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Importance 

Plague is a zoonotic, often flea-borne, bacterial disease that causes serious illnesses 

in both people and animals. Outbreaks in highly social species, such as prairie dogs, 

may kill nearly all of the animals in a colony. While clinical cases in less gregarious 

hosts are often sporadic, they are also frequently life-threatening. Pneumonic plague, a 

particularly deadly form of the disease, is usually fatal in all species if antibiotics are 

not started very soon after the symptoms appear. Bubonic plague, the most common 

form in people, is less fulminant, but still has a high mortality rate if left untreated. 

At least three major plague pandemics occurred in humans before the development 

of antibiotics, together with improved sanitation and hygiene, made plague an 

uncommon cause of death in people. They included the Justinian plague in the 6th 

century AD, the Black Death starting in the 14th century, and a pandemic that began in 

China in the late 1800s. The organisms responsible for these events eventually became 

established in localized foci of small mammal reservoir hosts on most continents. 

Occasionally they still spill over from these reservoirs to affect various incidental hosts, 

including people. While most human cases occur in Asia and Africa, they are also seen 

sporadically in other regions, including western North America. Pneumonic plague 

outbreaks are particularly dangerous, as the organism can spread from person to person 

without the need for arthropod vectors. Human plague may reoccur after a long period 

when the disease seems to disappear, and outbreaks in some countries followed 

quiescent periods of 30-50 years.  

Etiology 

Plague results from infection by Yersinia pestis, a Gram negative, facultative 

intracellular bacillus in the family Enterobacteriaceae. There are three principal forms 

of plague – bubonic, pneumonic and septicemic. Bubonic plague, the most common 

form, usually results from the inoculation of Y. pestis into the skin, and is characterized 

by the development of a swollen, painful draining lymph node, called a bubo, in addition 

to other clinical signs. Pneumonic plague occurs after the inhalation of bacteria (primary 

pneumonic plague) or after blood–borne spread to the lungs (secondary pneumonic 

plague). The third form, septicemic plague, may develop without an obvious 

inoculation site and/or bubo (primary septicemic plague) or from the dissemination of 

the other two forms. Additional types of plague are also seen occasionally, such as a 

gastrointestinal form from ingestion.  

Attenuated strains of Y. pestis have been developed for research purposes and are 

generally avirulent in humans; however, one attenuated strain, Y. pestis KIM, caused 

plague in a person who appeared to be unusually susceptible due to other illnesses and 

genetic conditions. 

Species Affected 

Small mammals including rodents, shrews and pikas (Ochotona spp.), which are 

lagomorphs, maintain and/or amplify Y. pestis. The principal hosts vary with the 

geographic region, and among rodents, can include prairie dogs (Cynomys spp.), ground 

squirrels/ susliks (Spermophilus spp.), antelope ground squirrels (Ammospermophilus 

spp.), chipmunks (Tamias spp.), rats (Rattus spp.), wood rats (Neotoma spp.), deer mice 

(Peromyscus spp.), Siberian marmots (Marmota sibirica), voles (Microtus spp.), 

jerboas, and certain gerbils (e.g., Rhombomys opimus and Meriones spp.). Some of 

these animals experience outbreaks of disease, but Y. pestis seems to circulate in others 

with little or no mortality. Whether a specific host maintains the organism between 

outbreaks or only amplifies it during an epidemic is sometimes unclear.  

Many other mammals can be infected as incidental hosts, though some are more 

likely to have clinical signs than others. Clinical cases are seen regularly in cats and 

other felids, and have also been reported in dogs, camels, a llama, a horse, various 

cervids, pronghorn antelope (Antilocapra americana), black-footed ferrets (Mustela 

nigripes), coyotes, foxes, cottontail rabbits (Sylvilagus spp.) and a wild hare. Some 

dead goats were thought to have died of plague, though confirmatory testing was not 

done, and Tibetan sheep (Ovis aries) regularly become infected from marmot 

reservoirs in Asia. 
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In addition to these animals, serological surveys have 

found antibodies to Y. pestis in pigs and diverse wildlife 

species including African buffalo (Syncerus caffer), 

African elephants (Loxodonta africana), American badgers 

(Taxidea taxus), some species of skunks, black bears 

(Ursus americanus), North American beavers (Castor 

canadensis), raccoons (Procyon lotor), various canids and 

mustelids, and cottontail rabbits. Experimental infections in 

pigs, domestic ferrets, raccoons, striped skunks (Mephitis 

mephitis) and Siberian polecats (Mustela eversmanni) have 

confirmed their susceptibility to infection, though clinical 

signs were not seen in most species.  

