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Abstract

Background: In order to inform meningococcal disease prevention strategies, we analysed the epidemiology of invasive
meningococcal disease (IMD) in the province of Quebec, Canada, 10 years before and 10 years after the introduction of
serogroup C conjugate vaccination.

Methodology: IMD cases reported to the provincial notifiable disease registry in 1991–2011 and isolates submitted for
laboratory surveillance in 1997–2011 were analysed. Serogrouping, PCR testing and assignment of isolates to sequence
types (ST) by using multilocus sequence typing (MLST) were performed.

Results: Yearly overall IMD incidence rates ranged from 2.2–2.3/100,000 in 1991–1992 to 0.49/100,000 in 1999–2000,
increasing to 1.04/100,000 in 2011. Among the 945 IMD cases identified by laboratory surveillance in 1997–2011, 68%, 20%,
8%, and 3% were due to serogroups B, C, Y, and W135, respectively. Serogroup C IMD almost disappeared following the
implementation of universal childhood immunization with monovalent C conjugate vaccines in 2002. Serogroup B has been
responsible for 88% of all IMD cases and 61% of all IMD deaths over the last 3 years. The number and proportion of ST-269
clonal complex has been steadily increasing among the identified clonal complexes of serogroup B IMD since its first
identification in 2003, representing 65% of serogroup B IMD in 2011. This clonal complex was first introduced in adolescent
and young adults, then spread to other age groups.

Conclusion: Important changes in the epidemiology of IMD have been observed in Quebec during the last two decades.
Serogroup C has been virtually eliminated. In recent years, most cases have been caused by the serogroup B ST-269 clonal
complex. Although overall burden of IMD is low, the use of a vaccine with potential broad-spectrum coverage could further
reduce the burden of disease. Acceptability, feasibility and cost-effectiveness studies coupled with ongoing clinical and
molecular surveillance are necessary in guiding public policy decisions.
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Introduction

Neisseria meningitidis causes both epidemic and endemic invasive

meningococcal disease (IMD) worldwide. The overall incidence of

meningococcal disease in North America in the last decades has

been of 1–2 per 100,000 population, with the highest age-specific

incidence rates reported in children under 5 [1]. In Canada, the

majority of IMD has been due to serogroup B and serogroup C

over the last 20 years. Serogroup B has been associated with

sporadic cases [2], while outbreaks have been associated with

virulent serogroup C clones [3]. In the province of Quebec,

outbreaks caused by the serogroup C occurred in the early 1990s

[4,5] and in 2001 [6]. The first outbreak triggered a mass

immunization campaign using polysaccharide vaccines and

targeting the population 6 months to 20 years of age in 1992–

1993, whereas a monovalent serogroup C conjugate vaccine was

used in 2001, targeting the population 2 months to 20 years of age

[5,7,8]. Since 2002, one dose of serogroup C conjugate vaccine is

offered at age 12 months. Vaccination coverage by 24 months of

age is estimated at 96% [9]. Currently, the introduction of an

adolescent booster dose as recommended by the National
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Advisory Committee on Immunization (NACI) is under discussion

in Quebec [10].

The two serogroup C outbreaks in Quebec were caused by

a unique genetic variant of the N. meningitidis sequence type (ST)-11

clonal complex (electrophoretic type (ET)-15, a genetic variant of

the ET-37) [4,6]. This clone was first detected and identified in

Canada in 1986 and was described as more virulent than other

members of the same clonal complex [11,12,13]. While N.

meningitidis strains that cause outbreaks are highly genetically

related, meningococci causing sporadic disease present consider-

able genetic diversity [2,14]. Almost all serogroup C meningococci

that caused an increase in IMD incidence in different provinces of

Canada in 2001 also belonged to the ST-11 clonal complex

(common or original ET-15/ET-37) [15]. Among serogroup B

isolates circulating in Canada in the 1990s, no particular clone or

strain was predominating [2]. However, a particular strain, the

ST-269, was identified as the strain responsible for the cluster of

serogroup B IMD which occurred in 2004–2005 in two adjacent

regions (Chaudiere-Appalaches and Quebec City) of the province

of Quebec [16]. Retrospective analysis from 2000 onwards showed

that this strain first emerged in Quebec in 2003 [16]. In

subsequent years, the percent of serogroup B IMD isolates that

belonged to the ST-269 clonal complex (ST-269cc) increased from

35% in 2003 to 76% in 2010 [17].

