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Introduction

Invasive Bacterial Infection (IBI) caused by Neisseria 
meningitidis (N. meningitidis), commonly known as In-
vasive Meningococcal Disease (IMD) or meningococcal 
disease, is one of the most severe vaccine-preventable 
disease [1]. N. meningitidis is a gram-negative diplococ-
cus often detected in the human nasopharynx of asymp-
tomatic carriers (especially adolescents). It only infects 
humans; there is no animal reservoir  [1-5]. Occasion-
ally, it invades normally sterile sites (e.g. bloodstream, 
brain and cerebrospinal fluid) causing diseases with a 
variety of non-specific clinical presentations, including 
meningitis (the most common disease caused by N. men-
ingitidis) and sepsis [1, 6]. Disease progress is usually 
acute and severe, requiring comprehensive treatment in 
hospital, and even when the disease is diagnosed early 
and adequate treatment is started, between 10% and 15% 
of patients die, and up to 60% have long-term seque-
lae [1, 6-11].

Epidemiology of IMD
The incidence of IMD is generally low with regional dif-
ferences. The incidence ranges from less than 1 case per 
100,000 in North America and Europe to 10-1000 cases 
per 100,000 during epidemic years in Africa  [12,  13]. 
In 30 European Union (EU)/European Economic Area 
(EEA) countries, there were 3,221 confirmed cases of 
IMD in 2017 with 282 deaths reported  [14], and the 
overall notification rate (NR) was 0.6 per 100,000 per-
sons, the same as in 2016 and 2015, after a decreasing 
trend observed in the previous years [14, 15].
N. meningitidis disease-causing serogroups are identified 
according to the antigenic structure of the polysaccharide 
capsule; essentially six serogroups (A, B, C, W, Y and, 
rarely, X) are responsible for human disease [16]. The dis-
tribution of the serogroups varies worldwide and within 
the same region, changing rapidly due to an epidemic or 
slowly over time because of secular trends, the emergence 
of hypervirulent clones, new vaccination strategies, the 
changing state of population immunity, and environmen-
tal and behavioural risk factors  [12, 16-18]. Moreover, 
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capsular switch from one serogroup to another may oc-
cur  [12, 18-22]. In Europe, despite a decreasing trend 
in serogroups B and C (in particular in countries that 
introduced meningococcal vaccination) and an increas-
ing trend in serogroups W and Y, serogroup B contin-
ues to be the main cause of IMD [14, 15]. Specifically, 
during 2017, most of the 2,979 cases of IMD reported 
with a known serogroup belonged to serogroup B (51%), 
followed by W, C and Y (17%, 16% and 12%, respec-
tively) [14].
Furthermore, the incidence of meningococcal disease 
varies according to the age group considered. In Europe, 
the highest incidence occurs in young children (NR of 
8.2 confirmed cases per 100,000 in children less than 
1 year of age, and 2.5 per 100,000 population in those 
aged 1-4 years), with a second disease peak among ad-
olescents and young adults (15-24 years old; rate of 1 
per 100,000 population) [14]. IMD risk is increased in 
crowded situations associated with mass gatherings, life 
in close quarters (e.g. military barracks, college dorms), 
or travel to hyper-endemic regions [23]. However, even 
a single case of meningitis, especially in children, can 
trigger the so-called emotional epidemiology, which 
evokes memories of past pandemics and makes the dis-
ease feared [24, 25].
The prevalence of each meningococcal serogroup varies 
according to age. In the EU/EEA countries, serogroup B 
caused the highest proportion of cases in all age groups 
less than 65 years and accounted for 70% of IMD cases 
in children less than 5 years of age. Serogroup C was 
most prominent in 25-49-year-olds, but rare among 
those aged less than 24 years, especially in countries 
that introduced a universal infant or toddler vaccina-
tion programme [14]. Serogroups W and Y were high in 
those aged 65 years and greater, causing 30% and 26%, 
respectively, of IMD cases in these age groups  [13]. 
Moreover, a threefold increase in serogroup W was ob-
served between 2013 and 2017 (from 0.03 to 0.10 per 
100,000), most pronounced among young children and 
adults, probably due to the rapid epidemic expansion of 
a single clone from the United Kingdom to several other 
EU member states [26-28].
There is potential for underestimation of cases of IMD 
as a result of underreporting of notification involving 
surveillance systems  [29-34]. The available data are 
usually derived from passive surveillance systems that 
provide varying estimates throughout Europe and world-
wide [14, 31, 35, 36].

