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Importance
Tularemia is a zoonotic bacterial disease with a wide host range. Infections are
most prevalent among wild mammals and marsupials, with periodic epizootics in
lagomorphs and rodents, but clinical cases also occur in sheep, cats and other
domesticated species. A variety of syndromes can be seen, but fatal septicemia is
common in some species. In humans, tularemia varies from a localized infection to
fulminant, life-threatening pneumonia or septicemia.
Tularemia is mainly seen in the Northern Hemisphere, where it has recently
emerged or re-emerged in some areas, including parts of Europe and the Middle East.
A few endemic clinical cases have also been recognized in regions where this disease
was not thought to exist, such as Australia, South Korea and southern Sudan. In some
cases, emergence may be due to increased awareness, surveillance and/or reporting
requirements; in others, it has been associated with population explosions of animal
reservoir hosts, or with social upheavals such as wars, where sanitation is difficult and
infected rodents may contaminate food and water supplies. Occasionally, this disease
may even be imported into a country in animals. In 2002, tularemia entered the Czech
Republic in a shipment of sick pet prairie dogs from the U.S.

Etiology
Tularemia is caused by Francisella tularensis (formerly known as Pasteurella
tularensis), a Gram negative coccobacillus in the family Francisellaceae and class γProteobacteria. Depending on the author, either three or four subspecies are currently
recognized. F. tularensis subsp. tularensis (also known as type A) and F. tularensis
subsp. holarctica (type B) cause most clinical cases. They are further subdivided into
subtypes (A1a, A1b and A2) or biovars (I, II and III/japonica), respectively. These two
subspecies and their subtypes/ biovars can differ in factors such as geographic
distribution, virulence and antibiotic susceptibility. The other two subspecies, F.
tularensis subsp. mediasiatica and F. tularensis subsp. novicida, have been recognized
in limited geographical regions, are rarely found in people, and seem to be less
pathogenic. Some authors do not recognize the latter organism to be a subspecies of F.
tularensis and call it F. novicida. As of 2017, its name has not been formally clarified.
Other species of Francisella, such as F. hispaniensis and F. philomiragia, have
also been associated with illnesses in humans and animals. There is relatively little
information about these organisms, but they seem to be less virulent than F. tularensis,
and most (though not all) reported clinical cases occurred in people who had concurrent
illnesses or were immunocompromised.

Species Affected
More than 250 species of terrestrial and aquatic animals are known to be
susceptible to infection by F. tularensis subsp. tularensis and/or F. tularensis subsp.
holarctica. Common wild animal hosts include lagomorphs (cottontail rabbits
[Sylvilagus spp.], various hares and jackrabbits [Lepus sp.]), muskrats (Ondatra
zibethicus), beavers (Castor canadensis), and a variety of rodents such as voles, field
mice, squirrels and lemmings. These species also develop clinical signs in many cases.
Numerous other wild mammals and marsupials can also be infected, and may become
ill. In Australia, F. tularensis subsp. holarctica has been detected in sick or dead ringtail
possums (Pseudocheirus peregrinus). Among domesticated animals, tularemia occurs
in sheep, cats, rabbits, dogs, pigs, horses, ranched mink, pet rodents and other species.
Outbreaks have also been seen in captive nonhuman primates. Cattle seem to be
relatively resistant to illness, although a few clinical cases have been reported.
Infections occur occasionally in birds, reptiles, amphibians, crayfish, mollusks and fish;
however, some of these animals might have been contaminated temporarily by F.
tularensis from their environment (e.g., water).
The reservoir hosts are still uncertain. Wild rodents (e.g., voles) and lagomorphs
have been proposed as possible reservoirs for F. tularensis subsp. tularensis and F.
tularensis subsp. holarctica, and might maintain these organisms during interepidemic
periods in some areas. However, lagomorphs and rodents can become
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severely ill, and might only act as amplifying hosts for
organisms acquired from an unknown reservoir.
Little is known about the susceptibility of animals to the
other two subspecies. F. tularensis subsp. mediasiatica has
been detected in hares and Gerbillinae (gerbils and their
relatives). F. tularensis subsp. novicida has not been
identified, to date, in naturally infected animals, although
experimental infections have been established in mice, guinea
pigs and rabbits, and some of these animals became ill.
Zoonotic potential
All four subspecies of F. tularensis can affect humans,
although illnesses caused by F. tularensis subsp. novicida
and F. tularensis subsp. mediasiatica seem to be uncommon.

