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Eff ectiveness and impact of a reduced infant schedule of 
4CMenB vaccine against group B meningococcal disease in 
England: a national observational cohort study
Sydel R Parikh, Nick J Andrews, Kazim Beebeejaun, Helen Campbell, Sonia Ribeiro, Charlotte Ward, Joanne M White, Ray Borrow, Mary E Ramsay, 
Shamez N Ladhani

Summary
Background In September, 2015, the UK became the fi rst country to introduce the multicomponent group B 
meningococcal (MenB) vaccine (4CMenB, Bexsero) into a publicly funded national immunisation programme. 
A reduced two-dose priming schedule was off ered to infants at 2 months and 4 months, alongside an opportunistic 
catch-up for 3 month and 4 month olds. 4CMenB was predicted to protect against 73–88% of MenB strains. We aimed 
to assess the eff ectiveness and impact of 4CMenB in vaccine-eligible infants in England.

Methods Public Health England (PHE) undertakes enhanced surveillance of meningococcal disease through a 
combination of clinical, public health, and laboratory reporting. Laboratory-confi rmed cases of meningococcal disease 
are followed up with PHE local health protection teams, general practitioners, and hospital clinicians to collect 
demographic data, vaccination history, clinical presentation, and outcome. For cases diagnosed between Sept 1, 2015, 
and June 30, 2016, vaccine eff ectiveness was assessed using the screening method. Impact was assessed by comparing 
numbers of cases of MenB in vaccine-eligible children to equivalent cohorts in the previous 4 years and to cases in 
vaccine-ineligible children.

Findings Coverage of 4CMenB in infants eligible for routine vaccination was high, achieving 95·5% for one dose and 
88·6% for two doses by 6 months of age. Two-dose vaccine eff ectiveness was 82·9% (95% CI 24·1–95·2) against all 
MenB cases, equivalent to a vaccine eff ectiveness of 94·2% against the highest predicted MenB strain coverage 
of 88%. Compared with the prevaccine period, there was a 50% incidence rate ratio (IRR) reduction in MenB cases in 
the vaccine-eligible cohort (37 cases vs average 74 cases; IRR 0·50 [95% CI 0·36–0·71]; p=0·0001), irrespective of the 
infants’ vaccination status or predicted MenB strain coverage. Similar reductions were observed even after adjustment 
for disease trends in vaccine-eligible and vaccine-ineligible children.

Interpretation The two-dose 4CMenB priming schedule was highly eff ective in preventing MenB disease in infants. 
Cases in vaccine-eligible infants halved in the fi rst 10 months of the programme. While ongoing national surveillance 
will continue to monitor the longer-term impact of the programme, these fi ndings represent a step forward in the 
battle against meningococcal disease and will help reassure that the vaccine protects against this deadly infection.

Funding Public Health England.

Introduction
In September, 2015, the UK became the fi rst country 
to introduce the multicomponent, protein-based 
meningococcal vaccine (4CMenB; Bexsero, GSK, Rixensart, 
Belgium) into a national, publicly funded infant 
immunisation programme.1 The vaccine was off ered to all 
infants born since July 1, 2015, at 2 months, 4 months, and 
12 months alongside their routine immunisations. 
Catch-up vaccination was also opportunistically off ered to 
3 month and 4 month olds attending their routine immuni-
sation visits, who were eligible for a 3-4-12 month and 
4-12 month schedule, respectively.

Before introduction of 4CMenB, the UK immunisation 
schedule had included the group C meningococcal (MenC) 
conjugate vaccine since 1999.2 As an emergency response 
to a national outbreak of group W meningococcal (MenW) 
disease, 13–18 year olds and new university entrants have 
been off ered the quadrivalent MenACWY conjugate 

vaccine since August, 2015.3 These conjugate vaccines 
target the polysaccharide capsule of meningococci and 
do not off er cross-protection against other meningococcal 
capsular groups, such as group B (MenB), which remains 
responsible for most cases of invasive meningococcal 
disease in the UK, especially in young children.1

Development of an eff ective conjugate vaccine against 
MenB has not been possible because its polysaccharide 
capsule is structurally homologous to glycoproteins in 
fetal neural cell adhesion molecules, making them poorly 
immunogenic self-antigens.4 4CMenB is a novel vaccine 
composed of three recombinant proteins—factor 
H-binding protein (fHbp), Neisserial heparin-binding 
antigen (NHBA), and Neisserial adhesin A (NadA)—and 
the outer membrane vesicles (OMV) from the New 
Zealand outbreak strain (NZ98/254), which incorporates 
the immunodominant Porin A (PorA) P1.4 protein.5 The 
vaccine was licensed in Europe in January, 2013, on the 
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basis of immunogenicity and safety studies alone. 
4CMenB induces high titres of bactericidal antibodies 
against the target vaccine antigens but, as yet, protection 
against invasive disease has not been shown.

