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Aim: The aim of this study was to assess changes in trends of meningococcal disease and strain diversity
of Neisseria meningitidis in Europe, South America, and Africa over the last 100 years.
Methods: Healthcare databases and sources of grey literature were searched in 2012 and records were
screened against the protocol eligibility criteria using a three-stage sifting process. Studies included in the
review were subject to data extraction. Results were summarised using a narrative approach.
Results: Serogroup A was the dominant cause of invasive meningococcal disease in Europe before and
during World Wars I and II. Whilst serogroup B has been dominant from the 1970s in Europe and the 1980s
in South America, outbreaks have emerged associated with serogroups W135 and Y in the twenty-first
century. There has been a shift in the age groups affected by invasive meningococcal disease with an
increase in incidence among the elderly associated with serogroup Y and a decline in serogroup C among
adolescent populations. Recent outbreaks of serogroup W135 have occurred in some countries in South
America. The epidemiological trend of invasive meningococcal disease has remained largely static across
Africa and dominated by serogroup A although recently serogroups X and W135 have accounted for a
large proportion of morbidity and mortality.
Conclusion: The epidemiology of N. meningitidis has been dynamic in Europe and South America
especially over the last 30 years. Routine vaccination with serogroup C vaccines has led to reduced
carriage and incidence of invasive meningococcal disease and herd immunity.
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Introduction
Invasive meningococcal disease as meningitis and other

sites is one of the foremost causes of morbidity and

mortality globally. The case fatality rate is approxi-

mately 5–10%, and 12–20% of survivors suffer signi-

ficant clinical sequelae including deafness, seizures,

paralysis, amputation, and mental impairment.1–4

Bacterial meningitis is most commonly caused by

invasive Neisseria meningitidis.

Meningococcal disease is a relatively new disease

that was first observed in 1805 in Europe, 1806 in

North America, and 1905 in Africa.5–7 During that

time, it was recognised when clusters of cases occurred

that presented with a rash and meningitis (cerebrosp-

inal fever) that persisted for a week and was common

in the military with a mortality of approximately

70%.5,8,9 Meningococcal disease usually presents with

meningitis and less commonly with septicaemia.5 In

1950, N. meningitidis was classified into serogroups by

an international committee.5,7 Thirteen serogroups

have been characterised although serogroups A, B, C,

W135, and Y are the most clinically significant in

causing disease.4,5,10,11 Generally, the incidence of

meningococcal disease varies by age, gender, socio-

economic conditions, the serogroup, and bacterial

strain.2,5,11 Over the years, the epidemiology of

invasive meningococcal disease has changed signifi-

cantly in various regions of the world.

This study reports changes in trends of laboratory

confirmed invasive meningococcal disease and strain

diversity of N. meningitidis in Europe, South

America, and Africa across all age groups over the

last 100 years. We sought to complement previous

reviews by summarising epidemiological data report-

ing rates of N. meningitidis carriage in Europe and

South America and linking our findings to the

implementation of vaccination strategies.

Methodology
This study is an epidemiological review of literature

which describes changes in meningococcal biology
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over the past 100 years. A protocol including the

literature search strategy and eligibility criteria was

developed and is available on request from the

corresponding author. A search was conducted in

2012 to identify literature from the continents of

Europe (with special emphasis on Czech Repu-

blic, France, Germany, Greece, Norway, Russia,

and United Kingdom), South America, and Central

America (Belize, El Salvador, Guatemala, Honduras,

Mexico, and Nicaragua). A brief review was con-

ducted for Africa owing to the largely static epide-

miological trend. On-going studies that had been

presented in conferences were also identified and

reviewed. Reference tracking and citation tracking

were also carried out.

Healthcare databases searched were MEDLINE,

PUBMED, Cochrane Database of Systematic Review,

and the Database of Promoting Health Effective-

ness Reviews. Sources of grey literature included

OpenSIGLE, World Health Organization Global

Index Medicus, and the European Centre of Disease

Control and Prevention. After removing duplicate

records, a three-stage sifting process was followed to

screen the title, abstract, and full text of the identified

articles against the protocol eligibility criteria. A

piloted data extraction form was used to obtain

descriptive information from each article by a single

researcher. The extracted data was tabulated to aid

narrative review, while the analysis and synthesis was

done using MicrosoftH Office ExcelH 2007 version 12

(Microsoft Corporation, Richmond, VA, USA) to

obtain summary statistics. No carriage studies con-

ducted in South America were available in English.