Anti-meningococcal vaccines and vaccination 
strategies
Different anti-meningococcal vaccines for primary 
prevention (routine immunization) of IMD and in re-
sponse to outbreaks (prompt reactive vaccination) are 
available: monovalent vaccines against serogroup A, B 
(protein-based vaccine [MenB]) and C (conjugate vac-
cine [MenC]) and quadrivalent vaccines, mainly conju-
gated, against serogroups A, C, W, Y (MenACWY) [37].
To date, no universal vaccine against meningococcal 
disease exists. Vaccination strategies adopted through-

out the world are heterogeneous, usually based on local 
epidemiologic data and environmental circumstances 
within a region or country. Considering the rapid and 
severe clinical evolution of IMD, relative ease of trans-
mission, and unpredictability of IMD outbreaks and epi-
demiology, protection can best be achieved by initiating 
proactive rather than reactive vaccination strategies [38].
The Italian National Immunization Prevention Plan (Pi-
ano Nazionale Prevenzione Vaccinale  [PNPV]) recom-
mends different meningococcal vaccines with different 
age schedules. [39]. In particular, MenB vaccination is 
recommended for all infants, followed by one dose of 
MenC conjugate vaccine (or the conjugate MenACWY 
vaccine, according to regional evaluation) in the 13th-
15th month and by the conjugate MenACWY vaccine 
at 12-18 years, in previously vaccinated or unvaccinated 
adolescents [39]. Moreover, the PNPV recommends an-
ti-meningococcal vaccination regardless of age for peo-
ple at an increased risk of developing the disease, such 
as those with some pathological conditions (e.g. hemo-
globinopathies, asplenia, congenital or acquired immu-
nodepression, type 1 diabetes, etc.), and their caregivers, 
and for all travellers to countries in the sub-Saharan belt 
or on a pilgrimage to Makkah al-Mukarramah [39]. At 
regional level, these recommendations are implemented 
as minimal offer, with the possibility of adding more co-
horts, creating a heterogeneous offer. 

Aim
The aim of the study is to describe and reinterpret as a 
whole the Italian epidemiological IMD data from 2011 
to 2017. This will help to evaluate serogroup- and age-
specific trends in order to provide a clear analysis that 
can be helpful to develop evidence based future Italian 
IMD prevention strategies.

Methods

Data sources
Data from Italian surveillance reports on vaccine-pre-
ventable invasive bacterial diseases (VP-IBDs) provided 
by the National Institute of Health (Istituto Superiore di 
Sanità [ISS]) for 2011-2017 were analysed [40, 41].

Italian Surveillance of IMD
In line with other EU/EEA countries  [14], VP-IBDs 
caused by N. meningitidis, Streptococcus pneumoniae, 
and Haemophilus influenzae are included in an enhanced 
national surveillance system. In Italy, it is coordinated 
by the ISS and has been active since 2007 [42]. This sys-
tem requires that all forms of IBI from pathogens for 
which there is a vaccine available are reported by clini-
cians and laboratory staff in hospitals to local health au-
thorities, regions and, finally, to the ISS [42]. Moreover, 
isolates are sent for further microbiological and molecu-
lar analysis to Regional Reference Laboratories or to the 
National Reference Laboratory at the ISS [42].
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The surveillance system collects demographic character-
istics of each patient (personal information such as name, 
surname and date of birth, city of residence, nationality, 
presence of risk factors, potential hospitalization, out-
come and sequelae, state of vaccination, etc.) and data 
regarding the agent causing the disease (e.g. species, se-
rotype/serogroup, etc.) using microbiological or molec-
ular methods [42]. Microbiological characterization also 
includes an assessment of antibiotic sensitivity, impor-
tant for detecting the circulation of antibiotic-resistant 
strains used in therapy and chemoprophylaxis. In addi-
tion, emerging and virulent strains can be highlighted by 
molecular typing, giving the opportunity to reconstruct 
the transmission chain in case of outbreaks [43].