Other countries have been reluctant to introduce 
4CMenB into their national programmes because of the 
high price of the vaccine and the low incidence of MenB, 
leading to unfavourable health economic assessments, as 
well as uncertainties around strain coverage, vaccine 
safety, and eff ectiveness.6–9 In March, 2014, the UK Joint 
Committee on Vaccination and Immunisation (JCVI) 
concluded that 4CMenB could be cost-eff ective,10 with a 
reduced two-dose infant priming schedule.11 After a year 
of negotiation with the vaccine manufacturer, an infant 
immunisation programme with 4CMenB was announced 
in March, 2015,12 and the fi rst infants were vaccinated on 
Sept 1, 2015. Here, we report the fi rst estimates of 
eff ectiveness and the early impact of the programme 
in England.

Methods
Case ascertainment and follow-up
Public Health England (PHE) undertakes enhanced 
national surveillance of invasive meningococcal disease 
in England through a combination of clinical, public 
health, and laboratory reporting. The PHE Meningococcal 
Reference Unit (MRU) provides a national service for 
confi rming, grouping, and characterising invasive 
meningococcal isolates.13 The MRU also provides free 
PCR testing of clinical samples from patients with 
suspected invasive meningococcal disease across 
England. Consequently, case ascertainment has 
remained consistently high.14 Laboratory-confi rmed cases 
are followed up with PHE local Health Protection 
Teams (HPTs), general practitioners, and hospital 
clinicians to collect demographic data, vaccination 
history, clinical presentation, and outcome of infection.

PHE has legal permission, provided by Regulation 3 of 
The Health Service (Control of Patient Information) 

Research in context

Evidence before this study
We searched PubMed with the terms “4CMenB”, “Bexsero”, 
“meningococcal serogroup B vaccine”, and any combination of 
“vaccine eff ectiveness” or “impact”. Publication dates and 
languages were not limited. Our search results identifi ed no 
data for the vaccine eff ectiveness or impact of 4CMenB against 
invasive meningococcal group B (MenB) disease.

In January, 2013, 4CMenB was licensed in Europe on 
immunogenicity and safety studies only. The vaccine induces 
bactericidal antibodies that target the respective antigens, 
which could be absent or variably expressed on the surface of 
diff erent meningococci. Because 4CMenB contains multiple 
recombinant proteins in addition to the outer membrane 
vesicle, antibody concentrations or bactericidal activity against 
individual vaccine antigens do not reliably predict in-vitro 
killing of meningococci. For this reason, the Meningococcal 
Antigen Typing System (MATS) was developed to screen large 
numbers of meningococcal strains and predict whether they 
would be killed by 4CMenB-induced antibodies. MATS is a 
qualitative and quantitative ELISA that quantifi es expression of 
the vaccine-associated antigens (fHbp, NHBA, and NadA) in 
combination with the ability of 4CMenB-induced antibodies to 
recognise these proteins on the surface of individual 
meningococcal isolates. For an isolate to be MATS positive, 
antibodies against at least one vaccine antigen must exceed the 
positive bactericidal threshold, which is assigned on the basis of 
killing using postvaccination sera from infants after their 
12-month booster, or the isolate must possess homologous 
PorA (P1.4). In England and Wales, MATS predicted that 
73% (95% CI 57–87%) of invasive MenB disease isolates in 
2007–08 would be killed by vaccine-induced antibodies in 
infants. In a serum bactericidal antibody assay with human 
complement (hSBA), however, pooled sera from infants and 

adolescents immunised with 4CMenB killed 88% of a 
representative sample of MenB disease isolates from England 
and Wales during 2007–08. In the cost-eff ectiveness analysis, 
therefore, 4CMenB was predicted to protect against 73–88% of 
circulating MenB strains in the UK.

Compared with adolescents and adults, infants have lower 
cross-protection against MenB strains that are predicted by 
MATS to be non-vaccine preventable. Data from a recent 
university-associated MenB outbreak in the USA showed that 
sera from a third of 499 adolescents who received two doses of 
4CMenB 10 weeks apart were unable to kill the outbreak strain 
using the hSBA assay, even though the outbreak strain was 
predicted by MATS to express two vaccine antigens.

Added value of this study
The UK is the fi rst country to introduce 4CMenB into a 
publicly funded, national immunisation programme. 
In England, vaccine coverage was high in all eligible cohorts, 
reaching 95·5% for one dose and 88·6%% for two doses. 
During the fi rst 10 months of the programme, two-dose vaccine 
eff ectiveness of 82·9% against all MenB disease was equivalent 
to a vaccine eff ectiveness of 94·2% against vaccine-preventable 
MenB strains. By the end of June, 2016, MenB cases in 
vaccine-eligible infants had halved, irrespective of the infants’ 
vaccination status or expected vaccine strain coverage.

