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Abstract

Neisseria meningitidis (the meningococcus) causes significant morbidity and mortality in children 

and young adults worldwide through epidemic or sporadic meningitis and/or septicemia. In this 

review, we describe the biology, microbiology, and epidemiology of this exclusive human 

pathogen. N. meningitidis is a fastidious, encapsulated, aerobic gram-negative diplococcus. 

Colonies are positive by the oxidase test and most strains utilize maltose. The phenotypic 

classification of meningococci, based on structural differences in capsular polysaccharide, 

lipooligosaccharide (LOS) and outer membrane proteins, is now complemented by genome 

sequence typing (ST). The epidemiological profile of N. meningitidis is variable in different 

populations and over time and virulence of the meningococcus is based on a transformable/plastic 

genome and expression of certain capsular polysaccharides (serogroups A, B, C, W-135, Y and X) 

and non-capsular antigens. N. meningitidis colonizes mucosal surfaces using a multifactorial 

process involving pili, twitching motility, LOS, opacity associated, and other surface proteins. 

Certain clonal groups have an increased capacity to gain access to the blood, evade innate immune 

responses, multiply, and cause systemic disease. Although new vaccines hold great promise, 

meningococcal infection continues to be reported in both developed and developing countries, 

where universal vaccine coverage is absent and antibiotic resistance increasingly more common.
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1. Introduction

In 1887, Weichselbaum (1) was the first to identify the meningococcus from the 

cerebrospinal fluid (CSF) of a patient with meningitis. Epidemics of meningococcal 

meningitis were first described during the early nineteenth century, in 1805 in Geneva, 

Switzerland by Vieusseux (2), in 1806 in New Bedford, Massachusetts by Danielson and 

Mann (3) and in the early 1900s in the African meningitis belt (4). The meningococcus was 

recognized as a habitant of the nasopharynx of healthy individuals (5), especially seen in the 

setting of military recruits camps (6) at the beginning of the twentieth century. Treatment for 

meningococcal disease included serum therapy introduced in 1913 by Flexner (7) and 

sulfonamides introduced in 1937 (8). The emergence of resistance to sulfonamides (9) in the 

1960s prompted the development of the first vaccines against meningococci (10).

© Springer Science+Business Media, LLC 2012

HHS Public Access
Author manuscript
Methods Mol Biol. Author manuscript; available in PMC 2015 March 04.

Published in final edited form as:
Methods Mol Biol. 2012 ; 799: 1–20. doi:10.1007/978-1-61779-346-2_1.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Despite an understanding of the pathogenesis, the availability of therapeutic and 

prophylactic antibiotics and immunizations against important serogroups, the 

meningococcus remains a leading cause worldwide of bacterial meningitis (11). Invasive 

meningococcal disease results from the interplay of: (1) microbial factors influencing the 

virulence of the organism, (2) environmental conditions facilitating exposure and 

acquisition, and (3) host susceptibility factors favoring bacterial acquisition, colonization, 

invasion, and survival. In the pre-serum therapy and pre-antibiotic eras, 70–85% of 

meningococcal disease cases were fatal; today, the overall mortality rate in invasive 

meningococcal disease still remains high, at between 10 and 15% (12). Meningococcal 

disease is also associated with marked morbidity including limb loss, hearing loss, cognitive 

dysfunction, visual impairment, educational difficulties, developmental delays, motor nerve 

deficits, seizure disorders, and behavioral problems (13). In this chapter, we review the 

biology, microbiology, and epidemiology of the meningococcus.

2. Biology of the Meningococcus

The virulence (14) of N. meningitidis is influenced by multiple factors: capsule 

polysaccharide expression, expression of surface adhesive proteins (outer membrane 

proteins including pili, porins PorA and B, adhesion molecules Opa and Opc), iron 

sequestration mechanisms, and endotoxin (lipooligosaccharide, LOS). N. meningitidis also 

has evolved genetic mechanisms resulting in a horizontal genetic exchange, high frequency 

phase, antigenic variation, and molecular mimicry, allowing the organism to successfully 

adapt at mucosal surfaces and invade the host (14).

