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Abstract

The epidemiology of invasive meningococcal disease (IMD) is unpredictable, varies by region
and age group and continuously evolves. This review aimed to describe trends in the incidence
of IMD and serogroup distribution by age group and global region over time. Data were
extracted from 90 subnational, national and multinational grey literature surveillance reports
and 22 published articles related to the burden of IMD from 2010 to 2019 in 77 countries. The
global incidence of IMD was generally low, with substantial variability between regions in cir-
culating disease-causing serogroups. The highest incidence was usually observed in infants,
generally followed by young children and adolescents/young adults, as well as older adults
in some countries. Globally, serogroup B was a predominant cause of IMD in most countries.
Additionally, there was a notable increase in the number of IMD cases caused by serogroups
W and Y from 2010 to 2019 in several regions, highlighting the unpredictable and dynamic
nature of the disease. Overall, serogroups A, B, C, W and Y were responsible for the vast
majority of IMD cases, despite the availability of vaccines to prevent disease due to these
serogroups.

Introduction

Invasive meningococcal disease (IMD) is caused by Neisseria meningitidis, a Gram-negative
diplococcus human pathogen that colonises the upper respiratory tract [1]. IMD most
commonly manifests as meningitis, septicaemia or a combination of these; less common
presentations include pneumonia, septic arthritis and pericarditis [2, 3]. Although relatively
rare, IMD is a severe infectious disease. Initial symptoms are often nonspecific, and the disease
may progress quickly to become fatal within hours [4]. IMD is associated with a 10% case
fatality rate and lifelong, disabling sequelae affect 10%‒20% of survivors [5].

N. meningitidis can express a polysaccharide capsule, which is a primary factor determining
its virulence [3, 6]. Twelve meningococcal serogroups have been identified: A, B, C, E, H, I, K,
L, W, X, Y and Z [7]; however, 5 of the 12 serogroups (A, B, C, W and Y) have historically
caused the majority of IMD and are associated with dynamic and unpredictable epidemiology
that varies across time and regions [6, 8]. Recently, serogroup X has been associated with
localised outbreaks in Africa [7]. IMD incidence also varies with age; although all ages are
affected, incidence is highest in infants, followed by young children [9, 10]. Secondary
peaks in incidence vary by region and have been observed in adolescents, young adults and
older adults [9, 10].

Because of the unpredictable nature of IMD, continuous surveillance is necessary to monitor
disease epidemiology in each country and region [11, 12]. Robust surveillance programs are
essential for rapid detection of outbreak events and monitoring trends that define the disease
burden over time [11]. Additionally, surveillance is necessary to guide public health strategies
for preventing IMD [13]. Immunisation programs play an important role in disease prevention,
and effective vaccines are available for preventing the major disease-causing serogroups A, B, C,
W and Y [7]. Herein, we review global epidemiology data to describe trends in IMD incidence
and serogroup distribution by age group and geography over time.

Methods

The search strategy consisted of a literature review of PubMed publications and surveillance
system data (grey literature) reporting IMD data. Additional detail regarding the searches,
data review, inclusion/exclusion criteria, data extraction and collection, and data analysis is
provided in the Supplementary Material.
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Results

A total of 90 grey literature reports and 22 publications were
included out of 342 reports and 1753 publications initially
screened (Fig. 1). The final data set included information for 77
countries. Grey literature data came from subnational, national
or multinational reports, the last of which included the
Surveillance Atlas of Infectious Diseases published by the
European Centre for Disease Prevention and Control (ECDC),
Sistema de Redes de Vigilancia de los Agentes Responsables de
Neumonias y Meningitis Bacterianas (SIREVA II) and World
Health Organization (WHO) Meningitis Weekly Bulletins: Inter
country Support Team – West Africa. Publicly available data var-
ied substantially across countries and global regions. Data are
reported across the decade and for the final 3 years analysed
(2017‒2019) to summarise recent trends.

Incidence

Overall IMD incidence
Overall IMD incidence (per 100 000) was available for 10
non-European countries and 31 European countries (30 countries
included within ECDC data and Ukraine national data; Table 1).
IMD incidence was generally low across all regions during 2010‒
2019 and ranged from 0.0 to 10.2 [14–25]; the highest incidences
were reported for Niger (7.71 in 2015) and Burkina Faso (10.2 in
2012) [14, 15]. Excluding these countries, the consistently highest
incidence was observed in New Zealand, reaching 2.8 in 2019
[22]. The consistently lowest incidences (<0.2) were observed in
Saudi Arabia, the United States and Bulgaria [18, 19, 21]. Some
countries, including Niger and Burkina Faso, had defined peaks
associated with outbreaks [14, 15].

Varying trends in incidence were observed during 2010‒2018
[14–25]. Decreasing trends in incidence were observed in the

United States, South Africa and Brazil [16, 21, 23]. Overall IMD
incidence in Europe decreased slightly from 0.74 in 2010 to
0.62 in 2018 [19]. In line with this trend, decreasing incidence
was observed in Denmark, Finland, Austria and the United
Kingdom; however, increasing incidence was observed in
Belgium and the Netherlands [19]. Some European countries,
such as Spain, showed an initial decline followed by a more recent
increase [19]. Globally, trends in incidence also fluctuated in
Chile, New Zealand and Russia [17, 22, 24].

IMD incidence by age group
In countries and regions with available data, IMD occurred across
all reported age groups (Supplementary Tables S1 and S2)
[19–23]. The highest incidences were observed in infants (age
<1 year), with rates often approximately 2- to 5-fold in this age
group compared with young children (age 1‒4 years) and
10-fold compared with older age groups [19–23]. Particularly
high incidence rates in infants during 2010‒2018 were observed
in countries including New Zealand, where rates ranged from
10.2 to 47.7 per 100 000 and Ireland, which had rates of 19.3 to
38.8 (Supplementary Tables S1 and S2) [19, 22].

The second-highest incidences occurred among young chil-
dren (age 1‒4 years) [19–23]. Lithuania had among the highest
incidence rates in this age group, ranging from 6.8 to 18.2 during
2010‒2018 (Supplementary Table S2) [19].

