such as N. meningitidis, E. coli K1, and group B streptococci, have
a propensity to cause meningitis, but this generalization has many
exceptions. For example, all recognized serotypes of group B streptococci contain sialic acid in their capsules, but only one serotype
(III) is responsible for most cases of group B streptococcal meningitis. Moreover, both H. influenzae and S. pneumoniae can readily
cause meningitis, but these organisms do not have sialic acid in their
capsules.
TISSUE DAMAGE AND DISEASE
Disease is a complex phenomenon resulting from tissue invasion
and destruction, toxin elaboration, and host response. Viruses cause
much of their damage by exerting a cytopathic effect on host cells and
inhibiting host defenses. The growth of bacterial, fungal, and protozoal
parasites in tissue, which may or may not be accompanied by toxin
elaboration, can compromise tissue function and lead to disease. For
some bacterial and possibly some fungal pathogens, toxin production
is one of the best-characterized molecular mechanisms of pathogenesis, while host factors such as IL-1, TNF-α, kinins, inflammatory proteins, products of complement activation, and mediators derived from
arachidonic acid metabolites (leukotrienes) and cellular degranulation
(histamines) readily contribute to the severity of disease.

Bacterial Toxins Among the first infectious diseases to be understood
were those due to toxin-elaborating bacteria. Diphtheria, botulism,
and tetanus toxins are responsible for the diseases associated with
local infections due to Corynebacterium diphtheriae, Clostridium botulinum, and Clostridium tetani, respectively. Clostridium difficile is an
anaerobic gram-positive organism that elaborates two toxins, A and
B, responsible for disruption of the intestinal mucosa when organism numbers expand in the intestine, leading to antibiotic-associated
diarrhea and potentially to pseudomembranous colitis. Enterotoxins
produced by E. coli, Salmonella, Shigella, Staphylococcus, and

