 95% of infants had receiving the second 4CMenB by 26 weeks of age.47
In Quebec, Canada, short-term safety surveillance following mass vaccination found high rates of injection site reactions and fever, in line with clinical trial data, but concluded that the overall short-term safety profile was acceptable for such an important vaccine.48 Active post-marketing surveillance did, however, identify several cases of nephrotic syndrome in the first year of the programme and further investigations revealed four cases in 2-5 year-olds with onset several months post-vaccination.49 Among 4CMenB-vaccinated children aged 1-9 years, nephrotic syndrome incidence was 3.6-fold higher (95%CI, 0.7-11.8; p=0.12) than the rest of the province for the same period, and 8.3-fold greater (95%CI, 1.1-62.0; p=0.039) than during the preceding eight years.  The authors concluded that additional, larger studies are required to confirm or refute a potential link to vaccination. In Germany, post-marketing surveillance during 2013-2016, did not identify any safety concerns and, in particular, screening of patient records for immune-mediated and neurological diseases did not raise any safety signal.50 

Discussion
4CMenB is currently approved in more than 40 countries worldwide, but only a few have implemented the vaccine into their national immunisation programme. In countries with a 4CMenB immunisation programme, all but South Australia have implemented an infant programme because they have the highest MenB disease incidence.4 34 The real-world data for the impact, effectiveness, reactogenicity and safety of 4CMenB, especially in infants and young children, is so far reassuring. There are, however, still a number of important questions that require answering.

Box 2: Questions surrounding 4CMenB that still need to be answered

· How to define breakthrough cases and vaccine failures in 4CMenB-immunised children?
· Do children who develop MenB disease after 4CMenB vaccination need additional investigations for underlying immune deficiency?
· The protection offered by the different antigens and antigen combinations in 4CMenB
· Does 4CMenB protect against other meningococcal serogroups?
· Timing of a booster in children immunised with 4CMenB during infancy?
· Considerations for an adolescent programme with 4CMenB
· Does 4CMenB protect against gonorrhoea?

Vaccine failure
4CMenB does not protect against all invasive MenB strains. MATS is helpful in estimating strain coverage at a population level, but can only be used for culture-confirmed cases making it impossible to assess which PCR-confirmed cases might be vaccine failures. Even among immunised children with culture-confirmed IMD, we have a poor understanding of which vaccine antigens are important for protection, whether some of the vaccine antigens offer more protection than others or whether some combinations of vaccine antigens might be more protective than others through synergy, for example. At the same time, in addition to harbouring the immunodominant PorA 1.4 antigen, the OMV component of 4CMenB has multiple minor antigens which also help protect against IMD but their contribution is difficult to measure.51 There are currently no data to suggest that breakthrough MenB cases in immunised children is associated with an underlying immune deficiency or risk of recurrent infections. It is also unclear whether immunised children develop less severe MenB disease than unimmunised children. More information should become available with increasing numbers of MATS-positive IMD cases in fully-immunised children over time.52 Gaining a better understanding of the protective effects of different vaccine antigens should also lead to more effective next-generation MenB vaccines. 

Protection against other serogroups
There is emerging evidence that 4CMenB may protect against other meningococcal serogroups as the antigens in 4CMenB are potentially conserved for all meningococci. Vaccine-induced antibodies from children immunised with 4CMenB, for example, have potent serum bactericidal activity against the hyper-virulent MenW strain currently causing a national outbreak in the UK and elsewhere,53 while recent laboratory studies have also demonstrated broad protection provided by 4CMenB-induced antibodies against other meningococcal serogroups.54 Demonstrating real-world protection against non-MenB IMD, however, is a challenge because of small numbers of childhood cases in countries that routinely use 4CMenB.