2.1. Genetics

Genome sequences for a number of N. meningitidis strains including MC58 (serogroup B, 

ST-32) (15), Z2491 (serogroup A, ST-4) (16), FAM18 (serogroup C, ST-11), and NMB-

CDC (serogroup B, ST-8) have been reported. Based on the sequencing of several genomes, 

the chromosome is between 2.0 and 2.2 megabases in size and contains about 2,000 genes 

(17). Except for the IHT-A1 capsule locus, no specific core pathogenome has been 

identified, suggesting that virulence may be clonal group-dependent. The core 

meningococcal genome that encodes for essential metabolic functions represents about 70% 

of the genome. Large genetic islands are present in different strains and are predicted to 

encode hypothetical surface proteins and virulence factors. The IHT-A1 locus contains the 

genes for capsule biosynthesis and transport, the IHT-A2 locus is predicted to encode an 

ABC transporter and a secreted protein, and the IHT-C locus is predicted to encode 30 open 

reading frames including toxin homologues, a bacteriophage, and potential virulence 

proteins (18).

The meningococcus shares about 90% homology at the nucleotide level with either N. 

gonorrhoeae or N. lactamiea. Mobile genetic elements including IS elements and prophage 

sequences make up to ~10% of the genome. Transfer of DNA occurs between 

meningococci, gonococci, and commensal Neisseria spp. as well as other bacteria (such as 

Haemophilus) (19). Several repetitive sequence and polymorphic regions are present, 

usually in large heterogeneous arrays, suggesting active areas of genetic recombination. 

Another characteristic of the meningococcal genome is the presence of multiple genetic 
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switches (e.g., slipped-strand misparing, IS element movement), contributing to the 

expression of pathogen-associated genes (20). In summary, a central characteristic in the 

evolution of the meningococcus is the plasticity of the genome and the capacity created by 

this plasticity for diversity of phenotype.

2.2. Capsule

N. meningitidis can be either encapsulated or not. However, N. meningitidis strains causing 

invasive disease and isolated from sterile sites such as the blood or the CSF are almost 

always encapsulated. The capsule is essential for the survival of the organism in the blood as 

it provides resistance to antibody/complement-mediated killing and inhibits phagocytosis 

(21). Antibodies directed at capsule play a major part in protection against meningococcal 

disease and capsule forms the basis for licensed polysaccharide (22, 23) and new conjugate-

polysaccharide meningococcal vaccines (24) (except for serogroup B) and for the 

classification of meningococci into serogroups.

The main meningococcal capsular polysaccharides associated with invasive disease are 

composed of sialic acid derivatives, except for the serogroup A capsule, which consists of 

repeating units of N-acetyl-mannosamine-1-phosphate. In N. meningitidis, N-

acetylneuraminic acid (Neu5Ac), unlike in mammalian cells, is synthesized from N-

acetylmannosamine (ManNAc) and phospoenolpyruvate without phosphorylated 

intermediates (25). Neu5Ac is the most common form of sialic acid in humans and plays an 

important role in intercellular and/or intermolecular recognition (26). The incorporation of 

Neu5Ac into meningococcal capsules allows the meningococcus to become less visible to 

the host immune system (27, 28) because of molecular mimicry. The most striking example 

is observed in the serogroup B capsule (29), an α(2–8)-linked sialic acid homopolymer 

identical in structure to the human fetal neural cell-adhesion molecule (NCAM). Such 

identity is responsible for the particularly poor immune response generated against 

serogroup B capsule by humans (30).

Capsular genes are located in a single locus cps within the IHT-Al 24 kb virulence island 

that is divided in three regions A, B, and C (31). Region A contains genes responsible for 

the synthesis and the polymerization of the polysaccharide. Regions B and C contain genes 

responsible for translocation of the polysaccharide from the cytoplasm to the surface. 

