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Abstract
Epidemiological data for invasive meningococcal disease is essential for public health policy and 

vaccine development. We analysed national surveillance data from the Netherlands for PorA 

coverage of two PorA-based meningococcal serogroup B vaccines to describe the epidemiology 

of invasive meningococcal disease. We examined national surveillance data from the Nether-

lands Reference Laboratory of Bacterial Meningitis (NRLBM) for cases of culture-positive invasive 

meningococcal disease from Jan 1, 1960, to Jan 1, 2013. We included cases with a meningococ-

cal isolate cultured from cerebrospinal fluid, blood, skin biopsy, or all, and cases with a positive 

cerebrospinal fluid latex agglutination test, counter current electrophoresis test, or positive cere-

brospinal fluid PCR for Neisseria meningitidis. To test for completeness of case ascertainment, we 

compared data of the NRLBM with those of the Dutch National Institute for Public Health and the 

Environment (RIVM) to which notification was compulsory. We did serogrouping by ouchterlony 

gel diffusion. We tested susceptibility of meningococcal strains by agar dilution and E test. We 

tested differences between proportions with the Pearson χ² test or Fisher’s exact test, and dif-

ferences in frequencies between time periods with the Mann-Whitney U test. We defined peni-

cillin resistance as MIC of 1.0 μg/mL or higher. Annual incidence rates of invasive meningococcal 

disease per 100,000 population increased from 0.5 in 1960, to 4.5 in 2001, and subsequently 

decreased to 0.6 in 2012. Median age increased from 1.8 years in 1960, to 6.1 years in 2012 for all 

serogroups. The proportion of blood culture positive cases increased from 4% in 1960, to 60% 

in 2012 (p<0.0001). Serogroup B was the most common serogroup over time, 64% of isolates 

were from ST-41/44 complex. We established PorA finetype of 4133 isolates, 19 of 252 variable 

regions covered 99% of sequenced serogroup B cases. Coverage of the 4CMenB PorA compo-

nent was 4% in 1960-65, and 36% in 2006-12. In response to a serogroup C epidemic (1999–2001), 

serogroup C conjugate vaccine was introduced, which reduced serogroup C disease by 95%. 

Since 2003, serogroup Y disease emerged and serogroup A disease disappeared. We identified 

evidence of capsular switching, but not of serogroup replacement. The rate of reduced penicillin 

susceptibility increased to 37% from 1993 to 2012, but penicillin resistance was not recorded. 

Incidence of invasive meningococcal disease has decreased, but decreasing rates of penicillin 

susceptibility and the possible resurgence of this devastating disease remain a threat to public 

health. Our long-term serosubtyping and porA sequencing data is valuable for the assessment 

of vaccine coverage and future serogroup B vaccine development.
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Introduction
Neisseria meningitidis is a major cause of bacterial meningitis, severe sepsis, and septic shock.1 

The case fatality rate of invasive meningococcal disease is roughly 7%.2 The main determinant 

of virulence is the meningococcal polysaccharide capsule, which is used to classify this species 

into 12 serogroups.1,3 Meningococci are further classified on the basis of serological differences in 

outer membrane proteins-eg, PorB (serotype) and PorA (serosubtype).1,2,4 Molecular finetyping is 

based on differences in variable regions of the porA and fetA gene.5 Multilocus sequence typing 

identifies genetic subgroups in sequence types and clonal complexes on the basis of variation 

in seven housekeeping genes.5,6 

Meningococcal vaccines are based on capsular polysaccharides of serogroup A, C, W, and Y 

meningococci.7 Polysaccharide vaccines are not effective against serogroup B disease, which 

is prevalent in Europe, America, and Australia.7 The group B polysaccharide is poorly immuno-

genic because it is identical to polysialic acid of human glycoproteins. Serosubtype specific out-

er-membrane vesicle vaccines have been used to control serogroup B epidemic outbreaks in 

Brazil, Chile, Cuba, Norway, and New Zealand.8 The immune dominant antigen of these vaccines 

is the outer-membrane protein PorA. Multivalent PorA outer-membrane vesicle vaccines have 

been developed, such as the nonavalent vaccine NonaMen.9 Another outer-membrane vesicle 

vaccine (MenBvac) decreased carriage in Normandy, France.10 In 2013, the 4CMenB serogroup B 

vaccine, which contains three recombinant proteins and one PorA protein was licensed in Eu-

rope and Australia.11,12 In March 2014, the Joint Committee on Vaccination and Immunisation 

from the UK Department of Health recommended the 4CMenB vaccine for children at ages 2, 4, 

and 12 months if made available at an affordable price.13 

Assessment of vaccine effect is complicated by variability in meningococcal disease incidence 

even without vaccination. Knowledge of the prevalence and variability of antigen distribution 

in invasive meningococci is essential for the design of outer-membrane vesicle vaccines.2,14 We 

aimed to describe the epidemiology of invasive meningococcal disease in a western European 

country with national surveillance data from 1960 to 2012, from the Netherlands Reference Lab-

oratory for Bacterial Meningitis (NRLBM) and to assess potential coverage of PorA-based menin-

gococcal serogroup B vaccines during this time.

Methods
Data sources
Clinical microbiology laboratories throughout the Netherlands send meningococcal isolates col-

lected from cerebrospinal fluid, blood, or skin biopsy to the NRLBM. Some patient characteris-

tics and information about the source of the isolate are collected. We included cases that arose 
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between Jan 1, 1960, and Jan 1, 2013, with a meningococcal isolate cultured from cerebrospinal 

fluid, blood, skin biopsy, or all, and cases with a positive cerebrospinal fluid latex agglutination 

test, counter current electrophoresis test, or positive cerebrospinal fluid PCR for N. meningitidis. 

The source of isolation was judged as blood if the blood culture or skin biopsy grew N. meningit-

idis. Data for positive PCR in serum or skin biopsies were not available. The source of isolation was 

cerebrospinal fluid if N. meningitidis was detected by culture, PCR, latex agglutination, or counter 

current electrophoresis in cerebrospinal fluid. To test for completeness of case ascertainment, we 

compared data of the NRLBM with those of the Dutch National Institute for Public Health and the 

Environment (RIVM) to which notification was compulsory.

Procedures
We did serogrouping by ouchterlony gel diffusion.15 Isolates were routinely serosubtyped be-

tween 1985 and 2005 as previously described.4,16 Samples from isolates received in 1965, 1970, 

1975, and 1980 were serotyped and subtyped for a previous study.17 From 2000 onwards, we 

established subtype by DNA sequencing of the porA variable regions, according to established 

subtyping schemes.5 We compared putative amino acid sequences with those in the database. 