Data selection and analysis
Data from the latest consolidated IMD surveillance re-
ports were used [40, 41]. It was decided not to use the 
surveillance data from 2018 because they are not con-
solidated yet. Data on notified cases of IMD for 2011-
2017 are originally disaggregated in different reports. 
The data were reorganized and grouped to be analysed 
and critically interpreted. Based on data availability, 
stratifications by age group (0-12 months, 1-4, 5-9, 
10-14, 15-24, 25-64, > 64 years) and serogroup were 
carried out. Microsoft Excel 2013 was used for trend 
analysis.

Results

In Italy, during the study period, the overall NR trend 
for meningococcal disease increased from 0.25 cases per 
100,000 persons in 2011 to 0.33 in 2017 (Fig. 1) [40, 41].

IMD by serogroup
Looking at the overall number of cases by serogroup 
during the period analysed, it was not possible to distin-

guish a homogeneous trend for serogroup B, whereas the 
overall number of cases caused by ACWY serogroups 
increased during the period (Fig. 2). Of the total num-
ber of cases of IMD notified, the percentage of cases 
without a notified serogroup decreased from 2013 when 
these cases where 56 (32.6% of the total) to 37 (16.3%) 
in 2016 and 19 (9.6%) in 2017 (Supplementary Tab. I).
Looking at the individual serogroups, serogroups B 
and C were the most prevalent meningococci in Italy 
(Fig.  3). Serogroup B showed a decreasing trend be-
tween 2011 and 2015, before increasing again over the 
last 2 years, representing the absolute and relative ma-
jority of IMD cases in 2017. An increase in serogroup 
C was reported in 2015 and 2016, causing more than 
40% of cases and becoming the most frequent serogroup 
each year. Serogroups W and Y also increased over the 
years, representing almost 7% and 19% of typed cases in 
2017, respectively. During the analysis period, six cases 
of IMD caused by serogroup X were reported. Detailed 
information on cases of IMD is given in Supplementary 
Table I.

IMDs by age
The age-specific incidence rate was higher in children 
less than 1 year of age (NR of at least 3.20 confirmed 
cases per 100,000 population per year in 2013), fol-
lowed by 1-4-year-olds, with another smaller peak in 
15-24-year-olds in 2011, 2012 and 2015-2017 (Tab. I). 
In the age group 25-64 years, an increase in the absolute 
number of cases was seen achieving a peak in 2016 with 
83 cases and 79 in 2017.

IMD by age groups and serogroups
Serogroup B had the highest prevalence in the paediatric 
population less than 5 years of age, nevertheless sero-
groups W and Y cases increased over the period (Fig. 4). 
In the age-groups 5-9 and 10-14 years there was a de-
crease in cases by serogroup B compared with the other 

Fig. 1. Notification rate of cases of invasive meningococcal disease per 100,000 population by year, 2011-2017.
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age groups. In the same age-group a relative increase in 
the number of cases from serogroups C, W and Y was 
observed. In adolescents (15-24 years), most of the cases 
were caused by serogroups B and C in the study period 
(with a serogroup C outbreak recorded in 2015/2016 
and a fluctuating trend of serogroup B), while serogroup 
Y increased reaching 27% of the overall typed cases in 
2017. In older age groups (25+  years), cases of IMD 
caused by non-B serogroups were predominant (except 
for 2011); among these, most cases were attributed to 
serogroup C, representing at least 44% of the total dur-
ing the last 5 years. In adults and the elderly (25+ years), 
a substantial prevalence of serogroups Y and W was also 
registered (28% in 2011, 23% in 2012, 23% in 2013, 
21% in 2014, 25% in 2015, 13% in 2016, 25% in 2017).
Focusing on the period from 2015 to 2017 (Fig. 5, Sup-
plementary Fig. 1 and 2), in those aged 0-12 months, the 

prevalence of serogroup B was always more than 55% 
of the typed serogroups, increasing over time (58% of 
cases in 2015, 72% in 2016 and 85% in 2017). Among 
those aged 1-4 years, serogroup B decreased from 70% 
in 2015 to 50% in 2017, serogroup C increased in 2016 
to 40%, returning in 2017 to the level seen in 2011-2014, 
whereas almost 17% of the typed cases during 2017 were 
serogroup Y. Among those aged 15-24 years, serogroup 
C was the most frequently typed in 2015 and in 2016, 
whereas in 2017, serogroup B prevailed, representing 
more than half of the serogroups typed (52%), followed 
by serogroup Y (27%). In adults and the elderly, sero-
group C was the predominant serogroup notified each 
year (56% and 40% of cases in 2015, 56% and 48% in 
2016, 48% and 39% in 2017, respectively), followed by 
serogroups B, Y and W.