Zoonotic potential 

Humans are susceptible to plague.  

Geographic Distribution 

Y. pestis can be found in parts of Africa, the Middle East, 

Asia, and North and South America, as well as Madagascar. 

The distribution of this organism is patchy. In North 

America, plague foci are limited to the western third of the 

continent, from Canada to Mexico, while in South America 

active foci have been identified mainly in Brazil and the 

Andes Mountain region of Bolivia, Peru and Ecuador. In 

Africa, this disease is most common in eastern and southern 

regions, though it can be seen elsewhere. Asian foci occur 

from the former U.S.S.R. east through China, and south to 

Southwest and Southeast Asia. Plague foci tend to be 

associated with arid or semi-arid locations in many areas, 

though they also occur in humid climates. 

Transmission 

Y. pestis is usually transmitted by fleas, which act as 

biological vectors. Transmission generally occurs in bites, 

but in some instances the organism might enter the body 

from flea feces inoculated into broken skin or mucous 

membranes. Certain species of fleas transmit Y. pestis more 

efficiently than others. Some rodent fleas, in particular the 

Oriental rat flea (Xenopsylla cheopis), are good vectors, 

while dog and cat fleas (Ctenocephalides spp.) are relatively 

inefficient. Human lice, which excrete Y. pestis in their feces, 

also seem to be capable of transmitting this organism, and 

ticks have been suggested as possible mechanical vectors, 

though one experiment indicated this is probably rare and 

only occurs during the first day or two. 

Y. pestis is occasionally transmitted directly between 

hosts when organisms in tissues, draining lesions or body 

fluids contact mucous membranes or broken skin. Human 

cases have occurred after close contact with infected 

animals, their carcasses or tissues, bites from animals (e.g., 

cats, prairie dogs) and the slaughter of an infected animal for 

food. Although direct person-to-person spread of bubonic 

plague is theoretically possible, it seems to be rare or 

nonexistent. However, people or animals with pneumonic 

plague can transmit Y. pestis in respiratory droplets. 

Pneumonic plague is most contagious during its final stages, 

when the number of bacteria in the sputum increases, and it 

does not seem to spread as readily early in the illness. 

Carnivores and omnivores can be infected by eating raw or 

undercooked tissues from infected animals, while herbivores 

are occasionally thought to have been exposed via rodent 

carcasses or their excretions in feed. Transplacental 

transmission has been reported in humans. 

Y. pestis is not resistant to desiccation or heat, and it 

usually remains viable for less than 72 hours on surfaces such 

as glass and steel. However, there are reports of survival for 

up to 100 days in blood and as long as 9 months in human 

bodies, though one study could recover the organism from 

the carcasses of rodents buried for 10 but not 15 days. An 

attenuated Y. pestis strain (Y. pestis KIM5) persisted without 

growth in raw meat (ground pork) for at least 2 months at 

4°C, and grew in this product at 10-30°C. Under laboratory 

conditions, Y. pestis can remain viable for many months, and 

possibly years, in sterilized (autoclaved) soil, and for long 

periods in water. Whether this is representative of natural 

conditions is unclear, as sterilized soil contains no competing 

microorganisms. However, Y. pestis was once recovered 

from ordinary soil that had been contaminated by the blood 

of a dead infected mountain lion 24 days earlier. The 

significance of soil as a reservoir for animals is unclear. 

Rodents have been infected experimentally by burrowing in 

or running over recently contaminated soil, but one study 

found transmission from heavily contaminated unsterilized 

soil was uncommon. An early study found that mud floors 

contaminated by cultures were only infectious to rodents for 

the first 12 hours, until they dried out. 

