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ABSTRACT

Introduction: Invasive meningococcal disease
(IMD) is an important public health concern. In
developed countries, most IMD is caused by
meningococcal serogroup B (MenB) and two
protein-based MenB vaccines are currently
available: the four-component vaccine 4CMenB
(Bexsero, GSK) and the bivalent vaccine MenB-
FHbp (Trumenba, Pfizer). Genes encoding the
4CMenB vaccine antigens are also present in

strains belonging to other meningococcal
serogroups.
Methods: To evaluate the potential of 4CMenB
vaccination to protect adolescents against non-
MenB IMD, we tested the bactericidal activity of
sera from immunized adolescents on 147 (127
European and 20 Brazilian) non-MenB IMD
isolates, with a serum bactericidal antibody
assay using human complement (hSBA). Serum
pools were prepared using samples from ran-
domly selected participants in various clinical
trials, pre- and post-vaccination: 12 adolescents
who received two doses of 4CMenB 2 months
apart, and 10 adolescents who received a single
dose of a MenACWY conjugate vaccine (as
positive control).
Results: 4CMenB pre-immune sera killed 7.5%
of the 147 non-MenB isolates at hSBA titers
C 1:4. In total, 91 (61.9%) tested isolates were
killed by post-dose 2 pooled sera at hSBA titers
C 1:4, corresponding to 44/80 (55.0%) MenC,
26/35 (74.3%) MenW, and 21/32 (65.6%) MenY
isolates killed.
Conclusion: 4CMenB vaccination in adoles-
cents induces bactericidal killing of non-MenB
isolates, suggesting that mass vaccination could
impact IMD due to serogroups other than
MenB.

Keywords: 4CMenB; Cross-protection;
Meningococcal vaccine; Non-MenB strains;
Serum bactericidal antibody activity

A. Biolchi � S. Tomei � B. Brunelli � M. Giuliani �
S. Bambini � S. Budroni � M. M. Giuliani �
R. Rappuoli � M. Pizza (&)
GSK, Siena, Italy
e-mail: mariagrazia.x.pizza@gsk.com

R. Borrow � J. Lucidarme
Meningococcal Reference Unit, Public Health
England, Manchester Royal Infirmary, Manchester,
UK

H. Claus � U. Vogel
Institute for Hygiene and Microbiology, University
of Würzburg, Würzburg, Germany

M. C. O. Gorla � A. P. S. Lemos
Adolfo Lutz Institute, São Paulo, Brazil

E. Hong � M.-K. Taha
Institut Pasteur, Paris, France

P. Boucher
PRA Health Sciences C/O GSK, Fort Washington, PA,
USA

Infect Dis Ther (2021) 10:307–316

https://doi.org/10.1007/s40121-020-00370-x

http://orcid.org/0000-0002-7800-1404
http://crossmark.crossref.org/dialog/?doi=10.1007/s40121-020-00370-x&amp;domain=pdf
https://doi.org/10.1007/s40121-020-00370-x


Key Summary Points

Why carry out this study?

The 4CMenB vaccine (Bexsero, GSK) was
developed to protect against invasive
meningococcal disease (IMD) caused by
serogroup B Neisseria meningitidis. As
4CMenB antigens are also commonly
found in other meningococcal serogroups,
4CMenB may offer protection against
non-B serogroups causing IMD.

We investigated if 4CMenB vaccination
can raise a functional immune response
against non-B serogroup strains in
adolescents, one of the populations most
susceptible to meningococcal disease.

What was learned from the study?

We showed that the antibodies induced
by vaccination of adolescents with
4CMenB induce bactericidal killing
against N. meningitidis C, W, and Y, by
using a large panel of 147 non-B isolates
representative of current IMD
epidemiology.

While 4CMenB was developed to protect
against N. meningitidis serogroup B, the
immune responses observed in sera from
adolescents vaccinated with 4CMenB
suggest protection against non-B
serogroups as well.

These results expand earlier findings and
support previous evidence that 4CMenB
vaccination may have the added value of
cross-protection against prevalent IMD-
causing N. meningitidis serogroup C, W,
and Y strains.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.13169279.

