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Capsules, North America1
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Clusters of meningococcal disease caused by a hyperinvasive lineage of Neisseria meningitidis, the ST11 complex, bearing a serogroup C polysaccharide capsule, have
been prominent in Europe and North America since the
early 1990s. This situation has led to expensive public
health measures for outbreak control and, finally, to the
introduction of a serogroup C glyconjugate vaccine into the
primary immunization schedule in the United Kingdom and
elsewhere. ST11 complex meningococci may also express
serogroup W135 polysaccharide capsules. We investigated
the level of population immunity to this hyperinvasive clone
in association with the appearance of outbreaks of
meningococcal disease in southern British Columbia. We
found that most adults and almost all children were apparently susceptible to infection with ST11 complex meningococci bearing both C and W135 polysaccharide capsules,
which suggests that a vaccine program directed against
only serogroup C meningococci may be insufficient to prevent hyperinvasive ST11 disease.

n 1919, George Heist and co-workers established that
clotted blood from different persons varied in its ability
to kill Neisseria meningitidis in a capillary tube. When
Heist, whose blood had no bactericidal activity, acquired
N. meningitidis infection, the link between serum bactericidal activity and resistance to meningococcal infection
was proven (1). Nearly half a century later, Goldschneider
et al. found that <20% of infants 1 year of age had
anti–serogroup C meningococcal bactericidal activity in
their blood, but >60% of teenagers and 75% of adults had
protective titers (2). Disease rates were inversely related to
the population bactericidal titers, with high rates of disease
in young children and low rates in adults.
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Groups of genetically related meningococci can be identified by using the electrophoretic mobility of cytoplasmic
proteins (electrophoretic type; ET) or by nucleotide
sequencing of “housekeeping” genes (sequence type; ST).
During the 1990s, a clone of serogroup C N. meningitidis
(ET-37 complex; ST11 complex) was responsible for outbreaks of meningococcal disease in the United States,
Canada, and Europe, predominantly affecting teenagers and
young adults and leading to repeated and massive public
health interventions (3). In 1999, disease attributed to this
clone led to serogroup C glyconjugate vaccine’s introduction into the primary immunization schedule in the United
Kingdom (4). From December 2000 to April 2001, a cluster of seven cases of invasive serogroup C meningococcal
infection occurred in a community of 120,000 in southern
British Columbia, Canada; five of the seven cases were in
persons 18–27 years of age, which raises the possibility that
more susceptible persons were found in this population
than were previously inferred from data described by
Goldschneider et al. 30 years ago (2).
During the 1990s, most ST11 complex N. meningitidis
isolates in Canada bore an α2-9 N-acetyl neuraminic acid
(serogroup C) capsule, but recent epidemics of meningococcal disease, particularly in Africa, have been associated
with ST11 meningococci bearing the W135 capsule. This
finding suggests that this hyperinvasive lineage might also
spread to populations with low levels of population immunity against W135 capsule-bearing organisms. In addition,
ST11 meningococci bearing serogroup B, and occasionally Y capsules, also occur (5). We examined population
immunity to ST11 complex meningococci bearing
serogroup C or W135 polysaccharide capsules.
1These data were partially presented as a poster at the International
Pathogenic Neisseria Conference in Oslo, Norway, 2002.
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Methods
We obtained serum specimens from 175 healthy persons
from southern British Columbia (Table) after the study protocol was reviewed by the University of British Columbia
Clinical Research Ethics Board. Using these serum specimens, we examined the SBA, the ability of serum to kill
meningococci when mixed with exogenous complement,
against three target strains of N. meningitidis,
AOBZ1379(c) (the outbreak clinical isolate from British
Columbia; C:2a,P1.5; ET15), Z1582/FC978 (a Canadian
clinical isolate from 2000 bearing the W135 capsule,
W135:2a:P1.5,2) and C11 (60E; C:16:P1.7-1,1, a standard
reference strain [2]), according to standard methods by
using baby rabbit complement (Pel-Freeze Inc., Rodgerson,
AR) as the exogenous source of complement (6). The highest serum concentration tested in the assay was 1:4, and a
titer of 1:2 was assigned to sera with <50% killing at this
concentration. The three bacterial strains were characterized by multilocus sequence typing, which confirmed the
sequence-types as ST11, ST11, and ST345, respectively.
We defined protection against serogroup C N. meningitidis
as a serum bactericidal titer of >1:8 (4,7). Incidence data for
rates of meningococcal disease were obtained from the
British Columbia Center for Disease Control, Vancouver,
Canada (Figure 1). The data are reported as geometric
mean titers (GMTs) and as a percentage of the population
higher than the protective threshold.
Results
The GMT of the bactericidal antibody against the outbreak strain of serogroup C, ST11 complex N. meningitidis
was 1:2 in serum specimens from all children <18 years of
age who were studied. In the group 19–29 years of age, the
GMT rose to 1:4 and reached 1:7 in adults >30 years of age
(Table). Three percent of children <18 years, and 19% of
adults >19 years of age (median age 33 years), had serum
bactericidal titers above or equal to the “protective” level
(1:8) against this outbreak strain (Figure 1, Table). These
data correlated closely with titers obtained by using strain
C11, the standard reference strain used in serogroup C bactericidal assays (Figure 2). The reference serum CDC1992
(National Institutes for Biological Standards and Control)
also produced identical SBA titers with both meningococcal strains.
The GMT of bactericidal antibody against the W135
strain of N. meningitidis rose steadily from 1:4 in those 18
months of age to 1:8, 1:16, 1:24, and 1:20 in those aged
4–6 years, 11–12 years, 16–18 years, and >19 years,
respectively (Table). Sera tested from 20% of infants had
bactericidal activity against the serogroup W135 ST11
complex organism, with titers >1:8 in up to 40% of serum
samples from persons in the second decade of life and 44%
in serum from adults. Rates of meningococcal disease in