A secondary peak in incidence among adolescents/young
adults was observed in the United States, where annual IMD inci-
dence was 0.1‒0.21 among those 16‒23 years of age vs. ≤0.1
among those 11‒15 or 24‒44 years of age in 2015‒2018 [21].
Similar secondary peaks in this age group were also observed in
Canada, New Zealand and Europe overall but not Brazil
(Supplementary Tables S1 and S2) [19, 20, 22, 23]. Secondary
peaks in this age group varied by country and year within

Fig. 1. Flow chart of included grey literature reports and publications. IMD, invasive meningococcal disease.
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Table 1. Incidence of IMD worldwide from 2010 to 2019 (All ages; all serogroups: per 100 000 individuals; countries with available data)

Geographical region 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Africa

Burkina Faso [14] – 2.1 10.2 2.1 2.0 2.3 – – – –

Niger [15] 5.98 2.59 0.16 0.06 0.15 7.71 2.07 5.21 2.09 –

South Africa [16] 0.80 0.64 0.44 0.44 0.36 0.28 0.23 0.24 0.22 –

Asia & Middle East

Russia [17] 1.16 1.16 0.99 0.89 0.68 0.67 0.50 0.58 0.70 –

Saudi Arabia [18] – – – – 0.01 0.02 0.02 0.03 0.03 –

Europe [19] 0.74 0.76 0.69 0.68 0.54 0.61 0.63 0.62 0.62 –

Austria 1.02 0.59 0.67 0.66 0.41 0.30 0.43 0.23 0.34 –

Belgium 0.85 1.02 1.11 1.20 0.78 0.88 0.95 0.85 1.02 –

Bulgaria 0.11 0.18 0.11 0.16 0.18 0.12 0.13 0.10 0.07 –

Croatia – – 0.96 0.61 0.78 0.99 0.72 0.89 0.76 –

Cyprus 0.12 0.00 0.70 0.23 0.47 0.47 0.71 0.47 0.12 –

Czech Republic 0.57 0.60 0.56 0.56 0.40 0.46 0.41 0.63 0.53 –

Denmark 1.19 1.29 1.00 0.98 0.80 0.39 0.67 0.68 0.62 –

Estonia 0.15 0.53 0.45 0.45 0.23 0.30 0.23 0.30 0.61 –

Finland 0.64 0.63 0.61 0.37 0.39 0.40 0.35 0.29 0.29 –

France 0.79 0.87 0.84 0.88 0.63 0.70 0.77 0.82 0.66 –

Germany 0.47 0.46 0.44 0.43 0.34 0.35 0.40 0.35 0.35 –

Greece 0.49 0.47 0.53 0.54 0.55 0.50 0.48 0.39 0.32 –

Hungary 0.37 0.67 0.51 0.47 0.33 0.36 0.48 0.40 0.41 –

Iceland 0.63 0.63 0.31 0.31 0.31 1.22 0.00 0.89 0.00 –

Ireland 2.15 1.95 1.31 1.67 1.64 1.45 1.80 1.48 1.82 –

Italy 0.25 0.26 0.23 0.27 0.26 0.31 0.38 0.33 0.28 –

Latvia 0.24 0.10 0.20 0.30 0.35 0.45 0.20 0.36 0.26 –

Lithuania 1.53 1.38 1.76 2.56 1.80 1.88 2.35 2.39 1.10 –

Luxembourg 0.20 0.39 0.57 0.56 0.55 0.18 0.17 0.00 0.50 –

Malta 0.48 1.45 0.72 2.84 3.03 1.14 1.33 0.43 0.84 –

The Netherlands 0.86 0.64 0.66 0.64 0.49 0.53 0.90 1.16 1.20 –

Norway 0.80 0.75 0.48 0.53 0.35 0.37 0.46 0.34 0.49 –

Poland 0.60 0.74 0.63 0.66 0.49 0.58 0.44 0.60 0.52 –

Portugal 0.75 0.73 0.65 0.58 0.50 0.63 0.37 0.48 0.55 –

Romania 0.26 0.34 0.35 0.26 0.34 0.25 0.28 0.25 0.33 –

Slovakia 0.69 0.39 0.57 0.33 0.42 0.44 0.42 0.68 0.66 –

Slovenia 0.44 0.63 0.44 0.53 0.39 0.78 0.34 0.44 0.87 –

Spain 0.87 0.92 0.72 0.56 0.31 0.45 0.56 0.58 0.84 –

Sweden 0.72 0.72 1.09 0.77 0.50 0.53 0.63 0.49 0.55 –

Ukraine [25] – – – – – – 0.63 0.77 0.64 0.71

United Kingdom 1.61 1.64 1.36 1.33 1.17 1.44 1.31 1.17 1.17 –

North America

Canada [20] 0.45 0.50 0.43 0.34 0.28 0.29 0.26 0.32 – –

United States [21] – – – – – 0.12 0.12 0.11 0.10 –

(Continued )
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Europe; for example, the 15‒24-year age group in Sweden had
consistently higher IMD incidence (0.58‒1.69) than those 5‒14
(0‒0.59) or 25‒49 (0.12‒0.39) years of age throughout 2010‒
2018, whereas incidence among those 15‒24 years of age in
Italy (0.30‒0.54) was similar to or lower than for those 5‒14
years of age (0.36‒0.54) during 2010‒2014 [19].

Increased incidence in older adults was observed in the United
States (0.13‒0.15 among those ≥65 years of age during 2015‒
2018), Canada (0.22‒0.41 among those ≥60 years of age during
2013‒2017) and New Zealand (1.3‒2.3 among those ≥70 years
of age during 2015‒2018) but not Brazil (Supplementary Tables
S1 and S2) [20–23]. In Europe, incidence among adults
≥50 years of age (0.30‒0.49) was higher than among adults
25‒49 years of age (0.19‒0.26) throughout 2010‒2018, with
incidence particularly elevated among those ≥65 years of age
(0.33‒0.63) [19]. This trend was echoed in many individual coun-
tries such as the United Kingdom, while other countries, such as
the Czech Republic, did not exhibit this pattern (Supplementary
Table S2) [19].

Meningococcal serogroup distribution

Overall serogroup distribution of IMD
Serogroup distribution data were available for Quebec (Canada),
the United States, Argentina, Brazil, Chile, Colombia,
Venezuela, Dominican Republic, Uruguay, Paraguay, African
meningitis belt countries (listed in the Supplementary Material),
Mozambique, South Africa, Israel, Kuwait, Belarus, Russia,
China, Japan, South Korea, Australia, New Zealand and ECDC
countries (Figs 2 and 3 and Supplementary Fig. S1) [16, 17, 19,
21–24, 26–37]. Globally, serogroups A, B, C, W and Y caused
the majority of IMD, although the serogroup distribution varied
across geographical regions at any given time and within the
same geographical region over time.

Serogroup A was primarily observed in Burkina Faso, Chad,
Niger and Russia (Supplementary Fig. S1a) but was not observed
in Burkina Faso, Chad or Niger in recent years likely due to mass
vaccination against serogroup A disease in this region [17, 33, 38].
Interestingly, serogroup A accounted for 10% of groupable IMD
cases in China during 2015‒2017 and 14%‒25% of groupable
IMD cases in Russia during 2016‒2018; however, 34%‒37% of
cases in Russia had undetermined serogroups [17, 28]. Low ser-
ogroup A case numbers continue to occur in other countries,
including 0.4%‒0.6% of cases in Germany, Italy and Spain in
2018 (Fig. 3) [19].

