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Abstract

Neisseria meningitidis is one of the leading causes of bacterial meningitis glolaaltly ca
also cause sepsis, pneumonia, and other manifestations. In couittribgyv endemic rates,
the disease burden places an immense strain on the public headttm.syke worldwid
epidemiology of invasive meningococcal disease (IMD) variekeddy by region and over
time. This review summarizes the burden of IMD in different coestand identifies the
highest-incidence countries where routine preventive programs aijaisseria meningitidis
would be most beneficial in providing protection. Available epidemiologiesh from th
past 20 years in World Health Organization and European Centre Eadei®revention and
Control collections and published articles are included in this revéswwell as diregt
communications with leading experts in the field. Countries weoeipgd into high-,
moderate-, and low-incidence countries. The majority of countries irhigfteincidenc
group are found in the African meningitis belt; many moderatelénce countries are found
in the European and African regions, and Australia, while low-incidenaoetries includ
many from Europe and the Americas. Priority countries for vaccine imtgsaeare high- an
moderate-incidence countries where vaccine-preventable eapsgr predominate.
Epidemiological data on burden of IMD are needed in countries whesrestnot known,



particularly in South- East Asia and Eastern Mediterraneamnggso evidence-basged
decisions about the use of meningococcal vaccines can be made.
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Introduction

Neisseria meningitidis is one of the leading causes of bacterial meningitis glolaaltly can
also cause sepsis, pneumonia, and other localized infections. ThéBesam@groups, but the
majority of invasive meningococcal infections are caused ggrosms from the A, B, C, X,
Y, or W-135 serogroups. The annual number of invasive disease casesvid® is
estimated to be at least 1.2 million, with 135,000 deaths related tevievwaeningococcal
disease (IMD) [1,2]. In countries with high endemicity, the disease burdess@admmense
strain on the public health system. The risk of long-term disabkuyedae, including
cognitive deficit, bilateral hearing loss, motor deficit, seigurevisual impairment,
hydrocephalus, and loss of limbs due to tissue necrosis, are higlh@stincome countries,
where the burden of bacterial meningitis is greatest [3].

To combat IMD, many industrialized countries have included diffefermulations of

meningococcal vaccine in their routine immunization programs. Aina@gainst serogroup
A has recently been introduced in the African meningitis beltaea extending from
Senegal in the west to Ethiopia in the east [4,5]. However, meninggogaccines remain
underutilized globally, particularly in resource-limited countrieatside the African

meningitis belt. To provide cost effective recommendations about thef useningococcal
vaccines, the country-specific burden of IMD must be establishedA[@omprehensive
review of IMD incidence, including all countries with at leas basic surveillance
infrastructure reporting IMD cases, was conducted. The review m®ovlte most recently
published attack rates, predominant serogroups, and at-risk groups frorB0ogeuntries

and organizes the data according to priority groups for vaccine intervention.

Methods

Search strategy and selection criteria

Our sources for the epidemiological data included the Nationalatyibof Medicine
(PubMed), the World Health Organization (WHO) website of the \IlyeEkidemiological
Record, and the European Centre for Disease Prevention and ControlandreedePubMed
with the following key terms: (“Neisseria meningitidis”) ORmeningococcal’) OR
(“meningococcemia”) OR (“meningococcus”). The search wagddrto studies of humans,
studies published in English, and dates of publication from January 1, 199G ami 31,
2010. The initial search yielded 5,336 results from which studies sareded based on
exclusion criteria below. In addition, data were obtained and includea WHO
publications in théWeekly Epidemiological Record (WER) for the latest figures from 14
African meningitis belt countries. The European Union Invasive dBiatt Infections
Surveillance Network (EU-IBIS), which is maintained by the Euapp€entre for Disease



Prevention and Control, was accessed for updated figures for Baropantries and these
data were also included. We searched reference lists idealified articles for additional
articles, and reviewed abstracts and titles and selected stfidieseemed they included
aspects of meningococcal epidemiology. From the above literataehs we excluded
generic worldwide estimates (except to identify originahdaferences), or studies that were
limited to immunology, drug resistance, or other non-epidemiological factors.