“Capsule switching” occurs due to genetic identity of parts of the capsule loci and is the 

result of horizontal exchange by transformation and recombination in the locus of serogroup 

specific capsule biosynthesis genes (32). Capsule switching is another mechanism of escape 

from vaccine-induced or natural protective immunity and a virulence mechanism shown by 

other encapsulated bacterial pathogens (e.g., Streptococcus pneumoniae). For example, the 

emergence of W-135 as a cause of outbreaks in 2000–2002 was due to the spread of W-135 

ET-37 (ST-11) strains closely related to ET-37 (ST-11) serogroup C strains (33, 34). The 

phenomenon of capsule switching (32, 35) has raised concerns about the immune pressure 

that capsule-based vaccination programs may apply. However, so far, capsule switching has 

not caused significant problems after meningococcal conjugate vaccine introduction (36, 

37).
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2.3. Cell Envelope

In gram-negative bacteria, such as N. meningitidis, the subcapsular cell envelope consists of 

an outer membrane (OM), a peptidoglycan layer, and a cytoplasmic or inner membrane (Fig. 

1). The OM has an outside layer primarily composed of lipopolysaccharide (LPS), actually a 

lipooligosaccharide, and proteins and an inside layer composed of phospholipids (38) that 

contains proteins primarily responsible for regulating the flow of nutrients and metabolic 

products. The major phospholipid component of Neisseria membranes consists largely of 

phosphatidylethanolamine (PE), with varying amounts of phosphatidylglycerol (PG), 

cardiolipin (CL), and phosphatidate (PA) (39). The structure of peptidoglycan of different N. 

meningitidis strains consists of a maximum of two layers (40) with different variations in the 

degree of cross-linking and O-acetylation. Typically, the percentage of cross-linking of the 

meningococcal peptidoglycan is around 40%, similar to other gram-negative bacteria (41). 

The O-acetylation of peptidoglycan results in resistance to lysozyme and to other 

muramidases (42). Also, peptidoglycan structures are recognized by components of the 

innate immune system (43).

2.4. Lipopoly saccharide (LPS)

Meningococcal LPS or LOS (endotoxin) (44, 45) plays a role in the adherence of the 

meningococcus (46) and in activation of the innate immune system (47). Meningococcal 

LOS lacks a repeating O-side chain of LPS found in enteric gram-negative bacilli (46). 

Meningococcal LPS consists of three parts (48): lipid A containing hydroxy fatty-acid 

chains and phosphoethanolamine, a core oligosaccharide containing 3-deoxy-D-manno-

oct-2-ulosonic acid (KDO) and heptose residues, and highly variable short oligosaccharides. 

The heptose residues provide linkage to the short oligosaccharide residues of the α-, β-, and 

γ-chains. Meningococcal lipid A, a disaccharide of pyranasol N-acetyl glucosamine 

residues, is responsible for much of the biological activity and toxicity of meningococcal 

endotoxin. Sialic acid can be a terminal component of the α-chain lacto-N-neotetraose and is 

available from endogenous (sialic acid production) or exogenous (host sialic acid at the cell 

surfaces) sources. The α-chain structures of meningococcal LOS can mimic the human I and 

i antigens, an example of host molecular mimicry and immune escape mechanisms (49). 

Phase and antigenic variations (50), leading to different chain oligosaccharide and inner core 

composition, dramatically alter the antigenic properties of LOS and form the basis of the 

classification into different immunotypes (Ll–12) (35, 51). Immunotyping screenings of 

strains from invasive disease and from carriage have indicated that carriage isolates 

commonly expressed shorter structures termed L1 and L8, while invasive isolates were 

characterized by the expression of LOS with long α-chains. Also, ~97% of isolates from a 

serogroup B epidemic reported in England expressed the L3, 7, and 9 (36) immunotype, but 

the immunotypes of carriers were more heterogeneous.

Meningococcal LOS binds to a series of host transfer molecules and receptors on monocytic 

and dendritic cells of the innate immune system, including LPS-binding protein (LBP), 

CD14, and myeloid differentiation protein 2 (MD2), part of the Toll-like receptor 4 (TLR4) 

(52, 53) complex. This triggers the secretion of various cytokines (54) (including IL-6 and 

TNF-α) that at high levels can result in endothelial damage and capillary leakage. There is a 

direct correlation between LPS levels and severity of meningococcal disease (55, 56). LPS 
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also induces the release of chemokines, reactive oxygen species (ROS), and nitric oxide 

(NO). In addition, LOS also plays an important role in resistance to other host defenses. 