At least two subcapsular protein-based serogroup B meningo-

coccal vaccines that might provide cross-protection against a large

variety of meningococci are in late phase development [18]. In

order to inform future meningococcal disease prevention strate-

gies, we analysed epidemiology of IMD cases in Quebec from

1997 through 2011.

Methods

Ethics Statement
This study was carried out under a mandate of surveillance and

evaluation provided by the Quebec Ministry of Health and Social

Services. Depersonalized data from notifiable disease registry and

laboratory surveillance were used, and approval of an ethics

committee was not required.

Notifiable Disease Registry
In the province of Quebec (population 7.9 million), any IMD

case suspected or diagnosed by a clinician or a laboratory has to be

reported to the regional public health department. An investiga-

tion is conducted by the regional health authority, including the

collection of information on disease outcome and results of

diagnostic tests. Confirmed cases are those with a clinical picture

compatible with IMD and N. meningitidis identified by culture or by

PCR from a normally sterile site. Clinical cases are those with

a clinical picture compatible with IMD and a purpura fulminans

present or meningococcal-specific antigens identified in the

cerebrospinal fluid (CSF). Confirmed and clinical cases along

with demographic and clinical data are reported to the provincial

registry of notifiable diseases. Reported cases that occurred

between January 1, 1991 and December 31, 1996 have been

included for historical overview. Data from January 1, 1997

through December 31, 2011 were used for the validation of

laboratory surveillance data and for lethality analysis.

Laboratory Surveillance
Since 1997, hospital laboratories have systematically been

sending N. meningitidis isolates from IMD cases to the Quebec

public health laboratory (Laboratoire de Santé Publique du

Québec (LSPQ)) as part of provincial laboratory surveillance for

further analysis and characterization. Serogrouping was done by

bacterial agglutination using rabbit antisera. Additional tests were

performed by the National Microbiology Laboratory (NML) of the

Public Health Agency of Canada in Winnipeg, including multi-

locus sequence typing (MLST) [16]. Since 2001, culture negative

IMD cases have been identified and grouped by polymerase chain

reaction (PCR) by the NML using protocols previously published

[19,20,21]. Assignment of serogroup B isolates from culture-

confirmed cases from 2003 through 2011 to ST and clonal

complexes was done at NML by using MLST according to the

Neisseria MLST website (http://pubmlst.org/neisseria). Cases

occurring between 1 January 1997 and 31 December 2011 have

been included in the analysis. Since only ,1% of IMD were of

unknown serogroup and no temporal trend was observed, no

adjustment was done for this.

Statistical Analysis
IMD incidence rates were calculated by using age-, year-, and

region-specific population denominators from census data pro-

vided by the Quebec Institute of Statistics [22]. Incidence rates

confidence intervals (CI) were calculated by using normal

approximation. P-values for trends were calculated by using

Cochran-Armitage test. Historically, IMD incidence in 3 of the 18

socio-sanitary regions of Quebec has been consistently higher than

in the other regions. Therefore, these 3 adjacent regions

(Chaudiere-Appalaches, Quebec City, and Saguenay-Lac-Saint-

Jean) are presented separately. Since assignment of serogroup B

isolates to ST was performed only in culture-confirmed cases,

weighted proportion and incidence were calculated for the clonal

complexes to account for missing data among the PCR-confirmed

cases. In order to capture the 2001–2002 serogroup C epidemic

and to reflect recent trends, the 15 study years were divided in 4

periods: pre-epidemic (1997–2000); serogroup C epidemic (2001–

2002); post-epidemic (2003–2008), and recent (2009–2011).

Estimation of factors associated with increased IMD incidence

was done by using multivariate negative binomial regression. Risk

of death in IMD cases reported to the registry of notifiable diseases

was assessed by using multivariate logistic regression. Strata with

the lowest incidence and the lowest case-fatality ratio (CFR) were

used as reference. Statistical analysis was performed with SAS

(version 9.2; SAS Institute, Cary, NC, USA).

Results

From January 1997 through December 2011, a total of 1028

IMD cases were reported to the notifiable disease registry, and 945

IMD cases to the laboratory surveillance (Table 1). Of the 945

laboratory surveillance IMD, 820 (87%) were only culture-

confirmed, 125 (13%) were only PCR-confirmed, and 10 (1%)

were confirmed by both culture and PCR. Overall discrepancy

between notifiable disease registry and laboratory surveillance has

been relatively stable over the study period (on average 8% more

cases notified in the notifiable disease registry). The discrepancy

was even smaller for serogroup B (1%) and serogroup C (4%) and

the difference is mostly explained by clinically diagnosed cases.

