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operational at the time of inoculation into the mammalian host, the
organism is taken up by macrophages from the inoculation site and
transported to regional lymph nodes. After intracellular replication,
Y. pestis switches to extracellular replication with full expression of its
antiphagocytic systems: the type III secretion machines and their effectors encoded by pYV as well as the F1 capsule. Overproduction of the
type III secretion substrate and translocation protein LcrV exerts an
anti-inflammatory effect, reducing host immune responses. Likewise,
Y. pestis lipopolysaccharide is modified to minimize stimulation of
host Toll-like receptor 4, thereby reducing protective host inflammatory responses during peripheral infection and prolonging host
survival with high-grade bacteremia—an effect that probably enhances
the pathogen’s subsequent transmission by fleabite.
Replication of Y. pestis in a regional lymph node results in the
local swelling of the lymph node and periglandular region known as a
bubo. On histology, the node is found to be hemorrhagic or necrotic,
with thrombosed blood vessels, and the lymphoid cells and normal
architecture are replaced by large numbers of bacteria and fibrin.
Periglandular tissues are inflamed and also contain large numbers of
bacteria in a serosanguineous, gelatinous exudate.
Continued spread through the lymphatic vessels to contiguous
lymph nodes produces second-order primary buboes. Infection is
initially contained in the infected regional lymph nodes, although transient bacteremia can be detected. As the infection progresses, spread
via efferent lymphatics to the thoracic duct produces high-grade
bacteremia. Hematogenous spread to the spleen, liver, and secondary
buboes follows, with subsequent uncontrolled septicemia, endotoxic
shock, and disseminated intravascular coagulation leading to death.
In some patients, this septicemic phase occurs without obvious prior
bubo development or lung disease (septicemic plague). Hematogenous
spread to the lungs results in secondary plague pneumonia, with bacteria
initially more prominent in the interstitium than in the air spaces (the
reverse being the case in primary plague pneumonia). Hematogenous
spread to other organs, including the meninges, can occur.

Infectious Diseases

CLINICAL MANIFESTATIONS
Bubonic Plague After an incubation period of 2–6 days, the onset of
bubonic plague is sudden and is characterized by fever (>38°C), malaise, myalgia, dizziness, and increasing pain due to progressive lymphadenitis in the regional lymph nodes near the fleabite or other inoculation site. Lymphadenitis manifests as a tense, tender swelling (bubo)
that, when palpated, has a boggy consistency with an underlying hard
core. Generally, there is one painful and erythematous bubo with surrounding periganglionic edema. The bubo is most commonly inguinal
but can also be crural, axillary (Fig. 196-2), cervical, or submaxillary,
depending on the site of the bite. Abdominal pain from intraabdominal node involvement can occur without other visible signs. Children
are most likely to present with cervical or axillary buboes.
The differential diagnosis includes acute focal lymphadenopathy
of other etiologies, such as streptococcal or staphylococcal infection,
tularemia, cat-scratch disease, tick typhus, infectious mononucleosis,
or lymphatic filariasis. These infections do not progress as rapidly, are
not as painful, and are associated with visible cellulitis or ascending
lymphangitis—both of which are absent in plague.
Without treatment, Y. pestis dissemination occurs and causes serious illness, including pneumonia (secondary pneumonic plague) and
meningitis. Secondary pneumonic plague can be the source of personto-person transmission of respiratory infection by productive cough
(droplet infection), with the consequent development of primary
plague pneumonia. Appropriate treatment of bubonic plague results in
fever resolution within 2–5 days, but buboes may remain enlarged for
>1 week after initial treatment and can become fluctuant.
Primary Septicemic Plague A minority (10–25%) of infections with
Y. pestis present as gram-negative septicemia (hypotension, shock)
without preceding lymphadenopathy. Septicemic plague occurs in all
age groups, but persons older than age 40 years are at elevated risk.
Some chronic conditions may predispose to septicemic plague: in
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Figure 196-2 Plague patient in the southwestern United States
with a left axillary bubo and an unusual plague ulcer and eschar at the
site of the infective flea bite. (Reprinted with permission from DT Dennis,
GL Campbell: Plague and other Yersinia infections, in Harrison’s Principles
of Internal Medicine, 17th ed, AS Fauci et al [eds]. New York, McGraw-Hill,
Chap. 152, 2008.)
2009 in the United States, a fatal laboratory-acquired infection with an
attenuated Y. pestis strain manifested as septicemic plague in a 60-yearold researcher with diabetes mellitus and undiagnosed hemochromatosis. These conditions also carry an increased risk of septicemia with
other pathogenic Yersinia species. The term septicemic plague can be
confusing since most patients with buboes have detectable bacteremia
at some stage, with or without systemic signs of sepsis. In laboratory
experiments, however, septicemic disease without histologic changes
in lymph nodes is seen in a minority of mice infected via fleabites.
Pneumonic Plague Primary pneumonic plague results from inhalation of infectious bacteria in droplets expelled from another person
or an animal with primary or secondary plague pneumonia. This
syndrome has a short incubation period, averaging from a few hours
to 2–3 days (range, 1–7 days), and is characterized by a sudden onset
of fever, headache, myalgia, weakness, nausea, vomiting, and dizziness. Respiratory signs—cough, dyspnea, chest pain, and sputum
production with hemoptysis—typically arise after 24 h. Progression of
initial segmental pneumonitis to lobar pneumonia and then to bilateral lung involvement may occur (Fig. 196-3). The possible release of
aerosolized Y. pestis bacteria in a bioterrorist attack, manifesting as
an outbreak of primary pneumonic plague in nonendemic regions or
in an urban setting where plague is rarely seen, has been a source of
public health concern. Secondary pneumonic plague is a consequence
of bacteremia occurring in ~10–15% of patients with bubonic plague.
Bilateral alveolar infiltrates are seen on chest x-ray, and diffuse interstitial pneumonitis with scanty sputum production is typical.
Meningitis Meningeal plague is uncommon, occurring in ≤6% of
plague cases reported in the United States. Presentation with headache
and fever typically occurs >1 week after the onset of bubonic or septicemic plague and may be associated with suboptimal antimicrobial
therapy (delayed therapy, penicillin administration, or low-dose tetracycline treatment) and cervical or axillary buboes.
Pharyngitis Symptomatic plague pharyngitis can follow the consumption of contaminated meat from an animal dying of plague or
contact with persons or animals with pneumonic plague. This condition can resemble tonsillitis, with peritonsillar abscess and cervical
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