Figure 1. Incidence (cases/100,000/year) of meningococcal disease (average rates 1985–2000) in relation to serogroup C and
W135 bactericidal antibody titers in British Columbia against a
local ST11 outbreak isolate (AOBZ1379) and Z1582/FC978 (a
Canadian clinical isolate from 2000 bearing the W135 capsule),
respectively.

the population were inversely related to the population levels of bactericidal antibody for both serogroup C and
serogroup W135 cases (Figure 1, Table).
Conclusions
This study suggests that population immunity against
hyperinvasive lineages of meningococci are low in a North
American population. Protective serum bactericidal titers
were present in 3% of children <18 years of age and 19%
of adults (median age 33) against the outbreak strain of
serogroup C, ST11 complex N. meningitidis (Figure 1).
These bactericidal titers were low even though we used a
complement source (baby rabbit serum) that is associated
with higher SBA titers than the human complement used in
Goldschneider et al.’s study in the 1960s, which found
considerably higher levels of protection (2). Of note, 40%
of meningococcal disease in the 1990s in Canada was
caused by serogroup C meningococci (8). To exclude the

Figure 2. Correlation between bactericidal titers against an outbreak strain of serogroup C meningococcus (AOBZ1379) from
southern British Columbia and the standard reference strain C11
from 27 serum specimens.
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possibility that the outbreak strain was more resistant to
serum bactericidal activity, we compared these data with
those obtained by using C11, the serogroup C meningococcus used in 1969 by Goldschneider et al.; however, we
found a close correlation (r = 0.97) between strains, which
indicates no differences in serum resistance attributable to
the different strains (Figure 2). Since these strains belong
to different sequence types and they carry different subcapsular outer membrane proteins (C:16:P1.7-1,1 versus
C:2a:P1.5), these data may indicate that antibodies against
their common antigen (the serogroup C capsule) are more
important than subcapsular antigens in the SBA. However,
other subcapsular proteins common to both isolates may
not have been identified, which could be responsible for
this observation. By contrast, no correlation was seen (r =
0.2) between SBA titers achieved with 60E and
Z1582/FC978, the ST11 W135 isolate, even though both
isolates shared the same major outer membrane proteins
(C:2a:P1.5); this finding further supports the importance of
anticapsular functional antibodies in this assay.
Before routine immunization in the United Kingdom
with serogroup C glyconjugate meningococcal vaccine
was begun, Trotter et al. found bactericidal titers >1:8 in
10% to 20% of infants and 25% of adults (9). Similarly,
Jones et al., found that 10% of university students
appeared to have protective serum bactericidal levels (10).
These U.K. findings are similar to our Canadian data that
suggest that population immunity against serogroup C
meningococcus may now be lower than previously
described in countries without an immunization program.
We also found that 20% of infants had serum bactericidal activity against the serogroup W135 ST11 complex
organism, with titers >1:8 in up to 40% in serum specimens from persons in the second decade of life and 44% in
serum specimens from adults. The importance of antiserogroup W135 serum bactericidal titers for protection is
not well defined, but, extrapolating from serogroup C data,
our results may indicate that 60%–80% of persons are susceptible to W135 disease. Less than 5% of laboratory-confirmed cases of invasive meningococcal disease in British
Columbia are attributable to serogroup W135, but epidem1814