Among the laboratory surveillance specimens, less than 1% of

IMD cases were unassigned to a known serogroup (a total of 8

during the 15 years). Proportion of PCR-diagnosed cases doubled

in recent years compared to 2001 (from 12% in 2001 to 24% in

2011) (Table 1). From 39 to 101 (average 69) cases were reported

annually to the notifiable disease registry and 30 to 95 (average 63)

cases to the laboratory surveillance. Among IMD cases identified

by the laboratory surveillance, 68%, 20%, 8%, and 3% were due

to serogroups B, C, Y, and W135, respectively (Table 1).

Epidemiology of Meningococcal Disease in Quebec
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Serogroup B predominated throughout the entire study period,

with the exception of 2001, when serogroup C was the most

prevalent (Table 1).

During 1997–2011, the overall annual incidence was of 0.91 per

100,000 population according to the notifiable disease registry.

Historically, yearly overall incidence rates ranged from a high of

2.2–2.3/100,000 in 1991–1992 to a low of 0.49/100,000 in 1999–

2000 (Figure 1). Historical highs for serogroup C-specific incidence

were observed during the two epidemics (1.36/100,000 in 1991

and 0.77/100,000 in 2001); serogroup C IMD almost disappeared

with only 4 cases during the last 3 years, diagnosed exclusively in

adult patients (.30 years). Historical high for serogroup B-specific

incidence was observed in 1995 (0.87/100,000), followed by

a historical low (0.27/100,000) in 1999, then by a progressive

increase, almost reaching the historical high (0.84/100,000) in

2011.

According to laboratory surveillance, overall, almost half (47%)

of IMD cases were in young children and adolescents (29% in

children ,5 years of age (15% in ,1year; 14% in 1–4 years) and

18% in 15–19-year-olds). The highest incidence was consistently

observed in ,1 year-olds, followed by 4-fold lesser incidences in

1–4-year-olds and in 15–19-year-olds (Figure 2A). Increases in

serogroup B incidence have been observed in all age groups, with

the exception of youngest (,1 year-olds) (Figure 2B). Earliest

increases occurred in 15–19 and 20–24-year-olds (2003–2004),

followed by 1–14-year-olds (2005–2006), and .25-year-olds

(2007). Over the last 3 years, serogroup B was responsible for all

(35/35) laboratory-confirmed IMD in ,1 year-olds, 94% (102/

108) in 1–24-year-olds, 76% (34/45) in 25–64-year-olds and 58%

(11/19) in those $65 year-old.

The number and proportion of N. meningitidis ST-269cc among

the identified clonal complexes of serogroup B IMD has been

steadily increasing since its first identification (34% in 2003 to 65%

in 2011, p value for trend = 0.0004) (Figure 3). This trend was

associated with an increase in estimated weighted ST-269cc

incidence, which reached 0.6/100,000 in 2011 (Figure 1). The ST-

269cc was first identified in Chaudiere-Appalache and Quebec

City regions, and shortly thereafter in Saguenay-Lac-Saint-Jean

region, and remained clustered to these three regions that also

present the highest incidences in the province of Quebec. During

2003–2011, the proportion of ST-269cc among serogroup B IMD

isolates was 71% in Chaudiere-Appalaches, 79% in Quebec City,

and 87% in Saguenay-Lac-Saint-Jean, compared to the overall

provincial 55%. The proportion of the second most prevalent

clonal complex, ST-41/44, has been relatively stable in Quebec

during the 2003–2011 period (variations between 16% and 32%, p

for trend.0.05) (Figure 3).

In the first five years of ST-269cc identification (2003–2008),

15–19 year-olds were the most affected with 30% (n= 36, 1.26/

100,000) of confirmed ST-269cc IMD cases, compared to 15%

(n= 19, 0.84/100,000) in ,5-year-olds. In the last three years, the

situation changed: young children are mostly affected by ST-

269cc, with 33% (2.08/100,000) of cases in ,5-year-olds (4.58/

100,000 in ,1 year-olds), followed by 15–19-year-olds, with 25%

(1.47/100,000) of cases.

In multivariate analysis, factors associated with increased IMD

incidence were younger (less than 25 years) and older ($65 years)

age groups compared to age 25–64, study periods 2001–2002,

2003–2008 and 2009–2011 compared to 1997–2000 period, and

geographical localisation (each of the three north-central regions

compared to the rest of the province) (Table 2).