PorA finetype was retrospectively sequenced in random samples from 1960–65, 1970, 1980, 

1985, and 1990.18 We calculated coverage of the serogroup B outer-membrane vesicle vaccine 

NonaMen, containing nine different PorA variants with 18 different variable region 1 and vari-

able region 2 regions (ie, P1.7,16; P1.5-1,2-2; P1.19,15-1; P1.5-2,10; P1.12-1,13; P1.7-2,4; P1.22,14; P1.7-1,1; 

and P1.18-1,3,6), and the Bexsero PorA component P1.7-2,4, by dividing the number of finetyped 

isolates that expressed one or more of these variable regions by all finetyped isolates per pe-

riod.9,11 Multilocus sequence typing was routinely done from 2000 to 2010 as described by Martin 

Maiden and colleagues.6 Multilocus sequence typing was retrospectively established in random 

samples. We included years with more than 15% of isolates retrospectively sequenced (1961–64, 

1970, 1980, and 1985). We tested susceptibility of meningococcal strains for ceftriaxone resis-

tance by agar dilution and E test. We judged strains as susceptible to penicillin if the minimum 

inhibitory concentration (MIC) was 0.1 μg/mL or less before 2001, and 0.06 μg/mL or less after 

2001. Reduced susceptibility was defined as an MIC between 0.2 μg/mL and 1.0 μg/mL before 

2001, and a MIC between 0.12 μg/mL and 1.0 μg/mL after 2001. We defined penicillin resistance 

as MIC of 1.0 μg/mL or higher.

Statistical analysis
We obtained demographic data on the age and sex distribution of the Dutch population during 

the observation period from the Central Bureau of Statistics.19 Data are presented as median with 

IQR unless otherwise stated. We tested differences between proportions with the Pearson χ² 

test or Fisher’s exact test. We tested differences in frequencies between time periods with the 
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Mann-Whitney U test. Statistical tests were two-sided and a p value of 0.05 or less was deemed 

significant.

Role of the funding source
The funders of the study had no role in study design, data collection, data analysis, data inter-

pretation, or writing of the report. The corresponding author had full access to all the data in the 

study and had final responsibility for the decision to submit for publication.

Results
Of 16,366 entries with N. meningitidis, 329 were excluded as double entries and 625 were ex-

cluded because the source of isolation was not cerebrospinal fluid, blood, or skin biopsy (15,412 

cases [94%] were included; appendix). We identified recurrent meningococcal disease in 30 

(0.2%) of 15,412 episodes. N. meningitidis was detected in cerebrospinal fluid only in 8,629 (56%) 

of 15,412 episodes, blood only in 3,861 (25%), and in cerebrospinal fluid and blood in 2,922 (19%). 

The proportion of cases identified in cerebrospinal fluid only decreased from 96% in 1960 to 40% 

in 2012 (p<0.0001; figure 1). Comparison of our data with the mandatory notification data of the 

RIVM showed under-reporting of collaborative laboratories between 1960 and 1972, after which 

the reporting of the NRLBM was similar (figure 1).20 

The annual incidence rate increased from 0.5 per 100,000 population per year in 1960, to 4.5 in 

2001, and subsequently decreased to 0.6 in 2012 (figure 1). Patient age was available for 15,042 

(98%) of 15,412 cases (figure 2). Most cases (7,815 [52%] of 15,042) arose in the age group 0-5 

years. In 2,408 (16%) of 15,042 cases the patient was younger than 1 year, with a peak incidence 

at 6 months. Median age increased from 1.8 years in 1960 (IQR 1.1-3.7), to 6.1 years (IQR 1.4-29.9) 

in 2012. We noted a slight male predominance (7647 [53%] of 14,410 participants were male; 

p<0.0001). Serogroup data was available for 15 313 cases (99%). Serogroup B caused most cases 

during the observation period (11,523 [75%] of 15,313 cases) followed by serogroup C (2,610 

[17%]); serogroup A (656 [4%]); serogroup W (244 [2%]); serogroup Y (191 [1%]); and serogroup 

X, Z, E, or non-groupable (89 [1%]). We identified a seasonal pattern with peaks of serogroup B 

and C incidence between January and March, and for serogroup A between March and April 

(figure 2). PorA serosubtype was available in 9,655 cases (99%) that arose between1983 and 2003. 

Serosubtype was retrospectively determined in 377 cases (61%) occurring in 1965, 1970, 1975, and 

1980. PorA finetype was determined in 3,566 cases (97%) from 2000 to 2012. PorA finetype was 

retrospectively sequenced in 567 cases (36%) from 1960-64, 1970, 1980, 1985, and 1990. 
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Figure 1. Annual incidence and source of isolation of Neisseria meningitidis invasive disease

(A) Proportion of isolates per year from cerebrospinal fluid, blood, or cerebrospinal fluid and blood. (B) Annual 
incidence per 100 000 population per year. (C) Comparison of data from the Netherlands Reference Laboratory 
for Bacterial Meningitis and compulsory notification to the registration of the Dutch National Institute for Public 
Health and the Environment. Arrow 1 shows the start of serogroup C vaccination. From arrow 2 onwards blood 
isolates were specifically requested.
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The annual incidence rate increased from 0·5 per 
100 000 population per year in 1960, to 4·5 in 2001, and 
subsequently decreased to 0·6 in 2012 (fi gure 1). Patient 
age was available for 15 042 (98%) of 15 412 cases 
(fi gure 2). Most cases (7815 [52%] of 15 042) arose in the 
age group 0–5 years. In 2408 (16%) of 15 042 cases the 
patient was younger than 1 year, with a peak incidence at 
6 months. Median age increased from 1·8 years in 1960 
(IQR 1·1–3·7), to 6·1 years (IQR 1·4–29·9) in 2012. We 
noted a slight male predominance (7647 [53%] of 
14 410 participants were male; p<0·0001). Serogroup data 
was available for 15 313 cases (99%). Serogroup B caused 
most cases during the observation period (11 523 [75%] of 
15 313 cases) followed by serogroup C (2610 [17%]); 
serogroup A (656 [4%]); serogroup W (244 [2%]); 
serogroup Y (191 [1%]); and serogroup X, Z, E, or 
non-groupable (89 [1%]). We identifi ed a seasonal pattern 
with peaks of serogroup B and C incidence between 
January and March, and for serogroup A between 
March and April (fi gure 2). PorA serosubtype was 
available in 9655 cases (99%) that arose between 
1983 and 2003. Serosubtype was retrospectively deter-
mined in 377 cases (61%) occurring in 1965, 1970, 1975, 
and 1980. PorA fi netype was determined in 3566 cases 
(97%) from 2000 to 2012. PorA fi netype was retrospectively 
sequenced in 567 cases (36%) from 1960–64, 1970, 1980, 
1985, and 1990.

A hyperendemic period of serogroup B disease 
started in 1982, reached a peak yearly incidence rate of 
3·43 per 100 000 population in 1993, and subsequently 
decreased to 0·39 per 100 000 per year in 2012 (fi gure 2). 
Median patient age of serogroup B cases was 4·5 years 
(IQR 1·5–15·8; fi gure 2). Most cases arose in children 
younger than 5 years, with a second peak at roughly 
age 16 years. Between the start of the hyperendemic 
period and peak incidence, the incidence rate increased 
4·5 times in children aged 0–9 years, 10·3 times in 
children aged 10–19 years, and 6·7 times in patients 
older than 19 years.