Organization of data

The WHO definition of a meningococcal disease epidemic (>100eskti30,000
population/year) applies specifically to the meningitis belt. Otbentries rarely experience
epidemics with these high attack rates. We classified couragesrding to the level of
endemic meningococcal disease as “high,” “moderate,” and “low” nelcttg (Figure 1).
This classification is based on country-specific epidemiologiatd with pre-defined cutoffs
of high, moderate, and low endemicity categories and was used ByHi@s Strategic
Advisory Group of Experts on Immunizations (SAGE) in its recentlgdated
recommendations on the use of meningococcal vaccines [7].

Figure 1 A categorization of countries according to IMD attack rates.

Results

Epidemiology of meningococcal disease at countryel

Data on incidence of meningococcal disease are presented beldables 1,2 and 3.
Countries are grouped into priority regions according to the defasitabove, using national
and published data from the last 20 years. Countries not listed iablleehiave insufficient
available IMD epidemiological data to permit accurate classifinati



Table 1 Countries with high endemic rates (>10 cases/100,000 population) and/or > =1 epniteover the last 20 years

Country Year Incidence/100,000 population Predominant serogroup Source Comments
African Region
Angola 1994-2000 19-230 * [8]
Benin 1980-1999 6-57 [9,10]
Burkina Faso 2004-2009 26-187 [11,12]
Burundi 158 [9]
Cameroon 1980-1999 1-224 [13]
Centrafique 33-19.4 [12]
Chad 2004-2009 9.6-15.9 [12]
Despite its relatively low attack rate, Cote de Ivoire is
Cote de Ivoire 0-6 [14] included in this table due to its location in the meningitis
belt
Ethiopia 0-104 A [9,10]
Gambia 1980-1999 4-165 [9,15]
Ghana 0-108 [9,15]
Guinea 0-17 [12]
Guinea Bissau 0-133 [9]
Kenya 1990 267 [16]
Mali 2004-2009 2.6-12.9 [12]
Mauritania 0-14 [9]
Namibia 1980-1999 4-165 [9]
Niger 7.8-90.7 [17]
Nigeria 2004-2009 0.7-52.6 [12]
RD Congo 7.3-23.7 [12]
Rwanda 0-28 [9]
Senegal 1980-1999 0-53 Incidence >50 in 1983
Tanzania 1980-1999 0-19
Togo 2004-2009 6-13.2 [12]
Uganda 1980-1999 0-18 [14]




Sudan 2008
Saudi Arabia 2000
Uruguay 2001

New Zealand 1991-2000
Mongolia 1994-1995

Eastern Mediterranean Region

* A [12] Despite lack of data Sudan is included in this table due to

its location in the meningitis belt

A W-135 [18] 225' cases in month after 2000 Hajj season. Da'l'ta from
' Saudi Arabia mostly includes cases from the Hajj season.
European Region
No country in this region is in the high rate category
Region of the Americas
30 (pre-vaccine) Vaccine comprising serogroup C capsular polysaccharide
B [19] and the outer membrane vesicles of serogroup B

1.6 (post-vaccine) meningococcus was used
South-East Asia Region
No country in this region is in the high rate category

Western Pacific Region
17.4 (pre-vaccine)

2.6 (post-vaccine) B [20]
80-90 A [21]

An OMV vaccine for Serogroup B was introduced in
2004

* Data not available.