Meningococci are resistant to cationic antimicrobial peptides (CAMPs) due to the lipid A 

phosphoethanolamine structures present on lipid A head groups. CAMPs are present in 

macrophages and neutrophils, and occasionally produced by epithelial cells at mucosal 

surfaces. These peptides play an important role in host defense against microbial infection 

and are key components of the innate immune responses through their nonoxidative killing 

action and their signaling functions.

2.5. Adhesins

Acquisition of meningococci through exposure to respiratory secretions and attachment on 

human upper respiratory mucosal surfaces by N. meningitidis are the first steps in 

establishing a human carrier state and invasive meningococcal disease. Meningococcal 

carriage occurs in 8–25% (57–59) of the human population with adolescents being the major 

reservoir. Duration of carriage can vary from days to several months. Meningococcal 

transmission among humans occurs largely through large respiratory droplets; the 

acquisition may be asymptomatic or may result in local inflammation. Invasive disease 

usually occurs 1–14 days after acquisition. Multiple structures, termed major and minor 

adhesions, facilitate meningococcal adherence.

2.5.1. Major Adhesins—Pili: The adhesive properties of capsulate N. meningitidis are 

mediated by pili (60), which extend several thousand nm beyond the capsule and initiate 

binding to epithelial cells (61). Twitching motility generated by pilus retraction is important 

for passage through the epithelial mucus layer, movement over epithelial surfaces, and 

microcolony formation (62). Piliated meningococci attach to human nasopharyngeal cells 

(63) in greater numbers when compared to meningococci devoid of pili. In addition, pili are 

involved in facilitating the uptake of DNA by meningococci (64) and also enable adherence 

to endothelial cells and erythrocytes. Meningococcal pili (60) are composed of two major 

pilin families and undergo both phase and antigenic variation. Neisserial pili can undergo 

posttranscriptional modifications such as pilin glycosylation (65). Glycosylation (66) may 

promote secretion of the soluble pilin units that compete for both anti-pili antibodies and 

host cell receptors allowing protection of the organism.

Opacity proteins: N. meningitidis strains commonly express two types of OM opacity 

proteins, Opa and Opc. While Opc is only expressed by N. meningitidis and encoded by a 

single gene, Opa proteins are expressed by both meningococci and gonococci, and encoded 

by multiple genes. Opa expression is subject to antigenic and phase variation and certain 

Opa types may predominate in clinical isolates due to their adhesion/virulence properties 

(67). Opa interacts with multiple members of the CEACAM (carcinoembryonic antigen-

related cell-adhesion molecule) family (68); during inflammation high levels of CEACAM 

are expressed, facilitating Opa interactions and therefore cellular attachment and invasion. 

Both Opa and Opc (69) also interact with cell-surface associated HSPGs (heparan sulfate 

proteoglycans) (70).
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2.5.2. MinorAdhesins—These molecules are often expressed at low levels in vitro, but 

may be upregulated in vivo; their potential roles in pathogenesis are not fully defined. 

Examples of minor adhesins include NadA (neisserial adhesinA), NhhA (Neisseria hia 

homologue A), App (adhesion and penetration protein), and MspA (meningococcal serine 

protease A) (71).

2.6. Other Molecules

Iron-binding proteins enable meningococci to acquire iron, a crucial growth factor during 

colonization and disease (72, 73). Meningococcal iron-acquiring proteins include HmbR 

(hemoglobin), TbpA and TbpB (transferrin), HbpA and HbpB (lactoferrin), HpnA and 

HpnB (hemoglobin-haptoglobin complex), and possible siderophore homologues.

N. meningitidis expresses two distinct porins, PorA and PorB, through which small 

hydrophilic nutrients diffuse into the bacterium via cation or anion selection. OM porins are 

also involved in host cell interactions and as targets for bactericidal antibodies (74). PorB is 

the major OM porin that inserts in membranes, induces Ca2+ influx and activates TLR2 and 

cell apoptosis (75). PorA is a major component of OM vesicle-based vaccines and a target 

for bactericidal antibodies (76). Of note, with no universal vaccine for serogroup such as 

PorA and in other proteins B, there is a particular interest in non-capsular OM antigens 

identified as vaccine targets through several experimental approaches including “reverse 

vaccinology” (77).