The most common PorA serosubtype during the fi rst 
decade of the hyperendemic period (1982–91) was 
P1.4 (n=748, 30%), followed by P1.16 (n=216, 9%), and 
P1.2 (n=192, 8%). During the second decade (1992–2001), 
most common serosubtypes were P1.4 (n=1999, 43%), 
P1.10 (n=319, 7%), and P1.16 (n=275, 6%; appendix). PorA 
fi netype was available during the last decade of the 
epidemic (2002–12; appendix); most common fi netypes 
were P1.7-2,4 (n=517, 28%), P1.22,14 (n=175, 10%), and 
P1.5-2,10 (n=127, 7%).

Figure 1: Annual incidence and source of isolation of Neisseria meningitidis 
invasive disease

(A) Proportion of isolates per year from cerebrospinal fl uid, blood, or cerebrospinal 
fl uid and blood. (B) Annual incidence per 100 000 population per year. (C) 

Comparison of data from the Netherlands Reference Laboratory for Bacterial 
Meningitis and compulsory notifi cation to the registration of the Dutch National 

Institute for Public Health and the Environment. Arrow 1 shows the start of 
serogroup C vaccination. From arrow 2 onwards blood isolates were specifi cally 

requested.
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A hyperendemic period of serogroup B disease started in 1982, reached a peak yearly incidence 

rate of 3.43 per 100,000 population in 1993, and subsequently decreased to 0.39 per 100,000 per 

year in 2012 (figure 2). Median patient age of serogroup B cases was 4.5 years (IQR 1.5-15.8; figure 

2). Most cases arose in children younger than 5 years, with a second peak at roughly age 16 years. 

Between the start of the hyperendemic period and peak incidence, the incidence rate increased 

4.5 times in children aged 0-9 years, 10.3 times in children aged 10-19 years, and 6.7 times in 

patients older than 19 years. 

The most common PorA serosubtype during the first decade of the hyperendemic period (1982-

91) was P1.4 (n=748, 30%), followed by P1.16 (n=216, 9%), and P1.2 (n=192, 8%). During the second 

decade (1992-2001), most common serosubtypes were P1.4 (n=1999, 43%), P1.10 (n=319, 7%), and 

P1.16 (n=275, 6%; appendix). PorA finetype was available for the last decade of the epidemic 

(2002–12; appendix); most common finetypes were P1.7-2,4 (n=517, 28%), P1.22,14 (n=175, 10%), 

and P1.5-2,10 (n=127, 7%).

We identified 252 different PorA variable region 1 and variable region 2 combinations, but a few 

variable region types were expressed by most serogroup B isolates. At least one of 18 variable 

region types included in the NonaMen vaccine was expressed by 2,926 (95%) of 3,087 finetyped 

serogroup B isolates; 71% in 1960-65, 100% in 1970, 92% in 1980, 94% in 1985, 90% in 1990, 96% 

in 2000-05, and 96% in 2006-12. If we added variable region 2 type 2 to the NonaMen vaccine, 

PorA coverage would be higher than 99% in all periods. The percentage of sequenced strains 

per time period that expressed the 4CMenB PorA component (variable region 7-2 or variable 

region 4) was 4% in 1960-65, 4% in 1970, 13% in 1980, 38% in 1985, 58% in 1990, 52% in 2000-05, 

and 36% in 2006-12.

The second most common meningococcal serogroup was C. In 1999, a serogroup C epidemic 

started reaching an incidence rate of 1.73 per 100,000 population in 2001. During the 1999-2001 

epidemic, the incidence rate per 100,000 of same age increased 3.0 times in children aged 0-9 

years, 4.9 times in children aged 10-19 years, and 2.7 times in children older than 19 years (figure 

2). In response, children aged 1-19 years were offered one meningococcal C conjugate vaccina-

tion in 2002, and routine vaccination at age 14 months was subsequently introduced.21 Sero-

group C invasive disease subsequently decreased 95% to 0.09 per 100,000 population in 2012. 

Median age of serogroup C invasive disease cases increased from 10.8 years (IQR 2.9-19.7) before 

meningococcal C conjugate vaccination (1960-2001), to 24.3 (IQR 5.9-49.0) in 2002-12. Most com-

mon serogroup C serosubtypes were P1.2,5 (23%), P1.5 (20%), and P1.2 (15%; appendix). Most 

common PorA types were P1.5,2 (40%), P1.5-1,10-8 (30%), and P1.5-1,10-4 (3%; appendix). 

For other meningococcal serogroups, the peak incidence of serogroup A disease was 0.44 per 

100,000 population in 1980. Only 163 cases have been reported since 1980, and no serogroup A 

cases have been reported after 2003. We noted 244 (1.6%) of 15,313 episodes due to serogroup W 



42 | Chapter 3

Articles

808 www.thelancet.com/infection   Vol 14   September 2014

We identifi ed 252 diff erent PorA variable region 1 and 
variable region 2 combinations, but a few variable region 
types were expressed by most serogroup B isolates. At least 
one of 18 variable region types included in the NonaMen 
vaccine was expressed by 2926 (95%) of 3087 fi netyped 
serogroup B isolates; 71% in 1960–65, 100% in 1970, 92% 
in 1980, 94% in 1985, 90% in 1990, 96% in 2000–05, and 

96% in 2006–12. If we added variable region 2 type 2 to the 
NonaMen vaccine, PorA coverage would be higher than 
99% in all periods. The percentage of sequenced strains 
per time period that expressed the 4CMenB PorA 
component (variable region 1 7–2 or variable region 2 4) 
was 4% in 1960–65, 4% in 1970, 13% in 1980, 38% in 1985, 
58% in 1990, 52% in 2000–05, and 36% in 2006–12.

Figure 2: Age distribution of serogroup B and serogroup C, and seasonal distribution for all cases
(A) Serogroup B age-specifi c incidence rate per 100 000 of age group per year. (B) Serogroup C age-specifi c incidence rate per 100 000 of age group per year. 
(C) Proportion of cases per year of age. (D) Proportion of patients aged 0–17 months per month of age. (E) Median age per calendar year. (F) Proportion of cases 
per month of infection. Arrow shows the start of serogroup C vaccination.
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(A) Serogroup B age-specific incidence rate per 100 000 of age group per year. (B) Serogroup C age-specific inci-
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and 191 (1.2%) of 15,313 episodes due to serogroup Y between 1960 and 2012. The median num-

ber of serogroup W was 4 (IQR 3-6), there were 11 serogroup W cases in 1999 and 14 serogroup 

W cases per year in both 2000 and 2001. The median number of serogroup W cases from 2002 to 

2012 returned to 4 (IQR 3-6). Sequencing data was available for 10 of the 28 serogroup W cases 

that occurred in 2000 and 2001. Seven were ST-11 complex with PorA type 5,2 and serosubtype 

P1.2,5. Serosubtyping, but no sequencing data was available for 1999. One of the 11 cases that 

occurred in 1999, compared to 10 of the 14 cases in 2000 were of serosubtype P1.2,5 (p=0.004). 

