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ABSTRACT
Recently, two vaccines against meningococcal serogroup B (MenB) have been developed. They are
prepared according to the reverse vaccinology approach and contain 4 (4CMenB) and 2 (MenB-FHbp)
cross-reactive surface proteins. In Italy 4CMenB vaccine has been included in the official vaccination
schedule only recently and recommended only for infants and toddlers, whereas MenB-FHbp is not
licensed. In order to collect information about the present carriage of Neisseria meningitidis serogroup B
(MenB) in Italian adolescents and to evaluate the potential protection offered by the presently available
MenB vaccines, 2,560 otherwise healthy, high school students aged 14–21 years (907 males, 35.4%,
median age 16.2 years) were enrolled in Milan, Italy. A swab to collect posterior pharynx secretions was
collected from each subject and meningococcal identification, serogrouping, multilocus sequence typing
analysis, sequence alignments and phylogenetic analysis were performed. A total of 135 (5.3%)
adolescents were meningococcal carriers. Strains belonging to serogroup B were the most common (n D
58; 2.3%), followed by MenY (n D 32; 1.2%), MenC (n D 7; 0.3%), MenW (n D 6; 0.3%) and MenX (n D 5;
0.2%). The remaining bacteria were not capsulated. The identified MenB strains belonged to eleven clonal
complexes (CCs): ST-162 CC (n D 12; 20.7%), ST-865 CC (n D 12; 20.7%), ST-41/44/Lin.3 CC (n D 11; 19.0%),
ST-35 CC (n D 6; 10.3%), ST-32/ET-5 CC (n D 4; 6.9%), ST-269 CC (n D 3; 5.2%), ST-213 CC (n D 2; 3.4%), ST-
198 CC (n D 1; 1.7%), ST-461 CC (n D 1; 1.7%), ST-549 CC (n D 1; 1.7%), and ST-750 CC (n D 1; 1.7%). This
study showed that MenB was the most commonly carried meningococcal serogroup found in adolescents
living in Milan, Italy. The MenB vaccines presently licensed could have theoretically induced the
production of antibodies effective against the greatest part of the identified MenB strains (100% in the
case of 4CMenB and 95% in case of MenB-FHbp) Monitoring carriage remains essential to evaluate MenB
circulation, but further studies are necessary to evaluate the effect on carriage and the final efficacy of
both new MenB vaccines.
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Introduction

Nasopharyngeal carriage of Neisseria meningitidis is relatively
common. It occurs in 3–25% of the general population,1 with
the highest rates in adolescents and young adults mainly
because of the highest contact rates among people of these age
groups.2 Usually, carriage is not associated with disease devel-
opment. However, in very few cases, shortly after colonization,
N. meningitidis can pass through the respiratory mucosa, enter
the blood stream and cause invasive meningococcal disease
(IMD), mainly sepsis and meningitis.3 The risk of IMD is
higher in subjects without circulating protective bactericidal
antibodies and in those with complement deficiencies.4 In addi-
tion, bacterial characteristics may play a role in this regard.
With very few exceptions,5,6 all the cases of IMD are due to
encapsulated meningococcal strains. Moreover, only 6 of the
known 12 capsule variants are associated with IMD. Finally,

within the potentially invasive variants, the development of
IMD is more common with strains of specific genetic types.7

Meningococcal carriage represents a critical condition for
IMD onset since it represents the first step for disease transmis-
sion. Moreover, high levels of carriage can favour genetic
exchange among meningococcal strains,7 leading to the develop-
ment of bacteria with invasive potential.8 Thus, meningococcal
carriage epidemiology is important in understanding relation-
ships between carriage and disease.9 Moreover, it has been shown
that the meningococcal strains carried by adolescents have simi-
lar genetic characteristics to those that cause disease in infants.10