3. Microbiology of the Meningococcus

N. meningitidis is a gram-negative β proteobacterium and member of the bacterial family of 

Neisseriaceae. N. meningitidis is a fastidious bacterium, dying within hours on inanimate 

surfaces, and is either an encapsulated or unencapsulated, aerobic diplococcus with a 

“kidney” or “coffee-bean” shape (Fig. 2). Optimal growth for the organism occurs at 35–37 

°C with 5–10% (v/v) carbon dioxide. The organism grows on different media such as blood 

agar, trypticase soy agar, supplemented chocolate agar, and Mueller-Hinton agar. N. 

meningitidis colonies on blood agar are grayish, nonhemolytic, round, convex, smooth, 

moist, and glistening with a clearly defined edge. N. meningitidis, however, tends to undergo 

rapid autolysis in stationary phase. Colonies are positive by the oxidase test and the result is 

confirmed with carbohydrate reactions (meningococci oxidize glucose and usually maltose, 

but not sucrose and lactose).

3.1. Classification

Meningococci are classified according to serological typing (78, 79) and serogrouping is the 

traditional approach. Further classification into serosubtype, serotype, and immunotype is 

based on PorA, PorB, and LOS structure, respectively (13). At least 13 distinct 

meningococcal groups have been defined on the basis of their immunological reactivity and 

structure of the capsule’s polysaccharide (80). These serogroups are the following: A, B, C, 

E-29, H, I, K, L, W-135, X, Y, Z, and Z’ (29E). Only six serogroups (A, B, C, W-135, X, Y) 

cause life-threatening disease. Serogroup identification is done by slide agglutination or 
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polymerase chain reaction (PCR) assays, while other meningococcal typing is performed 

using monoclonal antibodies (mAbs), PCR, and DNA sequencing (81).

3.2. Molecular Typing

Molecular typing is now the preferred approach for identifying clonal groups, closely related 

strains, strains with the potential to cause outbreaks, and in predicting vaccine coverage and 

understanding the genome of N. meningitidis. Molecular typing has used multiple techniques 

(82) including pulsed-field gel electrophoresis (PFGE) (83), multilocus enzyme 

electrophoresis (MLEE) (84), multilocus sequence typing (MLST) (85), and PCR (86). 

Currently, MLST is the gold standard for molecular typing (85) and classifies 

meningococcal strains into different STs (sequence types) based upon polymorphisms in 

seven housekeeping genes. Many meningococcal STs have been identified, which are 

independent of the serogroup. Of these, some are disproportionately associated with disease 

relative to carriage levels and so have been termed hyperinvasive lineages (87). Multilocus 

and antigen sequence typing data are assembled in large databases accessible via the internet 

(81).

3.3. Antimicrobial Susceptibility

Antimicrobial susceptibility testing of N. meningitidis should not be performed by disk 

diffusion, but by either minimal inhibitory concentration (MIC) determination by broth 

microdilution, or by use of the Etest® strip. To date, antibiotic resistance except for 

sulfonamides is relatively uncommon in the meningococcus. However, emergence of 

ciprofloxacin resistant strains (88) was recently observed and a decrease in penicillin 

susceptibility has been seen with some strains. Laboratory personnel at risk for exposure to 

aerosolized N. meningitidis should ensure their protective vaccination status is current, and 

they should work in a biological safety cabinet. Researchers who manipulate invasive N. 

meningitidis isolates in a manner that could induce aerosolization or droplet formation (i.e., 

plating, subculturing and serogrouping) on an open bench top and in the absence of effective 

protection from droplets or aerosols should consider antimicrobial chemoprophylaxis.