Expanding the use of 4CMenB
Although MenB incidence is highest in infants, many countries have a smaller second peak in adolescence, where nasopharyngeal carriage is highest.55 If 4CMenB could prevent meningococcal carriage, then vaccinating adolescents would be an attractive option because of the potential for providing indirect (herd) protection across the population, as demonstrated with the MenC conjugate vaccine programme.56 One of the largest carriage studies conducted in South Australia, however, failed to show any impact of 4CMenB on meningococcal carriage. 57 This finding played an instrumental part in the South Australian 4CMenB programme to extend vaccination beyond infants to provide direct protection against MenB for toddlers and teenagers. 

Protection against gonorrhoea
In addition to IMD, there is growing interest in the potential for 4CMenB to protect against gonorrhoea. A recent case-control analysis found that the OMV vaccine (MeNZB) given to 15-30 year olds as part of the national outbreak control programme in New Zealand was associated with a 31% reduction in gonococcal disease and a 24% reduction in hospitalisations caused by gonorrhoea.58,59 Additionally, 4CMenB-induced antibodies in laboratory workers have been shown to recognise gonococcal antigens.60 This is not surprising since Neisseria gonorrhoeae shares surface protein antigens with N. meningitidis.58 Because 4CMenB contains additional meningococcal antigens that are also present on gonococci (particularly NHBA which is conserved and surface-exposed on N. gonorrhoea),60 vaccine effectiveness against gonorrhoea may be even higher. In Quebec, for example, the 4CMenB campaign was associated with 59% fewer gonorrhoea notifications in vaccine-eligible adolescents, although this was not statistically significant (95% CI, −22% to 84; P=0.1).61 If confirmed in larger studies, 4CMenB – and potentially, next generation vaccines containing gonorrhoea-specific antigens – could be implemented for adolescents because of the rapidly rising incidence of gonorrhoea globally and growing concerns about multi-drug resistance. 

Antibody persistence
The persistence of 4CMenB-induced antibodies and potential duration of protection remains to be determined. The antibodies are known to wane rapidly after completion of the infant schedule with the 12-month booster; after 24-36 months, antibody persistence against NadA and NHBA is greater than the OMV containing PorA or fHBp and an additional booster induces high antibody responses in children receiving either 2+1 or 3+1 schedules.62 24 Unlike conjugate vaccines, 4CMenB is a protein-based vaccine and, therefore, the immune mechanisms triggered by vaccination are likely to be different. Whether serum antibodies alone predicts protection remains to be established. In the UK, so far, 4CMenB effectively protects children against MenB disease until their third birthday.23 This is important because IMD incidence is very low after this age. In older children and adolescents, booster responses and antibody persistence are better.62 In order to protect against the small adolescent peak in MenB disease, those immunised with 4CMenB in infancy could be boosted with a single dose of 4CMenB, potentially at the same visit as the MenACWY vaccine offered to 13-14 year-olds.63 A more attractive option might be the availability of a next generation MenB vaccine with better strain coverage,64 ideally as a pentavalent MenABCWY combination vaccine, which are both currently under development.65

Conclusions
Despite initial concerns regarding the safety and effectiveness of this novel protein-based vaccine along with the high reactogenicity rates, especially fever and particularly in young infants, 4CMenB has been well-accepted by parents and healthcare professionals. There is now real-world evidence to support more widespread use for those who are most susceptible, with reductions of up to 75% reported in vaccine-eligible childhood cohorts. Ongoing surveillance in countries with established national immunisation programmes is critical for monitoring the long-term impact, breakthrough cases and protection against other serogroups. If confirmed, the additional protection against gonorrhoea could expand its use into the wider adolescent, young adult and high-risk populations. 
What is already known

1. A novel, protein-based multi-component vaccine against group B meningococcal disease (4CMenB) was licensed in Europe in 2013
2. The vaccine was licensed at a 3+1 schedule based on immunogenicity and reactogenicity studies only
3. The UK was the first country to implement 4CMenB into the national infant immunisation schedule at a reduced 2+1 schedule in 2015

What this study adds

1. 4CMenB has been highly effective in preventing MenB disease in vaccine-eligible infants across England
2. After more than 3 million doses administered to infants, no safety concerns have been identified in the UK
3. A number of other countries worldwide have now implemented 4CMenB into their national immunisation programmes
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