Results
The search strategy yielded 3529 records and a total

of 60 met the protocol eligibility criteria for inclusion

(see Fig. 1). We identified 29 analytical epidemiolo-

gical studies, 14 cross-sectional studies, 14 review

articles, two case–control studies and one systematic

review and meta-analysis. Tables 1 and 2 show data

extracted from the included studies pertaining to the

epidemiology of invasive meningococcal disease and

carriage of N. meningitidis.

Epidemiology
Africa
Since the early twentieth century, meningococcal

disease attributed to serogroup A has been dominant

in sub-Saharan Africa, specifically in the Meningitis

belt.2,12 Epidemics typically occur during the dry

season with an annual incidence of 1000–1200 per

100 000 inhabitants per epidemic and 10–20 cases per

100 000 population during the non-epidemic sea-

sons.2,4,12–14 Epidemics were first reported during

1905 in Ghana and Nigeria, and then later in 1934,

1942, and 1949.5–7 The epidemics due to serogroup A

occurred in the 1950s in Nigeria and Sudan causing

approximately 50 000 cases as well as 16 000 cases in

Burkina Faso, although outbreaks caused by ser-

ogroup C were reported in the 1970s.7 In 1996, a

major serogroup A outbreak affecting Burkina Faso,

Chad, and Niger resulted in 250 000 cases and 25 000

deaths were reported.6,15,16 Serogroup Y has more

recently been reported in Kenya, Burkina Faso,

Togo, Ghana, and Niger during 1990–2000.6,15,17

Serogroup W135 was responsible for a major

outbreak in Burkina Faso in 2002 following a Hajj

pilgrimage affecting 13 000 people1,2,16,18 and in Niger

between 2010 and 2011.19 In Gauteng Province of

South Africa, serogroup W135 caused a rise in cases

and replaced A as dominant with a five-fold increase

to four cases per 100 000 population during 2003–

2007.2,7,19 Serogroup X caused outbreaks in Niger

reported in 2006 with 27.5 cases per 100 000 popula-

tion and other outbreaks were reported in Ghana and

Kenya in 2005 while 86% of 92 cases were reported in

the Kara region of Togo.5,12,19 Serogroup A caused the

majority of cases between 2007 and 2009 including an

outbreak in 2007 in Burkina Faso which caused 26 878

cases.19

Europe
At the start of the twentieth century, large epidemics

were reported across Europe predominantly caused

by serogroup A.7,19–23 During 1904–1907 and 1915–

1919 outbreaks linked to serogroup A that caused

over 10 000 cases associated with military training

camps were reported in Europe.5,7 During the period

1940–1942 over 54 000 cases were reported from

England, Italy, and Germany.5,7 From the mid-to-

late 1960s serogroup A outbreaks were reported in

Figure 1 Summary of study selection process.
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Norway and Russia13,24 while from 1966 to 1971,

