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PART 8
Infectious Diseases

MICROBIAL GROWTH AFTER ENTRY
Once established on a mucosal or skin site, pathogenic microbes must
replicate before causing full-blown infection and disease. Within
cells, viral particles release their nucleic acids, which may be directly
translated into viral proteins (positive-strand RNA viruses), transcribed from a negative strand of RNA into a complementary mRNA
(negative-strand RNA viruses), or transcribed into a complementary
strand of DNA (retroviruses); for DNA viruses, mRNA may be transcribed directly from viral DNA, either in the cell nucleus or in the
cytoplasm. To grow, bacteria must acquire specific nutrients or synthesize them from precursors in host tissues. Many infectious processes
are usually confined to specific epithelial surfaces—e.g., H1 subtype
influenza to the respiratory mucosa, gonorrhea to the urogenital epithelium, shigellosis to the gastrointestinal epithelium. While there are
multiple reasons for this specificity, one important consideration is the
ability of these pathogens to obtain from these specific environments
the nutrients needed for growth and survival.
Temperature restrictions also play a role in limiting certain pathogens to specific tissues. Rhinoviruses, a cause of the common cold,
grow best at 33°C and replicate in cooler nasal tissues but not in the
lung. Leprosy lesions due to Mycobacterium leprae are found in and on
relatively cool body sites. Fungal pathogens that infect the skin, hair
follicles, and nails (dermatophyte infections) remain confined to the
cooler, exterior, keratinous layer of the epithelium.
A topic of major interest is the ability of many bacterial, fungal,
and protozoal species to grow in multicellular masses referred to as
biofilms. These masses are biochemically and morphologically quite
distinct from the free-living individual cells referred to as planktonic
cells. Growth in biofilms leads to altered microbial metabolism, production of extracellular virulence factors, and decreased susceptibility
to biocides, antimicrobial agents, and host defense molecules and cells.
P. aeruginosa growing on the bronchial mucosa during chronic infection, staphylococci and other pathogens growing on implanted medical devices, and dental pathogens growing on tooth surfaces to form
plaque are several examples of microbial biofilm growth associated
with human disease. Many other pathogens can form biofilms during
in vitro growth. It is increasingly accepted that this mode of growth
contributes to microbial virulence and induction of disease and that
biofilm formation can also be an important factor in microbial survival
outside the host, promoting transmission to additional susceptible
individuals.
AVOIDANCE OF INNATE HOST DEFENSES
As microbes have interacted with mucosal/epithelial surfaces since the
emergence of multicellular organisms, it is not surprising that multicellular hosts have a variety of innate surface defense mechanisms that can
sense when pathogens are present and contribute to their elimination.
The skin is acidic and is bathed with fatty acids toxic to many microbes.
Skin pathogens such as staphylococci must tolerate these adverse conditions. Mucosal surfaces are covered by a barrier composed of a thick
mucus layer that entraps microbes and facilitates their transport out
of the body by such processes as mucociliary clearance, coughing, and
urination. Mucous secretions, saliva, and tears contain antibacterial
factors such as lysozyme and antimicrobial peptides as well as antiviral
factors such as interferons (IFNs). Gastric acidity and bile salts are
inimical to the survival of many ingested pathogens, and most mucosal surfaces—particularly the nasopharynx, the vaginal tract, and the
gastrointestinal tract—contain a resident flora of commensal microbes
that interfere with the ability of pathogens to colonize and infect a
host. Major advances in the use of nucleic acid sequencing now allow
extensive identification and characterization of the vast array of commensal organisms that have come to be referred to as the microbiota. In
addition to its role in providing competition for mucosal colonization,
acquisition of a normal microbiota is critical for proper development
of the immune system, influencing maturation and differentiation of
components of both the innate and acquired arms.
Pathogens that survive local antimicrobial factors must still contend with host endocytic, phagocytic, and inflammatory responses as
well as with host genetic factors that determine the degree to which a

pathogen can survive and grow. The list of genes whose variants, usually by single-nucleotide polymorphisms, can affect host susceptibility
and resistance to infection is rapidly expanding. A classic example
is a 32-bp deletion in the gene for the HIV-1 co-receptor known as
chemokine receptor 5 (CCR5), which, when present in the homozygous
state, confers high-level resistance to HIV-1 infection. The growth of
viral pathogens entering skin or mucosal epithelial cells can be limited
by a variety of host genetic factors, including production of IFNs,
modulation of receptors for viral entry, and age- and hormone-related
susceptibility factors; by nutritional status; and even by personal habits
such as smoking and exercise.
Encounters with Epithelial Cells Over the past two decades, many
pathogens have been shown to enter epithelial cells (Fig. 145e-2);
they often use specialized surface structures that bind to receptors,
with consequent internalization. However, the exact role and the
importance of this process in infection and disease are not well defined
for most of these pathogens. Microbial entry into host epithelial cells
is seen as a means for dissemination to adjacent or deeper tissues or
as a route to sanctuary to avoid ingestion and killing by professional
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Figure 145e-2 Entry of bacteria into epithelial cells.
A. Internalization of Pseudomonas aeruginosa by cultured airway
epithelial cells expressing wild-type cystic fibrosis transmembrane
conductance regulator, the cell receptor for bacterial ingestion.
B. Entry of P. aeruginosa into murine tracheal epithelial cells after
murine infection by the intranasal route.