Disinfection 

Y. pestis is susceptible to a number of disinfectants 

including 1% sodium hypochlorite, 70% ethanol, 2% 

glutaraldehyde, formaldehyde, and iodine–based and 

phenolic products. It can also be inactivated by moist heat 

(121° C [250° F] for at least 15 minutes) or dry heat (160-

170° C [320-338°F] for at least 1 hour). 

Infections in Animals 

Incubation Period 

Though published information is limited, the incubation 

period in many animals is likely to be on the order of a few 

days, as in humans. However, there are also reports of 

prolonged incubation periods, for instance 3 or 4 weeks in a 

few experimentally infected grasshopper mice (Onychomys 

leucogaster). 

Clinical Signs 

All three forms of plague - bubonic, septicemic and 

pneumonic – can be seen in animals. Septicemic and 

pneumonic plague can be difficult to diagnose, as they 

resemble a number of other diseases. Mild or asymptomatic 

infections are also possible, and can occur even in members 

of highly susceptible species such as cats and prairie dogs. 

Cats, which account for most of the clinical cases 

described in domestic animals, mainly seem to develop 
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bubonic plague. Common clinical signs are fever and other 

nonspecific signs of illness (e.g., anorexia, lethargy, 

dehydration), together with an enlarged and sometimes 

abscessed or ulcerated lymph node (bubo) near the inoculation 

site. Because most cats are probably infected from their prey, 

the bubo often develops in a (sub)mandibular lymph node. 

Some animals also have cellulitis, abscesses in various 

locations, mouth lesions including ulcers, necrotic tonsillitis, 

gastrointestinal signs (vomiting, diarrhea), neurological signs 

and/or ocular discharge.  

Bubonic plague can progress to pneumonic or 

septicemic plague; however, these forms can also be the 

primary presentation in a cat, in which case there is no bubo. 

Pneumonic plague is characterized by respiratory signs, 

which usually include dyspnea and hemoptysis as the disease 

progresses, while cats with septicemic plague have typical 

signs of sepsis, multiorgan dysfunction and, in some cases, 

disseminated intravascular coagulation (DIC) and/or 

respiratory distress. Both pneumonic and septicemic plague 

are rapidly fatal without treatment. 

Dogs and other canids seem more likely to develop 

subclinical infections or mild illnesses than cats, and 

spontaneous recovery appears to be more common. Bubonic 

plague is the most common form reported in dogs, though 

pneumonic and septicemic plague are also seen occasionally. 

Most clinical cases resemble plague in cats, and bubos often 

develop in the mandibular lymph nodes, though other nodes 

can be affected. Some dogs with respiratory plague may 

initially have relatively mild signs that can resemble other 

respiratory illnesses, and atypical presentations have been 

reported. In one instance, a dog with respiratory plague 

presented with fever, pale mucous membranes, rigid jaw 

tone, drooling, and lameness of one foreleg, together with a 

lung opacity on x-ray, which initially resulted in a 

presumptive diagnosis of toxicity or trauma.  

Wildlife with plague, such as wild felids, are often found 

dead or moribund. Although no significant clinical signs 

were seen in experimentally infected coyotes, there are a few 

reports of Y. pestis in dead coyotes, foxes and other canids. 

The outcome in rodents ranges from mostly subclinical 

infections and mild illnesses to severe, rapidly fatal disease, 

depending on the species. Prairie dogs are highly susceptible, 

and nearly all of the animals in a colony may die. Mule deer 

(Odocoileus hemionus) and black-tailed deer (Odocoileus 

hemionus columbianus) sometimes develop ocular plague, 

which appears as keratoconjunctivitis, endophthalmitis and 

panophthalmitis. Septicemia and pneumonia have also been 

seen infrequently in mule deer, either with or without ocular 

signs. Experimentally infected raccoons developed fever and 

lethargy in one study, though bacteremia was not seen, while 

some other studies reported that raccoons, striped skunks, 

domestic ferrets and some other mustelids, as well as pigs 

inoculated orally via contaminated meat, remained 

asymptomatic. 
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Affected lymph nodes can be mildly to markedly 

swollen, with necrosuppurative inflammation, edema and 

hemorrhages. Necrotic foci or hemorrhages ranging from 

petechiae and ecchymoses to frank blood may be found in 

various internal organs. The liver may be pale and the spleen 

enlarged. Signs of diffuse interstitial pneumonia, focal 

congestion, consolidation, abscesses and hemorrhages may 

be found in the lungs. Suppurative and necrotic tonsillitis 

may also be seen in some animals.  