serogroup B accounted for more than half of the

cases in the United Kingdom24 and was the dominant

cause of cases in the Czech Republic, Germany, and

Norway.24–27 Serogroup A was dominant in Norway

from 1967 to 197328 which shifted to serogroup B

in the mid-1970s and caused an outbreak in

1974.7,24,25,29–31 During 1971–1984 and 1987–1988

approximately half of the cases were due to ser-

ogroup B in Germany and France, respectively.26,32

A study conducted in Russia over 1980–1984 revealed

that 58.2% of invasive meningococcal disease cases

were caused by serogroup A.33 In the 1990s,

serogroup C accounted for half of the cases in

Czech Republic and was predominant until the end of

the decade.3,34 However, peaks were observed in

France, Germany, Greece, Norway, and the United

Kingdom where the incidence of invasive meningo-

coccal disease was largely attributed to serogroup

B.1,3,29,34–38 Between 1993 and 1996 in Russia or the

Soviet Union, approximately half of the cases were

attributed to serogroup A.3,34 Cases due to serogroup

W135 increased to account for approximately 3.6% of

cases in France in 1999 as well as exhibiting a 25%

increase in United Kingdom between 1999 and

2001.1,3,39,40 In Greece, a rise in cases due to

serogroup A was observed from 4% in 1999 which

peaked at 19.6–16.8% from 2001 to 2003 before

declining to 4.7% in 2004.35,41 Increases from 3 to 8%

in serogroup Y from 2006–2007 to 2010–2011 were

noted in the United Kingdom, and a 17–31% rise was

observed during 2008–2010 in Norway.19,24,39,42,43

Serogroup B is currently dominant across Europe,

which has increased following the widespread use of

the MenC vaccine.19,27,39,44

South America
Cases were identified as early as 1906 in Brazil and

outbreaks were first reported in 1914 and 1920 in

Brazil and Mexico, respectively with majority of cases

due to serogroup A.7 Outbreaks were reported during

the World War II period in Brazil, Chile, and

Mexico.7,45 In 1974, 82% of cases were caused by

serogroup C in Argentina while during the 1978–1979

outbreak in Chile, a serogroup shift from C to A

occurred.7 In Brazil during the epidemic in 1972, 90%

of cases were due to serogroup C while in 1974, 90%

of cases were due to serogroup A.4,6,14,19,46 From

1987, Brazil had approximately more than three-

quarters of invasive meningococcal disease attributed

to serogroup B,4,47,48 while in Chile and Cuba,

outbreaks caused by serogroup B occurred in 1985

and 1980 respectively.6,19,25,45 From 1990 to 1992,

serogroup B caused more than 80% of invasive

meningococcal disease in Brazil. A shift to serogroup

C occurred during 1993–1996 which led to a rise ofT
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approximately 10 cases per 100 000 population in