Serogroup B was the predominant disease-causing serogroup
during the observation period in Europe, Israel, South Korea,
Australia, New Zealand and Quebec (Supplementary Fig. S1a)
[19, 22, 26, 27, 30, 31]. Although serogroup B predominated

across Europe, serogroup B cases declined over time in many
countries including the United Kingdom, France and Germany
(Supplementary Fig. S1b) [19]. In other European countries
including Poland and Italy, case numbers appeared stable during
2010‒2018 [19]. Serogroup B also predominated in South Africa,
Russia and China in recent years (Supplementary Fig. S1a) [16,
17, 28]. Most recently (2017‒2019), serogroup B accounted for
the highest percentage of IMD cases in almost all countries glo-
bally (Figs 2 and 3) [16, 17, 19, 21–24, 26, 27, 31–33]. Among
the exceptions, serogroup B generally still caused a substantial
proportion of IMD; these countries included Brazil (2018, 15%),
Sweden (2018, 10%), Norway (2018, 35%), the Netherlands
(2018, 36%) and the Czech Republic (2018, 43%) [19, 23].
Unlike other global regions, serogroup B was not responsible
for any IMD in African meningitis belt countries in 2019 [33].
As noted, 37% of 2018 cases in Russia had unidentified
serogroups; among those remaining, serogroup B constituted
the largest percentage (27% of cases) [17].

During the observation period, serogroup C accounted for 66%,
41% and 55% of groupable IMD cases in Brazil, Colombia and
Venezuela, respectively [32, 39]. Serogroup C was the second-
highest disease-causing serogroup in African meningitis belt coun-
tries during 2010‒2019, accounting for 32% of cases [33, 37]. The
presence of serogroup C in this region was generally transient; for
example, a sharp increase in serogroup C cases was observed in
Niger in 2015 due to an epidemic (Supplementary Fig. S1a) [38].
In Europe, serogroup C varied by country, with an overall increas-
ing trend in the percentage of cases in the Czech Republic, Ireland,
Italy and the United Kingdom and an overall decreasing trend in
Austria, Belgium, Denmark, Germany, Norway, Poland and
Sweden; no major trends were observed in other European coun-
tries (Supplementary Fig. S1b) [19]. An increase in the percentage
of IMD due to serogroup C was observed in the United States, from
15% in 2015 to 27% in 2018; however, serogroup C case numbers
increased from 54 in 2015 to 99 in 2016 and then decreased slightly
to 90 cases in 2018 (Supplementary Fig. S1a) [21]. The most recent
data (2017‒2019) show that serogroup C was present, albeit in
varying percentages, across every global region (other than Israel
in 2018, although Israel did record serogroup C cases in the preced-
ing years; Figs 2 and 3, Supplementary Fig. S1) [16, 17, 19, 21–24,
26,27, 31–33]. Specifically, serogroup C accounted for 27% of cases
in each of Brazil and the United States and a substantial percentage
of IMD in eastern European countries (Poland, 22%; Czech
Republic, 44%; Hungary, 34%; Slovakia, 17%) in 2018 [19, 21, 23].

Serogroup W was the predominant disease-causing serogroup
in the African meningitis belt during 2010‒2019 (43% of IMD
cases) [33, 37] and in Chile during 2012‒2018 (50%–73% of
cases; Supplementary Fig. S1a) [24]. Outbreaks of serogroup W
were observed in the African meningitis belt, with sharp increases

Table 1. (Continued.)

Geographical region 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Oceania

New Zealand [22] 2.4 2.7 1.9 1.5 1.0 1.4 1.6 2.3 2.5 2.8

South America

Brazil [23] 1.54 1.44 1.28 1.05 0.80 0.64 0.54 0.55 0.53 –

Chile [24] – – 0.67 0.70 0.78 0.67 0.58 0.44 0.41 0.36

IMD, invasive meningococcal disease.
A dash indicates no incidence data were available.
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in case numbers in Burkina Faso in 2012, Togo in 2016 and Chad
in 2019 [33, 37]. Over the first half of the decade (2010‒2014),
serogroup W predominated in Argentina (48%‒56% of cases)
and South Africa (39%‒51% of serogrouped cases) [16, 32].
Over the second half of the decade, the percentage of serogroup
W cases decreased over time in Argentina and South Africa,
where serogroup B case numbers were stable or decreased but
constituted an increasing percentage of IMD due to overall
decreases in IMD, whereas increasing trends in the percentage
of serogroup W cases were observed in Chad, Europe, Israel,
Australia, New Zealand and Russia [16, 17, 19, 22, 27, 31–33,
37]. Since 2016, serogroup W case numbers have risen in
Australia [31]. In New Zealand, increasing serogroup W case
numbers led to serogroup W replacing serogroup C as the second-
highest disease-causing serogroup, reaching 27% of IMD cases in
2019 [22]. Most recently (2017‒2019), the percentage of IMD
cases due to serogroup W across countries in the southern hemi-
sphere was generally substantial, ranging from 19% (South Africa,
2018) to 44% (Chile, 2019), with the exception of Brazil, where
serogroup W did not expand to the same extent (2019, 4%;
Fig. 2) [16, 22–24, 31, 32]. Similarly, 2018 data showed that ser-
ogroup W accounted for 3% (Greece) to 50% (the Netherlands)
of cases across European countries, indicating varied expansion
of serogroup W across the continent (Fig. 3) [19].

Serogroup Y, although not a predominant contributor to IMD
globally, showed an increasing trend in case numbers from 2010
to 2018 in Europe, Israel, Australia and New Zealand
(Supplementary Fig. S1a) [19, 22, 27, 31]. During 2013‒2014, ser-
ogroup Y accounted for 42% of IMD cases in Japan [29]. In other
countries, serogroup Y comprised a stable proportion of cases
during the observation period; this occurred both in countries
with substantial presence of serogroup Y (e.g. the United
States), and those where serogroup Y caused a relatively low per-
centage of IMD (e.g. Argentina; Supplementary Table S3) [21,

32]. Of note, in 2018, the percentage of IMD due to serogroup
Y in northern European countries ranged from 29% in Sweden
to 46% in Norway, where it was predominant (Fig. 3) [19].

Other serogroups, including X, Z and E, were minor contribu-
tors to IMD worldwide [16, 17, 19, 21–24, 26, 27, 30–33, 37].
Serogroup X cases were mostly limited to African meningitis
belt countries, with the exception of sporadic cases.

IMD serogroup distribution by age group
Data on IMD serogroup distribution by age group were available
from Argentina, Brazil, Chile, the United States, Australia, New
Zealand and Europe [19, 21, 22, 24, 31, 32, 39]. Serogroups B,
C, W and Y occurred across all age groups; however, trends
were observed with respect to the predominant serogroup within
age groups.