3.4. Metabolism

Very little direct work on the metabolism of the meningococcus has been carried out in the 

past 25 years. In 2007, Bart et al (89) screened the genome of MenB for open reading frames 

(ORFs) that code for enzymes present in the primary metabolism, yielding a genome-scale 

metabolic network (90, 91). Their genome-scale flux model was verified using flux balance 

analysis. According to the model, glucose can be completely catabolized mainly through the 

Entner-Douderoff pathway (ED), but also through the pentose phosphate pathway (PP), but 

not the Embden-Meyerhof-Parnas glycolytic pathway (EMP). The ED cleavage synthesizes 

the major part of pyruvate (67–87%) (92) and the PP pathway accounts for the remainder. N. 

meningitidis requires glucose, pyruvate, or lactate as sole carbon source (93) with a certain 

level of environmental CO2 tension to initiate growth (94). During cultivation on any of the 

carbon sources, secretion of acetate into the medium occurs (95). Studies on lactate 

utilization showed that lactate can be utilized by different meningococcal lactate 

dehydrogenases (LDH) (96). All biochemical pathways for amino acid synthesis in N. 
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meningitidis are available (97). Reduced sulfur in the form of cysteine, cystine, or 

thiosulfate is required by the meningococcus for growth (98).

4. Epidemiology of the Meningococcus

Meningococcal infection is a global but not uniform problem occurring as sporadic, hyper-

sporadic, and epidemic disease (Fig. 3). There are an estimated 1.2 million cases of 

meningococcal infection per year, with a death toll of ~135,000 worldwide. Disease patterns 

vary widely over time and between geographical areas, age groups, and bacterial serogroups. 

Most disease is caused by a few genetically defined clonal complexes of N. meningitidis that 

can emerge and spread worldwide (85).

4.1. Geographical Areas

1. United States: large serogroup A outbreaks occurred in the US during the first part 

of the twentieth century, but since the 1950s serogroup A meningococcal disease 

outbreaks disappeared in the USA as well as other industrialized countries (13) for 

unknown reasons. In the USA, the attack rate is now less than one case per 100,000 

per year. During the 10-year period of 1998–2007 and according to the Active 

Bacterial Core surveillance (ABCs), the annual incidence decreased by 64.1%, 

from 0.92 cases per 100,000 in 1998 to 0.33 cases per 100,000 in 2007 with an 

average of 0.53 cases per 100,000 per year (99). A decrease in racial disparities was 

observed as well. The decrease in rates could not be readily explained by a change 

in environmental factors, such as smoking (100) and crowding, which are known to 

be risk factors for meningococcal disease. The decrease in rates was observed prior 

to implementation of the quadrivalent (serogroups A, C, Y, and W-135) 

meningococcal conjugate vaccine in 2005 in the USA, which for several reasons 

had low vaccine uptake in the early years, 11.4% uptake in 2006 and 32.4% uptake 

in 2007 (99). Infants aged <1 year have the highest incidence of meningococcal 

disease (5.38 cases per 100,000) (99), and a quadrivalent meningococcal vaccine is 

now recommended in the US for children 9 months to two years at increased risk of 

meningococcal disease. Today, serogroups C (101), Y (since the mid 1990s) and B 

cause most disease in the USA (102).

2. Europe: the attack rates (≥2 per 100,000 per year) in Europe have been higher than 

those observed in the USA. In the United Kingdom, rates of 5 per 100,000 per year 

prompted universal vaccination against serogroup C (103). In 1999, the UK was the 

first country to introduce serogroup C meningococcal conjugate vaccines to control 

the growing burden of serogroup C disease. This program has been very successful 

in reducing the incidence of serogroup C meningococcal disease in vaccinated 

persons (104). A major attribute of these vaccines was their reduction of serogroup 

C meningococcal carriage, leading to a decrease in the incidence of serogroup C 

meningococcal disease in the unvaccinated population as a result of herd immunity 

(105). With the success of the serogroup C immunization campaign in the UK, 

around 90% of remaining cases of invasive meningococcal disease in that country 

are now caused by serogroup B. The success of this program led to the subsequent 
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introduction of meningococcal conjugate vaccines into routine immunization 

programs in other European countries (106), as well as Canada and Australia.

3. Africa: the term “meningitis belt” was defined by Lapeyssonnie (107) in 1963 

when he described the sub-Saharan region from Ethiopia to Senegal, which 

includes 18 countries with more than 270 million people. The “meningitis belt” is 

characterized by periodic large epidemics of predominantly meningococcal 

meningitis. Epidemics occur every 8–10 years and began around 1905. The reasons 

for development and persistence of these outbreaks are not well understood, but 

environmental factors such as humidity and dust contribute (108, 109). 