Implication of all the available evidence
We have provided the fi rst evidence of protection against 
group B meningococcal disease conferred by the novel, 
multicomponent 4CMenB vaccine in infants. While ongoing 
national surveillance will continue to monitor the longer-term 
impact of the programme, these fi ndings represent a step 
forward in the battle against meningococcal disease and will help 
reassure that the vaccine protects against this deadly infection.

For more on this legal permission 
see http://www.legislation.gov.

uk/uksi/2002/1438/regulation/3/
made
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Regulations 2002, to process patient confi dential 
information for national surveillance of communicable 
diseases. This includes PHE’s responsibility to monitor 
the safety and eff ectiveness of vaccines, and as such, 
individual patient consent is not required.

Vaccine eff ectiveness
Vaccine eff ectiveness was estimated for vaccine-eligible 
infants (born on or after May 1, 2015) with laboratory-
confi rmed invasive MenB disease diagnosed between 
Sept 1, 2015, and June 30, 2016. If 4CMenB was protecting 
infants from MenB disease, then the proportion of 
vaccinated MenB cases would be expected to be lower 
than the proportion vaccinated in the comparator groups. 
The comparator group included all children in England 
who were eligible for the vaccine; this is known as the 
screening method.15 Vaccine eff ectiveness is calculated as:

where PCV is the proportion of vaccinated MenB cases 
and PPV is the vaccine coverage in age-matched infants 
across England (the comparator cohort).

As part of the national immunisation programme, 
infants were invited by their general practitioners for 
routine vaccinations at age 8 weeks, 12 weeks, and 
16 weeks. Vaccine coverage increased exponentially 
during the week after infants became eligible (fi gure 1). 
To avoid this period with rapidly increasing coverage 
and to allow 2 weeks for development of an 
adequate immune response after vaccination, vaccine 
eff ectiveness for at least one dose was estimated using 
cases aged 77 days (11 weeks of age) or older and for two 
doses using cases aged 133 days (17 weeks of age) or 
older. Doses were discounted if MenB disease was 
diagnosed within 14 days of vaccination; therefore, an 
infant who developed MenB disease 5 days after the 
second dose of 4CMenB would be considered to have 
received a single dose of vaccine in the analysis.

Population vaccine coverage in England was obtained 
from ImmForm, an online system used by PHE to collect 
vaccine coverage for some national immunisation 
programmes. Monthly data are automatically uploaded 
by general practice information technology suppliers for 
each cohort reaching 26 weeks of age in the survey 
month. The denominator is the number of infants who, 
in the survey month, reach 26 weeks of age, and 
numerators are the number of infants in the denominator 
who received the fi rst and the second dose of 4CMenB 
between 8–26 weeks of age.16 To control for any 
confounding by age and time, for each MenB case, 
vaccine coverage was estimated for all infants in England 
who were born in the same month and at an age in days 

exactly 14 days younger than the age of the case on the 
specimen date (the comparator group). Because 
Immform does not collect individual dates of births or 
dates of vaccination, vaccine coverage for comparators 
was estimated by adjusting the 6-month ImmForm 
coverage using actual dates of birth and dates of 
vaccination for about 36 000 infants receiving their fi rst 
dose and about 26 000 receiving their second dose, as 
supplied by fi ve Child Health Information 
Systems (CHIS) in diff erent geographical areas across 
England (appendix p 1).

To estimate two-dose vaccine eff ectiveness, those who 
developed MenB disease after only one dose were 
excluded. Two dose vaccine coverage was also adjusted to 
exclude those partially vaccinated and was calculated as: 

Vaccine impact
Vaccine impact was estimated for vaccine-eligible 
MenB cases (born on or after May 1, 2015, aged 
10 weeks or older and diagnosed between Sept 1, 2015, 
and June 30, 2016) as described below (table). Incidence 
rate ratios (IRRs) were estimated for vaccine-eligible 
cases compared with cases diagnosed in the equivalent 
time period during the 4 years before vaccine 
introduction. Within the vaccine-eligible cohort, IRRs 
were also specifi cally calculated for the catch-up cohort 
(infants born in May or June, 2015), the routine cohort 
eligible for the fi rst dose (born on or after July 1, 2015, 
with MenB disease at age 10–17 weeks), and for both 
doses (born on or after July 1, 2015, with MenB disease 
at age 18 weeks or older). To take into account possible 
changes over time in the absence of MenB vaccination, 
these IRRs were then adjusted using changes in 
incidence in all children aged younger than 5 years 
with MenB disease who were not in the vaccine-eligible 
or equivalent cohorts for the same time periods as 
those above. The ratios of the IRRs between the 
vaccine-eligible and ineligible cohorts were calculated 
using a Poisson regression model, which allowed 
calculation of 95% CIs for the IRR ratio. An interrupted 
time-series model was then fi tted to 4 years of 
prevaccine data for each of the vaccine-eligible cohorts 
and to 5 years (4 prevaccine years plus the current year) 
for the vaccine-ineligible cohorts. Poisson regression 
was used to estimate an overall trend, with a factor for 
each of the individual cohorts. Vaccine impact was 
then estimated by comparing the 2015–16 data in 
vaccine-eligible cohorts with that predicted by the 
overall trend analysis.