Endotoxin The lipid A portion of gram-negative LPS has potent
biologic activities that cause many of the clinical manifestations of
gram-negative bacterial sepsis, including fever, muscle proteolysis,
uncontrolled intravascular coagulation, and shock. The effects of lipid
A appear to be mediated by the production of potent cytokines due to
LPS binding to CD14 and signal transduction via TLRs, particularly
TLR4. Cytokines exhibit potent hypothermic activity through effects
on the hypothalamus; they also increase vascular permeability, alter
the activity of endothelial cells, and induce endothelial-cell procoagulant activity. Numerous therapeutic strategies aimed at neutralizing the
effects of endotoxin are under investigation, but so far the results have
been disappointing. It has been suggested that this lack of success may
be due to substantial differences between mouse and human inflammatory responses to factors such as endotoxin; thus drugs developed
in mouse models of infection may not be applicable to the human
response.
Invasion Many diseases are caused primarily by pathogens growing
in tissue sites that are normally sterile. Pneumococcal pneumonia is
mostly attributable to the growth of S. pneumoniae in the lung and
the attendant host inflammatory response, although specific factors
that enhance this process (e.g., pneumolysin) may be responsible
for some of the pathogenic potential of the pneumococcus. Disease
that follows bloodstream infection and invasion of the meninges by
meningitis-producing bacteria such as N. meningitidis, H. influenzae,
E. coli K1, and group B streptococci appears to be due solely to the
ability of these organisms to gain access to these tissues, multiply in
them, and provoke cytokine production leading to tissue-damaging
host inflammation.
Specific molecular mechanisms accounting for tissue invasion by
fungal and protozoal pathogens are less well described. Except for
studies pointing to factors like capsule and melanin production by
C. neoformans and possibly levels of cell wall glucans in some pathogenic fungi, the molecular basis for fungal invasiveness is not well
defined. Melanism has been shown to protect the fungal cell against
death caused by phagocyte factors such as nitric oxide, superoxide,
and hypochlorite. Morphogenic variation and production of proteases
(e.g., the Candida aspartyl proteinase) have been implicated in fungal
invasion of host tissues.
If pathogens are to effectively invade host tissues (particularly
the blood), they must avoid the major host defenses represented
by complement and phagocytic cells. Bacteria most often elude
these defenses through their surface polysaccharides—either capsular
polysaccharides or long O-side-chain antigens characteristic of the
smooth LPS of gram-negative bacteria. These molecules can prevent
the activation and/or deposition of complement opsonins or can limit
the access of phagocytic cells with receptors for complement opsonins
to these molecules when they are deposited on the bacterial surface
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Viral Disease Viral pathogens are well known to inhibit host immune
responses by a variety of mechanisms. Immune responses can be affected
by decreasing production of most major histocompatibility complex
molecules (adenovirus E3 protein), by diminishing cytotoxic T cell recognition of virus-infected cells (Epstein-Barr virus EBNA1 antigen and
cytomegalovirus IE protein), by producing virus-encoded complement
receptor proteins that protect infected cells from complement-mediated
lysis (herpesvirus and vaccinia virus), by making proteins that interfere with the action of IFN (influenza virus and poxvirus), and by
elaborating superantigen-like proteins (mouse mammary tumor virus
and related retroviruses and the rabies nucleocapsid). Superantigens
activate large populations of T cells that express particular subsets of
the T cell receptor β protein, causing massive cytokine release and
subsequent host reactions. Another molecular mechanism of viral
virulence involves the production of peptide growth factors for host
cells, which disrupt normal cellular growth, proliferation, and differentiation. In addition, viral factors can bind to and interfere with
the function of host receptors for signaling molecules. Modulation of
cytokine production during viral infection can stimulate viral growth
inside cells with receptors for the cytokine, and virus-encoded cytokine homologues (e.g., the Epstein-Barr virus BCRF1 protein, which
is highly homologous to the immunoinhibitory IL-10 molecule) can
potentially prevent immune-mediated clearance of viral particles.
Viruses can cause disease in neural cells by interfering with levels of
neurotransmitters without necessarily destroying the cells, or they may
induce either programmed cell death (apoptosis) to destroy tissues or
inhibitors of apoptosis to allow prolonged viral infection of cells. For
infection to spread, many viruses must be released from cells. In a
newly identified function, viral protein U (Vpu) of HIV facilitates the
release of virus, a process that is specific to certain cells. Mammalian
cells produce a restriction factor involved in inhibiting the release of
virus; for HIV, this factor is designated BST-2 (bone marrow stromal
antigen 2)/HM1.24/CD317, or tetherin. Vpu of HIV interacts with
tetherin, promoting release of infectious virus. Overall, disruption of
normal cellular and tissue function due to viral infection, replication,
and release promotes clinical disease.

V. cholerae contribute to diarrheal disease caused by these organisms.
Staphylococci, streptococci, P. aeruginosa, and Bordetella elaborate
various toxins that cause or contribute to disease, including toxic
shock syndrome toxin 1; erythrogenic toxin; exotoxins A, S, T, and U;
and pertussis toxin. A number of bacterial toxins (e.g., cholera toxin,
diphtheria toxin, pertussis toxin, E. coli heat-labile toxin, and P. aeruginosa exotoxin) have adenosine diphosphate ribosyl transferase activity; i.e., the toxins enzymatically catalyze the transfer of the adenosine
diphosphate ribosyl portion of nicotinamide adenine diphosphate to
target proteins and inactivate them. The staphylococcal enterotoxins,
toxic shock syndrome toxin 1, and the streptococcal pyogenic exotoxins behave as superantigens, stimulating certain T cells to proliferate
without processing of the protein toxin by antigen-presenting cells.
Part of this process involves stimulation of the antigen-presenting
cells to produce IL-1 and TNF-α, which have been implicated in many
clinical features of diseases like toxic shock syndrome and scarlet fever.
A number of gram-negative pathogens (Salmonella, Yersinia, and P.
aeruginosa) can inject toxins directly into host target cells by means
of a complex set of proteins referred to as the type III secretion system.
Loss or inactivation of this virulence system usually greatly reduces the
capacity of a bacterial pathogen to cause disease.