Diagnostic Tests 

Y. pestis may be found in blood, nasal or oral swabs, lower 

respiratory tract samples, aspirates from enlarged lymph 

nodes, swabs of draining lesions, and/or tissue samples from 

affected organs such as the liver, spleen and lung. A 

presumptive diagnosis can be made by observing the 

characteristic organisms in clinical samples, such as lymph 

node (bubo) aspirates or swabs of draining lesions. Y. pestis is 

a Gram negative coccobacillus or bacillus with bipolar 

staining, which is particularly evident when Wright-Giemsa or 

Wayson stains are used.  

Definitive identification is by culture, or by identification 

of the organism in clinical samples with PCR tests, rapid 

immunoassays to detect Y. pestis antigens, or 

immunofluorescence. Y. pestis will grow on ordinary media 

(e.g., blood agar, MacConkey), but Yersinia-specific agar is 

available, and particularly helpful when the sample is 

contaminated. The organism can be identified with routine 

biochemical tests and other methods; however, some 

automated systems may misidentify this bacterium due to its 

delayed/ weak biochemical reactions. Y. pestis colonies can 

also be identified by PCR, matrix-assisted laser desorption 

ionization–time of flight mass spectrometry (MALDI-TOF 

MS) or phage lysis. While animal assays are generally 

discouraged if there are other alternatives, Y. pestis can be 

recovered in laboratory animals such as mice.  

Serological tests such as latex hemagglutination and 

passive hemagglutination are occasionally employed in 

diagnosis, though they are more often used in serosurveillance. 

A rising titer indicates a recent infection, but a single sample, 

together with consistent clinical signs, may be suggestive.  

Treatment 

Some affected animals have been treated successfully 

with antibiotics, particularly when treatment is begun early.  

Control 

Disease reporting 

Veterinarians who suspect an animal has plague should 

follow their national and/or local guidelines for disease 

reporting. In addition to any other requirements, all 

suspected cases of animal or human plague in the U.S. should 

be reported to the local or state public health department. The 

state public health laboratory or U.S. Centers for Disease 

http://www.cfsph.iastate.edu/DiseaseInfo/ImageDB/imagesPLA.htm
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Control (CDC) laboratory should be contacted before 

collecting or shipping any diagnostic samples.  

Prevention  

A good flea control program can help reduce the risk of 

transmission from flea bites in dogs and cats, and carnivores 

should be kept from hunting potentially infected animals or 

feeding on their carcasses. Animals that become ill should be 

examined by a veterinarian, using barrier precautions and 

good infection control measures, and they should be isolated 

during treatment. The most stringent measures are needed 

before antibiotics are begun and during the first few days, 

before fever abates and the clinical signs improve.  

Vaccination has been used to protect endangered black-

footed ferrets, which prey on prairie dogs, from epizootics in 

the latter species. Both vaccination and insecticide treatment 

have been employed in prairie dog colonies; however, severe 

epizootics are still observed in these colonies, and the cost 

effectiveness of these measures remains to be established. 

Vaccines are not available for domesticated animals. 

Morbidity and Mortality 

Y. pestis is normally maintained in various wild small 

mammals in endemic foci. Low level endemic 

transmission, where there is no noticeable effect on the 

population, can periodically transition into epizootics that 

may kill large numbers of animals. Various environmental 

factors can influence the development of epizootics, 

including rainfall, which can precede plague activity in 

some semi-arid areas. Whether Y. pestis circulates in its 

epizootic host(s) between outbreaks or is maintained in a 

different species is sometimes unclear. Some wild rodents 

have been reported to develop resistance to plague through 

repeated exposure, and this resistance appears to be heritable. 