For the Poisson regression models, to assess model fi t, 
the residual deviance and degrees of freedom were 
assessed by a χ² test. The main diff erence between the 
adjusted IRR estimates and the interrupted time-series 
model is that the latter assumes a common underlying 

1 – 

PCV
1 – PCV

PPV
1 – PPV

See Online for appendix

Adjusted coverage = 2 dose coverage
1 – coverage of exactly 1 dose

For ImmForm see https://www.
gov.uk/government/collections/
immform
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trend whereas the former assumes that the year-to-year 
changes were similar within age cohorts but not 
necessarily as a trend.

Role of funding source
The authors had sole responsibility for the study design, 
data collection, data analysis, data interpretation, and 
writing of the report. The authors are all employed by 
Public Health England, the study funder, which is a 
public body and an executive agency of the Department 
of Health. The corresponding author had full access to all 

the data and fi nal responsibility for the decision to 
submit for publication.

Results
In England, introduction of 4CMenB rapidly achieved 
high vaccine coverage; in the routine cohort, vaccine 
coverage by birth month ranged between 
94·8–95·5% for one dose and 84·8–88·6% for two 
doses by 6 months of age (fi gure 1; appendix p 2). 
Coverage for the catch-up cohort born in June, 2015, 
was 88·8% for one dose and 75·2% for two doses, and, 

<54 63 73 83 93
103

113
123

133
143

153
163

173
183

193
203

213
223

233
243

253
263

273
283

293
303

313
323

333
343

353
363

0

10

20

30

40

50

60

70

80

90

100

Co
ve

ra
ge

 (%
)

A

<100
108 117

126
135

144
153

162
171

180
189

198
207

216
225

234
243

252
261

270
279

288
297

306
315

324
333

342
351

360
0

10

20

30

40

50

60

70

80

90

100

Co
ve

ra
ge

 (%
)

Age (days)

B

May, 2015
June, 2015
July, 2015
August, 2015
September, 2015
October, 2015
November, 2015
December, 2015

June, 2015
July, 2015
August, 2015
September, 2015
October, 2015
November, 2015
December, 2015

Figure 1: Population coverage estimates for 4CMenB vaccine in England by age in days and month of birth for (A) dose 1 and (B) dose 2
Coverage estimates are for infants born between May 1, 2015, and Dec 31, 2015, and immunised after vaccine introduction on Sept 1, 2015. Infants born in 
May, 2015, were only eligible for a single dose of vaccine at 4 months of age. 4CMenB=multicomponent group B meningococcal vaccine. 
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for the May, 2015, cohort, was 76·6% for the single dose 
that they were eligible for.

Between Sept 1, 2015, and June 30, 2016 (10 months), 
55 cases of laboratory-confi rmed invasive meningococcal 
disease were reported in vaccine-eligible infants (born on 
or after May 1, 2015, aged ≥10 weeks at diagnosis), 
including 37 (67%) cases with MenB, 11 (20%) with 
MenW, fi ve (9%) with MenY, and two (4%) who were 
ungrouped due to low colony forming units in the 
submitted clinical samples. Most infants with MenB 
disease (27 [73%] of 37) were confi rmed by PCR only, six 
by culture only (16%) and four (11%) by both methods. 
15 (41%) of the 37 MenB cases had meningitis, 13 (35%) 
had septicaemia, and seven (19%) had both meningitis 
and septicaemia, while two (5%) had other clinical 
presentations. One child died aged 15 weeks and had 
received one 4CMenB dose 7 weeks before disease onset.

Of the 37 cases of MenB, four (11%) were among infants 
born in May, 2015 (two unvaccinated, one after a single 
dose, and one who inadvertently received two doses) and 
fi ve (14%) in June, 2015 (two unvaccinated and three after 
one dose). The remaining 28 cases of MenB were eligible 
for routine vaccination; two were unvaccinated, 17 had 
received one dose, and nine had received two doses of 
4CMenB. No evidence of temporal or geographical 
clustering of cases was noted in vaccinated infants who 
developed disease across the age range (25–44 weeks at 
diagnosis). None of the unvaccinated children had 
contraindications to receiving 4CMenB.

Three vaccinated infants, all in the routine cohort, 
developed disease within 14 days of their fi rst (at 2 days 
and 4 days) or second (at 10 days) dose of 4CMenB and 
were classifi ed as being unvaccinated and having had a 
single dose, respectively. Of the eight infants classifi ed as 

unvaccinated, four were not eligible for two doses of 
4CMenB; two because they were born in May and two 
because they were diagnosed before they were due their 
second dose.