Case Fatality Ratio (CFR)
There were 84 deaths reported during the study period, with an

overall CFR of 8%: 15% for serogroup C; 6% for serogroup B;

13% for unassigned serogroups (Table 3). There were 12 deaths

due to ST-269cc, giving a CFR of 6%. Overall CFR was higher in

$65-year-olds (18.9%), in 25–64 year-olds (10.1%), and in

children ,1-year-old (10.0%). No significant CFR differences in

time were observed. The majority of deaths during the last three

years were due to serogroup B (61%). In the multivariate analysis,

risk factors for increased CFR were extremes of age (younger (,1

year) and older ($65 years)), two of the three north-central regions

(Chaudiere-Appalaches et Saguenay-Lac-Saint-Jean), serogroup

C, and unassigned serogroups (Table 3).

Discussion

With the exception of a few geographically confined outbreaks,

the overall incidence of IMD has decreased between the late 1990s

Table 1. Yearly number of IMD cases from the notifiable disease registry and laboratory surveillance.

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 overall

Notifiable disease
registry

70 39 36 36 101 70 58 72 75 88 91 70 69 70 83 1028

Laboratory
surveillance

63 30 35 30 95 68 56 67 74 77 81 62 65 64 78 945

PCR-diagnosed 11 7 8 10 10 13 9 10 12 16 19 125 (13%)

serogroup B 39 22 22 22 28 31 34 45 52 57 62 46 58 55 69 642 (68%)

serogroup C 12 3 6 4 58 26 12 17 13 17 8 6 1 2 1 186 (20%)

serogroup Y 11 4 4 4 7 9 7 3 2 2 5 5 1 5 3 72 (8%)

serogroup W135 1 1 1 1 2 6 1 5 5 3 1 3 30 (3%)

serogroup X 1 1 1 3 (0.3%)

serogroup 29E 1 1 1 3 (0.3%)

serogroup Z 1 1 (0.3%)

not assigned* 0 0 1 0 1 1 2 0 0 0 0 0 1 1 1 8 (1%)

*Among the 8 IMD cases not assigned to a serogroup, one had an insufficient sample volume; 1 was PCR-diagnosed (N. meningitidis-specific ctrA and crgA genes
positive; negative for specific A, B, C, X, Y, W135 and 29E serogroup genes); 4 were not assigned by PCR for serogroups B, C, Y and W135; and 2 were not assigned by
agglutination with rabbit serogrouping antisera.
doi:10.1371/journal.pone.0050659.t001
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and 2006–2007 in the USA and most European countries [23,24].

This is mainly due to the decrease of serogroup C IMD following

the introduction of serogroup C vaccination. Overall IMD

incidence in Quebec presented an increasing trend during the

same period and a certain stabilisation during 2007–2011.

Although this new level (1/100,000) is lower than that observed

in the pre-vaccination period, it is 2 times higher than the

incidence in other Canadian provinces (0.47/100,000 in 2008) and

in the USA (0.28/100,000 in 2009) and is comparable to the

incidence in Europe (overall 0.92/100,000 in 2009) [25,26,27].

However, the IMD incidence in Quebec remains lower than in

Ireland (3.4/100,000 in 2009) and the UK (2.0/100,000 in 2009)

[27].

Following the 2001 mass immunization campaign and the

introduction of a routine one-dose monovalent C conjugate

vaccine program for 12-month-old children in 2002, serogroup C

IMD has been virtually eliminated with only a few cases in older

patients. Meanwhile, serogroup B incidence has been steadily

increasing since the historical low in 1998–2000. In the last three

years, serogroup B has been responsible for 88% of all IMD cases

reported to laboratory surveillance and 61% of all IMD deaths.

Only a few cases due to serogroups C, Y and W-135 have been

reported and serogroup A was absent. This means that the great

majority of IMD cases and related deaths in Quebec are not

vaccine preventable using currently available vaccines.

Among serogroup B IMD, 2/3 of cases are now caused by ST-

269cc. The proportion of this clonal complex among serogroup B

IMD isolates and its incidence, which is paralleling the serogroup

B IMD incidence, has been continually increasing since 2003 and

is estimated to be accounting now for more than half of overall

IMD incidence in Quebec. In other Canadian provinces, ST-

269cc is less common. For example, in the neighbouring province

of Ontario, only 20 (10.4%) of the 193 invasive serogroup B

isolates collected from 2001 to 2010 belonged to ST-269cc. In

provinces other than Quebec and Ontario, of the 46 serogroup B

isolates recovered from IMD cases in 2006 to 2009, only 7 (15.2%)

belonged to ST-269cc (Public Health Ontario and NML, un-

published data).