We did multilocus sequence typing in 2,238 (64%) of 3,489 cases reported between 2000 and 

2010. We established typing retrospectively in 542 isolates (51%) from 1960-64, 1970, 1980, and 

1985. In these 19 years, we identified 700 different sequence types. The median number of years 

that a particular sequence type was identified was 2 (IQR 1-5) and the median number of dif-

ferent sequence types identified per year was 86 (IQR 72-99). The median number of cases per 

sequence type was one (IQR 1-2). 

We could assign clonal complexes in 2,651 (95%) of 2,780 sequenced cases. Most common clonal 

complexes were ST-41/44 complex (1,355 [51%]), ST-32 complex (368 [14%]), and ST-11 complex 

(317 [12%]). Incidence rates of each of these clonal complexes was higher in 2000-02 than before 

the start of the serogroup B hyperendemic period. Between 2002 and 2012, these clonal com-

plexes decreased simultaneously (figure 3). ST-32 complex was first identified in the Netherlands 

in 1980, and ST-41/44 and ST-11 complex were present in the Dutch population in 1960. 
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The second most common meningococcal serogroup 
was C. In 1999, a serogroup C epidemic started reaching 
an incidence rate of 1·73 per 100 000 population in 2001. 
During the 1999–2001 epidemic, the incidence rate per 
100 000 of same age increased 3·0 times in children aged 
0–9 years, 4·9 times in children aged 10–19 years, and 
2·7 times in children older than 19 years (fi gure 2). In 
response, children aged 1–19 years were off ered one 
meningococcal C conjugate vaccination in 2002, and 
routine vaccination at age 14 months was subsequently 
introduced.21 Serogroup C invasive disease subsequently 
decreased 95% to 0·09 per 100 000 population in 2012. 
Median age of serogroup C invasive disease cases 
increased from 10·8 years (IQR 2·9–19·7) before 
meningococcal C conjugate vaccination (1960–2001), to 
24·3 (IQR 5·9–49·0) in 2002–12. Most common 
serogroup C serosubtypes were P1.2,5 (23%), P1.5 (20%), 
and P1.2 (15%; appendix). Most common PorA types 
were P1.5,2 (40%), P1.5–1,10–8 (30%), and P1.5–1,10–4 
(3%; appendix).

For other meningococcal serogroups, the peak 
incidence of serogroup A disease was 0·44 per 
100 000 population in 1980. Only 163 cases have been 
reported since 1980, and no serogroup A cases have 
been reported after 2003. We noted 244 (1·6%) of 
15 313 episodes due to serogroup W and 191 (1·2%) of 
15 313 episodes due to serogroup Y between 1960 and 
2012. The median number of serogroup W was 4 
(IQR 3–6), there were 11 serogroup W cases in 1999 and 
14 serogroup W cases per year in both 2000 and 2001. 
The median number of serogroup W cases from 2002 
to 2012 returned to 4 (IQR 3–6). Sequencing data was 
available for 10 of the 28 serogroup W cases that 
occurred in 2000 and 2001. Seven were ST-11 complex 
with PorA type 5,2 and serosubtype P1.2,5. 
Serosubtyping, but no sequencing data was available 
for 1999. One of the 11 cases that occurred in 1999, 
compared to 10 of the 14 cases in 2000 were of 
serosubtype P1.2,5 (p=0·004).

We did multilocus sequence typing in 2238 (64%) of 
3489 cases reported between 2000 and 2010. We 
established typing retrospectively in 542 isolates (51%) 
from 1960–64, 1970, 1980, and 1985. In these 19 years, we 
identifi ed 700 diff erent sequence types. The median 
number of years that a particular sequence type was 
identifi ed was 2 (IQR 1–5) and the median number of 
diff erent sequence types identifi ed per year was 86 
(IQR 72–99). The median number of cases per sequence 
type was one (IQR 1–2).

We could assign clonal complexes in 2651 (95%) of 
2780 sequenced cases. Most common clonal complexes 
were ST-41/44 complex (1355 [51%]), ST-32 complex 
(368 [14%]), and ST-11 complex (317 [12%]). Incidence 
rate of each of these clonal complexes was higher in 
2000–02 than before the start of the serogroup B 
hyperendemic period. Between 2002 and 2012, these 
clonal complexes decreased simultaneously (fi gure 3). 

ST-32 complex was fi rst identifi ed in the Netherlands in 
1980, and ST-41/44 and ST-11 complex were present in 
the Dutch population in 1960.

The most common clonal complexes in serogroup B 
were ST-41/44 complex (1335 of 2102 [64%]), 
ST-32 complex (364 [17%]), and ST-269 complex (101 [5%]). 
Most common clonal complexes in serogroup C were 
ST-11 complex (283 [66%] of 427), ST-8 complex (49 [12%]) 
and ST-41/44 complex (19 [4%]).

Most cases of serogroup Y in 1960–64, 1980, and 1985 
were caused by the ST-167 complex; seven (78%) of nine 
sequenced isolates. Between 2000 and 2010 the proportion 
of serogroup Y cases due to ST-167 had decreased with 
seven (21%) of 34 cases (p=0·003). ST-23 and 
ST-174 complex were the most common serogroup Y 
clonal complexes since 2000, each comprising ten (29%) 
of 34 isolates.

Diff erent isolates from a particular clonal complex can 
express diff erent polysaccharide capsules (serogroup). 
Capsule switching, defi ned as relative change in the 
proportion of a clonal complex that expressed a 
particular serogroup polysaccharide capsule, happened 
in several clonal complexes (table). For example, all 
isolates from ST-8 complex in 1960–64 expressed the 
serogroup B capsule polysaccharide, whereas all isolates 
from ST-8 complex from 2005 onwards were 
serogroup C. We noted no evidence of capsular 
switching in clonal complexes that caused serogroup Y 
disease (appendix).

Data for antibiotic resistance were available for 
7628 meningococcal isolates (99%) received from 
1993 to 2012. The number of isolates with reduced 
penicillin susceptibility gradually increased from six 
(0·9%) of 636 in 1993, to 30 (37%) of 81 in 2012 (p<0·0001). 
The proportion of isolates from blood only with reduced 

Figure 3: Estimated number of cases of invasive meningococcal disease due to common clonal complexes
We calculated the estimated number of cases by dividing the number of cases due to a particular clonal complex by 
the proportion of cases sequenced.
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Figure 3. Estimated number of cases of invasive meningococcal disease due to common clonal complexes

We calculated the estimated number of cases by dividing the number of cases due to a particular clonal complex 
by the proportion of cases sequenced.
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The most common clonal complexes in serogroup B were ST-41/44 complex (1,335 of 2,102 

[64%]), ST-32 complex (364 [17%]), and ST-269 complex (101 [5%]). Most common clonal com-

plexes in serogroup C were ST-11 complex (283 [66%] of 427), ST-8 complex (49 [12%]) and ST-

41/44 complex (19 [4%]).