Serogroup B predominated across many age groups and
regions during the study period [19, 21, 22, 24, 31, 32, 39].
Among infants and young children, serogroup B caused 40%‒
100% of cases in Australia during 2010‒2018 and 41%‒80% of
cases in the United States during 2015‒2018 (Supplementary
Table S3) [21, 31]. In some countries, the percentage of cases
caused by serogroup B was similarly high among adolescents/
young adults as infants; this occurred in the United States (during
2015‒2018) and New Zealand (2018‒2019; Supplementary
Table S3) [21, 22]. However, the dominance of serogroup B was
frequently much more pronounced among younger compared
with older age groups, with the relatively higher percentage of ser-
ogroup B disease in younger age groups persisting even in the
context of broader decreases in serogroup B disease. For example,
in Europe, serogroup B caused 75%‒84% of cases among age
groups comprising infants and young children but 58%‒63%
and 41%‒51% of cases among individuals 15‒24 and ≥50 years
of age, respectively, during 2010‒2013, while percentages during
2016‒2018 were 63%‒70%, 48%‒50% and 29%‒30%, respectively

Fig. 2. Percentage serogroup distribution of IMD cases worldwide from 2017 to 2019 (geographical regions with available data) [16, 17, 19, 21–24, 26, 27, 31–33].
Data from China, Colombia, Dominican Republic, Japan, Kuwait, Mozambique, Paraguay, South Korea, Uruguay and Venezuela are not shown. Percentages may not
sum to 100% due to rounding. *Serogroup A is included in the “Other” category. †Serogroups other than B, C, W and Y are included in the NG category. ‡Among the
African meningitis belt countries (listed in the Supplementary Material), Benin, Burkina Faso, Cameroon, Central African Republic, Ghana, Mali, Niger, Nigeria,
Senegal, South Sudan, Chad and Togo contributed serogroup data for 2019. IMD, invasive meningococcal disease; NG, nongroupable.
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[19]. Similarly, in Australia, percentages decreased from 86%‒
100% and 44%‒88% among age groups comprising individuals
≤4 and ≥45 years of age, respectively, during 2010‒2012 to
40%‒62% and 10%‒37% during 2016‒2018 [31].

Serogroup C trends varied across age groups in Brazil, causing
a stable majority (usually 50%‒80%) of IMD among those 15‒29
and ≥60 years of age during 2011‒2018 and decreasing percen-
tages among infants and children 2‒4 years of age
(Supplementary Table S3) [32, 39]. In other regions, serogroup
C occurred in generally lower percentages across all age groups
but was sometimes more frequent in adolescent/young adult
and older age groups. For example, serogroup C caused 6%‒
12% of IMD in Europe among those <1 and 1‒4 years of age dur-
ing the study period, but 12%‒19% of cases among those 15‒24
and ≥50 years of age [19].

The expansion of serogroup W disease was evident in many
age groups across countries (Supplementary Table S3) [19, 21,
22, 24, 31, 32, 39]. For example, serogroup W comprised ≤7%
of cases across age groups in Australia in 2012 but rose to 17%‒
50% by 2018 [31]. In many countries, percentages of cases caused
by serogroup W rose more steeply in older adults compared with
other age groups; this was the case for Europe overall as well as
individual European countries including the Netherlands and

the United Kingdom [19]. In the United States, serogroup W dis-
ease was generally more frequent among adults ≥45 years of age
compared with younger age groups, although percentages in older
age groups decreased during 2015‒2018 [21]. Unlike many other
countries, decreasing trends in serogroup W case numbers were
observed in Argentina and Chile among older adults and most
other age groups during the study period [24, 32].

Across countries, serogroup Y often caused a higher percentage
of IMD among older adults compared with other age groups
(Supplementary Table S3) [19, 21, 22, 24, 31, 32]. This was true
in New Zealand (during 2018‒2019) [22] and the United States
(during 2015‒2018) [21], among other countries (Supplementary
Table S3). Similarly, serogroup Y cases in Europe were much
more frequent in adults ≥50 years of age (2010‒2018) followed
by adolescents/young adults compared with younger age groups,
with this trend holding true for many individual countries
(Supplementary Table S3) [19].

Discussion

This review evaluated 90 surveillance reports and 22 articles
describing IMD epidemiology across 77 countries. IMD epidemi-
ology varied with time and geographical region, and shifts in

Fig. 3. Percentage serogroup distribution of IMD cases in selected European countries in 2018 [19]. Percentages may not sum to 100% due to rounding. All ser-
ogroup A percentages are directly labelled. IMD, invasive meningococcal disease; NG, nongroupable.
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serogroup distribution were unpredictable. The highest IMD inci-
dence rates were observed in African meningitis belt countries;
however, relatively high incidence rates were also observed in
other countries including New Zealand, Ireland, Lithuania and
the United Kingdom. Local outbreaks, such as those in African
meningitis belt countries, highlight the dynamic nature of IMD,
which can be impacted by socioeconomic and sociocultural fac-
tors. For example, a recent study in northern Nigeria, which
has experienced recurrent seasonal cerebrospinal meningitis epi-
demics, suggested factors such as multi-dwelling housing that
resulted in overcrowding, inability to make informed decisions
on family health, vaccine hesitancy and reluctance to take precau-
tionary measures during outbreaks have made it difficult to con-
trol IMD in this region [40].

Global data showed that IMD affected all age groups, with the
highest peaks in incidence observed in infants (age <1 year) fol-
lowed by young children (age 1‒4 years). Secondary incidence
peaks were observed in adolescents/young adults in the United
States, Canada, New Zealand and many European countries, cor-
responding with increased carriage rates in these age groups [41].
Because meningococcal disease transmission occurs through
social behaviours, behavioural changes within a given age
group, such as increased travel, frequent attendance at bars and
nightclubs and living in close quarters among adolescents/
young adults, may influence relative IMD incidence rates across
age groups [42, 43]. Increases in incidence were observed
among older adults in the United States, Canada, New Zealand
and many European countries.

Serogroup B accounted for the highest percentage of groupable
IMD cases across most countries in the Americas, Europe,
Australia and New Zealand. Across age groups, infants and
young children were predominantly affected by serogroup B.
In many countries, the percentage of serogroup B disease
decreased over time as serogroup B cases declined and the num-
ber of cases due to other serogroups increased; however, this trend
was not ubiquitous, as the percentages of serogroup B disease
remained stable or even increased in some countries.
Protein-based meningococcal serogroup B (MenB) vaccination
programs have been implemented in a few countries [7], and
reports of MenB vaccine effectiveness in the United Kingdom,
Italy, Quebec and South Australia [44–47] suggest that MenB vac-
cination programs may influence serogroup epidemiology.
Similarly, the number of serogroup C cases may have decreased
over time as a result of increasing use of meningococcal serogroup
C (MenC) vaccines in some countries [48]; however, serogroup C
case numbers appeared to remain stable in several regions and
still accounted for a substantial percentage of IMD in Brazil, the
United States and some African and European countries.