ST-269cc was first reported in 1975 in England, and since then

it has been identified in the USA, France, Belgium and Japan

[28,29,30,31]. Although localized ST-269cc outbreaks [29,30] and

some increases in the number and proportion of ST-269cc were

observed over time [32,33,34], reported increases have not been as

dramatic as in Quebec in terms of rapidity and magnitude, neither

has ST-269cc become a predominant clone. Overall prevalence of

this strain in other parts of the world remains low, with the highest

proportion of ST-269cc (36%) among all IMD having been

reported in England and Wales between 2006 and 2010 [35].

Another particularity of Quebec ST-269cc epidemiology is that its

population is highly homogenous, with a great majority (92%) of

the meningococci in ST-269cc belonging to a single sequence type

(ST-269) [17]. This is different from other provinces of Canada

and other parts of the world, where the ST-269cc population is

more heterogenous [17,36]. We can not exclude that epidemio-

logical changes in Quebec are due to natural cyclical patterns of

meningococcal disease. However, the increase in ST-269cc

incidence, ST-269cc predominance among serogroup B IMD

cases, its homogeneity and specific age distribution could suggest

that the ST-269cc may however represent an emerging clonal

complex of meningococci.

Previous reports show that a limited number of clonal

complexes have been responsible for the majority of IMD

reported during the 20th century. As an example, serogroup B

ST-11cc (ET-37) caused an epidemic in the US Army in the 1960s

[37]; a new variant member of the ST-11cc (ET-15, serogroup C)

caused an increase in IMD in Canada in 1986 [4], was later

associated with outbreaks in the USA [38] then spread throughout

Europe [37], leading a number of countries to introduce serogroup

C conjugate vaccines into routine immunization programs.

Variants of the ST-32cc (ET-5), usually expressing serogroup B

capsules, have been responsible for epidemics in Norway and

Spain in the 1970s, followed by increases in IMD incidence and

outbreaks in other European countries [39]. Members of the

ST41/44cc displaced the ST-32cc as the major cause of serogroup

B IMD in Europe during the 1990s [40]. Although the ST41/44cc

was associated with an increase in serogroup B IMD in the

Figure 1. IMD incidence in Quebec, 1991–2011.
doi:10.1371/journal.pone.0050659.g001
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Netherlands starting in 1980 [41], it has not been associated with

large outbreaks in other European countries. However, a particular

variant of the ST41/44cc was responsible for a long-lasting

epidemic of IMD in New Zealand, where it represented more than

70% of serogroup B isolates in 1995 [42].

The genetic and antigenic differences of meningococcal isolates,

diversity in their pathogenicity, phenotypic expression, as well as

interstrain competition, mediated by immune selection, may

explain some differences in sporadic, endemic, or epidemic

occurrence of meningococcal disease [43,44,45]. However, at this

point meningococcal disease epidemiology remains highly un-

predictable. Other factors, such as host (age, low level of serum

bactericidal antibody, ethnicity, genetic polymorphisms, deficien-

cies in innate immune system components) and environmental

(overcrowding, behavioural risk factors, low socioeconomic status)

have been shown to be associated with risk of IMD [46,47].

Complex interplay between the pathogen, the host and environ-

mental factors most probably contribute to spatiotemporal

variations in disease incidence and severity.

In Quebec, changes in serogroup B age distribution with

incidence increase first seen in 15–24-year-olds, followed by the

younger and older age groups, corresponded to ST-269cc spread.

We hypothesize that this clone was first introduced in adolescent

and young adults and then spread to other age groups, analogous

Figure 2. IMD incidence by age group in Quebec according to laboratory surveillance, 1997–2011. A. Overall IMD incidence. B.
Serogroup B incidence.
doi:10.1371/journal.pone.0050659.g002
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to the pattern observed in epidemic settings. First cases were

detected in three adjacent regions and remained clustered

thereafter. IMD incidences in these three regions, as well as

CFR in two of them, were consistently higher than in the rest of

the province. Causes of this clustering remain unknown. Depri-

vation indexes in these regions are comparable to other parts of

the province and it is unlikely that ethnicity or overcrowding

played a major role. This is different from the New Zealand

epidemic, which affected mainly Maori and Pacific populations

and was also associated with household crowding [42]. We can

not, however, exclude that other variables, such as genetic factors

shown to determine human susceptibility to meningococcal

infection and its outcome [46], have played a role. In the three

most affected regions of Quebec, the population is genetically

Figure 3. Number and proportion of different clonal complexes among culture-positive serogroup B isolates, 2003–2011.
doi:10.1371/journal.pone.0050659.g003