some parts of the country (particularly in Rio de

Janeiro). However, there was another shift back

to serogroup B towards the end of the decade

which caused approximately 80% of cases.14,19,48–51

Serogroup C was dominant in Argentina from 1995

until the end of the decade.7,14,15,45 In the 2000s,

serogroup B was the leading cause of disease

although serogroup C increased from 2002 in Brazil

and caused 63% of cases in Sao Paulo in

2005.4,19,48,50,52 From 2000 to 2006, two-thirds of

isolates were from serogroup C in Ecuador.14 From

2006 to 2007, serogroup B accounted for two-thirds

of cases in Argentina and Chile.14,19 Increases were

noted due to serogroup Y with half of the cases in

2006 recorded in Colombia and Venezuela although

these declined to 18 and 22% respectively in 2010.14,19

In Argentina, 28% of isolates were attributed to

serogroup W135 in 2008 rising to half of all cases in

2010.19 Serogroup B dominated in Chile in 2010 and

caused 67% of cases.19 Less than 10 confirmed cases

were reported for each year for Bolivia, Paraguay,

and Peru however serogroup B was predominant in

Peru and Paraguay.14

Carriage
Studies on meningococcal carriage were conducted as

far back as the early twentieth century although the

distinction between N. meningitidis and N. lactamica

was not made before 1969.53,54 This study therefore

concentrated on studies performed after this date. A

majority of the carriage studies were conducted among

high-risk populations specifically among adolescents

and young adults,55–58 the military,36,59 the general

population,60,61 and also among close contacts.62

Europe
A study conducted in Czech Republic in 1980 among

0–24-year olds found a carriage rate of 10.2% with

serogroup B dominant at 43.9%.62,63 Two studies

surveyed all age groups in the population in 1986

from the United Kingdom and 1991 from Norway

had carriage rates of 10.9% and 9.6% respectively

with a predominance in serogroup B.60,61 A study

conducted among school children aged 6–15 years in

1995 found a carriage rate of 13% with a predomi-

nance of serogroup A at 28%.35,64 A study conducted

in 2000 among Greek school children aged 2–19 years

found a carriage rate of 4%, (which increased to 9.3%

for the children older than 12 years) but among the

isolates obtained, 32% belonged to serogroup C and

23% belonged to serogroup B.37 In Germany, a study

conducted in 2000 among teenagers 15–18 years

following an increased incidence reported a carriage

rate of 18.8% with a predominance of serogroup B at

12.3%.57,62 A different study also conducted in

Germany between 1999 and 2000 found a carriage

rate of 10.4% with a dominance of serogroup B at

32%.65 Among military recruits, two studies con-

ducted in Germany in 2000 and Greece in 1990 had

carriage rates of 32.6% and 25% respectively.65,57

Among preschool-aged children, school-aged chil-

dren, and adults aged up to 26 years, four studies

reported the highest carriage rates among ages

ranging from 15 to 24 years.60,61,63,65 A systematic

review conducted in 2010 reported that the highest

rate of carriage was among 19-year olds at 24%54 and

approximately 35% of young adults in Europe carried

N. meningitidis at one point in time over the last

decade.66 The rate of carriage ranged from 9.2 to

32.7% with serogroup B as dominant and outbreak

strains ranging from 0.8 to 8.8%.56,60,65,67–69

Discussion
Since the 1970s serogroups A, B, and C have accounted

for 90% of meningococcal disease globally; before that

date serogroup A dominated in African and European

countries.2,70,71 Outbreaks due to serogroup A have

been reported in Russia and Greece in the 1960s and

1980s, although epidemics have not been observed over

these times across Europe.24,33 Over the last decade,

there has equally been a noticeable increase in the

incidence of disease caused by serogroups W135 and

Y particularly among adults and the elderly.12,14,35

Serogroup A was the dominant cause of infections in

Europe before and during both World Wars but largely

disappeared after World War II.1,5,6,15

The 1990s saw a rise in the incidence of serogroup

C and this serogroup was the dominant cause of

infections in Czech Republic, with peaks in Greece

and the United Kingdom.3,34 This was until the

introduction of the MenC vaccine which lead to

serogroup B dominating and a decline in incidence in

the 2000s.6,19,41,42,72 The MenC vaccine was first

introduced in 1999 in the United Kingdom and a 93%

protective effect was found among teenagers in a

study conducted the same year.73 After one year of

vaccination, the incidence of disease was observed to

have reduced by 81% and herd immunity was

induced4,54,66,74 while carriage reduced by 66% from

1999 to 2000.1,4,74 This finding suggests that whilst

vaccination may provide protection against serogroup-

specific colonisation and disease, further studies should

investigate the impact of routine vaccination pro-

grammes on shifting dominant serogroups and out-

break strains within defined populations.

Studies showed that serogroup B dominated

in numerous countries36,57,58,60,62,65,67,68 although in

Greece serogroup A was reported as dominant in

199564 and serogroup C in 2000.37 The longitudinal

studies found rates ranging 6.9–34% and 17.5–

20.6%.58 The acquisition rate was high in one study

possibly due to more socialisation with peers.69
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A majority of the carriage studies were conducted

among high-risk populations. Carriage was highest

among military populations.59,65,75 Among civilian

populations, carriage ranged from 4 to 18.8%

although two-thirds of participants were less than

12 years old in the study where the lowest average

carriage rate of 4% was reported.37,57

It was reported that the presence of respiratory

infections facilitates carriage but no evidence of

association between respiratory infections and car-

riage was found in two studies.37,60 However, the

number of persons with respiratory infections was too

small for an independent analysis in one of the

studies.59 Age, male sex, socialising with peers, over-

crowding, and active or passive smoking were

associated with carriage in some studies.37,54,60,68

Studies that reported no association with smoking

had small sample sizes compared to those which found

an association which may suggest the former studies

lacked sufficient statistical power to detect an associa-

tion. The largest teenager study showed carriage in

males and was explained by social factors.55

Epidemiological data shows that serogroup B

meningococcal infections continue to pose a signifi-

cant burden on human health. From 2008, Novartis

Vaccines conducted clinical trials with a MenB vaccine

which covers all meningococcal serogroups and relies

on other surface targets. Clinical studies have so far

demonstrated that this provides an immunological

memory and a good safety and tolerability profile.

Phase III clinical trial data indicates it could be used

for all ages and dispensed with routine vaccines.17

The Meningitis Vaccine Project has led to the

development of a conjugate serogroup A vaccine

(MenAfriVac) specifically for the Meningitis belt in

Africa.76 This was introduced in 2010 with mass

vaccinations for persons aged 1–29 years in Burkina

Faso and parts of Niger and Mali.6,13,15,19,76 No cases

due to serogroup A were detected in Burkina Faso

the year after the campaign. The vaccine has been

found to be immunogenic and safe, with a 94%

difference in crude incidence of meningitis in the

areas with mass vaccination verses areas without

mass vaccination in Chad in 2012.77,78

This review has a number of limitations which

warrant discussion. Although active surveillance of

invasive meningococcal disease has been performed

in many countries (perhaps increasingly over the last

two decades), data was not published or accessible

from numerous countries. Relatively few data were

available especially before the 1970s. The establish-

ment of national reference laboratories for surveil-

lance and microbiological characterisation of clinical

isolates varied across countries. Whilst the search

strategy was deemed to be sufficiently robust using

four electronic databases as well as grey literature

from other credible sources, some relevant literature

is likely to have been missed since included articles

were restricted to those published in English.

Underreporting of cases could have occurred as well

as ascertainment, recruitment, and misclassification

bias in the studies.

Conclusion
Whilst serogroup B dominates in numerous coun-

tries, outbreaks of invasive meningococcal disease

caused by serogroups W135 and Y have been

observed in numerous countries in recent years. The

spread of virulent strains may have been facilitated

by international travel and mass gatherings of

susceptible individuals as demonstrated by the Hajj

pilgrimage outbreaks. There has been a shift in the

age groups affected by invasive meningococcal

disease with an increase among the elderly due to

serogroup Y and a decrease in adolescents due to

serogroup C. Very low incidences of disease were

reported in some countries compared to others which

may be explained through underreporting of cases.

Routine serogroup C vaccination programmes have

played an important role in reducing carriage rates

and the incidence of disease as well as inducing herd

immunity.
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