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Plague is an acute, severe, zoonotic infection caused by 
the Gram-negative bacillus Yersinia pestis, a member of the 
Enterobacteriaceae family. It manifests as a severe, febrile illness 
associated with lymphadenitis and suppuration (bubonic plague) 
or necrotizing pneumonitis (pneumonic plague). It has been 
recorded since biblical times and has generally affected humans 
in explosive epidemics, causing large reductions in the population. 
The most recent pandemic originated in China in the 1880s, spread-
ing from there to Hong Kong and subsequently to various parts of 
Asia and the Americas via infected rats and fleas on cargo vessels. 
In the early 20th century, plague spread rapidly throughout India 
and other countries and caused more than 10 million deaths.

Epidemiology

Wild rodents are the natural reservoirs of plague. In many areas, 
human infection occurs sporadically when humans come into 
contact with wild rodents and the fleas (Xenopsylla cheopis) they 
harbour, which are highly effective vectors. In endemic zones, 
infection is most common in the summer and spring in hikers 
and outdoor campers. Between 1954 and 1997, 80,613 cases and 
6587 deaths from plague were reported to the WHO. Most cases 
occur in developing countries in Africa and Asia, but there are 
endemic foci in South America and south-west USA. In 2003, 
nine countries reported 2118 cases of plague to the WHO, with 
182 deaths; 98.7% of these cases and 98.9% of the deaths were 
reported from Africa.
 In its epidemic form, plague occurs in areas affected by earth-
quakes or war, when forest-dwelling (sylvan) rodents are forced to 
move to urban areas and thereby come into contact with domestic 
rats and humans. The first sign of plague in an area is often the 
death of large numbers of rats (which may fall from the rafters 
of houses – so-called ‘rat-fall’). Plague may also be transmitted 
from rodents to domestic animals (e.g. cats, dogs) and thence to 
humans. In severe cases, plague is transmitted between humans, 
when large quantities of bacteria are expectorated in sputum. 
This form is highly infectious and has a high mortality. In recent 
years, concerns have been expressed about the potential use of 
plague bacilli as a source of bioterrorism involving aerosolization 
and infection of humans and the local rodent population. Aware-
ness of plague as a potential cause of an outbreak of sepsis and 
necrotizing pneumonitis is necessary.

Jehangir S Sorabjee is Consultant Physician at the Bombay Hospital 

Institute of Medical Sciences, Mumbai, India. Conflicts of interest: none 

declared.

Plague
Jehangir S Sorabjee

Pathogenesis

Plague is almost always transmitted to humans by a flea bite 
(Figure 1). Fleas regurgitate Y. pestis into the skin, and these travel 
rapidly via the lymphatic system to the local lymph nodes, where 
they elicit a severe inflammatory response and marked lymph node 
enlargement (bubo). Within hours, the infection and the inflam-
matory process spread to other lymph nodes and the bloodstream, 
with subsequent bacteraemia and sepsis. Haematogenous spread 
to the lungs leads to pneumonic patches in 10–20% of patients. 
These are often multilobar and are associated with hypoxaemia 
and respiratory failure. Severe inflammation and necrosis with 
occasional abscess formation is seen in secondarily infected organs 
(e.g. lungs, liver, spleen). Disseminated intravascular coagulation 
(DIC) results from uncontrolled sepsis, and patients ultimately die 
from the effects of septicaemia, shock and multi-organ failure. In 
untreated plague, mortality is more than 50%.

Clinical features

The flea bite is often unnoticed, though an eschar may develop. 
The first presenting symptom is high fever (often 39–40°C) in 
association with painful buboes. The femoral and inguinal nodes 
are most commonly involved, but the axillary and cervical groups 
may also be affected. The lymphadenitis is extremely tender, 
and patients often immobilize their extremities in an attempt to 
reduce the tenderness elicited by contact and movement. In most 
cases, the lymph nodes are discrete with considerable surround-
ing oedema, but may later coalesce to form abscesses, and local 
cellulitis may occur. Most lymph nodes are 2–5 cm in diameter, 
but may enlarge to 8–10 cm. Rupture of the bubo with sinus for-
mation is uncommon.
 Patients are usually toxic and moribund in appearance. Cough, 
sputum and widespread crackles with or without signs of frank 
lobar consolidation often herald the onset of pneumonic plague, 
which is highly infectious (health-care personnel are at particular 
risk) and has a high mortality from hypoxaemic respiratory failure. 
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Primary plague pneumonia acquired by inhalation directly from 
humans is uncommon and occurs without bubo formation.
 Purpura and petechiae are manifestations of septic coagulopathy 
and signal end-stage disease. (This discoloration of the skin led to 
the term ‘black death’.) Frank meningeal signs (meningeal plague) 
are uncommon, but occur in some partially treated patients. 
Septicaemic plague mimics typhoid; the buboes are too deep-seated 
to be palpated and there is extensive bacteraemia.

Diagnosis

Attempts should be made to identify the organism. Y. pestis is slow 
growing, but is easily recovered from bubo aspirates, blood or 
sputum on standard culture media (e.g. blood agar, MacConkey’s 
agar), where it grows aerobically. Differentiation in the laboratory 
is not difficult. Y. pestis is a Gram-negative bacillus with bipolar 
beading in a ‘safety-pin’ appearance. A rising serological titre is 
useful evidence of infection, but in endemic areas baseline titres 
in controls need careful evaluation. Rapid dipstick tests may be 
useful for detecting Y. pestis antigen in patients in field studies. 
Neutrophilic leucocytosis occurs in almost all patients and in some 
cases may reach leukaemoid levels. Regular laboratory tests and 
chest radiography are needed to monitor complications such as 
adult respiratory distress syndrome, renal failure and DIC.

Management

Prompt administration of antibiotics is the mainstay of treatment. 
Despite occasional reports of in vitro resistance, there are almost no 
reports of clinical failure of streptomycin or tetracycline. However, 
isolation of a multi-drug-resistant strain of Y. pestis in Madagascar 
in 1995 has caused concern.1

 Streptomycin is given intramuscularly in two divided doses of 
15 mg/kg. Gentamicin, 3–5 mg/kg 8-hourly, appears equally effec-
tive and may be the safest drug in pregnant women. Tetracycline 
is given orally in a dose of 10–20 mg/kg 6-hourly. Treatment with 
more than one antibiotic is unnecessary. Once the patient has been 
afebrile for 5 days, streptomycin may be stopped and treatment 
changed to tetracycline, 5–10 mg/kg p.o. 6-hourly. The total dura-
tion of treatment should not be less than 10 days. Chloramphenicol, 
15 mg/kg i.v. 6-hourly, is useful in those with meningeal infection 
and shock.

Prevention

Vaccines are generally unavailable. A formalin-killed vaccine given 
in two doses 3 months apart confers some immunity in laboratory 
personnel and health-care workers, but its role in mass immuniza-
tion during an outbreak remains unevaluated. 
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