ic disease caused by ST11 complex organisms that bear the
W135 capsule has been recognized in recent years and
found to be associated with travel (11) and sub-Saharan
African populations (12). Meningococci bearing the W135
polysaccharide capsule have been a relatively infrequent
cause of sporadic cases of meningococcal disease in the 30
years since the first descriptions of this serogroup from
cases in the U.S. army (13,14). However, in 2000 and
2001, an outbreak of disease occurred among pilgrims
traveling to Mecca in Saudi Arabia for the annual hajj pilgrimage (14,15). This outbreak was caused by serogroup
W135 meningococci from the ST11 (ET-37) complex (16),
which was previously associated with hyperinvasive
serogroup C disease. Since 2000, ST11 complex serogroup
W135 meningococci have also appeared in sub-Saharan
Africa and caused large epidemics (17). The association of
epidemics of disease with meningococci of the hyperinvasive ST11 lineage that bears the W135 capsule is a cause
for concern for populations with limited population immunity to these meningococci.
Figure 1 shows an apparent paradox: although the disease rate is decreasing substantially in persons <18 months
to 11–12 years, little serologic evidence exists of a parallel
rise in protection, i.e., the geometric mean SBA titers are
almost constant, and the percentage of children with SBA
titers <1:8 in all age groups up to those 16–18 years
remains low. This finding could indicate that SBA lacks
sensitivity (perhaps protection occurs before a titer of 1:8
is reached) or that protection rises through immune mechanisms other than the bactericidal combination of antibody
and complement (such as osponophagocytosis). A decrease
in exposure to serogroup C meningococci or a reduction in
other cofactors that lead to invasive disease may also occur
in this age group.
ST11 lineage meningococci may also bear serogroup B
capsules, and evidence exists that a switch between
serogroups may occur naturally in populations (18,19),
perhaps a process that is favored by population immunity.
Whether immunization with vaccines that target serogroup
C capsule–bearing ST11 complex meningococci will favor
the evolution of B or W135 ST11 complex bacteria in the
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next few years is not clear. No evidence of the emergence
of serogroup B ST11 complex meningococci has been
reported in the United Kingdom since the serogroup C glyconjugate vaccine was introduced in 1999. However, in
Spain, ST11 serogroup B meningococci have emerged
since vaccine introduction, which raises the possibility
that, in some circumstances, immunologic pressure on
meningococcal populations by vaccine may lead to capsule switching (20).
Recent data after the serogroup C glyconjugate vaccine
was implemented in the United Kingdom strongly suggest
that SBA titers >1:8 are required for protection against
serogroup C meningococcal disease (4,7). Data presented
here indicate that a high proportion of adults, and almost
all children, may be susceptible to disease caused by the
hyperinvasive ST11 clone of serogroup C lineage that is
prevalent in North America. These findings support the
value of the childhood immunization program with
serogroup C meningococcal glyconjugate vaccines, implemented in British Columbia, Canada, since September
2003. However, the propensity of this clone to express
capsular polysaccharides other than serogroup C, including W135, and the apparently low population immunity for
bacteria bearing the W135 capsule suggest that monovalent serogroup C vaccines may be insufficient to control
this widely distributed hyperinvasive lineage of meningococcus, the ST11 complex.
Acknowledgments:
We are grateful to the National Microbiology Laboratory,
Health Canada, for microbiologic testing.
This study was funded by a grant from the British Columbia
Children’s Hospital Telethon. A.J.P. has conducted vaccine trials
on behalf of the University of Oxford, sponsored by manufacturers of meningococcal vaccines, and his department has received
support for his attendance at scientific meetings from the same
manufacturers.
Dr. Pollard is senior lecturer in pediatric infectious diseases
at the University of Oxford, Oxford, United Kingdom; honorary
consultant pediatrician at the John Radcliffe Hospital, Oxford;
and consultant in charge of the Oxford Vaccine Group. His
research interests include investigating immune responses to vaccines and the evaluation of new vaccines for children.