The global expansion of serogroup W ST-11 complex (W:cc11)
that occurred during the study period underscores the unpredict-
able and dynamic nature of IMD [7]. Serogroup W:cc11 predomi-
nated in Chile in 2012 and became the most or second most
common disease-causing serogroup in several countries in South
America, Europe, Australia and New Zealand [49]. In response
to this increase, quadrivalent meningococcal serogroup A, C, W
and Y (MenACWY) conjugate vaccines were introduced in several
countries, and MenACWY vaccine impact on serogroup W disease
epidemiology has been observed [7, 50, 51].

Serogroup Y disease was observed globally, with an increased
number of cases noted in Europe, Israel, Australia and New
Zealand, and contributed substantially to IMD in northern
European countries, Australia and New Zealand [19, 22, 31].

The proportion of IMD caused by serogroup Y remained stable
in other countries, including those with lower (e.g. Argentina)
and higher (e.g. United States) serogroup Y proportions.
Globally, older adults in several regions were particularly affected
by serogroups W and Y.

As mentioned, the introduction of MenB and MenACWY
conjugate vaccines into national immunisation programs,
together with existing MenC conjugate vaccine programs, has
likely influenced trends in IMD serogroup distribution [7, 44–
47, 51]. Future vaccination programs may be designed to help pre-
vent IMD in age groups with increased vulnerability to specific
serogroups or IMD overall. In this vein, the strengthening of men-
ingococcal surveillance programs will be fundamental to improv-
ing understanding of evolving IMD epidemiology. Relatedly,
broad serogroup coverage through immunisation programs is
also key to preventing IMD. Although IMD epidemiology is
unpredictable, serogroups A, B, C, W and Y are likely to remain
the major disease-causing serogroups. Despite the availability of
vaccines to protect against these serogroups, existing immunisa-
tion programs do not cover all affected age groups [7]. To address
these shortcomings, the WHO Global Road Map to Defeating
Meningitis by 2030 seeks to reduce cases and deaths caused by
vaccine-preventable disease by improving vaccine availability,
immunisation coverage and disease surveillance [52].

We focused on IMD incidence and serogroup distribution,
which are key parameters in basic epidemiology, and included
recently available data (2017‒2019), thus expanding the current
knowledge of disease trends. This review provides insight regard-
ing geographical epidemiology of IMD in the decade preceding
the coronavirus disease 2019 pandemic, which may be used for
comparison in the future to assess the impact of pandemic miti-
gation measures on IMD epidemiology.

Our analysis was limited by availability of IMD data from grey
literature sources; it was thus difficult to describe global trends. It
is unknown to what extent the data presented here are represen-
tative of countries without published data. Additionally, differ-
ences among surveillance systems for different countries, such
as heterogeneity of laboratory capacity, case definitions and
reporting periods, limit the ability to make direct comparisons
between countries and regions. Percentages of cases due to ser-
ogroups reported as ‘other,’ which typically included serogroups
X, E and Z, or nongroupable isolates were not available for
every country. Some countries reported a large number of
ungrouped cases, thereby complicating determination of the
true serogroup distribution. For example, 52% of 2018 cases in
Brazil were reported as ‘ignored serogroups’; however, these
cases likely represent predominantly serogroup B, C, W and Y
cases that were not typed. In contrast, data from Europe published
by the ECDC were almost fully typed. Increasing use of whole-
genome sequencing will facilitate serogroup typing and allow
for more accurate estimates of serogroup distributions. Another
limitation is that, as noted, the data reviewed are from before
the coronavirus disease 2019 pandemic and as such do not reflect
considerable changes in meningococcal epidemiology associated
with pandemic mitigation measures [53].

Summary

IMD epidemiology is constantly evolving, and robust surveillance
data are essential for its characterisation. Although global IMD
incidence was generally low during 2010‒2019, relative predomin-
ance within circulating disease-causing serogroups varied
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substantially between countries. Changes in IMD epidemiology
over time were likely influenced by natural fluctuations, emer-
gence of virulent meningococcal clones (such as W:cc11), social
trends and immunisation programs. Incidence was highest in
infants, generally followed by young children; additional peaks
were observed in adolescents/young adults and/or older adults
in some countries. During the observation period, serogroup B
generally predominated, while serogroup C remained ubiquitous
but varied in proportion across global regions. Importantly, the
number of IMD cases caused by serogroups W and Y notably
increased during the study period. Although serogroup A no
longer causes IMD in the African meningitis belt, serogroup A
cases continue to occur in small numbers in other global regions.
Thus, the vast majority of IMD cases were caused by serogroups
A, B, C, W and Y, despite the availability of vaccines to prevent
disease due to these serogroups.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0950268823000328

Acknowledgements. Editorial/medical writing support was provided by
Allison R. Gillies, PhD, Judith Kandel, PhD and Philippa Jack, PhD, of
ICON (Blue Bell, PA), and was funded by Pfizer Inc.

Financial support. This work was supported by Pfizer Inc.

Conflict of interest. All authors are employees of Pfizer and may hold stock
or stock options.

Data availability statement. Data are available from the cited sources.

References

1. Read RC (2019) Neisseria meningitidis and meningococcal disease: recent
discoveries and innovations. Current Opinion in Infectious Diseases 32,
601–608.

2. Rosenstein NE et al. (2001) Meningococcal disease. The New England
Journal of Medicine 344, 1378–1388.

3. Dwilow R and Fanella S (2015) Invasive meningococcal disease in the
21st century-an update for the clinician. Current Neurology and
Neuroscience Reports 15, 2.

4. Thompson MJ et al. (2006) Clinical recognition of meningococcal disease
in children and adolescents. The Lancet 367, 397–403.

5. World Health Organization (2011) Meningococcal vaccines: WHO pos-
ition paper, November 2011. Weekly Epidemiological Record 86, 521–539.

6. Tan LK, Carlone GM and Borrow R (2010) Advances in the development
of vaccines against Neisseria meningitidis. The New England Journal of
Medicine 362, 1511–1520.

7. Parikh SR et al. (2020) The everchanging epidemiology of meningococcal
disease worldwide and the potential for prevention through vaccination.
Journal of Infection 81, 483–498.

8. Purmohamad A et al. (2019) Global estimate of Neisseria meningitidis
serogroups proportion in invasive meningococcal disease: a systematic
review and meta-analysis. Microbial Pathogenesis 134, 103571.

9. European Centre for Disease Prevention and Control. Invasive
Meningococcal Disease. Annual Epidemiological Report for 2017.
Available at https://www.ecdc.europa.eu/sites/default/files/documents/
AER_for_2017-invasive-meningococcal-disease.pdf (Accessed March 21,
2023).

10. Beebeejaun K et al. (2020) Invasive meningococcal disease: timing and
cause of death in England, 2008–2015. Journal of Infection 80, 286–290.

11. Harrison LH et al. (2011) The Global Meningococcal Initiative: recom-
mendations for reducing the global burden of meningococcal disease.
Vaccine 29, 3363–3371.