Table 2. Factors associated with increased IMD incidence in multivariate negative binomial regression, laboratory surveillance
data,1997–2011.

no IMD IMD/100,000 (95% CI) Adjusted RR* 95% CI

Study periods

1997–2000 158 0.54 (0.46–0.620 1

200–2002 163 1.10 (0.93–1.27) 2.24 1.63–3.08

2003–2008 417 0.91 (0.83–1.00) 1.94 1.45–2.59

2009–2011 207 0.88 (0.76–0.99) 1.73 1.24–2.41

Age groups

,1yr 131 7.55 (6.26–8.84) 31.85 21.83–46.47

1–4 years 147 2.08 (1.75–2.42) 9.40 6.45–13.70

5–14 years 96 0.51 (0.41–0.61) 2.38 1.61–3.53

15–19 years 171 1.69 (1.44–1.94) 8.45 5.88–12.15

20–24 years 88 0.85 (0.67–1.03) 3.38 2.26–5.05

25–64 years 212 0.24 (0.21–0.27) 1

65+ years 100 0.49 (0.39–0.58) 1.77 1.19–2.62

Geographical localisation

Chaudiere-Appalaches 71 0.86 (0.66–1.06) 1.51 1.09–2.11

Quebec 140 1.01 (0.84–1.18) 1.88 1.42–2.49

Saguenay 95 1.60 (1.27–1.92) 2.96 2.18–4.02

rest of the province 639 0.50 (0.46–0.54) 1

*adjusted for all the variables listed in the table.
doi:10.1371/journal.pone.0050659.t002
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more homogenous compared to the rest of the province. At least

one of the three regions (Saguenay-Lac-St-Jean) is known for an

increased proportion of genetically inherited diseases [48].

Although members of ST-269cc have been reported to be more

likely associated with disease than with carriage [49,50], to our

knowledge, no data exist as to higher CFR associated with this

particular clonal complex. Our results show an increase in the

incidence associated with ST-269cc, but not a higher CFR

associated with serogroup B (or ST-269cc). This is consistent with

data from England and Wales, where serogroup B (with around

a third belonging to ST-269cc) presented a CFR close to that

observed in our study (5.2%) [35]. It is possible that higher

transmissibility, not pathogenicity, explains predominance of

a limited number of STs in meningococcal populations [44,45].

Limitations of our study include the absence of an unique

identifier between the two sources of data and missing information

on clinical data and sequelae among cases reported to the

notifiable disease registry. This precludes us from presenting

clinical data and outcomes in this analysis. A study aiming to

validate notifiable disease registry data with clinical files data in

Quebec is ongoing. However, we think data on deaths are valid

since this outcome is generally well reported, and there is excellent

correspondence between deaths reported to the notifiable disease

registry and to the provincial death registry. The increase in

overall and serogroup B-specific IMD incidence based on

laboratory surveillance data during the last years may be partially

explained by a potential ascertainment bias due to an increasing

number of PCR-confirmed cases. However, we believe this has not

impacted on the overall incidence based on notifiable disease

registry data since it is unlikely that reporting of clinical cases by

physicians has changed.

In conclusion, important changes in the epidemiology of IMD

have been observed in the province of Quebec during the last two

decades. Serogroup C meningococci virtually disappeared since

the implementation of a universal childhood immunization

program. During the last years, most cases have been due to the

serogroup B ST-269cc. Although overall IMD incidence some-

what increased in recent years, it remains relatively low, with

important variations across regions. Different options for the use of

future protein-based serogroup B meningococcal vaccines may be

considered. They might be included in the routine immunization

program, or as a targeted intervention in regions/populations at

higher risk. A routine immunization program is not likely to be

economically attractive, given the relatively low current level of

incidence. However, the high level of public concern about

meningococcal disease and its sequelaes may outweigh economical

Table 3. Factors associated with death in IMD cases in multivariate logistic regression in IMD cases reported to the registry of
notifiable diseases, 1997–2011.