Table 2 Countries with moderate endemic rates (2—10 cases/100,000 population per year

Country Year Incidence/100,000 Predominant Source Comments
population serogroup
African Region
, 2000- .
South Africa 2005 0.8-4 B in Western Cape [22]
Eastern Mediterranean Region
No country in this region is in the moderate rate category
European Region
. 1999- 2.9 (pre-vaccine) . . . .
Belgium 2010 0.89 (post-vaccine) B, C [23,24] A conjugate vaccine for group C was introduced in 2002
1999-
Denmark 2010 1.19-35 B [23,24]
Greece 0.49-2.0 C [23,24] A conjugate vaccine for group C introduced in 2001 in ped
population[25]
Ireland 14.3 (pre-vaccine) B, C [23,24] A conjugate vaccine for group C was
2.19 (post-vaccine) introduced in 2001
Iceland 7.6 (pre-vaccine) B, C [23,24] A conjugate vaccine for group C was
0.6 (post-vaccine) introduced in 2002
. . 2004-
Lithuania 2010 1.4-2.6 * [23,24]
1999-
Luxemburg 2010 0.2-5.68 * [23,24]
1994- .
Malta 2007 0.8-8.9 B, C [26] 2 peaks in 2000 and 2006
1999- 3.6 (pre-vaccine) _ _ ) _
Netherland 2010 0.86 (post-vaccine) B, C [23,24] A conjugate vaccine for group C was introduced in 2002
1992-
Norway 2010 0.8-4.6 B [23,27]
Portugal 2000 0.74-3.0 B,C [23,28]

2010




Spain
Switzerland

Turkey

United
Kingdom

Brazil

Cuba

Australia

1999- 3.52 (pre-vaccine)
2010 0.88 (post vaccine)

1999-

2004 1.16-2.36
1997-

2005 0.3-2.2
1999- 5.4 (pre-vaccine)

2010 1.63 (post vaccine)

1998-

2006 1-4.5

1998- 3.4-8.5 (pre-vaccine)
2003 <1 (post-vaccine)

B, C

B, C

Region of the Americas

B, now C

B

South-East Asia Region

[23,24]
[24]
(28]

[23,24]

[19]

[29]

A conjugate vaccine for group C introduced in 2001

A conjugate vaccine for group C introduced in 2005

A conjugate vaccine for group C introduced in 1999

A combined vaccine against serogroup B (OMV) and C
(polysaccharide) was introduced in 1990

A combined vaccine against serogroup B (OMV) and C
(polysaccharide) was introduced in 1987

No country in this region is in the moderate rate category

1995- 3.5-7.9 (pre-vaccine)
2006 1.4 (post-vaccine)

Western Pacific Region

B

[30]

A conjugate vaccine for Serogroup C was introduced in 2003

* Data not available.

Table 3Countries with low endemic rates (<2 case/100,000 population per year)

Country Year Incidence/100,000 population ~ Predominant serogroup Source Comments
African Region
No country in this region is in the low rate category
European Region

Austria 1999 - 2010 1.02-1.2 B,C [23,24]

Bulgaria 2000 - 2010 0.11-1.1 * [23,28]

Croatia 1997 - 2005 0.7-1.3 * [28]

Cyprus 1997 - 2010 0.13-1.7 * [23,28]
Czech Republic 1999 - 2010 0.57-1.0 B,C [23,24]

Estonia 2001 -2010 0.15-1.6 * [23,28]




Finland
France
Germany
Hungary
Italy
Latvia
Poland
Serbia
Slovakia
Slovenia
Sweden

Argentina
Canada

Chile
Columbia
Mexico

USA
Venezuela

Korea
Thailand

China
Japan
Philippines

1999 - 2010

2004 - 2010
1999 - 2010
2004 - 2008
1999 - 2010
2000
2004 - 2010
1999 - 2010
2004 - 2010

2009
1985-2006

1998-2006

2000-2009

2002-2008
2007-2008

2000 onward

1999-2004
2004-2008

0.64-1.1
0.7-1.13
0.47-0.73
0.3-0.4
0.25-0.55
0.25-1.03
0.17-0.84
0.9
0.59-0.9
0.3-1.2
0.5-0.7

B, C
Eastern Mediterranean Region

[23,24]

[28]

[23,24] [23,24]