Even in prairie dogs, mortality is lower in experimentally 

infected animals from areas where plague occurs regularly.  

Plague epidemics in rodents, as well as other causes of 

population expansion followed by collapse, can result in 

their fleas seeking alternative hosts. This may result in 

increased transmission to domestic animals and humans. 

Antibodies in wildlife incidental hosts, including canids, 

felids and various other species, suggest that there is also 

ongoing exposure to incidental hosts during interepidemic 

periods, and that some of these animals survive.  

Among domestic animals, most clinical cases have been 

reported in cats, probably due to their exposure to rodents as 

well as a relatively high susceptibility to plague. Studies in 

experimentally infected cats suggest a case fatality rate up to 

60% in bubonic plague if left untreated, though transient, self-

limited illnesses were also seen and a few cats remained 

asymptomatic. In naturally infected cats, one study estimated 

the case fatality rate to be about 14% in bubonic plague, 

which is more readily recognized and less rapidly progressive 

than the other two forms, 70% in septicemic plague and 83% 

in the pneumonic form.  Dogs do not seem to be as susceptible 

to plague as cats, and most experimentally infected dogs have 

recovered unless they were inoculated via aerosols. 

Nevertheless, severe or fatal illnesses are seen occasionally in 

naturally infected dogs. Few studies have examined plague in 

other incidental hosts, but three camels orally exposed to Y. 

pestis, and 2 of 4 animals inoculated subcutaneously with the 

organism survived, while all 6 camels inoculated by the 

respiratory route died.  

Infections in Humans 

Incubation Period 

The incubation period for bubonic plague is usually 

around 2-5 days, though it may be up to 10 days. Pneumonic 

plague typically develops within 1-4 days of exposure. 

Clinical Signs 

Bubonic plague, the most common form in humans, 

usually begins with the sudden onset of fever, chills, headache, 

malaise, myalgia, arthralgia and other nonspecific signs of 

illness, together with the rapid development of the 

characteristic painful, swollen lymph node (the bubo) and 

occasionally a pustule, vesicle, eschar or papule at the site of 

the flea bite. The femoral and inguinal lymph nodes are the 

most common sites for the bubo, but other superficial nodes 

can be affected, and very rarely, it can occur in the abdominal 

cavity or retroperitoneal space. Variations in this pattern can 

be seen after exposure via food, which sometimes results in 

severe pharyngitis and tonsillitis, with swelling of a 

submandibular lymph node and the neck. Gastrointestinal 

signs, including vomiting, diarrhea and abdominal pain, were 

common in some outbreaks caused by Y. pestis-contaminated 

food, and can occur either with or without pharyngitis. 

Untreated bubonic plague in humans often progresses to 

septicemic and/or pulmonary plague. Some patients may also 

experience other complications, such as meningitis, abortion 

or postpartum hemorrhage. 

Primary septicemic plague may begin similarly to 

bubonic plague, and sometimes includes gastrointestinal 

signs, but there is no bubo. The course of primary or 

secondary septicemic plague can be rapid, resembles other 

forms of septicemia, and may include multiorgan failure as 

well as hemorrhagic signs (e.g., epistaxis, hematuria, 

petechiae, ecchymoses), neurological signs and, in some 

cases, necrosis of the extremities due to coagulopathies. 

Patients occasionally develop meningitis, and various rare 

conditions including septic arthritis, multifocal 

osteomyelitis, pleuritis, myocarditis and endophthalmitis 

have been reported.  

Pneumonic plague occurs after the inhalation of bacteria 

or after blood–borne spread to the lungs. The symptoms are 

acute and develop rapidly, with high fever, chills, headache 

(often severe), myalgia, malaise and an increased respiratory 

rate. The cough is initially dry but becomes productive, then 

bloodstained and/or purulent, and eventually foamy and pink 

or red from blood. Pneumonic plague is rapidly fatal, with 

dyspnea, stridor and cyanosis ending in respiratory failure 

and circulatory collapse. 
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Pestis minor is a benign form of bubonic plague, usually 

seen in regions where plague is common. It is characterized 

by fever, lymphadenitis, headache and prostration, which 

usually resolve spontaneously within a week. 