Most cases of serogroup Y in 1960–64, 1980, and 1985 were caused by the ST-167 complex; seven 

(78%) of nine sequenced isolates. Between 2000 and 2010 the proportion of serogroup Y cases 

due to ST-167 had decreased with seven (21%) of 34 cases (p=0.003). ST-23 and ST-174 complex 

were the most common serogroup Y clonal complexes since 2000, each comprising ten (29%) 

of 34 isolates.

Different isolates from a particular clonal complex can express different polysaccharide capsules 

(serogroup). Capsule switching, defined as relative change in the proportion of a clonal com-

plex that expressed a particular serogroup polysaccharide capsule, happened in several clonal 

complexes (table 1). For example, all isolates from ST-8 complex in 1960–64 expressed the se-

rogroup B capsule polysaccharide, whereas all isolates from ST-8 complex from 2005 onwards 

were serogroup C. We noted no evidence of capsular switching in clonal complexes that caused 

serogroup Y disease (appendix). 

Data for antibiotic resistance were available for 7628 meningococcal isolates (99%) received from 

1993 to 2012. The number of isolates with reduced penicillin susceptibility gradually increased 

from six (0.9%) of 636 in 1993, to 30 (37%) of 81 in 2012 (p<0.0001). The proportion of isolates from 

blood only with reduced susceptibility to penicillin was higher than the proportion of isolates 

from cerebrospinal fluid only and cerebrospinal fluid and blood (107/2889 [4%] vs 107/4739 [2%]; 

p=0.0002). No isolates were resistant to penicillin. Three of 7,628 isolates were resistant to rifam-

picin and two of these were susceptible to penicillin.
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Table 1. Polysaccharide capsule expression of common clonal complexes in different time periods. 

Clonal Complex
Serogroup

% (N)

Period

1960-64 1980 & 1985 2005-10

ST-8 Complex
B 100 (5) 100 (16) -

C - - 100 (8)

ST-11 Complex

B 44 (15) 20 (3) 5 (1)

C 56 (19) 67 (10) 79 (15)

W-135 - 13 (2) 16 (3)

ST-32 Complex
B - 99 (70) 100 (118)

C - 1 (1) -

ST-41/44 Complex

A 2 (1) - -

B 96 (51) 83 (66) 100 (374)

C 2 (2) 17 (13) 0 (1)

ST-269 Complex

A - 4 (1) -

B 43 (6) 73 (16) 95 (41)

C 57 (8) 23 (5) 5 (2)

Discussion
Large-scale vaccination with a meningococcal C conjugate vaccine has resulted in the near dis-

appearance of serogroup C invasive meningococcal disease in the Netherlands. A similar reduc-

tion in serogroup C cases was noted after the vaccine was introduced in the UK (1999), Spain 

(2000), Ireland (2000), Belgium (2002), and Iceland (2002).22 We identified evidence of meningo-

coccal capsular switching, but not of serogroup replacement. Incidence rates of all serogroups 

except for serogroup Y decreased after meningococcal C conjugate vaccine introduction, and 

clonal complexes responsible for the increase in serogroup Y did not previously express the 

serogroup C capsule. 

Serogroup B was the most common cause of meningococcal invasive disease in the Nether-

lands. This finding accords with other studies in Europe, Australia, and the Americas.2,23 Although 

no vaccine against serogroup B with broad coverage and established efficacy on disease in-

cidence exists, the multicomponent meningococcal B protein vaccine candidate (4CMenB) is 

immunogenic in infants (given at 2, 4, and 6 or 2, 3, and 4 months of age), adolescents (aged 

11-17 years), and adults (aged 18–50 years).11,24,25 Our findings show that at least one of the variable 

regions of the 4CMenB PorA component was expressed by 4-51% of sequenced isolates in differ-

ent periods between 1960 and 2012. Persistence of other components of the 4CMenB vaccine in 

the Dutch population has also been reported; isolates expressing fHbp-1.1 and NadA-3.8 circu-

lated for 30 years and NHBA-2 for 50 years.18 A previous study12 estimated that 20% of serogroup B 

isolates submitted to reference laboratories in England and Wales, France, Germany, Norway, and 
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Italy in 2007, expressed the 4CMenB PorA type. On the basis of the prevalence of the 4CMenB 

PorA component or reactivity against the other 4CMenB components in a meningococcal an-

tigen typing system, 78% coverage was predicted in these countries in 2007. Outer-membrane 

vesicle vaccines against a particular serogroup B clone have been used to control serogroup B 

epidemics, but do not offer broad coverage. Our data suggest the possibility of a serogroup B 

outer-membrane vesicle vaccine with broad coverage;19 PorA variable region types would have 

covered more than 99% of all serogroup B strains in the study period. The longitudinal informa-

tion about serogroup B PorA subtype distribution is especially valuable in relation to the interest 

in serogroup B vaccines. 

The emergence of serogroup Y and disappearance of serogroup A disease also accords with pre-

vious studies.2,24 During the second half of the 20th century, serogroup A incidence decreased in 

western Europe, the Americas, and Australia. Although rare in Europe before 2000, serogroup Y 

caused more than 5% of invasive disease in 2010.26 

An outbreak of W135 meningococcal disease happened in the spring of 2000 in pilgrims return-

ing from Saudi Arabia and their contacts.27 Hajj-associated cases were caused by meningococcal 

strains of serogroup W, ST-11 complex, PorA type 5,2 and serosubtype P1.2,5.27,28 Our finding 

that most serogroup W cases in 2000 and 2001 were caused by ST-11 complex with PorA type 

5,2 and that serogroup W cases with serosubtype P1.2,5 increased from 1999 to 2000, are in line 

with these previous findings. 

We noted a strong increase in the proportion of cases with N. meningitidis identified in blood 

from 4% in 1960, to 60% in 2012. This finding can partly be explained by a difference in NRLBM 

policy; from 1960 to 1975, laboratories were requested to submit isolates only from patients with 

meningitis, whereas blood isolates were specifically requested from 1975 onwards. Furthermore, 

clinicians nowadays take blood cultures more readily than in the 1960s, and the blood culture 

media and techniques have been improved resulting in an increased yield of fastidious microor-

ganisms such as the meningococcus.29

We recorded an increase in median age of patients with invasive meningococcal diseases over 

time. An increase in median age during an epidemic has been previously described in sero-

group A disease.30 Consistent with this report, we recorded a disproportionate increase of in-

vasive meningococcal disease during the hyperendemic period in adolescents. The dispropor-

tionte increase can be explained by age-dependent nasopharyngeal carriage rates, which have 

been attributed to changing contact patterns and social behaviour.31 The continuing increase in 

median age after the hyperendemic years might be explained by a combination of large-scale 

meningococcal C conjugate vaccination and ageing of the population. 
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The longevity and nationwide coverage of our study with serotyping and sequencing data make 

this, to our knowledge, the most comprehensive report of meningococcal epidemiology in a 

western European country. One study32 from the Czech Republic (1970-2004) presented sero-

logical and sequencing data for 1320 invasive meningococcal isolates. Nationwide surveillance 

studies from Denmark (1974-99) and the UK (1993-2003) presented serological data.33,34 The find-

ings of our study show the highly variable epidemiology of invasive meningococcal disease. The 

introduction of conjugate vaccines have decreased the rate of invasive meningococcal disease 

but decreasing susceptibility to penicillin, capsular switching, and the possible resurgence of 

serogroup B disease remain a threat to public health.