Consequently, knowledge of carriage characteristics can, at least
in part, inform on the meningococcal strains that can cause
IMD in a given period and in a geographic area. Furthermore,
the level of protection of meningococcal vaccines might be indi-
rectly deduced by the evaluation of the carriage.
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Recently, two vaccines against meningococcal serogroup
B (MenB) have been developed. They are prepared accord-
ing to the reverse vaccinology approach and contain 4
(4CMenB) and 2 (MenB-FHbp) relatively well-conserved
and potentially cross-reactive surface proteins.11,12 Both
were found able to evoke antibodies effective in killing Men
strains in vitro.11,12 Moreover, particularly for 4CMenB, evi-
dence of the efficacy in humans has been collected.13,14 In
Italy 4CMenB vaccine has been included in the official vac-
cination schedule only recently and recommended only for
infants and toddlers, although a possible inclusion for ado-
lescent in the future was suggested.20 Furthermore, MenB-
FHbp is not licensed. The main aim of this study was to
collect information about the present carriage of MenB in
Italian adolescents and to evaluate the potential protection
offered by the presently available MenB vaccines. Because a
similar study was performed in 2011,15 a comparison with
the previously collected data was also performed.

Results

Study population

In this study, 2,560 otherwise healthy students aged 14–21 years
(907 males, 35.4%, median age 16.2 years) were enrolled. A total
of 135 (5.3%) were meningococcal carriers. Among those who
carried bacteria, strains belonging to serogroup B were the most
common (n D 58; 2.3%), followed by MenY (n D 32; 1.2%),
MenC (n D 7; 0.3%), MenW (n D 6; 0.3%) and MenX (n D 5;
0.2%). The remaining bacteria were not capsulated (n D 27;
1.0%). No differences in Men carriage prevalence according to
type of school, age and gender was evidenced. Unfortunately,
only a marginal part of the enrolled students returned the ques-
tionnaire. Consequently, no relationship between characteristics
of the students and Men carriage could be studied.

Clonal complex (CC)

The identified 58 MenB strains belonged to eleven CCs: ST-162
CC (n D 12; 20.7%), ST-865 CC (n D 12; 20.7%), ST-41/44/
Lin.3 CC (n D 11; 19.0%), ST-35 CC (n D 6; 10.3%), ST-32/
ET-5 CC (n D 4; 6.9%), ST-269 CC (n D 3; 5.2%), ST-213 CC
(n D 2; 3.4%), ST-198 CC (n D 1; 1.7%), ST-461 CC (n D 1;
1.7%), ST-549 CC (n D 1; 1.7%), and ST-750 CC (n D 1; 1.7%).
Four strains (6.9%) belonged to sequence types that have not
yet been assigned to any CC by the Meningococcal Multilocus
Sequence Typing System (http://pubmlst.org/neisseria).

Gene analysis

fHbp
Figure 1 shows the distribution of the fHbp variants by CC. All
but three of the detected MenB strains harboured fHbp alleles,
representing a total of 31 sub-variants: 18 in variant 1 (v.1 n D
25; 45.4%) and 13 in variants 2 and 3 (8 in v.2, n D 25, 45.4%; 5
in v. 3, n D 5, 9.1%). Variants 1 and 2 were mainly present in
the ST-162, ST41/44/Lin3, and ST-865 CCs; variant 3 was
mainly found in ST-269 CC.

Among the 18 sub-variants in variant 1, the gene for the
fHbp sub-variant included in the 4CMenB vaccine (fHbp 1.1)

was not identified in any strain. Regarding the genes for the
sub-variants included in the 2CMenB vaccine, fHbp 1.55 was
not detected in any studied strain, whereas fHbp 3.45 was
detected in one strain.

nhba
The gene for the nhba protein was found in all but 6 strains
(10.3%), and 21 sub-variants were identified. The gene for the
nhba protein included in the 4CMenB vaccine (sub-variant 2)
was not found in any of the strains; among the sub-variants, the
most common were 908 (n D 10; 19.2%) in ST-865 CC (9 cases)
and in ST- 549 (one case); 879 (n D 10; 19.2%) in ST-162 CC (9
cases) and in ST-865 CC (one case); and 21 (n D 6; 11.5%) in
ST-35 CC (4 cases) and in ST-269 CC (2 cases). Among the
strains without the nhba gene, 5 had the gene for fHbp protein
variant 1 (sub-variants 1.45, 1.464, 1.6, and 1.66), and 1 had the
gene for fHbp protein variant 2 (sub-variant 2.19).