For the two-dose vaccine eff ectiveness analysis, eight 
of the nine cases of MenB in the routine cohort (the 
infant who developed disease within 10 days of the 
second dose was excluded), one infant born in late 
May, who had inadvertently received two 4CMenB 
doses and four unvaccinated infants were included. 
The infant born in May was matched with vaccine 
coverage for infants born in June. The average matched 
vaccine coverage for the two-dose cohort across 
England was 92·9% and estimated vaccine eff ectiveness 
was 82·9% (95% CI 24·1–95·2).

The one-dose vaccine eff ectiveness analysis included 
20 infants who had received a single dose (including one 
who developed disease 10 days after the second dose) and 
eight unvaccinated infants (including the two infants 
who developed disease 2 days and 4 days after the fi rst 
dose). The average matched coverage for the one-dose 
cohort across England was 76·2% and estimated vaccine 
eff ectiveness was 22·0% (95% CI –105 to 67·1). For at 
least one dose of 4CMenB, the average matched coverage 
was 91·0% and estimated vaccine eff ectiveness was 
64·0% (95% CI 8·9–84·0).

Cases of MenB in the diff erent vaccine-eligible and 
comparator cohorts are shown in the table. Compared 
with their peers matched by age and time period 
for the 4 prevaccine years, a 50% reduction 
(IRR 0·50 [95% CI 0·36–0·71]; p=0·0001) in MenB cases 
was noted in the vaccine-eligible cohort compared with a 
non-signifi cant 14% reduction in the unvaccinated 
cohort (table). Adjustment for this 14% disease reduction 

Cases 
(Sept, 2015–June, 2016)

Comparison of the September to June period of the 4 prevaccine years 
(2011–12 to 2014–15)

Trend model

Cases in equivalent 
prevaccine cohorts
(mean count per year)

IRR (95% CI), p value Impact estimate as 
relative IRR (95% CI), 
p value

Cases in equivalent 
cohorts as predicted 
by the trend model

Impact estimate as trend 
model IRR (95% CI), 
p value*

Catch-up
(born May 1–June 30, 2015)

9 24·75 0·36 (0·18–0·72), 0·004 0·42 (0·21–0·85), 0·016 19·4 0·46 (0·23–0·93), 0·029

Two-dose routine
(born on or after July 1, 2015, 
aged ≥18 weeks)

18 33·75 0·53 (0·33–0·87), 0·012 0·62 (0·37–1·04), 0·07 26·4 0·68 (0·41–1·13), 0·134

One-dose routine (born on or 
after July 1, 2015, aged 
10–17 weeks)

10 15·25 0·66 (0·34–1·28), 0·216 0·76 (0·38–1·52), 0·439 11·9 0·84 (0·43–1·65), 0·606

All vaccine-eligible cohorts 
combined

37 73·75 0·50 (0·36–0·71), 0·0001 0·58 (0·40–0·85), 0·005 57·8 0·64 (0·45–0·92), 0·015

Comparator
(aged <5 years with MenB 
disease and excluding 
vaccine-eligible and 
equivalent prevaccine cohorts)

173 201 0·86 (0·73–1·01), 0·073

IRR=incidence rate ratio. MenB=group B meningococcal disease. 4CMenB=multicomponent group B meningococcal vaccine. *Based on a common trend fi tted to all data including comparator cohorts.

Table: Numbers of laboratory confi rmed MenB cases for fi ve comparable annual time periods in England in cohorts eligible and non-eligible for 4CMenB vaccination and estimates of 
vaccine impact from diff erent comparison models
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in the comparator cohort gave an estimated 42% reduction 
(relative IRR 0·58 [95% CI 0·40–0·85]; p=0·005) in the 
vaccine-eligible cohort. The greatest impact was noted in 
the catch-up cohort (58% relative reduction), with a 
38% relative reduction in the routine cohort old enough to 
have received two 4CMenB doses and 24% in infants in 
the routine cohort who developed disease during a period 
when they could have been protected by their fi rst dose 
(MenB disease at 10–17 weeks). Analysis using the 
prevaccine trends model estimated a slightly lower vaccine 
impact, with a 36% overall reduction in cases (table; 
fi gure 2). There was no evidence of lack of fi t based on 
residual deviance and degrees of freedom (p=0·28 for 
non-trend model and p=0·18 for trend model), thus 
providing assurance that trends in MenB disease were 
consistent in the diff erent age cohorts in recent years.