 



48 | Chapter 3

References
1. Stephens DS, Greenwood B, Brandtzaeg P. Epi-

demic meningitis, meningococcaemia, and Neis-
seria meningitidis. Lancet 2007; 369: 2196–210.

2. Harrison LH, Trotter CL, Ramsay ME. Global ep-
idemiology of meningococcal disease. Vaccine 
2009; 27 (suppl 2): B51–B63. 

3. Harrison OB, Claus H, Jiang Y, et al. Description and 
nomenclature of Neisseria meningitidis capsule lo-
cus. Emerg Infect Dis 2013; 19: 566–73.

4. Frasch CE, Chapman SS. Classification of Neisseria 
meningitides group B into distinct serotypes. I. Se-
rological typing by a microbactericidal method. 
Infect Immun 1972; 5: 98–102.

5. Jolley KA, Brehony C, Maiden MC. Molecular typ-
ing of meningococci: recommendations for tar-
get choice and nomenclature. FEMS Microbiol Rev 
2007; 31: 89–96.

6. Maiden MC, Bygraves JA, Feil E, et al. Multilocus se-
quence typing: a portable approach to the iden-
tification of clones within populations of patho-
genic microorganisms. Proc Natl Acad Sci USA 1998; 
95: 3140–45.

7.  McIntyre PB, O’Brien KL, Greenwood B, van de 
Beek D. Effect of vaccines on bacterial meningitis 
worldwide. Lancet 2012; 380: 1703–11.

8. Holst J, Martin D, Arnold R, et al. Properties and 
clinical performance of vaccines containing outer 
membrane vesicles from Neisseria meningitidis. 
Vaccine 2009; 27 (suppl 2): B3–12. 

9. Kaaijk P, van Straaten I, van de Waterbeemd B, et al. 
Preclinical safety and immunogenicity evaluation 
of a nonavalent PorA native outer membrane ves-
icle vaccine against serogroup B meningococcal 
disease. Vaccine 2013; 31: 1065–71.

10. Delbos V, Lemee L, Benichou J, et al. Impact of 
MenBvac, an outer membrane vesicle (OMV) vac-
cine, on the meningococcal carriage. Vaccine 2013; 
31: 4416–20.

11. Vesikari T, Esposito S, Prymula R, et al. Immunoge-
nicity and safety of an investigational multicom-
ponent, recombinant, meningococcal serogroup 
B vaccine (4CMenB) administered concomitantly 
with routine infant and child vaccinations: results 
of two randomised trials. Lancet 2013; 381: 825–35.

12. Vogel U, Taha MK, Vazquez JA, et al. Predicted 
strain coverage of a meningococcal multicom-
ponent vaccine (4CMenB) in Europe: a qualitative 
and quantitative assessment. Lancet Infect Dis 
2013; 13: 416–25.

13. Meningococcal B vaccine: JCVI position state-
ment. March 21, 2014. https://www.gov.uk/gov-
ernment/publications/meningococcal-bvaccine-
jcvi-position-statement (accessed March 27, 2014). 

14. Holst J, Nokleby H, Bettinger JA. Considerations 
for controlling invasive meningococcal disease in 
high income countries. Vaccine 2012; 30 (suppl 2): 
B57–B62.

15. Ouchterlony O. Antigen-antibody reactions in 
gels. Acta Pathol Microbiol Scand 1949; 26: 507–15.

16. Poolman JT, Abdillahi H. Outer membrane protein 
serosubtyping of Neisseria meningitidis. Eur J Clin 
Microbiol Infect Dis 1988; 7: 291–92.

17. Scholten RJ, Bijlmer HA, Poolman JT, et al. Menin-
gococcal 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 1993; 16: 
237–46.

18. Bambini S, Piet J, Muzzi A, et al. An analysis of 
the sequence variability of meningococcal fHbp, 
NadA and NHBA over a 50-year period in the 
Netherlands. PLoS One 2013; 8: e65043.

19. Central Bureau of Statistics. Access to StatLine: 
make your own tables. http://www.cbs.nl/en-GB/
menu/cijfers/statline/zelftabellen-maken/default.
htm?Languageswitch=on (accessed Aug 1, 2013).

20. Severin WP, Ruys AC, Bijkerk H, Butter MN. The ep-
idemiology of meningococcal meningitis in the 
Netherlands in recent years, with special reference 
to the epidemic of 1966. Zentralbl Bakteriol Orig 
1969; 210: 364–70.

21. de Greeff SC, de Melker HE, Spanjaard L, van den 
Hof S, Dankert J. [The first effect of the national 
vaccination campaign against meningococcal-C 
disease: a rapid and sharp decrease in the num-
ber of patients]. Ned Tijdschr Geneeskd 2003; 147: 
1132–35.

22. Trotter CL, Ramsay ME. Vaccination against menin-
gococcal disease in Europe: review and recom-
mendations for the use of conjugate vaccines. 
FEMS Microbiol Rev 2007; 31: 101–07.

23. Jafri RZ, Ali A, Messonnier NE, et al. Global epi-
demiology of invasive meningococcal disease. 
Popul Health Metr 2013; 11: 17.

24. Santolaya ME, O’Ryan ML, Valenzuela MT, et al. Im-
munogenicity and tolerability of a multicompo-
nent meningococcal serogroup B (4CMenB) vac-
cine in healthy adolescents in Chile: a phase 2b/3 
randomised, observer-blind, placebo-controlled 
study. Lancet 2012; 379: 617–24. 

25. Kimura A, Toneatto D, Kleinschmidt A, Wang H, 
Dull P. Immunogenicity and safety of a multicom-
ponent meningococcal serogroup B vaccine and 
a quadrivalent meningococcal CRM197 conjugate 
vaccine against serogroups A, C, W-135, and Y in 
adults who are at increased risk for occupational 
exposure to meningococcal isolates. Clin Vaccine 
Immunol 2011; 18: 483–86



Invasive meningococcal disease in the Netherlands | 49

26. Broker M, Jacobsson S, DeTora L, Pace D, Taha MK. 
Increase of meningococcal serogroup Y cases in 
Europe: a reason for concern? Hum Vaccin Immun-
other 2012; 8: 685–88.

27. Taha MK, Achtman M, Alonso JM, et al. Serogroup 
W135 meningococcal disease in Hajj pilgrims. Lan-
cet 2000; 356: 2159.

28. Mayer LW1, Reeves MW, Al-Hamdan N, et al. Out-
break 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.

29. Cockerill FR, III, Wilson JW, Vetter EA, et al. Optimal 
testing parameters for blood cultures. Clin Infect 
Dis 2004; 38: 1724–30.