PorA
PorA proteins were identified in 53 of the 58 (91.4%) studied
MenB strains. In the remaining 5 strains PorA was deleted
There were 22 porA sub-types. The protein included in the
4CMenB vaccine (P1 7–2,4) was identified in 4 cases belonging
to ST-162CC (3 strains) and ST-41/44 Lin3CC (1 strain).
Among the other sub-types, the most common were P1 21,16–
36 (n D 10; 18.8%) in ST-865 CC (8 strains) and ST-549 CC (2
strains); P1 22,14 (n D 10; 18.8%) in ST-162 CC (6 strains),
ST-213 CC (2 strains), ST-750 CC (1 strain), and ST-865 (1
strain); P1 22–1,14 (n D 5; 9.4%) in ST-35 CC; P1 18,25 (n D 4;
7.5%) in ST-41/44 Lin3 CC (4 strains); P1 7–1,1 (n D 3; 5.6%)
in ST-32 (2 strains) and ST-41/44 Lin3 (1 strain); and P1 18–
1,30 (n D 2; 3.7%) in ST-32 CC. All of the other PorA subtypes
were represented in a single CC.

Global characteristics of identified MenB strains

All of the studied MenB strain had at least one of the genes
encoding the proteins included in 4CMenB vaccine. Three
genes were identified in 19 meningococci, two in 34 (1 fHbp
with nhab, 3 fHbp with PorA and 30 nhba with PorA). Finally,
n 5 strains only one gene (2 fHbp, 2 nhba and 1 PorA) were
detected. Regarding proteins included in MenB-FHbp vaccine,
25 strains had the fHbp1, 25 the fHbp2 and 5 tha fHbp3 genes.

NadA
The gene for the NadA protein was not detected in any of the
58 studied strains.

Discussion

In this study, MenB was the most commonly carried meningo-
coccal serogroup found in adolescents living in Milan, Italy, fol-
lowed by MenY. This finding agrees with recently reported
studies in Europe in which MenB is presently the most fre-
quently identified meningococcus in the pharynx of both
healthy individuals and patients with IMD.16-18 This was
expected because the introduction of the MenC conjugate vac-
cine has significantly reduced MenC carriage and circulation,
evidencing the role of MenB in carriage and disease.16-18 In
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Northern Italy, MenC vaccine coverage in children younger
than 24 months of age is about 90%19 and this could explain
the low detection of MenC in the studied population. On the
contrary, in Italy 4CMenB vaccine has been included in the
official vaccination schedule only recently and recommended
only for infants and toddlers, although a possible inclusion for
adolescent in the future was suggested.20 Moreover, MenB-
FHbp is not licensed. This means that no effect of MenB vacci-
nation may have occurred. On the other hand, in Lombardy,
the Region of Italy where this study was carried out, incidence
of MenB invasive disease has remained substantially unmodi-
fied in the last 10 years (i.e., around 4 cases out of 100,000).,21

The genetic characteristics of MenB strains identified in this
study are quite similar to those of the strains identified in a pre-
vious study performed several years earlier in a similar popula-
tion living in the same geographic area.15 This seems to confirm
that, despite the high incidence of genetic exchange, meningococ-
cal strains are relatively stable.7 In both cases, many strains were
included in some of the CC frequently associated with bacterial
hypervirulence and the development of IMD, such as ST-41/44
and ST-32.22 This suggests a potential virulence of the meningo-
coccal strains carried by the study population.

Moreover, similar to the previous study,15 the MenB vac-
cines presently licensed could In theoretically induced the pro-
duction of antibodies effective against the greatest part of the
identified MenB strains, although with slight differences
between them. The 2CMenB vaccine contains two sub-variants
of the bacterial fHbp protein (fHbp1 and fHbp3) and one of the
genes encoding these proteins was found in 55/58 studied
strains. This seems to indicate that, the MenB.fHbp vaccine
could have evoked antibodies able to eliminate the carried
strains in about 95% of the cases. The 4CMenB vaccine con-
tains a variant of the fHbp protein (sub-variant 1.1), a NadA-3
component, a variant of the nhba protein (sub-variant 2), and
the Por A protein (subtype P1 7–2,4). In the studied bacteria,
the gene for the NadA was never found, as frequently observed
in carried bacteria.23 This seems to indicate that this compo-
nent of the 4CMenB vaccine could not have a role in eliminat-
ing carried pathogens. However, all the other genes were
identified in most of the meningococci. Two or 3 of the genes
encoding the proteins included in the vaccine were identified in
more than 80% of the cases.