Discussion
A reduced two-dose infant priming schedule of the novel, 
multicomponent, protein-based 4CMenB vaccine was 
82·9% eff ective in preventing MenB disease in infants 
aged younger than 12 months. During the fi rst 10 months 
of the programme, cases of MenB halved in vaccine-
eligible infants, providing further evidence of vaccine 
effi  cacy. This measure of impact does not take into 
account the vaccination status of the infants or whether 
the infecting MenB strain was vaccine preventable. The 
fi ndings are robust, with similar results even after 
adjustment for disease trends in the 4 years before 
vaccine introduction and in non-vaccine eligible children.

4CMenB was licensed on immunogenicity and safety 
data only without an effi  cacy trial and with the knowledge 
that not all strains of MenB would be covered by 
the vaccine. 4CMenB targets proteins which, unlike the 
polysaccharide capsule, could be present or absent on the 

surface of meningococci. Each protein also varies in 
the degree of surface expression and the extent to which 
vaccine-induced antibodies recognise and bind these 
proteins. To predict MenB strain coverage by 
4CMenB-induced antibodies, the Meningococcal Antigen 
Typing System (MATS)—a qualitative and quantitative 
ELISA for expression of fHbp, NHBA, and NadA—was 
developed.17 A strain is considered to be vaccine 
preventable if MATS-positive for any of the three antigens 
or if the strain harbours PorA P1.4.

The MATS assay provides a conservative estimate of 
strain coverage and, in 2007–08, predicted that 73% of 
MenB isolates from patients with invasive meningococcal 
disease in England and Wales would be killed by 
pooled post-vaccination sera.18 The serum bactericidal 
antibody assay with human complement (hSBA) using 
pooled post-immunisation infant sera, however, 
predicted 88% coverage against a diverse panel of MenB 
strains from patients in England and Wales.19 With 
diff ering strain coverage estimates, uncertainties 
surrounding the vaccine’s eff ectiveness grew when, in a 
recent university outbreak in the USA, sera from a third 
of 499 participants who received two doses of 4CMenB 
were unable to kill the outbreak strain in hSBA,20 despite 
this strain being predicted by MATS to express two 
vaccine antigens (fHbp and NHBA). In infants, the 
protection off ered by 4CMenB is expected to be lower 
because, compared with adolescents, they are less likely 
to mount cross-protective antibodies against strains with 
unmatched vaccine antigens.21

The health economic model that was cost-eff ective 
assumed a two-dose infant priming schedule, 88% MenB 
strain coverage and 95% vaccine effi  cacy against the 
vaccine-preventable strains, with a potential to prevent a 
quarter (26%) of all meningococcal cases in the fi rst 5 years 
of the programme.11 Our results are remarkably aligned 
with the model. If, as predicted by hSBA, 88% of 
MenB strains were covered by 4CMenB,19 then the vaccine 
eff ectiveness against vaccine-preventable strains would be 
94·2%. Although the CIs for the vaccine eff ectiveness of 
the two-dose regimen are wide because of small numbers 
of cases, the estimates are signifi cant and fi ndings are 
supported by the impact analysis showing a signifi cant 
reduction in cases of MenB in vaccine-eligible infants. The 
lower and non-signifi cant vaccine eff ective ness after one 
dose was expected because a single dose of vaccine is 
poorly immunogenic in infants.22,23 These results, however, 
will require confi rmation through long-term surveillance. 
An important observation, even with the small number of 
cases, was the large proportion of cases (50%, 10/20) in the 
routine cohort who developed MenB disease after 16 weeks, 
the age at which they would have become eligible for their 
second 4CMenB, and thus might potentially have been 
prevented through timely vaccination.

The analysis that adjusted for historic trends suggested 
a lower impact in vaccine-eligible cohorts because this was 
less aff ected by the increase in cases of MenB in the 
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Figure 2: Numbers of cases of MenB disease in vaccine-eligible and comparator cohorts in England, 2011–16, 
with Poisson 95% CIs and fi tted trend
The vaccine-eligible cohort included infants born on or after May 1, 2015, aged 10 weeks or older and diagnosed 
between Sept 1, 2015, and June 30, 2016. The equivalent cohorts fulfi lled the same criteria as the vaccine-eligible 
cohorts for each of the previous 4 prevaccine years. The comparator cohorts included all children aged younger 
than 5 years with MenB disease excluding the vaccine-eligible and equivalent cohorts. MenB=group B 
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non-eligible cohorts during 2015–16. In both analyses, a 
higher impact was observed in the catch-up cohort, despite 
the opportunistic schedule of one or two doses and lower 
vaccine coverage than the routine cohort. This cohort 
completed their recommended vaccinations before the 
meningococcal season when they would have reached the 
peak age for disease. By contrast, vaccine impact in 
the routine cohort would have been diluted by 
accumulation of younger infants who were being 
immunised throughout the surveillance period. Follow-up 
of cases through to the next meningococcal season should 
provide more robust estimates of vaccine eff ectiveness 
and impact for the routinely vaccinated cohorts.