No country in this region is in the low rate category

0.6

1.4 (pre-vaccine)
0.4 (post-vaccine)

0.8
0.3
0.1

0.8 (pre-vaccine)
0.3 (post-vaccine)

0.3

<0.1
<0.1

<0.2
<0.02
<0.1

Region of the Americas
B

O<wm O

Equal B, C,Y

Y
South-East Asia Region

Western Pacific Region
A C

*

A

[31]
[32,33]

[19]
[34]
[19]

[35]
[36]

[37,38]
[39]
[1]

Vaccination in 2001-2 in all

provinces

Routine vaccination program started

in 2005

Higher in <5 year olds




Singapore 2005-2009 0.1-0.2 [36,40] 25/100,0001n Halq]J pilgrims in 2000
Taiwan 2000-2001 0.1-0.2 A [42]
Eastern Mediterranean Region

No country in this region is in the low rate category

*Data not available.



Significant gaps in data limit description of IMD epidemiologyame parts of the world. In
many countries with IMD surveillance, extensive targeted vaccieeelopment and
increasing coverage has decreased the burden of disease. Iargten@c countries without
vaccination, high IMD attack rates continue. The specific regi@mtemiology is
summarized in Figure 2 and described in terms of WHO regions below.

Figure 2 Distribution of common and predominant meningococcal serogroups by
region. Predominant strains are highlighted in bold text.

African region

The African Meningitis Belt, originally characterized by pegsonnie in 1963 [5] and
modified in 1987, has the highest annual incidence of meningococcatalisethe world

with superimposed frequent epidemics that constitute a major publith hearden.

Outbreaks in the sub-Saharan region coincide with the dry seasor) thwdmcled to a
hypothesis for the potential role of low humidity and seasonal duast-lowing from the

Sahara (the Harmattan) in damaging the mucosa and producingt iooiaghing that aids
transmission [34,43].

Twenty-five countries in the African region with an extreméligh incidence of

meningococcal disease constitute the meningitis belt. To rapidigctdéhe frequent

epidemics, a strong surveillance system exists that monitoraiuimder of cases on an
ongoing basis for rapid response. This region has recently beddfitim a major alliance of
international health bodies that have developed and are deployingetabfé and effective
vaccine against serogroup A meningococcus, which causes tbetynaj disease in this

area, at population level [44].

Serogroup X, previously a rare cause of sporadic meningitis, has tesponsible for
outbreaks between 2006 and 2010 in Kenya, Niger, Togo, Uganda, and Burlondaheas
latter with at least 1,300 cases of serogroup X meningitis @rtien 6,732 reported annual
cases [45].

South Africa is included in the moderate-endemicity group, while atbentries in this
region do not have adequate data to enable derivation of a populationestisgate of their
true incidence rates.

Eastern Mediterranean region

Sudan and Saudi Arabia have high endemic rates of serogroup A disehdeva also
experienced outbreaks in recent years during the hajj seadorsemigroup W-135. Other
countries in this region do not have adequate data to permit a poptlased estimate of
true incidence, although outbreaks have been reported among returning tfaweiéfsjj.

European region

With the exception of a few countries in the eastern part ofEtirepean Region, good
surveillance data are available from most European countriesgr8epoB and C are
responsible for the majority of disease, and implementation of aingexoccal
immunization program with adequate vaccine coverage has contributecteasing



endemic rates so that no country now falls in the high-endengmiyp. Fifteen countries
from this region are classified as moderate endemicityl8rak low. Recent epidemiological
surveillance indicates an increase of serogroup Y IMD in some @iEurope, which is now
the third most common serogroup after B and C [23].