Fig. 2. Absolute number of cases for serogroup B versus ACWY versus X + unnotified serogroup, 2011-2017.

Fig. 3. Trends for the absolute number of cases for each typed serogroup, 2011-2017.
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Discussion

Incidence and surveillance of IMD in Italy
Italy has shown a lower incidence of IMD compared with 
the EU/EEA countries overall (NR, 0.6 per 100,000 pop-
ulation during the lasts 3 years) [14]. Nevertheless, in the 
period 2011-2017, the incidence of IMD has increased 
from 0.25 cases per 100,000 inhabitants to 0.33 [40, 41]. 
One reason that could explain the increase in IMDs is the 
peak of cases recorded in Tuscany in 2015 and 2016, es-
pecially in adolescents and young adults [40, 43-45] and 
in Liguria in 2016 and 2017  [40, 41]. Moreover, there 
have also been improvements in the laboratory diagno-
sis confirmation system, both at regional and national 

level  [33]. For example, in Tuscany during 2015, real-
time polymerase chain reaction (PCR), a more sensitive, 
rapid and accurate laboratory diagnostic test  [33], was 
made available to all hospitals by a regional law  [46], 
reducing the underestimation of IMD  [29] and conse-
quently improving the accuracy of the surveillance sys-
tem and differentiating IBIs [29, 33, 47]. These methods 
contributed to a reduction in the percentage of cases of 
IBI with an unidentified cause  [40] and, specifically, 
of IMD, for which the number of cases without a noti-
fied serogroup decreased during the study period  [40]. 
This was confirmed by a data comparison between the 
number of cases of IBD identified from Italian Hospital 
Discharge Records and those notified to the Surveillance 
System reported from 2007 to 2016, which showed in-
creasing concordance between the two institutional in-

Fig. 4. Number of cases of invasive meningococcal disease by age groups and serogroups, 2011-2017.
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Tab I. Absolute number, percentage of cases of invasive meningococcal disease and incidence rate (per 100,000 
population) of IMD by age group and year, Italy, 2011–2017. 

 

 

Year 

 2011 2012 2013 2014 2015 2016 2017 

Age 
group N % Incidence N % Incidence N % Incidence N % Incidence N % Incidence N % Incidence N % Incidence 

0-12 
months 18 11.8% 3.24 17 12.4% 3.20 21 12.2% 4.01 21 12.8% 4.13 22 11.7% 4.43 22 9.7% 4.59 15 7.6% 3.21 

1-4 
years 23 15.1% 1.00 25 18.3% 1.13 27 15.7% 1.22 25 15.2% 1.13 18 9.5% 0.83 22 9.7% 1.05 19 9.6% 0.93 

5-9 
years 19 12.5% 0.67 13 9.5% 0.47 11 6.4% 0.39 11 6.7% 0.38 7 3.7% 0.24 16 7.1% 0.56 13 6.5% 0.46 

10-14 
years 11 7.2% 0.39 8 5.8% 0.29 13 7.6% 0.46 15 9.1% 0.53 10 5.3% 0.35 9 4.0% 0.32 12 6.1% 0.42 

15-24 
years 32 21.1% 0.53 22 16.1% 0.37 26 15.1% 0.44 18 10.9% 0.30 39 20.6% 0.66 51 22.5% 0.86 35 17.7% 0.59 

25-64 
years 36 23.7% 0.11 34 24.8% 0.10 51 29.6% 0.16 53 32.3% 0.16 68 36.0% 0.20 83 36.6% 0.25 79 39.9% 0.24 

> 64 
years 13 8.6% 0.11 18 13.1% 0.15 23 13.4% 0.18 21 12.8% 0.16 25 13.2% 0.19 24 10.6% 0.18 25 12.6% 0.18 

Total 152 100% 0.25 137 100% 0.23 172 100% 0.29 164 100% 0.27 189 100% 0.31 227 100% 0.37 198 100% 0.33 

Tab. I. Absolute number, percentage of cases of invasive meningococcal disease and incidence rate (per 100,000 population) of IMD by age 
group and year, Italy, 2011-2017.
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formation systems for VP-IBD  [30]. However, despite 
the improvements, the surveillance system still fails to 
identify every case of IMD and underreporting is still 
present [30, 40, 41].

