886 Staphylococcus aureus, Haemophilus sp., and Enterobacteriaceae.
Meningitis complicating endocarditis may be due to viridans streptococci, S. aureus, Streptococcus bovis, the HACEK group (Haemophilus
sp., Actinobacillus actinomycetemcomitans, Cardiobacterium hominis,
Eikenella corrodens, Kingella kingae), or enterococci.
Group B Streptococcus, or Streptococcus agalactiae, was previously
responsible for meningitis predominantly in neonates, but it has been
reported with increasing frequency in individuals >50 years of age,
particularly those with underlying diseases.
L. monocytogenes (Chap. 176) is an increasingly important cause
of meningitis in neonates (<1 month of age), pregnant women, individuals >60 years, and immunocompromised individuals of all ages.
Infection is acquired by ingesting foods contaminated by Listeria.
Foodborne human listerial infection has been reported from contaminated coleslaw, milk, soft cheeses, and several types of “ready-to-eat”
foods, including delicatessen meat and uncooked hotdogs.
The frequency of H. influenzae type b (Hib) meningitis in children
has declined dramatically since the introduction of the Hib conjugate
vaccine, although rare cases of Hib meningitis in vaccinated children
have been reported. More frequently, H. influenzae causes meningitis
in unvaccinated children and older adults, and non-b H. influenzae is
an emerging pathogen.
S. aureus and coagulase-negative staphylococci (Chap. 172) are
important causes of meningitis that occurs following invasive neurosurgical procedures, particularly shunting procedures for hydrocephalus, or as a complication of the use of subcutaneous Ommaya
reservoirs for administration of intrathecal c hemotherapy.

PART 8
Infectious Diseases

PATHOPHYSIOLOGY
The most common bacteria that cause
meningitis, S. pneumoniae and N. meningitidis, initially colonize the nasopharynx
by attaching to nasopharyngeal epithelial cells. Bacteria are transported across
epithelial cells in membrane-bound
vacuoles to the intravascular space or
invade the intravascular space by creating separations in the apical tight junctions of columnar epithelial cells. Once
in the bloodstream, bacteria are able to
avoid phagocytosis by neutrophils and
classic complement-mediated bactericidal activity because of the presence
of a polysaccharide capsule. Bloodborne
bacteria can reach the intraventricular
choroid plexus, directly infect choroid
plexus epithelial cells, and gain access
to the CSF. Some bacteria, such as S.
pneumoniae, can adhere to cerebral capillary endothelial cells and subsequently
migrate through or between these cells
to reach the CSF. Bacteria are able to
multiply rapidly within CSF because of
the absence of effective host immune
defenses. Normal CSF contains few white
blood cells (WBCs) and relatively small
amounts of complement proteins and
immunoglobulins. The paucity of the
latter two prevents effective opsonization of bacteria, an essential prerequisite
for bacterial phagocytosis by neutrophils. Phagocytosis of bacteria is further
impaired by the fluid nature of CSF,
which is less conducive to phagocytosis
than a solid tissue substrate.
A critical event in the pathogenesis of
bacterial meningitis is the inflammatory
reaction induced by the invading bacteria.
Many of the neurologic manifestations
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and complications of bacterial meningitis result from the immune
response to the invading pathogen rather than from direct bacteriainduced tissue injury. As a result, neurologic injury can progress even
after the CSF has been sterilized by antibiotic therapy.
The lysis of bacteria with the subsequent release of cell-wall components into the subarachnoid space is the initial step in the induction of
the inflammatory response and the formation of a purulent exudate in
the subarachnoid space (Fig. 164-2). Bacterial cell-wall components,
such as the lipopolysaccharide (LPS) molecules of gram-negative bacteria and teichoic acid and peptidoglycans of S. pneumoniae, induce
meningeal inflammation by stimulating the production of inflammatory cytokines and chemokines by microglia, astrocytes, monocytes,
microvascular endothelial cells, and CSF leukocytes. In experimental
models of meningitis, cytokines including tumor necrosis factor
alpha (TNF-α) and interleukin 1β (IL-1β) are present in CSF within
1–2 h of intracisternal inoculation of LPS. This cytokine response is
quickly followed by an increase in CSF protein concentration and
leukocytosis. Chemokines (cytokines that induce chemotactic
migration in leukocytes) and a variety of other proinflammatory cytokines are also produced and secreted by leukocytes and tissue cells that
are stimulated by IL-1β and TNF-α. In addition, bacteremia and the
inflammatory cytokines induce the production of excitatory amino
acids, reactive oxygen and nitrogen species (free oxygen radicals, nitric
oxide, and peroxynitrite), and other mediators that can induce death of
brain cells, especially in the dentate gyrus of the hippocampus.
Much of the pathophysiology of bacterial meningitis is a direct consequence of elevated levels of CSF cytokines and chemokines. TNF-α and
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Figure 164-2 The pathophysiology of the neurologic complications of bacterial meningitis.
CSF, cerebrospinal fluid; SAS, subarachnoid space.
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