Meteorological data may provide early warning for an impending epidemic (110) in 

the belt. While the peak of meningococcal disease coincides with respiratory viral 

illnesses (111, 112) during winter months in developed countries, meningococcal 

disease in Africa occurs in the dry season (109). However, mycoplasma infections 

have been associated with African outbreaks. Rates vary from 20 to 1,000 per 

100,000 depending on the year and the presence or absence of epidemics.

4. Latin America: the epidemiology of meningococcal disease in Latin America is 

characterized by marked differences between countries (113). The overall incidence 

of meningococcal disease per year varies from less than 0.1 case per 100,000 in 

countries like Mexico to 2 cases per 100,000 in Brazil and Chile with major 

outbreaks. Serogroup A is rare in Latin America and most cases are due to 

serogroups B and C, with serogroups W-135 and Y now emerging in certain 

countries (e.g., serogroup Y was the most prevalent serogroup causing disease in 

Columbia and Venezuela in 2006).

5. Asia: large outbreaks of serogroup A have historically occurred in China (114), 

Nepal, India, and Russia but have recently been replaced by localized disease due 

to serogroups B and C. The incidence in Japan since WWII has fallen to very low 

levels, ~0.1 case per 100,000. Serogroups B and C are dominant now in Australia 

with a prolonged serogroup B epidemic in New Zealand occurring in the 1990s.

4.2. Meningococcal Serogroups

Most of the cases of meningococcal disease worldwide are caused by six serogroups (A, B, 

C, Y, W-135 and recently, in sub-Saharan Africa, X). Serogroup A has been responsible for 

the largest and most devastating meningococcal outbreaks in sub-Saharan Africa (115). In 

the largest meningococcal epidemic outbreak recorded in 1996–1997 in Africa, an estimated 

300,000 cases and 30,000 deaths occurred in the meningitis belt due to serogroup A 

infection. Serogroup A was the cause of most meningococcal disease in the first part of the 

twentieth century in developed countries, but is now rare in the US and Europe.

Serogroup B is typically associated with a lower incidence of disease when compared to 

serogroup A or C, but prolonged outbreaks of serogroup B disease cause significant 

morbidity and mortality. Currently, serogroup B is the most important cause of endemic 

disease in developed countries, causing 30–40% of disease in the US and up to 80% in 

Europe. Serogroup B polysaccharide is poorly immunogenic (116), but serosubtype-specific 

vaccines have been developed for countries such as Cuba, New Zealand, and Norway that 
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have experienced prolonged epidemic serogroup B disease. These vaccines are based on 

strain-specific OM vesicle (OMV) preparations (PorA major target) and were successful in 

reducing the incidence of local serogroup B outbreaks (117, 118). In New Zealand, the 

incidence of meningococcal disease increased from 1.6 cases per 100,000 population in 

1990 to a peak of 17.4 cases per 100,000 population in 2001, with 85% of cases due to 

serogroup B. An OMV vaccine against the epidemic strain was introduced in 2004. The 

incidence decreased to 2.6 cases per 100,000 population by 2007, and the estimated 

effectiveness of the vaccine was 80% in fully immunized children aged 6 months to 15 years 

(119). Broadly protective vaccines that prevent both endemic and epidemic serogroup B 

disease, however, remain a major need worldwide.

Serogroup C is responsible for part of the reported endemic disease and localized epidemic 

outbreaks in developed countries, accounting for 30% of disease in the US (101) and 

Europe. Serogroup C has occasionally caused large epidemics. Serogroup Y has emerged in 

the US and caused more than a quarter of the disease due to meningococci in the US in the 

last decade (102). Compared with the early-1990s, when the proportion of serogroup Y 

cases was 2% during 1989–1991, the rates increased to 32.6% in 1996 (102) and serogroup 

Y still caused 26% of meningococcal disease cases in 2007 (99). Serogroup Y causes 

meningococcal pneumonia in older adults, but is also responsible for a large proportion of 

meningococcaemia and meningitis among infants less than 6 months of age (99). Serogroup 

Y has also been seen recently in South Africa, South America, and Israel.