IMD serogroups
In Italy, during 2011-2017, serogroup B was overall the 
predominant N. meningitidis serogroup, as observed 
in other EU/EEA countries  [14-16]. Nevertheless, the 
overall number of cases caused by non-B serogroups, 
increased during the study period. In particular, an in-
crease in cases of IMD related to serogroups Y and W 
was described  [40, 41, 48], whereas serogroup C was 
almost s from 2012 to 2014, increasing in 2015 and 
2016  [40, 43-45]. This epidemiological evidence, as 
well as the possibility of capsular switch from one se-
rogroup to another [12, 18-22], should lead the national 
decision makers to boost the use of the MenACWY vac-
cine instead of MenC in the next PNPV, as already done 
in Emilia-Romagna [49], Apulia [50] and Sicily [51, 52] 
and recently implemented in other countries [53, 54], to 
ensure more comprehensive protection.

IMD by age groups
The age distribution of IMD cases in Italy is similar 
to the general distribution within the EU/EEA coun-
tries [14], with the highest peak incidence in infants and 
young children and a second peak among adolescents 
and young adults [40, 41]. Nevertheless, during the study 
period, the number of cases of IMD notified annually 
for the 25-64-year-old age group highlights the impor-
tance of the disease in the adult population. Moreover, 
during the last 3 years analysed (2015-2017), an overall 
increase in the absolute number of cases in adults was 
seen, especially caused by non-B serogroups. Thus, an 
effective immunization strategy with a vaccine covering 

a higher range of serogroups should be implemented in 
a wider population.

Conclusions

In Italy, since 2011 there has been an increasing number 
of cases and increased attention given to meningococcal 
disease [40, 41], although underreporting to the national 
surveillance system and underestimation of the num-
ber of cases of IMD is still present  [29, 30]. The data 
showed that serogroup B is still the most relevant causa-
tive agent, but other vaccine-preventable serogroups 
(e.g. serogroups C, Y and W) have almost reached the 
same importance  [40, 41]. Moreover, although IMD is 
often considered to be a disease affecting children, the 
number of cases among older age groups is high and in-
creasing [40, 41].
It is essential to continue to enhance the surveillance 
systems, improving complete reporting of data to ade-
quately monitor the epidemiology of IMD and to design 
the most effective public health action plan to tackle the 
disease. For example, after the peak in the number of 
cases of serogroup C in 2015, [40, 43-45] the Tuscany 
Region carried out extraordinary public health meas-
ures, including active free-of-charge offer of the Men-
ACWY vaccine to all teenagers (up to 20 years of age) 
and adults (up to 45 years) living in the areas at greatest 
risk and an extra dose of MenC conjugate vaccine at 6 
years of age [46, 55]. Indeed, during the outbreak, cases 
of IMD were reported in previously vaccinated children 
and adults. Most of these cases were in individuals who 
were vaccinated more than 2 years before developing the 
disease, indicating a rapid loss of protection that sug-
gested the implementation of a booster dose [56].
A vaccination strategy against meningococcal disease 
should protect against all possible pathogenetic N. men-