Region of the Americas

Uruguay remains the only country from this region to have expedenigh rates of IMD
within the past 20 years. In 2001, it suffered a peak incidencefrateningococcal disease
due to serogroup B and this prompted the introduction of the Cuban outer meméesicle
(OMV) B vaccine with good coverage and a sharp decline in inceddensubsequent years.
Brazil and Cuba have experienced moderate incidence rates, butld@mwszen significant
benefit from the introduction of meningococcal vaccines in their popnta[29]. Argentina,
Canada, Chile, Columbia, Mexico, the United States, and Venezuadaekperienced low
levels of IMD in the timeframe defined by this review. Serogr¥upmerged in Colombia
and Venezuala, where it became the common disease-causingpgprog2006 [19]. The
US has a universal meningococcal vaccine (conjugated quadrivalenhevagigen to
adolescents) and Canada also recommends a booster dose in this age group folloaigg pr
immunization at 12 months of age. Other countries in this region do not have adequate data to
allow population-based estimates of their true incidence.

South-East Asia Region

Korea and Thailand are the only countries from this region with publigbpulation-based
estimates, which demonstrate low endemic rates. India has ex@efrieepeated serogroup A
epidemics, the most recent in 2005, but data are mostly availagl&é@ml large city centers
[46]. Sporadic and incomplete data from India, Bangladesh, Indonesid, HegdPakistan
preclude their classification, and no data are available from Sri Lanka [36].

Western pacific

New Zealand and Mongolia have recorded high IMD endemicity. NealaZé experienced
an outbreak of serogroup B disease until an aggressive campaigheviiMV vaccine was
initiated in 2004 that has contributed in part to lowering the incidéioegolia experienced
serogroup A epidemics in the early 1990s. Australia currently iexues predominantly
serogroup B disease with moderate attack rates after tteglustion of a serogroup C
vaccine saw a marked decline in rates of disease due to the C serogroup. pam&diea,
Philippines, Singapore, Taiwan, and Thailand all experience low lefel$1D. Other
countries in this region do not have adequate population-based data teestiloation of
their true incidence rates.

Age-specific attack rates

In many countries with epidemiological data, particularly in Eutape North America, the
age distribution of meningococcal disease demonstrates two peak3i9p,4ihe highest
incidence is in infants less than one year of age, and a secors#aiy incidence occurs in
adolescents and young adults. In one study in the meningitis be#tgéhimcidence did not
plateau until the late 20s. Fifteen years of data from Niger show thdtechunder the age of
five were more affected during epidemics when compared to ndereg years [50].



However, some studies have suggested a shift toward older age droups epidemics
[51].

The widespread and rapid use of effective antibiotics has contritutednging down the
case fatality rate of IMD to between 10 and 20 percent, bud generally higher in
developing countries where access to higher levels of carebmalelayed [52]. Despite
advances in resuscitative techniques, surgical intervention, andalcmtre, there is a
persistent mortality in the early hours of septicemia due to the rapid progressiisease.

Conclusion

IMD is a serious illness that can be rapidly progressiva vasulting significant morbidity
and mortality, even with treatment. Vaccines are availabléenéontajority of serogroups that
cause disease and have proven effective in reducing the disea&mdecin countries that
have applied them at the population level. Maximizing the globphainof these vaccines
requires having them made available in regions that have the highest diseaseéncide

This review used available data to define the burden of meningoadisealse in different
countries. Countries were classified based on the disease engeandtavailable data on
the most prevalent serogroups were reviewed to permit evidenad-loEsesions on
meningococcal vaccine use. These data helped inform SAGE’s nemmeendations on the
use of meningococcal vaccines. Limitations of the review incixadusion of studies that
were not published in English and the absence of an indicatoe afuiity of surveillance
used to derive incidence rates. It is crucial that timely silamee utilizing new molecular
epidemiology tools is implemented to obtain epidemiological data on budden
meningococcal disease in countries where these are not known. Wiitetieeng of a new
affordable conjugated vaccine against serogroup A (licensedriceAiind, more recently, a
multicomponent serogroup B vaccine in Europe (January 2013), functioning lsunceivill
be necessary to monitor the impact of these vaccines through idmectnity and herd
protection and allow for optimization of vaccination schedules.
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