12. Nuttens C et al. (2022) Evolution of invasive meningococcal disease epi-
demiology in Europe, 2008 to 2017. Eurosurveillance 27. doi: 10.2807/
1560-7917.ES.2022.27.3.2002075

13. Harrison LH, Trotter CL and Ramsay ME (2009) Global epidemiology of
meningococcal disease. Vaccine 27, B51–B63.

14. Diallo AO et al. (2017) Bacterial meningitis epidemiology and return of
Neisseria meningitidis serogroup A cases in Burkina Faso in the five
years following MenAfriVac mass vaccination campaign. PLoS One 12,
e0187466.

15. Sidikou F et al. (2019) Epidemiology of bacterial meningitis in the nine
years since meningococcal serogroup A conjugate vaccine introduction,
Niger, 2010–2018. The Journal of Infectious Diseases 220, S206–S215.

16. National Institute for Communicable Diseases. GERMS Annual Reports.
Available at https://www.nicd.ac.za/archives/ (Accessed March 21, 2023).

17. Federal Service for Supervision of Consumer Rights Protection and
Human Welfare. State Reports. Available at https://www.rospotrebnadzor.
ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%
2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin
%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&
arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=
&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%
5D%5BRIGHT%5D=&set_filter=Y (Accessed March 21, 2023).

18. Kingdom of Saudi Arabia Digital Government Authority. Reported
Cases and Incidence Rates of Certain Notifiable Communicable Diseases
in the Last Five Years. Available at https://data.gov.sa/Data/en/dataset/
reported-cases-and-incidence-rates-of-certainnotifiablecommunicabledi-
seasesinthelastfiveyears (Accessed November 11, 2021).

19. European Centre for Disease Prevention and Control. Surveillance Atlas
of Infectious Diseases. Available at https://atlas.ecdc.europa.eu/public/
index.aspx (Accessed March 21, 2023).

20. Public Health Agency of Canada. Notifiable Disease Charts. Available at
https://diseases.canada.ca/notifiable/charts-list (Accessed March 21, 2023).

21. Centers for Disease Control and Prevention. Enhanced Meningococcal
Disease Surveillance Reports. Available at https://www.cdc.gov/meningococcal/
surveillance/index.html#enhanced-reports (Accessed March 21, 2023).

22. New Zealand Ministry of Health. Meningococcal Disease Reports.
Available at https://surv.esr.cri.nz/surveillance/Meningococcal_disease.
php (Accessed March 21, 2023).

23. Ministério da Saúde do Brasil. Casos Confirmados, Óbitos, Incidência
(por 100.000 Habitantes) e Letalidade (%) por Tipo de Meningite.
Brasil, 2010 a 2018. Available at https://www.gov.br/saude/pt-br/assun-
tos/saude-de-a-a-z/m/meningite-1 (downloadable during conduct of
research) (Accessed March 21, 2023).

24. Instituto de Salud Pública de Chile. Informe de Resultados de Vigilancia
de Laboratorio Enfermedad Invasora Neisseria meningitidis. Available at
https://www.ispch.cl/sites/default/files/neisseria_meningitidis_44.pdf,
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20menin-
gitidis%20%20SE%2052%202013.pdf, https://www.ispch.cl/sites/default/files/
Informe%20Neisseria%20meningitidis%20%20SE%201-53%202014.pdf,
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis
%20%20SE%2052%20%202015.pdf, https://www.ispch.cl/sites/default/files/
Informe_Neisseria_meningitidis%20_2016_v3.pdf, https://www.ispch.cl/
sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%
201-52%202017%20v2.pdf, https://www.ispch.cl/sites/default/files/Informe%
20Neisseria%20meningitidis%20%20SE%201-52%202018.pdf, https://www.
ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%
201-52-2019%20v2.pdf (Accessed March 21, 2023).

25. Public Health Center of Ukraine. Infectious Disease in the Population
of Ukraine. Available at https://phc.org.ua/kontrol-zakhvoryuvan/inshi-
infekciyni-zakhvoryuvannya/infekciyna-zakhvoryuvanist-naselennya-ukraini
(Accessed March 21, 2023).

26. Le Laboratoire de Santé Publique du Québec. Bulletin STATLABO.
Available at https://www.inspq.qc.ca/lspq/nos-productions/bulletin-statlabo
(Accessed March 21, 2023).

27. Ministry of Health Israel. Jerusalem Central Laboratories – Annual
Reports. Available at https://www.health.gov.il/UnitsOffice/HD/PH/LabDept/
PublicHealthLabs/jerusalem_Labs/Pages/annual_reports.aspx (Accessed
March 21, 2023).

28. Li JH et al. (2019) Analysis of epidemic characteristics for meningococcal
meningitis in China during 2015–2017. Zhonghua Yu Fang Yi Xue Za Zhi
53, 159–163.