In England, enhanced national surveillance has been in 
place for more than two decades;2 the provision of a 
national reference laboratory, use of multiple data 
sources, and the support provided by public health and 
UK National Health Service staff  ensures consistently 
high case ascertainment, allowing reliable assessment of 
trends over time. We also achieved very high vaccine 
coverage in the routine and the catch-up cohorts as soon 
as the programme was implemented,24,25 despite initial 
concerns about high rates of postvaccination fever 
and national recommendations to routinely off er 
prophylactic paracetamol with 4CMenB.1 Consequently, 
we have been able to measure vaccine eff ectiveness and 
impact 1 year after the programme was introduced. In 
view of the uncertainties associated with this novel 
vaccine and the recent publication reporting 
seroprotection in only two-thirds of immunised 
adolescents,20 we hope our early results will reassure 
clinicians, immunisers, and policy makers that the 
vaccine is eff ective in infants, even with a reduced two-
dose priming schedule. A major limitation  that is 
unlikely to be overcome is that 70% of cases of MenB in 
vaccine-eligible infants were confi rmed by PCR only and 
the MATS assay requires culture isolates to assess strain 
coverage. MATS is also only currently validated for MenB 
and, therefore, assessment of impact of 4CMenB on the 
other meningococcal capsular groups will be challenging.

Our initial results show a signifi cant reduction in cases 
of MenB among vaccine-eligible infants within 10 
months of introduction of 4CMenB into the UK. 
Although the vaccine is licensed using a three-dose 
priming schedule in infancy, short-term vaccine 
eff ectiveness against MenB disease was high after two 
doses. Ongoing national surveillance will continue to 
monitor the long-term impact of the programme on 
disease burden alongside vaccine safety and disease 
severity in young children.
Contributors
SRP, KB, HC, and SR were responsible for the epidemiological 
surveillance data. KB, CW, and JMW collected and contributed vaccine 
coverage data. SRP and NJA did the data analysis and prepared the 
fi gures. SRP and SNL did the literature search and wrote the fi rst draft 
of the report. SRP, NJA, MER, RB, and SNL contributed to the data 
interpretation. All authors commented on the drafts of the paper and 
agreed with the fi nal draft of the report.

Acknowledgments
We thank local Health Protection Teams, Child Health Record 
Departments, and General Practitioners for their contribution to 
ascertaining vaccination statuses; and are also grateful to Kim Taylor, 
Tracy Smeulders, and Rehana Shivji for clinical follow-up and data entry.

Declaration of interests
SNL and RB do contract research for vaccine manufacturers (including 
GSK, Pfi zer, and Sanofi  Pasteur) on behalf of St George’s University of 
London and Public Health England (London, UK), respectively, but 
receive no personal remuneration. The Immunisation, Hepatitis, and 
Blood Safety Department has provided GSK with postmarketing 
surveillance reports on meningococcal, Haemophilus infl uenzae, and 
pneumococcal infections, which the companies are required to submit to 
the UK Licensing Authority in compliance with their Risk Management 
Strategy. A cost recovery charge is made for these reports. NJA declares no 
competing interests.

References
1 Ladhani SN, Ramsay M, Borrow R, Riordan A, Watson JM, 

Pollard AJ. Enter B and W: two new meningococcal vaccine 
programmes launched. Arch Dis Child 2016; 101: 91–95.

2 Campbell H, Borrow R, Salisbury D, Miller E. Meningococcal C 
conjugate vaccine: the experience in England and Wales. 
Vaccine 2009; 27: B20–29.

3 Campbell H, Saliba V, Borrow R, Ramsay M, Ladhani SN. 
Targeted vaccination of teenagers following continued rapid 
endemic expansion of a single meningococcal group W clone 
(sequence type 11 clonal complex), United Kingdom 2015. 
Euro Surveill 2015; 20: 28.

4 Tan LK, Carlone GM, Borrow R. Advances in the development of 
vaccines against Neisseria meningitidis. N Engl J Med 2010; 
362: 1511–20.

5 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: B87–97.

6 Tirani M, Meregaglia M, Melegaro A. Health and economic 
outcomes of introducing the new MenB vaccine (Bexsero) into the 
Italian Routine Infant Immunisation Programme. PLoS One 2015; 
10: e0123383.

7 Vernikos G, Medini D. Bexsero(R) chronicle. Pathog Glob Health 
2014; 108: 305–16.

8 Yamashiro H, Cutcliff e N, Dobson S, Fisman D, Gold R. The role 
of pediatricians as key stakeholders in infl uencing immunization 
policy decisions for the introduction of meningitis B vaccine in 
Canada: The Ontario perspective. Can J Infect Dis Med Microbiol 
2015; 26: 183–90.