INTRODUCTION

Even though an increasing number of countries
are implementing meningococcal vaccination
programs, invasive meningococcal disease
(IMD) remains a major public health concern.
While rare in high-income countries, IMD has
serious consequences, with up to one-third of
survivors experiencing long-term or permanent
sequelae, and case fatality rates of 10–15% even
if the correct treatment is administered [1]. Six
serogroups of the disease-causing pathogen,
Neisseria meningitidis, account together for more
than 99% of IMD cases: meningococcal ser-
ogroup (Men) A, MenB, MenC, MenW, MenX,
and MenY [2]. The large strain diversity, par-
ticularly as far as MenB is concerned, together
with an ever-evolving and unpredictable IMD
epidemiology make the concept of a universal
meningococcal vaccine virtually impossible. To
date, there are no licensed vaccines against
MenX, but capsular polysaccharide conjugate
MenA, MenC, MenCY (as part of a combination
vaccine) and MenACWY vaccines have been
available for more than two decades and their
use has considerably reduced the prevalence of
these serogroups in countries recommending
vaccination [1, 3]. Consequently, with MenB
becoming prominent in several regions world-
wide and especially in high-income countries
[4], vaccines against this serogroup were devel-
oped. The MenB capsular polysaccharide is
poorly immunogenic, and therefore, MenB
vaccines were designed to contain N. meningi-
tidis subcapsular surface-exposed proteins as
antigenic components. Two vaccines with
broad protection against MenB strains, 4CMenB
(Bexsero, GSK) [5] and MenB-FHbp (rLP2086,
Trumenba, Pfizer) [6] are licensed for use in
several countries worldwide. 4CMenB is a four-
component MenB vaccine formulation con-
taining the Neisseria adhesin A (NadA), factor H
binding protein (fHbp), and the neisserial hep-
arin binding antigen (NHBA), in combination
with outer membrane vesicles (OMV) from a
New Zealand outbreak strain, expressing
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porin A protein (PorA) P1.4 [5]. The vaccine is
licensed for use against MenB-caused IMD in
individuals 10–25 years of age in the USA and
from 2 months of age in Europe and several
countries worldwide. Men-FHbp is a bivalent
fHbp vaccine licensed in individuals 10–-
25 years of age in the USA and from 10 years of
age in Europe [7]. The UK was the first country
to implement a vaccination program against
MenB in 2015 using 4CMenB, with an already
noticeable impact on MenB-caused IMD inci-
dence [8]. MenB vaccines contain antigen
components that are present across the diverse
N. meningitidis strains and serogroups, and even
other Neisseria species. Therefore, they may
exhibit cross-protection against various
meningococcal serogroups. Some indications
already exist that 4CMenB and Men-FHbp may
exhibit cross-protection against serogroups
other than those targeted [9–12].

We previously reported that pooled sera
from infants immunized with 4CMenB exhibit
serum bactericidal activity against non-MenB
strains, with 109 out of 147 strains (74.1%) of
MenC, MenW, and MenY clinical isolates from
Europe and Brazil being killed by sera collected
from infants immunized with the 4CMenB
vaccine [13]. Here, we describe the bactericidal
activity of adolescent post-vaccination sera
measured by serum bactericidal antibody assay
using human complement (hSBA) against non-
MenB strains selected from the same panels of
European and Brazilian IMD isolates.

METHODS

Meningococcal Isolates: Euro-3 Panel
and Brazilian Panel

The non-MenB isolates were previously descri-
bed in detail [13]. Briefly, isolates belonged to
two panels: one containing 227 isolates col-
lected from England and Wales, Germany, and
France (Euro-3 panel) between July 2007 and
June 2008, and one consisting of 41 Brazilian
isolates collected in the year 2012. All isolates
were invasive non-MenB disease isolates origi-
nating from meningitis and/or septicemia and
were isolated from cerebrospinal fluid or blood

samples. The Euro-3 panel included mostly
MenC (130, 57%), MenW (36, 16%), and MenY
(50, 22%) isolates; other isolates were MenA,
MenE, MenZ, and non-groupable. The Brazilian
panel consisted of five (12%) MenC, 16 (39%)
MenW, and 20 (49%) MenY isolates. All isolates
were characterized by multilocus sequence typ-
ing [13].

