804 of patients considered in this chapter, warrants separate discussion
(see Chaps. 104, 169, and 226).

PATHOPHYSIOLOGY

PART 8
Infectious Diseases

Pneumonia results from the proliferation of microbial pathogens
at the alveolar level and the host’s response to those pathogens.
Microorganisms gain access to the lower respiratory tract in several
ways. The most common is by aspiration from the oropharynx.
Small-volume aspiration occurs frequently during sleep (especially
in the elderly) and in patients with decreased levels of consciousness. Many pathogens are inhaled as contaminated droplets. Rarely,
pneumonia occurs via hematogenous spread (e.g., from tricuspid
endocarditis) or by contiguous extension from an infected pleural or
mediastinal space.
Mechanical factors are critically important in host defense. The
hairs and turbinates of the nares capture larger inhaled particles
before they reach the lower respiratory tract. The branching architecture of the tracheobronchial tree traps microbes on the airway lining,
where mucociliary clearance and local antibacterial factors either
clear or kill the potential pathogen. The gag reflex and the cough
mechanism offer critical protection from aspiration. In addition, the
normal flora adhering to mucosal cells of the oropharynx, whose
components are remarkably constant, prevents pathogenic bacteria
from binding and thereby decreases the risk of pneumonia caused by
these more virulent bacteria.
When these barriers are overcome or when microorganisms are
small enough to be inhaled to the alveolar level, resident alveolar
macrophages are extremely efficient at clearing and killing pathogens.
Macrophages are assisted by proteins that are produced by the alveolar epithelial cells (e.g., surfactant proteins A and D) and that have
intrinsic opsonizing properties or antibacterial or antiviral activity.
Once engulfed by the macrophage, the pathogens—even if they are
not killed—are eliminated via either the mucociliary elevator or the
lymphatics and no longer represent an infectious challenge. Only when
the capacity of the alveolar macrophages to ingest or kill the microorganisms is exceeded does clinical pneumonia become manifest. In that
situation, the alveolar macrophages initiate the inflammatory response
to bolster lower respiratory tract defenses. The host inflammatory
response, rather than proliferation of microorganisms, triggers the
clinical syndrome of pneumonia. The release of inflammatory mediators, such as interleukin 1 and tumor necrosis factor, results in fever.
Chemokines, such as interleukin 8 and granulocyte colony-stimulating
factor, stimulate the release of neutrophils and their attraction to the
lung, producing both peripheral leukocytosis and increased purulent
secretions. Inflammatory mediators released by macrophages and the
newly recruited neutrophils create an alveolar capillary leak equivalent
to that seen in the acute respiratory distress syndrome, although in
pneumonia this leak is localized (at least initially). Even erythrocytes
can cross the alveolar-capillary membrane, with consequent hemoptysis. The capillary leak results in a radiographic infiltrate and rales
detectable on auscultation, and hypoxemia results from alveolar filling. Moreover, some bacterial pathogens appear to interfere with the
hypoxemic vasoconstriction that would normally occur with fluidfilled alveoli, and this interference can result in severe hypoxemia.
Increased respiratory drive in the systemic inflammatory response
syndrome (Chap. 325) leads to respiratory alkalosis. Decreased compliance due to capillary leak, hypoxemia, increased respiratory drive,
increased secretions, and occasionally infection-related bronchospasm
all lead to dyspnea. If severe enough, the changes in lung mechanics secondary to reductions in lung volume and compliance and the
intrapulmonary shunting of blood may cause respiratory failure and
the patient’s death.

red hepatization phase. The presence of erythrocytes in the cellular
intraalveolar exudate gives this second stage its name, but neutrophil
influx is more important with regard to host defense. Bacteria are occasionally seen in pathologic specimens collected during this phase. In the
third phase, gray hepatization, no new erythrocytes are extravasating,
and those already present have been lysed and degraded. The neutrophil is the predominant cell, fibrin deposition is abundant, and bacteria
have disappeared. This phase corresponds with successful containment
of the infection and improvement in gas exchange. In the final phase,
resolution, the macrophage reappears as the dominant cell type in the
alveolar space, and the debris of neutrophils, bacteria, and fibrin has
been cleared, as has the inflammatory response.
This pattern has been described best for lobar pneumococcal pneumonia and may not apply to pneumonia of all etiologies, especially
viral or Pneumocystis pneumonia. In VAP, respiratory bronchiolitis
may precede the development of a radiologically apparent infiltrate.
Because of the microaspiration mechanism, a bronchopneumonia
pattern is most common in nosocomial pneumonias, whereas a lobar
pattern is more common in bacterial CAP. Despite the radiographic
appearance, viral and Pneumocystis pneumonias represent alveolar
rather than interstitial processes.

COMMUNITY-ACQUIRED PNEUMONIA
ETIOLOGY
The extensive list of potential etiologic agents in CAP includes
bacteria, fungi, viruses, and protozoa. Newly identified pathogens
include metapneumoviruses, the coronaviruses responsible for severe
acute respiratory syndrome (SARS) and Middle East respiratory
syndrome, and community-acquired strains of methicillin-resistant Staphylococcus aureus (MRSA). Most cases of CAP, however,
are caused by relatively few pathogens (Table 153-2). Although
Streptococcus pneumoniae is most common, other organisms also
must be considered in light of the patient’s risk factors and severity of illness. Separation of potential agents into either “typical”
bacterial pathogens or “atypical” organisms may be helpful. The
former category includes S. pneumoniae, Haemophilus influenzae,
and (in selected patients) S. aureus and gram-negative bacilli such as
Klebsiella pneumoniae and Pseudomonas aeruginosa. The “atypical”
organisms include Mycoplasma pneumoniae, Chlamydia pneumoniae,
and Legionella species (in inpatients) as well as respiratory viruses
such as influenza viruses, adenoviruses, human metapneumovirus,
and respiratory syncytial viruses. Viruses may be responsible for a
large proportion of CAP cases that require hospital admission, even
in adults. Atypical organisms cannot be cultured on standard media
or seen on Gram’s stain. The frequency and importance of atypical
pathogens have significant implications for therapy. These organisms
are intrinsically resistant to all β-lactam agents and must be treated
with a macrolide, a fluoroquinolone, or a tetracycline. In the ∼10–15%
of CAP cases that are polymicrobial, the etiology usually includes a
combination of typical and atypical pathogens.
Anaerobes play a significant role only when an episode of aspiration
has occurred days to weeks before presentation of pneumonia. The

TABLE 153-2 M
 icrobial Causes of Community-Acquired Pneumonia,
by Site of Care
Hospitalized Patients
Outpatients
Streptococcus pneumoniae
Mycoplasma pneumoniae
Haemophilus influenzae
C. pneumoniae
Respiratory virusesa

PATHOLOGY
Classic pneumonia evolves through a series of pathologic changes. The
initial phase is one of edema, with the presence of a proteinaceous exudate—and often of bacteria—in the alveoli. This phase is rarely evident
in clinical or autopsy specimens because of the rapid transition to the
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Non-ICU
S. pneumoniae
M. pneumoniae
Chlamydia pneumoniae
H. influenzae
Legionella spp.
Respiratory virusesa

ICU
S. pneumoniae
Staphylococcus aureus
Legionella spp.
Gram-negative bacilli
H. influenzae

Influenza A and B viruses, human metapneumovirus, adenoviruses, respiratory syncytial
viruses, parainfluenza viruses.

a

Note: Pathogens are listed in descending order of frequency. ICU, intensive care unit.
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