Diagnostic Tests 

The diagnosis of plague in humans is similar to animals; 

however, rapid immunoassays, such as F1 antigen tests and 

antigen-capture ELISAs, may also be available in some 

countries, and loop-mediated isothermal amplification tests 

have been published. Clinical samples from people include 

respiratory secretions, blood, lymph node (bubo) aspirates, 

cerebrospinal fluid, urine and postmortem tissue samples. Y. 

pestis consistently occurs in blood only during septicemia, 

but bacteria are sometimes released intermittently from 

lymph nodes into the blood, and a series of blood samples 

may be able to detect the organism. In pulmonary plague, 

PCR tests and culture are more likely to find Y. pestis in 

lower respiratory samples, such as bronchial/tracheal 

washings, than sputum.  

Treatment 

Plague can be treated with antibiotics; however, their 

efficacy is often limited in the pneumonic form unless the 

patient is treated quickly. Although antibiotic resistant 

strains of Y. pestis have been described, they seem to be rare. 

Control 

Measures to help reduce plague in endemic areas 

include rodent control around dwellings and the avoidance 

of contact with small mammals, their carcasses and 

burrows during occupational or recreational activities. 

Insect repellents can be applied to clothing and skin if 

exposure to rodent fleas is expected. Uncooked or 

undercooked tissues from game or livestock that may have 

been exposed to plague should be avoided. In some areas, 

authorities conduct control programs or surveillance for 

plague in its usual reservoir hosts. Concurrent insecticidal 

treatment is often necessary when these hosts die or are 

killed, as fleas leave the carcasses to seek new hosts.  Flea 

control and other preventive measures in pets might reduce 

the transfer of infected fleas to households, in addition to 

reducing the risk the pet will become infected.  

Good hygiene and infection control measures, with the 

use of personal protective equipment (PPE), can help prevent 

infections when caring for people or animals that are plague 

suspects. More stringent precautions are necessary when 

pneumonic plague is suspected or higher risk procedures 

such as necropsies are performed. Specific PPE 

recommendations are available from various public health 

agencies and other sources. People who have been exposed 

to Y. pestis are often treated prophylactically with antibiotics. 

Vaccines have occasionally been used in some countries or 

high risk groups, but there are concerns about the safety and 

efficacy of the current products, and their availability is 

limited.  

Morbidity and Mortality 

Bubonic plague is the most common form of plague in 

people, accounting for around 80-95% of cases worldwide. 

The case fatality rate in this form was estimated to be 

between 40% and 70% before the development of 

antibiotics, but it is now around 5-15%. Reported case 

fatality rates range from 25% to 50% or more in pneumonic 

plague, due to the narrow treatment window and difficulty in 

distinguishing this disease from other respiratory illnesses. 

However, most people survive if treated very soon after the 

onset of symptoms. Untreated pneumonic or septicemic 

plague is almost always fatal, often within a few days.  

The incidence of plague is highest in Asia and Africa, 

but sporadic cases and outbreaks can be seen in any endemic 

region. On average, fewer than 20 cases of plague are 

reported annually in the U.S., while Madagascar, which is 

among the countries with the highest incidence, usually has 

around 90 cases each year, mostly of the bubonic form. 

Bubonic plague does not seem to spread readily from person 

to person in the absence of ectoparasites, but pneumonic 

plague can cause outbreaks. In some areas, plague 

transmission can also result from traditional burial practices 

that involve close contact with the body. There are some 

indications that genetic background might influence 

susceptibility to plague in humans, though this is still 

controversial. 

Internet Resources 

U.S. CDC. Plague Resources 

eMedicine.com. Pediatric Plague 

Nelson et al. Antimicrobial Treatment and Prophylaxis of 

Plague: Recommendations for Naturally Acquired 

Infections and Bioterrorism Response 

Public Health Agency of Canada. Pathogen Safety Data 

Sheets 

The Merck Manual 

The Merck Veterinary Manual 

United States Geological Survey. National Wildlife Health 

Center. Sylvatic Plague 

World Health Organization (WHO). Plague 
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