From these panels, 147 MenC, MenW, and
MenY isolates (127 from the Euro-3 panel and
20 from the Brazilian panel) were selected for
testing by hSBA. In the Euro-3 panel, an initial
random, unbiased selection was applied. Ade-
quate representation in terms of genetic diver-
sity and antigenic profiles for each serogroup
was afterwards confirmed by statistical evalua-
tion. Brazilian isolates were selected on the basis
of their epidemiological relevance in the region,
with no further support of statistical analysis.
The distribution of isolates in both panels
according to 4CMenB antigen genotypes is
presented in Fig. 1 [13].

Immunogenicity Assessment

The hSBA assay was performed following an
established protocol [14] with minor modifica-
tions, as previously described [13].

Serum pools were prepared using pre- and
post-vaccination samples from participants in
various clinical trials. Sera from 12 randomly
selected adolescents out of 342 originally
included in theper protocol set, aged11–17 years
from Chile, who received two doses of 4CMenB
2 months apart (as part of a three-dose course;
NCT00661713 [15]) were collected before vac-
cination and 1 month after the second vacci-
nation. Two different pools of 12 adolescents
were used for the analysis of the EU strain panel
and Brazilian panel, respectively.

Pooled sera from 10 randomly selected ado-
lescents who received a single dose of a
MenACWY conjugate vaccine (Menveo, GSK) in
a previous clinical trial (NCT00518180 [16])
were used as positive control to confirm that
bactericidal killing of the strains is induced by
vaccination with the vaccine containing the
capsular polysaccharides of MenC, MenW, and
MenY. The sera were pooled separately for the
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pre-vaccination and 1 month post-vaccination
time points.

The number and percentage of isolates killed
at different titers were tabulated at each time
point by serogroup, panel, and overall.

Ethics

Studies NCT00661713 and NCT00518180 were
conducted in accordance with the Declaration
of Helsinki. The use of samples was based upon
written informed consent obtained from the
parents/guardians of the adolescents before the
study-specific procedures. However, for a subset
of participants in study NCT00661713, the col-
lected informed consent did not include per-
mission for reuse of the biological samples
(some of which were used in the current study).
Upon discovery of the unintended error, GSK
informed the principal investigators, the local
ethics committee, and the Ministry of Health of
the concerned country and notified all impac-
ted participants.

RESULTS

When tested against the 147 MenC, MenW, and
MenY isolates, 4CMenB pre-immune sera from

adolescents killed 7.5% of isolates (hSBA titers
C 1:4).

Sera from immunized adolescents killed 91
(61.9%) of the 147 tested isolates, with hSBA
titers ranging from C 1:4 to C 1:128. Of the
tested 127 isolates from the Euro-3 panel, 40/76
(52.6%), 20/28 (71.4%), and 15/23 (65.2%)
MenC, MenW, and MenY isolates were killed by
sera from vaccinated adolescents, at hSBA titers
C 1:4 (Table 1, Fig. 2). Of the tested 20 isolates
from the Brazilian panel, 4/4 (100%) MenC
isolates, 6/7 (85.7%) MenW isolates, and 6/9
(66.7%) MenY isolates were killed at hSBA titers
C 1:4 by post-vaccination adolescent sera
(Table 1, Fig. 2).

Of the tested isolates from the European
panel, all strains were killed by MenACWY-im-
mune sera at hSBA titers C 1:64 for MenC,
C 1:128 for MenW and C 1:256 for MenY. Of
the tested isolates from the Brazilian panel, all
strains were killed by MenACWY-immune sera
at hSBA titers C 1:128 for MenC, C 1:64 for
MenW, and C 1:512 for MenY.

DISCUSSION

Pooled sera from adolescents immunized with
two doses of 4CMenB induced bactericidal kill-
ing of 91 out of 147 tested isolates

Fig. 1 Distribution of 4CMenB antigen genotypes by
serogroup in isolates available for testing compared to the
subsets of isolates tested in hSBA (data from Biolchi et al.
[13]). hSBA serum bactericidal antibody assay using
human complement, Men meningococcal serogroups,
fHbp factor H binding protein, FS/IS frameshift/insertion

sequence-disrupted gene, NA not available, NHBA neis-
serial heparin binding antigen, nadA Neisseria
adhesin A gene, N number of (tested) isolates in each panel
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representative of genetic and geographic diver-
sity of MenC, MenW, and MenY strains in
England and Wales, Germany, France, and
Brazil, resulting in an overall strain coverage of
approximately 62%. These data complement
our previous findings, which showed that sera
of infants vaccinated with four 4CMenB doses
afforded a coverage of 74% of the tested non-
MenB strains [13]. It is important to note that
the difference in coverage between infant and
adolescent sera is related mainly to MenY
strains (93.8% [13] versus 65.6%). This effect
could be due to differences in the bactericidal
assay, based on not heat-inactivated sera in the
case of infants, which could result in a higher
amount of active complement and, in turn, in

higher bactericidal titers, particularly in the case
of MenY strains [17].

