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N. meningitidis has evolved as an effective colonizer of the human
nasopharynx, with asymptomatic infection rates of >25% described in
some series of adolescents and young adults and among residents of
crowded communities. Point-prevalence studies reveal widely divergent rates of carriage for different types of meningococci. This variation suggests that some types may be adapted to a short duration of
carriage with frequent transmission to maintain the population, while
others may be less efficiently transmitted but may overcome this disadvantage by colonizing for a long period. Despite the high rates of carriage among adolescents and young adults, only ~10% of adults carry
meningococci, and colonization is very rare in early childhood. Many
of the same factors that increase the risk of meningococcal disease also
increase the risk of carriage, including smoking, crowding, and respiratory viral infection. Colonization of the nasopharynx involves a series
of interactions of meningococcal adhesins (e.g., Opa proteins and pili)
with their ligands on the epithelial mucosa. N. meningitidis produces
an IgA1 protease that is likely to reduce interruption of colonization
by mucosal IgA.
Colonization should be considered the normal state of meningococcal infection, with an increased risk of invasion being the unfortunate consequence (for both host and organism) of adaptations of
hyperinvasive meningococcal lineages. The meningococcal capsule
is an important virulence factor: acapsular strains only very rarely
cause invasive disease. The capsule provides resistance to phagocytosis
and may be important in preventing desiccation during transmission
between hosts. Antigenic diversity in surface structures and an ability
to vary levels of their expression have probably evolved as important
factors in maintaining meningococcal populations within and between
individual hosts.
Invasion through the mucosa into the blood occurs rarely, usually
within a few days of acquisition of an invasive strain by a susceptible
individual. Only occasional cases of prolonged colonization prior to
invasion have been documented. Once the organism is in the bloodstream, its growth may be limited if the individual is partially immune,
although bacteremia may allow seeding of another site, such as the
meninges or the joints. Alternatively, unchecked proliferation may
continue, resulting in high bacterial counts in the circulation. During
growth, meningococci release blebs of outer membrane (Fig. 180-1)
containing outer-membrane proteins and LPS. Endotoxin binds cellbound CD14 in association with TLR4 to initiate an inflammatory
cascade with the release of high levels of various mediators, including
tumor necrosis factor (TNF) α, soluble TNF receptor, interleukin (IL)
1, IL-1 receptor antagonist, IL-1β, IL-6, IL-8, IL-10, plasminogenactivator inhibitor 1 (PAI-1), and leukemia inhibitory factor. Soluble
CD14-bound endotoxin acts as a mediator of endothelial activation.
The severity of meningococcal disease is related both to the levels of
endotoxin in the blood and to the magnitude of the inflammatory
response. The latter is determined to some extent by polymorphisms in
the inflammatory response genes (and their inhibitors), and the release
of the inflammatory cascade heralds the development of meningococcal septicemia (meningococcemia). Endothelial injury is central to
many clinical features of meningococcemia, including increased vascular permeability, pathologic changes in vascular tone, loss of thromboresistance, intravascular coagulation, and myocardial dysfunction.
Endothelial injury leads to increased vascular permeability (attributed
to loss of glycosaminoglycans and endothelial proteins), with subsequent gross proteinuria. Leakage of fluid and electrolytes into the tissues from capillaries (“capillary leak syndrome”) leads to hypovolemia,
tissue edema, and pulmonary edema. Initial compensation results in
vasoconstriction and tachycardia, although cardiac output eventually
falls. While resuscitation fluids may restore circulating volume, tissue
edema will continue to increase, and, in the lung, the consequence may
be respiratory failure.
Intravascular thrombosis (caused by activation of procoagulant
pathways in association with upregulation of tissue factor on the
endothelium) occurs in some patients with meningococcal disease and
results in purpura fulminans and infarction of areas of skin or even
of whole limbs. At the same time, multiple anticoagulant pathways
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are downregulated through loss of endothelial thrombomodulin and
protein C receptors and decreases in levels of antithrombin III, protein
C, protein S, and tissue factor pathway inhibitor. Thrombolysis is also
profoundly impaired in meningococcal sepsis through the release of
high levels of PAI-1.
Shock in meningococcal septicemia appears to be attributable to
a combination of factors, including hypovolemia, which results from
the capillary leak syndrome secondary to endothelial injury, and myocardial depression, which is driven by hypovolemia, hypoxia, metabolic derangements (e.g., hypocalcemia), and cytokines (e.g., IL-6).
Decreased perfusion of tissues as a result of intravascular thrombosis,
vasoconstriction, tissue edema, and reduced cardiac output in meningococcal septicemia can cause widespread organ dysfunction, including renal impairment and—later in the disease—a decreased level of
consciousness due to central nervous system involvement.
Bacteria that reach the meninges cause a local inflammatory
response—with release of a spectrum of cytokines similar to that seen
in septicemia—that presents clinically as meningitis and is thought to
determine the severity of neuronal injury. Local endothelial injury may
result in cerebral edema and rapid onset of raised intracranial pressure
in some cases.
CLINICAL MANIFESTATIONS
As discussed above, the most common form of infection with N. meningitidis is asymptomatic carriage of the organism in the nasopharynx.
Despite the location of infection in the upper airway, meningococcal
pharyngitis is rarely reported; however, upper respiratory tract symptoms are common prior to presentation with invasive disease. It is
not clear whether these symptoms relate to preceding viral infection
(which may promote meningococcal acquisition) or to meningococcal
acquisition itself. After acquiring the organism, susceptible individuals
develop disease manifestations in 1–10 days (usually <4 days, although
colonization for 11 weeks has been documented).
Along the spectrum of presentations of meningococcal disease, the
most common clinical syndromes are meningitis and meningococcal
septicemia. In fulminant cases, death may occur within hours of the
first symptoms. Occult bacteremia is also recognized and, if untreated,
progresses in two-thirds of cases to focal infection, including meningitis or septicemia. Meningococcal disease may also present as pneumonia, pyogenic arthritis or osteomyelitis, purulent pericarditis, endoph‑
thalmitis, conjunctivitis, primary peritonitis, or (rarely) urethritis.
Perhaps because it is difficult to diagnose, pneumococcal pneumonia
is not commonly reported but is associated with serogroups Y, W, and
Z and appears most often to affect individuals >10 years of age.
Rash A nonblanching rash (petechial or purpuric) develops in >80%
of cases of meningococcal disease; however, the rash is often absent
early in the illness. Usually initially blanching in nature (macules, maculopapules, or urticaria) and indistinguishable from more common
viral rashes, the rash of meningococcal infection becomes petechial or
frankly purpuric over the hours after onset. In the most severe cases,
large purpuric lesions develop (purpura fulminans). Some patients
(including those with overwhelming sepsis) may have no rash. While
petechial rash and fever are important signs of meningococcal disease,
fewer than 10% of children (and, in some clinical settings, fewer than
1% of patients) with this presentation are found to have meningococcal disease. Most patients presenting with a petechial or purpuric rash
have a viral infection (Table 180-2). The skin lesions exhibit widespread endothelial necrosis and occlusion of small vessels in the dermis
and subcutaneous tissues, with a neutrophilic infiltrate.
Meningitis Meningococcal meningitis commonly presents as nonspecific manifestations, including fever, vomiting, and (especially in
infants and young children) irritability, and is indistinguishable from
other forms of bacterial meningitis unless there is an associated petechial or purpuric rash, which occurs in two-thirds of cases. Headache
is rarely reported in early childhood but is more common in later
childhood and adulthood. When headache is present, the following
features, in association with fever or a history of fever, are suggestive of bacterial meningitis: neck stiffness, photophobia, decreased
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