9 Meeting of the Advisory Committee on Immunization Practices 
(ACIP). Centers for Disease Control and Prevention, 2015. 
http://www.cdc.gov/vaccines/acip/meetings/downloads/
agenda-archive/agenda-2015-06.pdf (accessed Aug 16, 2016).

10 Joint Committee on Vaccination and Immunisation. JCVI 
position statement on use of Bexsero meningococcal B vaccine in 
the UK, 2014. https://www.gov.uk/government/uploads/system/
uploads/attachment_data/fi le/294245/JCVI_Statement_on_MenB.
pdf (accessed Aug 8, 2016).

11 Christensen H, Trotter CL, Hickman M, Edmunds WJ. 
Re-evaluating cost eff ectiveness of universal meningitis vaccination 
(Bexsero) in England: modelling study. BMJ 2014; 349: g5725.

12 Piggot M. Meningitis vaccine for every new UK baby announced by 
health secretary Jeremy Hunt. International Business Times, 
March 29, 2015. http://www.ibtimes.co.uk/meningitis-vaccine-
every-new-uk-baby-announced-by-health-secretary-jeremy-
hunt-1494025 (accessed Aug 8, 2016).

13 Public Health England. Meningococcal Reference Unit-User 
Manual. Public Health England, 2015. https://www.gov.uk/
government/uploads/system/uploads/attachment_data/fi le/472708/
MRU_User_Manual_FINAL.pdf (accessed Aug 15, 2016).

14 Ladhani SN, Waight PA, Ribeiro S, Ramsay ME. 
Invasive meningococcal disease in England: assessing disease 
burden through linkage of multiple national data sources. 
BMC Infect Dis 2015; 15: 551.

15 Farrington CP. Estimation of vaccine eff ectiveness using the 
screening method. Int J Epidemiol 1993; 22: 742–46.



Articles

8 www.thelancet.com   Published online October 27, 2016   http://dx.doi.org/10.1016/S0140-6736(16)31921-3

16 Public Health England. Provisional vaccine coverage estimates for 
the new meningococcal B (MenB) immunisation programme for 
England. Public Health England, 2016. https://www.gov.uk/
government/publications/meningococcal-b-immunisation-
programme-vaccine-coverage-estimates (accessed Aug 15, 2016).

17 Donnelly J, Medini D, Boccadifuoco G, 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: 19490–95.

18 Vogel U, Taha MK, Vazquez JA, et al. Predicted strain coverage of a 
meningococcal multicomponent vaccine (4CMenB) in 
Europe: a qualitative and quantitative assessment. Lancet Infect Dis 
2013; 13: 416–25.

19 Frosi G, Biolchi A, Lo Sapio M, et al. Bactericidal antibody against 
a representative epidemiological meningococcal serogroup B panel 
confi rms that MATS underestimates 4CMenB vaccine strain 
coverage. Vaccine 2013; 31: 4968–74.

20 Basta NE, Mahmoud AAF, Wolfson J, et al. Immunogenicity of a 
meningococcal B vaccine during a university outbreak. 
N Engl J Med 2016; 375: 220–28.

21 Brunelli B, Del Tordello E, Palumbo E, et al. Infl uence of sequence 
variability on bactericidal activity sera induced by Factor H binding 
protein variant 1.1. Vaccine 2011; 29: 1072–81.

22 Cartwright K, Morris R, Rumke H, et al. Immunogenicity and 
reactogenicity in UK infants of a novel meningococcal vesicle 
vaccine containing multiple class 1 (PorA) outer membrane 
proteins. Vaccine 1999; 17: 2612–19.

23 Torres F, Safadi M, Martinez A, et al. Immunogenicity and safety of 
a 2 or 3 dose primary series of meningococcal serogroup b vaccine 
in infants, and a 2-dose catch-up series in children. 34th Annual 
Meeting of the European Society for Paediatric Infectious Diseases 
(ESPID); Brighton. UK: ESPID; 2016: ESP16-0464.

24 Public Health England. Preliminary vaccine coverage estimates for 
the new meningococcal B (MenB) immunisation programme for 
England, update to the end of April 2016. Public Health England, 
2016. https://www.gov.uk/government/publications/
meningococcal-b-immunisation-programme-vaccine-coverage-
estimates (accessed Oct 24, 2016).

25 Public Health England. Provisional vaccine coverage estimates for 
the new meningococcal B (MenB) immunisation programme for 
England, January 2016. Public Health England, 2016. https://www.
gov.uk/government/publications/meningococcal-b-immunisation-
programme-vaccine-coverage-estimates (accessed Aug 4, 2016).


	Effectiveness and impact of a reduced infant schedule of 4CMenB vaccine against group B meningococcal disease in England: a national observational cohort study
	Introduction
	Methods
	Case ascertainment and follow-up
	Vaccine effectiveness
	Vaccine impact
	Role of funding source

	Results
	Discussion
	Acknowledgments
	References