Geographic Distribution
Tularemia mainly seems to occur in the Northern
Hemisphere, with most reports originating from North
America, Europe, Asia, the Middle East and northern Africa.
Within an endemic region, clinical cases are more common
in some areas (e.g., south-central U.S. states, Scandinavian
countries) than others. Infections have also been documented
in animals and humans in Australia, and an endemic case was
recently reported in a person in southern Sudan.
The four subspecies of F. tularensis have different
geographic distributions. F. tularensis subsp. tularensis
occurs almost exclusively in North America, with only a few
reports of its detection in Europe. Different subtypes of this
organism predominate in different parts of North America.
F. tularensis subsp. holarctica is widely distributed in the
Northern Hemisphere, including North America, and also
occurs in Australia. F. tularensis subsp. mediasiatica has
been found in a limited area of Central Asia, and F. tularensis
subsp. novicida has been reported from North America and
Thailand. Two organisms isolated from humans in Spain and
Australia, which were originally identified as F. tularensis
subsp. novicida, have been reclassified as F. hispaniensis.
An organism found in Sudan was identified as F. tularensis,
and its subspecies is not known.

Transmission
F. tularensis subsp. tularensis and F. tularensis
subsp. holarctica
F. tularensis can be acquired by ingestion, inhalation or
contamination of mucous membranes and broken skin, or
from an arthropod vector. Relatively little is known about the
presence of this organism in secretions or excretions;
however, it has been detected in the urine and/or feces of
several species of experimentally infected voles. Clinical
cases are often linked to contact with tissues or blood from
infected animals. People and animals can be infected by
eating undercooked animal tissues, or other foods that have
been contaminated by infected carcasses or excretions.
Cannibalism seemed to be the primary route of transmission
during an outbreak in captive prairie dogs. Hunting or
skinning animals, and other unprotected contact with tissues
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(including meat during food preparation and tissue samples
during necropsies) are important routes of exposure for
people. People have also been infected when they handled
live animals or were licked, bitten or scratched by them.
Some of these animals were not ill, and their mouths or claws
may have been colonized temporarily after contact with an
infected rodent or other host. Aquatic animals may develop
tularemia after being immersed in contaminated water, and
some human cases have been linked to drinking
contaminated water, including well water, or near-drowning
events. Respiratory infections sometimes occur in farmers
exposed through activities such as piling hay. Similar cases
have also been reported after mowing lawns, possibly from
organisms that were aerosolized by running over an animal
carcass. Person-to-person transmission has not been
reported.
Transmission from the environment is facilitated by the
prolonged survival of F. tularensis. This organism was
reported to remain viable for weeks to months in some
sources, including the carcasses and hides of infected
animals, grain dust, straw, water and soil. Live bacteria were
found after 3 years in rabbit meat stored at -15°C. One study
found that both F. tularensis subsp. tularensis and F.
tularensis subsp. holarctica survived longer in brackish
water (2-3 weeks or more) than fresh water, where survival
was relatively brief. However, organisms in fresh water might
be maintained longer within aquatic protozoans.
Arthropod vectors are also important in transmission.
Various species of ixodid ticks are known to be biological
vectors. In addition to being linked to sporadic clinical cases,
ticks are thought to be important in causing outbreaks among
sheep. Transstadial transmission has been demonstrated in
some tick species, but the possibility of transovarial
transmission is controversial. Biting flies in the family
Tabanidae (e.g., the deer fly, Chrysops discalis) and
mosquitoes can act as mechanical vectors. Individual flies
have been shown to carry the organism for two weeks.
Transstadial transmission has been demonstrated in
mosquitoes, which can acquire the organism as larvae in
aquatic environments and remain infected as adults. F.
tularensis has also been found in other arthropods, although
their role in transmission is often speculative. F. tularensis
subsp. holarctica was isolated from mites (family
Gamasidae) collected from rodents in Europe, and mites
could transmit this organism between rodents in the
laboratory. Ceratopogonids (biting midges) and Simulidae
(blackflies) have also been proposed as potential vectors.
Fleas can remain infected for weeks, but are thought to be of
little importance because they do not transmit the organism
readily between animals in the laboratory. Fruit flies
(Drosophila melanogaster) have been infected in the
laboratory, and bedbugs were reported to harbor the
organism for 4.5 months.
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F. tularensis subsp. novicida and F. tularensis
subsp. mediasiatica
Little is known about how these two subspecies are
transmitted. F. tularensis subsp. novicida has been found in
salt or brackish water and soil. Some human infections with
this organism were linked to immersion in water, and three
cases in a prison were most likely associated with ingesting
contaminated ice.