Fig. 5. Proportion of cases by serogroups and age groups, Italy, 2015-2017.
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ingitidis serogroups. Indeed the Italian PNPV has includ-
ed the possibility to switch to quadrivalent vaccination 
instead of monovalent vaccine against serogroup C with 
the aim of enhancing coverage in adolescents and high-
risk adults [39]. As a result, some Italian regions, such as 
Emilia-Romagna [49], Sicily [51] and Apulia [50], have 
switched to quadrivalent vaccination and added an ad-
ditional age cohort to their calendar. Furthermore, con-
sensus among several national scientific societies has led 
to the development of the “Calendario per la Vita 2019” 
in which they suggest switching to quadrivalent vaccina-
tion, the addition of another age cohort with a boost be-
tween 6 and 9 years old and a broader range of high-risk 
adults compared with the PNPV [39, 57]. Nevertheless, 
looking at the epidemiologic data, those more than 24 
years of age are an important target population [40, 41] 
that is not fully addressed with the PNPV. In our opinion 
a possible strategy to consider is a boost (or a first anti-
meningococcal vaccination) during the 10-year periodic 
recall for vaccination against diphtheria, tetanus, and 
pertussis already in use [39]. Further analysis should be 
done to better understand the best preventive strategy.
The emergency of Covid-19 pandemic is catalysing eve-
ryone’s attention and preventive measures, such as vac-
cinations, for other infections are at risk of being over-
shadowed. But when community life and the vivacity of 
interhuman relationships will resume fully, we will need 
to be prepared for the recirculation of meningococci and 
other pathogens in the population. Therefore, recom-
mended vaccinations should continue to be administered 
and the recommendation to ensure a wider and adequate 
vaccination coverage for meningococcal disease appears 
even more important.
IMD is a rare but severe vaccine-preventable disease that 
has garnered great public attention due to its seriousness 
and unpredictability as well as the long-term impact of 
sequelae. The key role of public health is to go beyond 
the emotional epidemiology and have a broader view 
of the disease and its consequences, as well as monitor 
serogroups, trends and outbreaks and strengthen meth-
odological evidence-based tools for decision-making 
processes, public health policies, planning of health care 
services and intervention measures, including immuni-
zation.
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Supplementary Tab. I. Cases of invasive meningococcal disease according to serogroup and year, Italy, 2011–2017. 
Year Overall 

(2011-17) 
 2011 2012 2013 2014 2015 2016 2017 

 N % Out  
of the total 

typed 

N % Out  
of the total 

typed 

N % Out  
of the total 

typed 

N % Out  
of the total 

typed 

N % Out  
of the total 

typed 

N % Out  
of the 

total typed 

N % Out  
of the total 

typed 

N % Out  
of the total 

typed 

Serogroup 

A 1 0.9% 1 0.9% 0 0.0% 1 0.9% 0 0.0% 0 0.0% 0 0.0% 3 0.3% 

B 76 65.0% 55 51.4% 56 48.3% 55 47.8% 49 34.3% 69 36.3% 74 41.3% 434 44.9% 

C 20 17.1% 32 29.9% 36 31.0% 36 31.3% 63 44.1% 80 42.1% 57 31.9% 324 33.5% 

W 4 3.4% 1 0.9% 5 4.3% 8 7.0% 7 4.9% 13 6.8% 12 6.7% 50 5.2% 

X 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.7% 3 1.6% 2 1.1% 6 0.6% 

Y 16 13.7% 18 16.8% 19 16.4% 15 13.0% 23 16.1% 25 13.2% 34 19.0% 150 15.5% 

IMD with 
serogroup 
notified 

 
117 

  
107 

  
116 

  
115 

  
143 

  
190 

  
179 

  
967 

 

IMD without 
serogroup 
notified 

 
35 

  
30 

  
56 

  
49 

  
46 

  
37 

  
19 

  
272 

 

Total IMD 
notified 

152  137  172  164  189  227  198  1,239  

% of the 
total IMD 
with 
serogroup 
notified 

 
 

77.0% 

  
 

78.1% 

  
 

67.4% 

  
 

70.1% 

  
 

75.7% 

  
 

83.7% 

  
 

90.4% 

  
 

78.0% 

 

IMD: invasive meningococcal disease. 

 
 
 
 
 
 
 
Fig. 1. Notification rate of cases of invasive meningococcal disease per 100,000 population by year, 2011–2017. 
 

Tab. SI. Cases of invasive meningococcal disease according to serogroup and year, Italy, 2011-2017.

Fig. S2. Proportion of cases for serogroup B versus ACWY versus X and age groups, 2015-2017.

Fig. S1. Proportion of cases in subjects ≥ 15 years divided for serogroup B versus ACWY versus X, 2015-2017.