3. Whalen CM, Hockin JC, Ryan A, Ashton F. The changing epidemiology of invasive meningococcal disease in Canada, 1985 through
1992. Emergence of a virulent clone of Neisseria meningitidis.
JAMA. 1995;273:390–4.
4. Andrews N, Borrow R, Miller E. Validation of serological correlate
of protection for meningococcal C conjugate vaccine by using efficacy estimates from postlicensure surveillance in England. Clin Diagn
Lab Immunol. 2003;10:780–6.
5. Chan M-S, Jolley K. Neisseria MLST home page [cited 9 Aug 2004].
Available from http://pubmlst.org/neisseria
6. Borrow R, Carlone GM. Serogroup B and C bactericidal assays. In:
Pollard AJ, Maiden MCJ, editors. Meningococcal vaccines. Totowa
(NJ): Humana Press Inc.; 2001. p. 289–304.
7. Borrow R, Andrews N, Goldblatt D, Miller E. Serological basis for
use of meningococcal serogroup C conjugate vaccines in the United
Kingdom: reevaluation of correlates of protection. Infect Immun.
2001;69:1568–73.
8. Pollard AJ, Scheifele D. Meningococcal disease and vaccination in
North America. J Paediatr Child Health. 2001;37:20–7.
9. Trotter C, Borrow R, Andrews N, Miller E. Seroprevalence of
meningococcal serogroup C bactericidal antibody in England and
Wales in the pre-vaccination era. Vaccine. 2003;21:1094–8.
10. Jones GR, Williams JN, Christodoulides M, Jolley K, Heckels JE.
Lack of immunity in university students before an outbreak of
serogroup C meningococcal infection. J Infect Dis. 2000;181:1172–5.
11. Public Health Laboratory Service. Meningococcal disease associated
with the Haj—update. Commun Dis Rep CDR Wkly. 2000;10:169.
12. Taha MK, Parent Du Chatelet I, Schlumberger M, Sanou I, Djibo S,
de Chabalier F, et al. Neisseria meningitidis serogroups W135 and A
were equally prevalent among meningitis cases occurring at the end
of the 2001 epidemics in Burkina Faso and Niger. J Clin Microbiol.
2002;40:1083–4.
13. Evans JR, Artenstein MS, Hunter DH. Prevalence of meningococcal
serogroups and description of three new groups. Am J Epidemiol.
1968;87:643–6.
14. Aguilera JF, Perrocheau A, Meffre C, Hahne S. Outbreak of
serogroup W135 meningococcal disease after the Hajj pilgrimage,
Europe, 2000. Emerg Infect Dis. 2002;8:761–7.
15. Hahne SJ, Gray SJ, Aguilera J-F, Crowcroft NS, Nicols T,
Kaczmarski EB, et al. W135 meningococcal disease in England and
Wales associated with Hajj 2000 and 2001. Lancet. 2002;359:582–3.
16. Mayer LW, Reeves MW, Al-Hamdan N, Sacchi CT, Taha MK, Ajello
GW, et al. Outbreak of W135 meningococcal disease in 2000: not
emergence of a new W135 strain but clonal expansion within the
electophoretic type-37 complex. J Infect Dis. 2002;185:1596–605.
17. World Health Organization. Meningococcal disease, serogroup
W135, Burkina Faso. Preliminary report, 2002. Wkly Epidemiol Rec.
2002;77:152–5.
18. Stefanelli P, Fazio C, Neri A, Sofia T, Mastrantonio P. First report of
capsule replacement among electrophoretic type 37 Neisseria meningitidis strains in Italy. J Clin Microbiol. 2003;41:5783–6.
19. Wang JF, Caugant DA, Morelli G, Koumare B, Achtman M.
Antigenic and epidemiologic properties of the ET-37 complex of
Neisseria meningitidis. J Infect Dis. 1993;167:1320–9.
20. Vazquez J. Experiences with meningococcal vaccines. Paper presented at: European Society for Paediatric Infectious Disease, 2004;
Tampere, Finland.

References
1. Heist GD, Solis-Cohen S, Solis-Cohen M. A study of the virulence of
meningococci for man and of human susceptibility to meningococcic
infection. J Immunol. 1922;7:1–33.
2. Goldschneider I, Gotschlich EC, Artenstein MS. Human immunity to
the meningococcus. II. Development of natural immunity. J Exp Med.
1969;129:1327–48.

Address for correspondence: Andrew J. Pollard, Department of
Paediatrics, University of Oxford, John Radcliffe Hospital, Oxford OX3
9DU, UK; fax: +44-1865-224079; email: andrew.pollard@
paediatrics.ox.ac.uk

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 10, No. 10, October 2004

1815