The 4CMenB antigenic components are
known to be present and surface-exposed on
non-MenB strains as well. Variants of fHbp are
present in nearly all IMD-causing strains, albeit
at different levels of expression [18] and across
some neisserial commensal species [19–21].
fHbp is present, but not surface-exposed in
Neisseria gonorrhoeae [22]. The nhbA gene is also
present in all meningococci as well as in
pathogenic (N. gonorrhoeae) and commensal
Neisseria species, such as Neisseria lactamica,
Neisseria polysaccharea, or Neisseria flavescens
[21]. The nadA gene is harbored by approxi-
mately 25% of meningococci [23], although this
was shown to vary geographically and over time

Table 1 Number and percentage of non-MenB isolates killed in hSBA by adolescent 4CMenB-elicited immune sera at
different bactericidal titers in the Euro-3 and Brazilian panels, by serogroup and time point

hSBA titers MenC MenW MenY All

Pre-vac Post-vac Pre-vac Post-vac Pre-vac Post-vac Pre-vac Post-vac

Euro-3 panel N = 76 N = 28 N = 23 N = 127

C 1:4 2 (2.6) 40 (52.6) 4 (14.3) 20 (71.4) 5 (21.7) 15 (65.2) 11 (8.7) 75 (59.1)

C 1:8 0 (0.0) 33 (43.4) 3 (10.7) 20 (71.4) 3 (13.0) 15 (65.2) 6 (4.7) 68 (53.5)

C 1:16 0 (0.0) 28 (36.8) 3 (10.7) 20 (71.4) 2 (8.7) 14 (60.9) 5 (3.9) 62 (48.8)

C 1:32 0 (0.0) 25 (32.9) 2 (7.1) 19 (67.9) 1 (4.3) 9 (39.1) 3 (2.4) 53 (41.7)

C 1:64 0 (0.0) 23 (30.3) 1 (3.6) 15 (53.6) 1 (4.3) 6 (26.1) 2 (1.6) 44 (34.6)

C 1:128 0 (0.0) 17 (22.4) 0 (0.0) 12 (42.9) 1 (4.3) 2 (8.7) 1 (0.8) 31 (24.4)

Brazilian panel N = 4 N = 7 N = 9 N = 20

C 1:4 0 (0.0) 4 (100) 0 (0.0) 6 (85.7) 0 (0.0) 6 (66.7) 0 (0.0) 16 (80.0)

C 1:8 0 (0.0) 4 (100) 0 (0.0) 6 (85.7) 0 (0.0) 6 (66.7) 0 (0.0) 16 (80.0)

C 1:16 0 (0.0) 4 (100) 0 (0.0) 5 (71.4) 0 (0.0) 6 (66.7) 0 (0.0) 15 (75.0)

C 1:32 0 (0.0) 3 (75.0) 0 (0.0) 5 (71.4) 0 (0.0) 6 (66.7) 0 (0.0) 14 (70.0)

C 1:64 0 (0.0) 0 (0.0) 0 (0.0) 5 (71.4) 0 (0.0) 6 (66.7) 0 (0.0) 11 (55.0)

C 1:128 0 (0.0) 0 (0.0) 0 (0.0) 5 (71.4) 0 (0.0) 4 (44.4) 0 (0.0) 9 (45.0)