Although carried isolates not always related to the invasive
strains occurring during the study period, elimination of

carriage seems essential to maximize the efficacy of a meningo-
coccal vaccine. A relevant part of the positive effects obtained
with the use of MenC conjugate vaccine were due to population
immunity induced by the reduction of carriage and pathogen
transmission.24 However, the potential positive effect of both
MenB vaccines suggested by this study should be considered
with caution. Only the presence of genes encoding proteins
included in the vaccines was studied. Gene expression was not
evaluated, and it has been demonstrated that MenB vaccines
are theoretically effective when the invasive Men strain is able
to produce one or more of the vaccine components at a concen-
tration higher than minimum required for the bactericidal pro-
tective activities of antibodies.11,12 Conversely, data collected in
this study seem to disagree, at least in part, with what has been
reported by Read et al.17 These authors reported that although
there was no significant difference in carriage between controls
and 4CMenB vaccinated subjects at 1 month after vaccination,
at 3 months after dose two, 4CMenB vaccination resulted in
18.2% lower carriage of any meningococcal strain including the
capsular groups BCWY, for which carriage reduction was
26.6%.17 This finding was not surprising, as the proteins
included in both the 2CMenB and 4CMenB vaccines are not
exclusive of MenB but are present in meningococcal isolates
regardless of the serogroup. However, data collected by Read
et al. regard a relatively small group of subjects and do not
allow to draw firm conclusions.17 On the other hand, more
recent studies have reported that neither vaccine used to con-
trol a college outbreak of MenB IMD was able to rapidly reduce
meningococcal carriage or prevent MenB carriage acquisi-
tion.25,26 Therefore, monitoring carriage remains essential to
evaluate MenB circulation, but further studies are necessary to
evaluate the effect on carriage and the final efficacy of both new
MenB vaccines.

Materials and methods

This study was conducted in Milan, Italy, between January and
March 2016, in the middle of the school year Healthy partici-
pants were recruited among students attending four high
schools. Enrolment was voluntary. However, in the week pre-
ceding the swabbing, the students received a brochure provid-
ing information regarding meningococcal clinical relevance
and the purpose of the study. Moreover, during lesson time,
science teachers reinforced the message. Contemporaneously to

Figure 1. Distribution of the fHpb variant by clonal complex.

1072 L. TERRANOVA ET AL.



the execution of the throat swab, date regarding age and sex of
the participants were collected. in addition, each student was
asked to fill in a questionnaire at home to provide information
on personal and family characteristics to be returned to the
teacher of science within a week. This study was conducted in
compliance with the ethical principles of the Helsinki Declara-
tion within the guidelines of Good Clinical Practice. It was
approved by the Ethical Committee of the Fondazione IRCCS
Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy. Writ-
ten informed consent was obtained from all participants and
from both parents of those <18 years old.

The posterior oropharynx secretions were collected in the
medical rooms of the participating schools by a group of expe-
rienced nurses supervised by a paediatrician (SE). ESwab kits
(code 482CE, Copan Italia) were used for swabbing. The sam-
ples were immediately transported to a central laboratory and
processed within 3 hours. Bacteria identification, serogrouping
(A, B, C, X, Y, Z, W, E), multilocus sequence typing (MLST)
analysis, sequence alignments and phylogenetic analysis were
performed. The nomenclature for the fHbp and PorA sub-var-
iants used in this study follows that of the public fHbp and
PorA database (http://neisseria.org) in which new allele sub-
variants are assigned a sequentially allocated numerical identi-
fier and a pre-existing or new (sequentially allocated) numerical
protein identifier. The PorA variable region types were
described on the basis of the nomenclature provided in the N.
meningitidis PorA VR database (http://pubmlst.org/neisseria/
PorA/). The nhba and nadA genes were sequenced using the
protocols and nomenclature provided in the N. meningitidis
pubMLST database (http://pubmlst.org/neisseria).
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