30. Peltola H, Kataja JM, Makela PH. Shift in the 
age-distribution of meningococcal disease as pre-
dictor of an epidemic? Lancet 1982; 2: 595–97.

31. Christensen H, May M, Bowen L, Hickman M, Trot-
ter CL. Meningococcal carriage by age: a system-

atic review and meta-analysis. Lancet Infect Dis 
2010; 10: 853–61. 

32. Kriz P. Surveillance of invasive meningococcal dis-
ease in the Czech Republic. Euro Surveill 2004; 9: 
37–39. 

33. Lind I, Berthelsen L. Epidemiology of meningococ-
cal disease in Denmark 1974–1999: contribution of 
the laboratory surveillance system. Epidemiol In-
fect 2005; 133: 205–15. 

34. Gray SJ, Trotter CL, Ramsay ME, et al. Epidemiology 
of meningococcal disease in England and Wales 
1993/94 to 2003/04: contribution and experiences 
of the Meningococcal Reference Unit. J Med Micro-
biol 2006; 55: 887–96. 

35. Martin NG, Sadarangani M, Pollard AJ, Goldacre 
MJ. Hospital admission rates for meningitis and 
septicaemia caused by Haemophilus influenzae, 
Neisseria meningitidis, and Streptococcus pneumo-
niae in children in England over five decades: a 
population based observational study. Lancet In-
fect Dis 2014; 14: 397–405. 



50 | Chapter 3

Supplementary material
Acknowledgements. This work was supported by the National Institute of Public Health and 

the Environment, the European Union’s seventh Framework program [EC-GA no. 279185 (EU-

CLIDS) to DvdB], Netherlands Organization for Health Research and Development [NWO-Vidi 

grant 2010 to DvdB], Academic Medical Center [AMC Fellowship 2008 to DvdB], and the Euro-

pean Research Council [ERC Starting Grant 2011 to DvdB].

Supplementary figure 1. Flowchart of case inclusion.

Supplementary table 1A. Common1 serogroup B serosubtypes in different time periods2.

 Serosubtype
 (% (N))3

Period

1965 1970 1975 1980 1983-1987 1988-2003 All years

% (N) subtyped4 70 (43) 56 (47) 36 (33) 95 (92) 98 (993) 90 (7181) 89 (8398)

P1.4 2 (1) - - 3 (3) 19 (189) 41 (2906) 37 (3099)

P1.16 5 (2) - 3 (1) 1 (1) 8 (83) 7 (467) 7 (554)

P1.10 1(2) 2 (1) - 9 (8) 3 (26) 6 (450) 6 (486)

P1.15 9 (4) 2 (1) 6 (2) 12 (11) 11 (108) 5 (356) 6 (482)

P1.7,16 2 (1) - - 1 (1) 11 (107) 4 (264) 4 (373)

P1.2 42 (18) 71 (40) 33 (11) 22 (20) 9 (85) 2 (138) 4 (312)

P1.14 - 2 (1) - 1 (1) 2 (19) 3 (247) 3 (268)

P1.7 2 (1) 2 (1) 3(1) 1(1) 3 (27) 3 (233) 3 (264)

P1.9 - 2 (1) - 2 (2) 2 (17) 3 (178) 2 (198)

P1.6 16 (7) 5 (3) 9 (3) 8 (7) 3 (30) 2 (139) 2 (189)

P1.2,5 - - - 1 (1) - 2 (146) 2 (147)

P1.12 5 (2) 2 (1) 9 (3) 8 (7) 3 (27) 1 (82) 2 (122)

P1.1,7 14 (6) 5 (3) 6 (2) 3 (3) 2 (24) 1 (66) 1 (104)

Not typeable - - 24 (8) 26 (24) 24 (240) 18 (1293) 19 (1565)
1 Serosubtypes found 100 times or more from 1960-2012, most common in all years (top) to least common (bottom). 
2 From 1983-2003 serosubtype was prospectively determined, isolates from 1965, 1970, 1975 and 1980 were retro-
spectively serosubtyped.
3 The percentage and number of serosubtype per subtyped cases per time period. 
4 Percentage of cases serosubtyped per time period

15,481 (94%) cases included for analysis

972 entries excluded
- 639 not from CSF, blood or skin biopsy
- 333 double entries

16,453 N. meningitidis entries identified
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Supplementary table 1B. Common1 serogroup B PorA sequence variants in different time periods2.

PorA (% (N))3

VR1, VR2

Period

1960-65 1970 1980 1985 1990 2000-05 2006-12 All years

% (N) sequenced4 44 (139) 20 (24) 25 (24) 98 (194) 5(19) 99 (1914) 100 (773) 81 (3087)

7-2, 4 - - - 21 (40) 42 (8) 33 (639) 24 (182) 28 (869)

7-2, 13-2 1 (1) - - 1 (2) 5 (1) 9 (179) 4 (28) 7 (211)

22, 14 - - - - - 6 (107) 12 (95) 7 (202)

5-2, 10 - 4 (1) - 2 (3) 5 (1) 7 (128) 8 (65) 6 (198)

19, 15 3 (4) - 4 (1) 11 (3) - 2 (36) 3 (24) 3 (87)

21, 16 4 (6) - - 2 (4) - 3 (50) 3 (26) 3 (86)

7-1, 1 21 (29) 13 (3) - 3 (5) - 1 (26) 2 (14) 3 (77)

7-2, 16 - - - 10 (19) 11 (2) 2 (45) 1 (11) 3 (77)

5, 2 12 (16) - - 2 (4) 11 (2) 2 (40) 2 (14) 3 (76)

7, 16 - - 4 (1) 10 (20) 11 (2) 2 (41) 1 (10) 2 (74)

5-1, 2-2 12 (16) 63 (15) 33 (8) 3 (6) 5 (1) 1 (9) 1 (4) 2 (59)

18, 25 - - - - - 1 (25) 1 (11) 2 (55)

7, 16-32 - - - - - 2 (39) 2 (13) 2 (52)

22, 9 - - 4 (1) 1 (2) - 1 (25) 3 (23) 2 (51)

18-7, 9 3 (2) 4 (1) 4 (1) - - 2 (34) 1 (8) 2 (47)

7-2, 13-1 1 (1) - 13 (3) 1 (1) - 2 (28) 1 (11) 1 (44)

22-1, 14 - - - 1 (2) 5 (1) 2 (29) 1 (7) 1 (39)

22, 14-6 - 4 (1) - - - 1 (24) 2 (13) 1 (38)

18-1, 3 - - - 1 (2) - 1 (17) 2 (15) 1 (34)

19-1, 15-11 - - - - - 1 (20) 2 (12) 1 (32)
1 PorA variants found 25 times or more from 1969-2012, most common in all years (top) to least common (bottom). 
2 From 2000-2012 PorA finetype was prospectively determined, isolates from 1960-65, 1970, 1980 and 1990 were 
retrospectively sequenced.
3 The percentage and number of sequence type per sequenced cases per time period.
4 Percentage and number of cases sequenced per time period 
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Supplementary table 2a. Common1 serogroup C serosubtypes in different time periods2. 