Deaths/IMD cases (CFR, %) Adjusted OR* 95% CI

Age groups**

,1year 14/140 (10.0) 3.15 1.11–8.92

1–4 years 9/162(5.6) 1.2 0.40–3.55

5–14 years 6/115(5.2) 1

15–19 years 8/180(4.4) 1.00 0.33–3.06

20–24 years 4/96(4.2) 0.94 0.25–3.53

25–64 years 23/228(10.1) 2.2 0.85–5.71

65+ years 20/106(18.9) 6.2 2.24–17.22

Study periods

1997–2000 14/181(7.7) 1

2001–2002 17/171(9.9) 1.01 0.44–2.31

2003–2008 30/454(6.6) 0.89 0.45–1.79

2009–2011 23/222(10.4) 1.78 0.84–3.74

Serogroups

B 37/651(5.7) 0.90 0.39–2.04

C 29/194(15.0) 3.69 1.56–8.74

Not assigned 8/61(13.1) 3.01 1.02–8.89

Other serogroups 10/122(8.2) 1

Geographical localisation***

Chaudiere-Appalache 9/76(11.8) 2.37 1.07–5.26

Quebec 11/154(7.1) 0.91 0.44–1.86

Saguenay 11/102(10.8) 2.18 1.04–4.57

rest of the province 53/694(7.6) 1

overall 84/1028(8.2)

CFR, case-fatality ratio.
OR, odds ratio.
*Adjusted for all the variables listed in the table;
**There was one case with missing age information;
***There were two cases with missing information on geographical location.
doi:10.1371/journal.pone.0050659.t003
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considerations. Recent data show that probability of long-term

sequelaes after serogroup B IMD may be more important than

previously estimated [51]. Incorporation of these parameters into

cost-effectiveness modelling may change current estimates. Fur-

thermore, given historical dynamics of IMD epidemiology, it is

unpredictable whether low disease incidence will persist and what

potential regional or global impact emerging strains may have. It is

not fully understood whether new multicomponent vaccines

against serogroup B meningococci will protect against particular

strains circulating in different regions, and how long the protection

will last. In addition, it is not known what impact the new vaccine

will have on the dynamic of nasopharyngeal carriage and

consequently on herd protection. Acceptability, feasibility and

cost-effectiveness studies coupled with ongoing strengthened

clinical and molecular surveillance of IMD should be assessed

when prioritizing, recommending, and evaluating meningococcal

disease prevention and control strategies.
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2010). Available: http://www.stat.gouv.qc.ca/donstat/societe/demographie/

struc_poplt/201_2009.htm. Accessed 2012 Sep 19.

23. European Union Invasive Bacterial Infections Surveillance Network (2007)

Invasive Neisseria Meningitidis in Europe 2006. London: Commisson of the

European Communities. 82 p.

24. Cohn AC, MacNeil JR, Harrison LH, Hatcher C, Theodore J, et al. (2010)

Changes in Neisseria meningitidis disease epidemiology in the United States, 1998–

2007: implications for prevention of meningococcal disease. Clin Infect Dis 50:

184–191.

25. Halperin SA, Bettinger JA, Greenwood B, Harrison LH, Jelfs J, et al. (2012) The

changing and dynamic epidemiology of meningococcal disease. Vaccine 30

Suppl 2: B26–36.

26. Center for Diseases Control. Active Bacterial Core Surveillance (ABCs) Report,

Emerging Infections Program Network, Neisseria meningitidis, 2009. Available:

http://www.cdc.gov/abcs/reports-findings/survreports/mening09.pdf. Ac-

cessed 2012 Oct 22.

27. European Centre for Disease Prevention and Control (2011) Surveillance of

invasive bacterial diseases in Europe 2008/2009. Stockholm: ECDC. Available:

http://ecdc.europa.eu/en/publications/Publications/1107_SUR_IBD_2008-

09.pdf. Accessed 2012 Oct 22.

28. Harrison LH, Shutt KA, Schmink SE, Marsh JW, Harcourt BH, et al. (2010)

Population structure and capsular switching of invasive Neisseria meningitidis

isolates in the pre-meningococcal conjugate vaccine era–United States, 2000–

2005. J Infect Dis 201: 1208–1224.

29. Delisle E, Larrieu S, Simoes J, Laylle N, De Pommerol M, et al. (2010)

Community outbreak of group B meningococcal disease in southwest France–

December 2008 to September 2009. Euro Surveill 15(37): pii = 19665.

30. Bertrand S, Van Meervenne E, De Baere T, Vanhoof R, Collard JM, et al.

(2011) Detection of a geographical and endemic cluster of hyper-invasive

meningococcal strains. Microbes and infection/Institut Pasteur 13: 684–690.