Serogroup W-135 has emerged in the last 20 years as a cause of epidemic disease and like 

serogroup A previously, it has been also important especially in relationship to the Hajj 

pilgrimage (120). Since the 1990s, W-135 meningococcal infection has affected the health 

of these travelers to Saudi Arabia and their contacts in countries throughout the world (121–

123). Saudi authorities require Hajj pilgrims to show evidence of immunization with the 

tetrava-lent meningococcal vaccines (A, C, W-135 and Y) and not just with mono- or 

bivalent meningococcal vaccines. Serogroup W-135 has also emerged in South America 

(124) and in Africa; Burkina Faso (125–128) in particular witnessed a large outbreak of 

serogroup W-135 infection in 2002. Serogroup X has recently been found responsible for 

meningococcal cases and outbreaks in certain African countries such as Kenya (129), Niger 

(130), and Ghana (131).

4.3. Age Groups

The meningococcus remains a common cause of bacterial meningitis in children and young 

adults in the USA (132), now mostly affecting children less than 2 years of age (102, 133). 

Two-thirds of meningococcal disease in the first year of life in the US occurs in infants less 

than 6 months of age (134). Worldwide, the rates of meningococcal disease are also highest 

for young children due to waning protective maternal antibody, but in epidemic outbreaks, 

older children and adolescents can have high rates of disease. Fifty percent of cases in 

infants in the US are due to serogroup B; serogroup C is mostly seen in adolescents and 

serogroups B and Y in older adults. Even though peak incidence occurs among infants and 

adolescents; one-third to one-half of sporadic cases are seen in adults older than 18 years.
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4.4. Clonal Complexes

The advances in molecular typing have created a better understanding of the epidemiology 

and population biology of the meningococcus. The genetic diversity of the meningococcus, 

even though extensive, is highly structured. Groups of genetically closely related 

meningococci are grouped into clonal complexes. A minority of clonal complexes, the so-

called hyperinvasive lineages, are relatively stable with life spans of many decades and with 

global geographic spread (135). The hyperinvasive lineages are responsible for a 

disproportionate number of cases of disease with specific phenotype features (Table 1). 

While the ST-1, ST-4, and ST-5 complexes are restricted nearly exclusively to strains of 

serogroup A, other clonal complexes, like the ST-11 complex, may be associated with 

various serogroups. For example, the emergence of W-135 as a cause of outbreaks in 2000–

2002 was the result of the spread of W-135, ST-11 strains closely related to the ST-11 

serogroup C strains. Other “virulent” clonal complexes include the ST-269 complex, a 

significant cause of serogroup B disease since the 1990s in the UK and now recognized 

worldwide; the ST-8, ST-32, and ST41/44 complexes associated with serogroup B 

worldwide; the ST-23 complex associated with serogroup Y disease in the US and now in 

other countries.

5. Conclusions

The human species is the only natural host for the meningococcus. The meningococcus has 

evolved multiple mechanisms to be able to transmit from, adapt to, and colonize 

predominantly human upper respiratory tract mucosal surfaces. Certain clonal groups of 

meningococci have also evolved the capacity (e.g., expression of certain capsular 

polysaccharides) to cause invasive disease. N. meningitidis remains a global threat causing 

sporadic cases, case clusters, epidemics, and pandemics, although new conjugate and 

protein-based vaccines hold great promise and are already influencing the incidence of 

meningococcal disease.
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Fig. 1. 
Cross-sectional view of the meningococcal cell membrane. (Copyright© 2001 

Massachusetts Medical Society. All rights reserved).
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Fig. 2. 
Intracellular gram-negative diplococci and leukocytes in the CSF from a patient with 

meningococcal meningitis. The arrow denotes diplococci in proximity and within 

leukocytes. (Copyright© 2001 Massachusetts Medical Society. All rights reserved).

Rouphael and Stephens Page 19

Methods Mol Biol. Author manuscript; available in PMC 2015 March 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Worldwide serogroup distribution of invasive meningococcal disease. (FEMS Microbiol 

Rev; used with permission).
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