Data are presented as number and percentage of isolates killed in hSBA at the indicated titer
Men meningococcal serogroup, hSBA serum bactericidal antibody assay using human complement, N number of strains
tested in hSBA with the 4CMenB-elicited immune sera, pre-vac pre-vaccination, post-vac post-vaccination (post-dose 2)
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[24]. The results of the current study indicate
that coverage of 4CMenB is not limited to MenB
strains, since more than half of strains across all
serogroups in each panel were killed by immune
sera in hSBA. Indeed, among the total 268 iso-
lates in both panels, 38% of MenC strains car-
ried fHbp variant 1 peptides, the majority
presented NHBA peptides 20, 24, and 29, and
55% harbored the nadA gene [13]. In contrast,
PorA P1.4 was only present in one MenY isolate
from the Brazilian panel [13]. Antigen geno-
typing showed differences between the MenC
isolates in the two panels, including the isolates
tested in hSBA. Variant 2 fHbp peptides were
detected for more than 75% of strains in the
Brazilian panel, but only half of the European
strains. Moreover, the NHBA peptides differed
from one panel to another and Brazilian MenC
strains did not carry the nadA gene. Neverthe-
less, 52.6% (in the Euro-panel) and 100% (in the
Brazilian panel) of tested MenC isolates were
killed in hSBA, indicating that multiple
4CMenB antigens are accessible for antibody
binding in the MenC strains. The most likely
bactericidal antigen for MenW and MenY
strains was NHBA, while NadA could play a key
role in killing of Brazilian MenW isolates [13].
Similarly, cross-protective antibodies induced
by 4CMenB against a MenW sequence type 11
clonal complex strain circulating in England

and Wales during 2011–2012 were previously
attributed to the NHBA and NadA antigens [12].

Pooled sera from 4CMenB-vaccinated
infants, adolescents, and adults displayed bac-
tericidal killing in hSBA, at different titers,
against nine of 11 MenX isolates collected
between 1995 and 2007 from Africa and France
[11]. Neither of the two isolates from France,
which were genetically different from the Afri-
can ones, were killed by the pooled infant sera
[11].

Of note, the use of hSBA performed on
pooled 4CMenB immune sera has been previ-
ously shown to predict individual protection
against MenB for infants and toddlers [25].

This study represents the first example in
which a large panel of 147 non-B isolates has
been analyzed in the serum hSBA assay with
4CMenB post-vaccination adolescent sera. A
recent study also evaluated hSBA killing
induced by sera from Men-FHbp-immunized
individuals against six non-MenB strains (one
MenA, MenC, MenX, and MenY and two MenW
isolates), selected from a total of 292 isolates
from the USA, England and Wales, the Nether-
lands, and Africa. Bactericidal activity was
evaluated using individual serum samples col-
lected from 30 adolescents aged 10–12 years and
expressed as the percentage of adolescents with
positive bactericidal titers [9]. Response rates

Fig. 2 Percentage of non-MenB isolates killed in hSBA by
adolescent 4CMenB-elicited immune sera in the Euro-3
panel and the Brazilian panel. Men meningococcal

serogroups, hSBA serum bactericidal antibody assay using
human complement, N number of tested isolates in each
panel
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after three MenB-FHbp doses were at least 83%
for the five MenC, MenW, MenX, and MenY
isolates and 28% for the MenA strain. However,
the limited number of isolates analyzed in this
study did not allow one to predict the potential
of MenB-FHbp immune sera to cover the overall
diversity of non-MenB strains carrying fHbp
with a different sequence and/or expressed at
different levels. The comparison between
4CMenB and Men-FHbp is hindered by the
differences in study design, in the geographical
and temporal provenance of the strains, and
more importantly in the number of strains
analyzed. However, both studies suggest that
the two MenB vaccines provide coverage of
meningococcal strains extending beyond the
targeted serogroup.

This study has some potential limitations.
The number of serum samples (n = 12) to be
pooled for each time point was relatively small.
In addition, since the tested IMD strains were
collected from Europe and Brazil, it is difficult
to extrapolate these results to other regions.
However, in view of the genetic features of iso-
lates already well described (e.g., by molecular
epidemiology data deposited at the PubMLST
Neisseria website [26], similar cross-protection
against a large proportion of non-MenB isolates
circulating worldwide can be expected.

CONCLUSION

Sera from 4CMenB-immunized adolescents
induced bactericidal killing of 91 out of 147
tested non-MenB strains, corresponding to a
coverage of 62% of non-MenB isolates. This
suggests that mass vaccination using 4CMenB
could also impact the burden of non-MenB
IMD, although real-world evidence is still nee-
ded to confirm this hypothesis.
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