Serosubtype
(% (N))3

Period

1965 1970 1975 1980 1983-1987 1988-2003 All years

% (N) subtyped4 64 (7) 50 (8) 19 (6) 87 (39) 82 (214) 97 (1706) 93 (1980)

P1.2,5 - - - - - 27 (454) 23 (454)

P1.5 - - - - - 23 (393) 20 (393)

P1.2 43 (3) 50 (4) - 10 (4) 15 (32) 15 (261) 15 (304)

P1.1 - - - 3 (1) 4 (9) 3 (46) 3 (56)

P1.10 - - 17 (1) - 1 (3) 3 (51) 3 (55)

P1.1,7 - 13 (1) 17 (1) 5 (2) 9 (20) 2 (28) 3 (52)

P1.6 - - - 15 (6) 8 (18) 2 (26) 3 (50)

P1.16 - 13 (1) - - 4 (9) 2 (32) 2 (42)

P1.14 29 (2) - - 21 (8) 8 (17) 1 (10) 2 (37)

P1.15 - (0) 0 17 (1) 3 (1) 6 (12) 1 (20) 2 (34)

P1.7 - - - - 1 (2) 2 (25) 1 (27)

Not typable - - 33 (2) 31 (12) 33 (71) 17 (291) 19 (376)
1 Serosubtypes found 25 times or more from 1960-2012, most common in all years (top) to least common (bot-
tom). 
2 From 1983-2003 serosubtype was prospectively determined, isolates from 1965, 1970, 1975 and 1980 were retro-
spectively serosubtyped.
3 The percentage and number of serosubtype per subtyped cases per time period. 
4 Percentage of cases serosubtyped per time period

Supplementary table 2b. Common1 serogroup C porA sequence variants in different time periods2.

 PorA (% (N))3

VR1, VR2

Period

1960-65 1970 1980 1985 1990 2000-05 2006-12 All years

% (N) sequenced4 48 (44) 6 (1) 27 (12) 100 (50) 5 (6) 99 (650) 98 (44) 79 (807)

5,2 39 (17) - 8 (1) 8 (4) 17 (1) 44 (283) 36 (16) 40 (322)

5-1, 10-8 - - - - 17 (1) 34 (223) 34 (15) 30 (239)

5-1, 10-4 7 (3) - - - - 3 (19) 2 (1) 3 (23)

5-1, 10-1 - - - 2 (1) - 3 (17) 2 (1) 2 (19)

5, 2-1 - - - 12 (6) 33 (2) 2 (11) - 2 (19)

21, 16 7 (3) -  - 4 (2) 17 (1) 2 (13) - 2 (19)

7-1, 1 5 (2) - 17 (2) 8 (4) - 1 (7) 2 (1) 2 (16)

5, 2-3 - - - - - 2 (11) () 1 (11)
1 PorA variants found 10 times or more from 1969-2012, most common in all years (top) to least common (bottom). 
2 From 2000-2012 PorA finetype was prospectively determined, isolates from 1960-65, 1970, 1980 and 1990 were 
retrospectively sequenced.
3 The percentage and number of sequence type per sequenced cases per time period.
4 Percentage and number of cases sequenced per time period 
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Supplementary table 3. Serogroup per time period in common serogroup B clonal complex and clonal com-
plexes associated 1 with the serogroup C or serogroup Y polysaccharide capsule.

Clonal Complex
Serogroup

% (N)
Period

1960-64 1980 & 1985 2000-02 2003-10

Clonal complexes associated with serogroup B

ST-32
Complex

B - 99 (70) 98 (129) 100 (165)

C - 1 (1) 2 (3) -

ST-41/44 
Complex

A 2 (1) - - -

B 96 (51) 83 (66) 100 (571) 100 (646)

C 2 (1) 17 (13) 0 (2) 0 (3)

Clonal complexes associated with serogroup C

ST-8 
Complex

C 97 (38) 92 (11)

B 100 (5) 100 (16) 3 (1) 8 (1)

ST-11 
Complex

C 56 (19) 67 (10) 96 (219) 88 (35)

B 44 (15) 20 (3) 1 (2) 5 (2)

W-135 - 13 (2) 3 (7) 7 (3)

ST-22 
Complex

C - 57 (4) - 6 (1)

B - 43 (3) 13 (2)

W-135 - 43 (3) 57 (4) 69 (11)

Y - - - 6 (1)

Non-groupable - - - 6 (1)

ST-103 
Complex

C - - 100 (1) -

B - - - 43 (3)

Y - - - 57 (4)

ST-254 
Complex

C 67 (6) 71 (5) - 50 (1)

B 33 (3) 29 (2) 100 (4) 50 (1)

ST-269 
Complex

C 57 (8) 23 (5) 8 (2) 4 (2)

A - 5 (1) - -

B 43 (6) 73 (16) 92 (22) 96 (54)

ST-334 
Complex

C 29 (2) 100 (7) 100 (1) 50 (1)

B 71 (5) - - 50 (1)

ST-364 
Complex

C 100 (3) 38 (3) - -

B - 62 (5) 100 (1) 100 (1)

ST-376 
Complex

C - 100 (2) - -

B 71 (5) - 100 (1) -

ST-461 
Complex

C 67 (2) 38 (3) 43 (3) -

B 33 (1) 62 (5) 57 (4) 90 (9)

Non-groupable - - - 10 (1)

ST-1157 
Complex

C - - 100 (1) -

B - - - 67 (2)

X - - - 33 (1)
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Clonal complexes associated with serogroup Y

ST-23 
Complex

Y 100 (1) - -

ST-92 
Complex

Y - - - 100 (2)

ST-167
Complex

Y 100 (5) 100 (2) 67 (2) 100 (5)

W-135 - - 33 (1) -

ST-174 
Complex

Y - - 25 (1) 64 (9)

B - - 25 (1) -

W-135 - - 50 (2) 36 (5)

ST-175 
Complex

Y 100 (1) - - -

1 Association defined as a clonal complex with more than 50% of isolates belonging to serogroup C or serogroup 
Y in one of the time periods. 
Serogroup C vaccination was introduced in the summer of 2002. The statistical significance of changes in sero-
group proportions between 2000-02 and 2003-10 in serogroup C associated clonal complexes was tested with 
the Fisher Exact test. Only the change in the proportion of serogroup B or W-135 combined in ST-11 complex 
showed a P value below 0.05. No significant changes were found after correcting for multiple testing. 
Clonal complexes associated with serogroup Y did not express other polysaccharide capsules before the year 
2000.

Supplementary table 3. Serogroup per time period in common serogroup B clonal complex and clonal com-
plexes associated 1 with the serogroup C or serogroup Y polysaccharide capsule. (Contiuned)

Clonal Complex
Serogroup

% (N)
Period

1960-64 1980 & 1985 2000-02 2003-10