31. Takahashi H, Kuroki T, Watanabe Y, Tanaka H, Inouye H, et al. (2004)

Characterization of Neisseria meningitidis isolates collected from 1974 to 2003 in

Japan by multilocus sequence typing. J Med Microbiol 53: 657–662.

32. Diggle MA, Clarke SC (2005) Increased genetic diversity of Neisseria meningitidis

isolates after the introduction of meningococcal serogroup C polysaccharide

conjugate vaccines. J Clin Microbiol 43: 4649–4653.

33. Ibarz-Pavon AB, Maclennan J, Andrews NJ, Gray SJ, Urwin R, et al. (2011)

Changes in serogroup and genotype prevalence among carried meningococci in

the United Kingdom during vaccine implementation. J Infect Dis 204: 1046–

1053.

34. Russell JE, Urwin R, Gray SJ, Fox AJ, Feavers IM, et al. (2008) Molecular

epidemiology of meningococcal disease in England and Wales 1975–1995,

before the introduction of serogroup C conjugate vaccines. Microbiology 154:

1170–1177.

35. Ladhani SN, Flood JS, Ramsay ME, Campbell H, Gray SJ, et al. (2012) Invasive

meningococcal disease in England and Wales: Implications for the introduction

of new vaccines. Vaccine 30: 3710–3716.

36. Lucidarme J, Comanducci M, Findlow J, Gray SJ, Kaczmarski EB, et al. (2009)

Characterization of fHbp, nhba (gna2132), nadA, porA, sequence type (ST), and

genomic presence of IS1301 in group B meningococcal ST269 clonal complex

isolates from England and Wales. J Clin Microbiol 47: 3577–3585.

37. Caugant DA (1998) Population genetics and molecular epidemiology of Neisseria

meningitidis. APMIS 106: 505–525.

38. Jackson LA, Schuchat A, Reeves MW, Wenger JD (1995) Serogroup C

meningococcal outbreaks in the United States. JAMA 273: 383–389.

Epidemiology of Meningococcal Disease in Quebec

PLOS ONE | www.plosone.org 8 November 2012 | Volume 7 | Issue 11 | e50659



39. Caugant DA, Froholm LO, Bovre K, Holten E, Frasch CE, et al. (1986)

Intercontinental spread of a genetically distinctive complex of clones of Neisseria
meningitidis causing epidemic disease. Proc Natl Acad Sci U S A 83: 4927–4931.

40. Maiden MC, Caugant DA (2006) The population biology of Neisseria meningitidis:

Implications for meningococcal disease, epidemiology and control. In: Frosch
M, Maiden MC, editors. Handbook of Meningococcal disease. Infection

biology, vaccination, clinical management. Weinheim: Wiley-VCH Verlag. 17–
35.

41. Scholten RJ, Bijlmer HA, Poolman JT, Kuipers B, Caugant DA, et al. (1993)

Meningococcal disease in The Netherlands, 1958–1990: a steady increase in the
incidence since 1982 partially caused by new serotypes and subtypes of Neisseria

meningitidis. Clin Infect Dis 16: 237–246.
42. Dyet K, Devoy A, McDowell R, Martin D (2005) New Zealand’s epidemic of

meningococcal disease described using molecular analysis: implications for
vaccine delivery. Vaccine 23: 2228–2230.

43. Urwin R, Russell JE, Thompson EA, Holmes EC, Feavers IM, et al. (2004)

Distribution of surface protein variants among hyperinvasive meningococci:
implications for vaccine design. Infect Immun 72: 5955–5962.

44. Stollenwerk N, Maiden MC, Jansen VA (2004) Diversity in pathogenicity can
cause outbreaks of meningococcal disease. Proc Natl Acad Sci U S A 101:

10229–10234.

45. Buckee CO, Jolley KA, Recker M, Penman B, Kriz P, et al. (2008) Role of

selection in the emergence of lineages and the evolution of virulence in Neisseria

meningitidis. Proc Natl Acad Sci U S A 105: 15082–15087.

46. Emonts M, Hazelzet JA, de Groot R, Hermans PW (2003) Host genetic

determinants of Neisseria meningitidis infections. Lancet Infect Dis 3: 565–577.

47. Williams CJ, Willocks LJ, Lake IR, Hunter PR (2004) Geographic correlation

between deprivation and risk of meningococcal disease: an ecological study.

BMC Public Health 4: 30.
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