8 Carmen Pardo de Santayana et al.

https://doi.org/10.1017/S0950268823000328 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268823000328
https://doi.org/10.1017/S0950268823000328
https://www.ecdc.europa.eu/sites/default/files/documents/AER_for_2017-invasive-meningococcal-disease.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/AER_for_2017-invasive-meningococcal-disease.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/AER_for_2017-invasive-meningococcal-disease.pdf
https://www.nicd.ac.za/archives/
https://www.nicd.ac.za/archives/
https://www.rospotrebnadzor.ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%5D%5BRIGHT%5D=&set_filter=Y
https://www.rospotrebnadzor.ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%5D%5BRIGHT%5D=&set_filter=Y
https://www.rospotrebnadzor.ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%5D%5BRIGHT%5D=&set_filter=Y
https://www.rospotrebnadzor.ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%5D%5BRIGHT%5D=&set_filter=Y
https://www.rospotrebnadzor.ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%5D%5BRIGHT%5D=&set_filter=Y
https://www.rospotrebnadzor.ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%5D%5BRIGHT%5D=&set_filter=Y
https://www.rospotrebnadzor.ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%5D%5BRIGHT%5D=&set_filter=Y
https://www.rospotrebnadzor.ru/documents/documents.php?back_url_admin=%2Fbitrix%2Fadmin%2Fiblock_admin.php%3Ftype%3Ddocuments%26lang%3Dru%26admin%3DY&arrFilter_ff%5BNAME%5D=&arrFilter_pf%5BVID_DOC%5D=97&arrFilter_pf%5BNUM_DOC%5D=&arrFilter_pf%5BDAT_DOC%5D=&arrFilter_pf%5BGOD%5D%5BLEFT%5D=&arrFilter_pf%5BGOD%5D%5BRIGHT%5D=&set_filter=Y
https://data.gov.sa/Data/en/dataset/reported-cases-and-incidence-rates-of-certainnotifiablecommunicablediseasesinthelastfiveyears
https://data.gov.sa/Data/en/dataset/reported-cases-and-incidence-rates-of-certainnotifiablecommunicablediseasesinthelastfiveyears
https://data.gov.sa/Data/en/dataset/reported-cases-and-incidence-rates-of-certainnotifiablecommunicablediseasesinthelastfiveyears
https://data.gov.sa/Data/en/dataset/reported-cases-and-incidence-rates-of-certainnotifiablecommunicablediseasesinthelastfiveyears
https://atlas.ecdc.europa.eu/public/index.aspx
https://atlas.ecdc.europa.eu/public/index.aspx
https://atlas.ecdc.europa.eu/public/index.aspx
https://diseases.canada.ca/notifiable/charts-list
https://www.cdc.gov/meningococcal/surveillance/index.html#enhanced-reports
https://www.cdc.gov/meningococcal/surveillance/index.html#enhanced-reports
https://www.cdc.gov/meningococcal/surveillance/index.html#enhanced-reports
https://surv.esr.cri.nz/surveillance/Meningococcal_disease.php
https://surv.esr.cri.nz/surveillance/Meningococcal_disease.php
https://surv.esr.cri.nz/surveillance/Meningococcal_disease.php
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/m/meningite-1
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/m/meningite-1
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/m/meningite-1
https://www.ispch.cl/sites/default/files/neisseria_meningitidis_44.pdf
https://www.ispch.cl/sites/default/files/neisseria_meningitidis_44.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%2052%202013.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%2052%202013.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%2052%202013.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-53%202014.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-53%202014.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-53%202014.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%2052%20%202015.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%2052%20%202015.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%2052%20%202015.pdf
https://www.ispch.cl/sites/default/files/Informe_Neisseria_meningitidis%20_2016_v3.pdf
https://www.ispch.cl/sites/default/files/Informe_Neisseria_meningitidis%20_2016_v3.pdf
https://www.ispch.cl/sites/default/files/Informe_Neisseria_meningitidis%20_2016_v3.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52%202017%20v2.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52%202017%20v2.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52%202017%20v2.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52%202017%20v2.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52%202018.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52%202018.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52%202018.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52-2019%20v2.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52-2019%20v2.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52-2019%20v2.pdf
https://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52-2019%20v2.pdf
https://phc.org.ua/kontrol-zakhvoryuvan/inshi-infekciyni-zakhvoryuvannya/infekciyna-zakhvoryuvanist-naselennya-ukraini
https://phc.org.ua/kontrol-zakhvoryuvan/inshi-infekciyni-zakhvoryuvannya/infekciyna-zakhvoryuvanist-naselennya-ukraini
https://phc.org.ua/kontrol-zakhvoryuvan/inshi-infekciyni-zakhvoryuvannya/infekciyna-zakhvoryuvanist-naselennya-ukraini
https://www.inspq.qc.ca/lspq/nos-productions/bulletin-statlabo
https://www.inspq.qc.ca/lspq/nos-productions/bulletin-statlabo
https://www.health.gov.il/UnitsOffice/HD/PH/LabDept/PublicHealthLabs/jerusalem_Labs/Pages/annual_reports.aspx
https://www.health.gov.il/UnitsOffice/HD/PH/LabDept/PublicHealthLabs/jerusalem_Labs/Pages/annual_reports.aspx
https://www.health.gov.il/UnitsOffice/HD/PH/LabDept/PublicHealthLabs/jerusalem_Labs/Pages/annual_reports.aspx
https://doi.org/10.1017/S0950268823000328


29. Fukusumi M et al. (2016) National surveillance for meningococcal disease
in Japan, 1999–2014. Vaccine 34, 4068–4071.

30. Lee H et al. (2018) Prevalence and serogroup changes of Neisseria meningitidis
in South Korea, 2010–2016. Scientific Reports 8, 5292.

31. Australian Government Department of Health. Meningococcal – Australian
Meningococcal Surveillance Programme Annual Reports. Available at https://
www1.health.gov.au/internet/main/publishing.nsf/Content/cda-pubs-annlrpt-
menganrep.htm (Accessed March 21, 2023).

32. Organización Panamericana de la Salud. Informe Regional de SIREVA
II. Available at https://www.paho.org/es/sireva (Accessed March 21, 2023).

33. World Health Organization (2019) Meningitis Weekly Bulletin Week 49–
52, 2019. Available at https://www.who.int/publications/m/item/meningitis-
weekly-bulleint-29-december-2019 (Accessed March 21, 2023).

34. Husain EH, Barakat M and Al-Saleh M (2015) Trends and variations in
the epidemiology of meningococcal disease in Kuwait 1987–2013. Journal
of Infection and Public Health 8, 441–447.

35. Kharkhal HN and Titov LP (2019) Serogroup diversity and antibiotic sus-
ceptibility of Neisseria meningitidis: meningococcus infection monitoring
in Belarus. Acta Microbiologica et Immunologica Hungarica 66, 443–457.

36. Munguambe AM et al. (2018) Characterization of strains of Neisseria
meningitidis causing meningococcal meningitis in Mozambique, 2014:
implications for vaccination against meningococcal meningitis. PLoS
One 13, e0197390.

37. World Health Organization. Meningitis Weekly Bulletin Week, 2010–
2018. Available at https://www.who.int/publications/m/item/meningitis-
week-48-52-29-november-2010---2-january-2011, https://www.who.int/
publications/m/item/meningitis-week-44-47-31-october---27-november-
2011, https://www.who.int/publications/m/item/meningitis-week-49-52-
3---30-december-2012, https://cdn.who.int/media/docs/default-source/
bulletins-2013/bulletinmeningite2013_s49_52.pdf, https://cdn.who.int/
media/docs/default-source/bulletins-2014/bulletinmeningite_s49_52_
2014.pdf, https://www.who.int/publications/m/item/meningitis-weekly-
bulletin-30-november-2015---3-january-2016, https://cdn.who.int/media/
docs/default-source/medicines/bulletins-2016/bulletin_meningite_s48_
52_2016.pdf, https://www.who.int/publications/m/item/meningitis-weekly-
bulletin-4---31-december-2017, https://www.who.int/publications/m/item/
meningitis-weekly-bulletin-3---30-december-2018 (Accessed March 21,
2023).

38. LaForce FM et al. (2018) Successful African introduction of a new group
A meningococcal conjugate vaccine: future challenges and next steps.
Human Vaccines & Immunotherapeutics 14, 1098–1102.

39. Secretaria De Estado Da Saúde, Coordenadoria De Controle De
Doenças, Instituto Adolfo Lutz. Informação da Vigilância das
Pneumonias e Meningites Bacterianas. Available at http://www.ial.sp.gov.
br/ial/publicacoes/boletim (Accessed March 21, 2023).

40. Omoleke SA et al. (2018) Environmental, economic and socio-cultural
risk factors of recurrent seasonal epidemics of cerebrospinal meningitis

in Kebbi state, northwestern Nigeria: a qualitative approach. BMC Public
Health 18, 1318.

