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Summary Objectives: Neisseria meningitidis is a leading cause of meningitis and septicae-
mia. The hyperinvasive ST-11 clonal complex (cc11) caused serogroup C (MenC) outbreaks in
the US military in the 1960s and UK universities in the 1990s, a global Hajj-associated serogroup
W (MenW) outbreak in 2000e2001, and subsequent MenW epidemics in sub-Saharan Africa.
More recently, endemic MenW disease has expanded in South Africa, South America and the
UK, and MenC cases have been reported among European and North American men who have
sex with men (MSM). Routine typing schemes poorly resolve cc11 so we established the popu-
lation structure at genomic resolution.
Methods: Representatives of these episodes and other geo-temporally diverse cc11 meningo-
cocci (n Z 750) were compared across 1546 core genes and visualised on phylogenetic net-
works.
Results: MenW isolates were confined to a distal portion of one of two main lineages with MenB
and MenC isolates interspersed elsewhere. An expanding South American/UK MenW strain was
distinct from the ‘Hajj outbreak’ strain and a closely related endemic South African strain.
Recent MenC isolates from MSM in France and the UK were closely related but distinct.
Conclusions: High resolution ‘genomic’ multilocus sequence typing is necessary to resolve and
monitor the spread of diverse cc11 lineages globally.
Crown Copyright ª 2015 Published by Elsevier Ltd on behalf of The British Infection
Associat ion. This is an open access art icle under the CC BY l icense (http://
creativecommons.org/licenses/by/4.0/).

Introduction

The Gram-negative bacterium Neisseria meningitidis, the
meningococcus, is principally a commensal that colonises
the nasopharynx of approximately 10% of humans. It is
also a leading cause of meningitis and septicaemia, being
associated with sporadic cases, outbreaks and epidemics
throughout the world.1 The principal meningococcal viru-
lence factor is the polysaccharide capsule which also defines
the serogroup. Serogroups A, B, C, W, X and Y are respon-
sible for most disease and vaccines are currently available
against serogroups A, C, W and Y.1,2 Bexsero, a recently
licensed vaccine against serogroup B organisms, targets sub-
capsular antigens2 and was developed in response to safety
and efficacy concerns surrounding the B polysaccharide.
Reference laboratories conventionally identify serogroups
and also type/subtype meningococci on the basis of outer
membrane proteins (OMPs). Meningococcal population
structure has been studied with multilocus sequence typing
(MLST) which classifies meningococci into clonal complexes
(ccs). Most invasive isolates belong to a limited number of
ccs, which correspond to the hyperinvasive lineages first
identified by multilocus enzyme electrophoresis (MLEE).3

Meningococci belonging to the ST-11 clonal complex
(cc11; also known as the ET-37 complex and lineage 11)
are hyperinvasive and may express serogroups C
(MenC:cc11) or W (MenW:cc11) and, less frequently, B
(MenB:cc11) or Y. They are associated with high rates of
morbidity and mortality4 and have a propensity to cause
outbreaks and epidemics. For example: cc11 meningococci
were responsible for serogroup B and C outbreaks in the US
military in the 1960s, leading to the implementation of the
first generation of meningococcal polysaccharide vaccines.5

Epidemics caused by MenC:cc11 in North America, Europe
and Australia in the 1990s/2000s, prompted the first use
of serogroup C glycoconjugate vaccines6 and in 2000 a
Hajj-associated outbreak of MenW:cc11 disease swept the
globe, persisting for several years.7 Since 2001, MenW:cc11

has caused epidemics in the meningitis belt of Sub-Saharan
Africa.8 North America and Europe have recently experi-
enced several high-profile cases and outbreaks of
MenC:cc11 disease among men who have sex with men
(MSM), the first being identified in Toronto in 2001.9 From
2003, endemic MenW:cc11 disease increased in South Af-
rica, Brazil and, subsequently, several other South Amer-
ican countries where case fatality rates reached 28%.10,11

England and Wales have also seen a year-on-year increase
in endemic MenW:cc11 disease since 2009.12

Beyond the serogroup, currently used typing schemes
offer limited resolution among cc11 meningococci. PorB
OMP serotypes 2a or NT (non-typable using antisera avail-
able from the National Institute for Biological Standards and
Control, Potters Bar, UK) are broadly distributed within the
cc, whilst almost all MenW:cc11 organisms and a large
proportion of MenC:cc11 organisms express the PorA OMP
subtype P1.5,2. MLEE was instrumental in identifying the
‘ET-15’ subpopulation responsible for the elevated
MenC:cc11 disease of the 1990s/2000s, as well as among
MSM cases.9 This labour intensive and poorly portable
scheme was superseded in late 1998 by MLST13; however,
the majority of cc11 disease isolates exhibit a single
sequence type (ST-11). PorA also poorly resolves these
meningococci as, although subtypes P1.5-1,10-8 and P1.5-
1,10-4 are the most common, a large proportion exhibit
the widespread P1.5,2 subtype.14 Consequently, research
groups and reference laboratories have targeted individual
ET-15 markers such as the genomic presence of the insertion
sequence IS1301 or the fumerase (fumC ) gene mutation
responsible for the characteristic electropherotype.15,16 As
none of the typing markers employed to date are satisfac-
tory, there is uncertainty as to the relatedness of current
and historical cases and the provenance of emerging cc11
strains. Isolates typed as MenW:cc11, for example, are often
described as ‘the Hajj strain’ with no direct evidence that
they are closely related.17

Whole genome sequencing (WGS) of meningococcal ge-
nomes is currently the most cost effective method for
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