41. Christensen H et al. (2010) Meningococcal carriage by age: a
systematic review and meta-analysis. The Lancet Infectious Diseases
10, 853–861.

42. Presa J et al. (2019) Epidemiologic trends, global shifts in meningococcal
vaccination guidelines, and data supporting the use of MenACWY-TT
vaccine: a review. Infectious Diseases and Therapy 8, 307–333.

43. World Tourism Organization (2008) Youth Travel Matters –

Understanding the Global Phenomenon of Youth Travel. Madrid, Spain:
World Tourism Organization.

44. Azzari C et al. (2020) Effectiveness and impact of the 4CMenB vaccine
against group B meningococcal disease in two Italian regions using differ-
ent vaccination schedules: a five-year retrospective observational study
(2014-2018). Vaccines (Basel) 8, 469.

45. Ladhani SN et al. (2020) Vaccination of infants with meningococcal
group B vaccine (4CMenB) in England. The New England Journal of
Medicine 382, 309–317.

46. Deceuninck G et al. (2019) Impact of a mass vaccination campaign against
serogroup B meningococcal disease in the Saguenay-Lac-Saint-Jean region
of Quebec four years after its launch. Vaccine 37, 4243–4245.

47. McMillan M et al. (2021) Impact of meningococcal B vaccine on invasive
meningococcal disease in adolescents. Clinical Infectious Diseases 73,
e233–e237.

48. Tin Tin Htar M et al. (2020) Systematic literature review of the impact
and effectiveness of monovalent meningococcal C conjugated vaccines
when used in routine immunization programs. BMC Public Health 20,
1890.

49. Araya P et al. (2015) Neisseria meningitidis ST-11 clonal complex, Chile
2012. Emerging Infectious Diseases 21, 339–341.

50. Booy R et al. (2019) Recent changes in the epidemiology of Neisseria menin-
gitidis serogroup W across the world, current vaccination policy choices and
possible future strategies. Human Vaccines & Immunotherapeutics 15,
470–480.

51. Ohm M et al. (2022) Vaccine impact and effectiveness of meningococ-
cal serogroup ACWY conjugate vaccine implementation in the
Netherlands: a nationwide surveillance study. Clinical Infectious
Diseases 74, 2173–2180.

52. World Health Organization. Defeating Meningitis by 2030. Available at
https://www.who.int/initiatives/defeating-meningitis-by-2030 (Accessed
March 21, 2023).

53. Brueggemann AB et al. (2021) Changes in the incidence of invasive dis-
ease due to Streptococcus pneumoniae, Haemophilus influenzae, and
Neisseria meningitidis during the COVID-19 pandemic in 26 countries
and territories in the Invasive Respiratory Infection Surveillance
Initiative: a prospective analysis of surveillance data. The Lancet Digital
Health 3, e360–e370.

Epidemiology and Infection 9

https://doi.org/10.1017/S0950268823000328 Published online by Cambridge University Press

https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-pubs-annlrpt-menganrep.htm
https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-pubs-annlrpt-menganrep.htm
https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-pubs-annlrpt-menganrep.htm
https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-pubs-annlrpt-menganrep.htm
https://www.paho.org/es/sireva
https://www.paho.org/es/sireva
https://www.who.int/publications/m/item/meningitis-weekly-bulleint-29-december-2019
https://www.who.int/publications/m/item/meningitis-weekly-bulleint-29-december-2019
https://www.who.int/publications/m/item/meningitis-weekly-bulleint-29-december-2019
https://www.who.int/publications/m/item/meningitis-week-48-52-29-november-2010---2-january-2011
https://www.who.int/publications/m/item/meningitis-week-48-52-29-november-2010---2-january-2011
https://www.who.int/publications/m/item/meningitis-week-48-52-29-november-2010---2-january-2011
https://www.who.int/publications/m/item/meningitis-week-44-47-31-october---27-november-2011
https://www.who.int/publications/m/item/meningitis-week-44-47-31-october---27-november-2011
https://www.who.int/publications/m/item/meningitis-week-44-47-31-october---27-november-2011
https://www.who.int/publications/m/item/meningitis-week-44-47-31-october---27-november-2011
https://www.who.int/publications/m/item/meningitis-week-49-52-3---30-december-2012
https://www.who.int/publications/m/item/meningitis-week-49-52-3---30-december-2012
https://www.who.int/publications/m/item/meningitis-week-49-52-3---30-december-2012
https://cdn.who.int/media/docs/default-source/bulletins-2013/bulletinmeningite2013_s49_52.pdf
https://cdn.who.int/media/docs/default-source/bulletins-2013/bulletinmeningite2013_s49_52.pdf
https://cdn.who.int/media/docs/default-source/bulletins-2013/bulletinmeningite2013_s49_52.pdf
https://cdn.who.int/media/docs/default-source/bulletins-2014/bulletinmeningite_s49_52_2014.pdf
https://cdn.who.int/media/docs/default-source/bulletins-2014/bulletinmeningite_s49_52_2014.pdf
https://cdn.who.int/media/docs/default-source/bulletins-2014/bulletinmeningite_s49_52_2014.pdf
https://cdn.who.int/media/docs/default-source/bulletins-2014/bulletinmeningite_s49_52_2014.pdf
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-30-november-2015---3-january-2016
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-30-november-2015---3-january-2016
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-30-november-2015---3-january-2016
https://cdn.who.int/media/docs/default-source/medicines/bulletins-2016/bulletin_meningite_s48_52_2016.pdf
https://cdn.who.int/media/docs/default-source/medicines/bulletins-2016/bulletin_meningite_s48_52_2016.pdf
https://cdn.who.int/media/docs/default-source/medicines/bulletins-2016/bulletin_meningite_s48_52_2016.pdf
https://cdn.who.int/media/docs/default-source/medicines/bulletins-2016/bulletin_meningite_s48_52_2016.pdf
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-4---31-december-2017
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-4---31-december-2017
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-4---31-december-2017
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-3---30-december-2018
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-3---30-december-2018
https://www.who.int/publications/m/item/meningitis-weekly-bulletin-3---30-december-2018
http://www.ial.sp.gov.br/ial/publicacoes/boletim
http://www.ial.sp.gov.br/ial/publicacoes/boletim
http://www.ial.sp.gov.br/ial/publicacoes/boletim
https://www.who.int/initiatives/defeating-meningitis-by-2030
https://www.who.int/initiatives/defeating-meningitis-by-2030
https://doi.org/10.1017/S0950268823000328

	Epidemiology of invasive meningococcal disease worldwide from 2010--2019: a literature review
	Introduction
	Methods
	Results
	Incidence
	Overall IMD incidence
	IMD incidence by age group

	Meningococcal serogroup distribution
	Overall serogroup distribution of IMD
	IMD serogroup distribution by age group


	Discussion
	Summary
	Acknowledgements
	References