Disinfection
F. tularensis can be killed by variety of disinfectants
including 1% hypochlorite, 70% ethanol, glutaraldehyde and
formaldehyde. It can also be inactivated by moist heat
(121°C/ 250°F for at least 15 min) and dry heat (160-170°C/
320-338°F for at least 1 hour).
In drinking water, one study reported that the
inactivation of F. tularensis by routine concentrations of free
available chlorine (0.5mg/l) depended on the water’s
temperature and pH. Inactivation was most efficient at 25°C,
pH 7, with the concentration of some strains decreasing
10,000-fold in a minute, and slowest at 5°C, pH 8, where this
level of inactivation took up to 1.7 hrs.

Infections in Animals
Incubation Period
The incubation period in animals is estimated to range
from one to 10 days.

Clinical Signs
The full spectrum of clinical signs is not known in
animals, but syndromes corresponding to the typhoidal,
respiratory, ulceroglandular and oropharyngeal forms of
humans have all been reported. Highly susceptible species,
such as rabbits and rodents, often develop septicemia, but
asymptomatic or mild infections also occur, especially in
resistant species such as dogs and cattle.
In cats, tularemia often begins acutely, with fever,
regional or generalized lymphadenopathy, and general signs
of illness, such as lethargy and anorexia. The submandibular
lymph nodes are often affected, presumably because most
cats are infected via prey. Affected lymph nodes may
suppurate and drain. Oral lesions including white patches or
ulcers may also be found. Other signs reported in some cases
include icterus, hepatomegaly, splenomegaly, weight loss,
vomiting, diarrhea and signs of pneumonia. The clinical
signs in cats are often severe, and they can be life-threatening
if not treated early. However, milder syndromes are possible.
For instance, one cat had a chronic draining cutaneous lesion
and swelling of the mandibular lymph nodes, but no systemic
signs, for about a year before tularemia was diagnosed.
Dogs seem to be relatively resistant to tularemia and
may recover spontaneously. Clinical signs that have been
reported in this species include anorexia, depression, mild
fever, lymphadenopathy (which may be mild), draining
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abscesses, vomiting, evidence of abdominal pain, and
mucoid ocular discharge or conjunctivitis. Experimentally
infected dogs that were fed F. tularensis developed a selflimited illness with fever and mucopurulent discharge from
the nose and eyes. Dogs inoculated intradermally had
pustules at the inoculation site and regional
lymphadenopathy.
Outbreaks in sheep are usually characterized by late
term abortions in ewes, and illnesses and deaths among
lambs. Fever, listlessness, regional lymphadenopathy and
diarrhea may be seen. Systemic signs are possible but
uncommon in adult sheep. Although serological evidence
suggests that infections may be fairly common in cattle, a
specific syndrome has not been described, and many cases
may be asymptomatic. Tularemia has been diagnosed rarely
in sick calves.
Captive nonhuman primates may have nonspecific,
gastrointestinal and/or respiratory signs similar to those in
other species. Some cases are severe and rapidly fatal, and
animals may die acutely with few or no clinical signs.
However, milder febrile illnesses have also been reported,
and some animals seroconvert without any apparent illness.
Signs of septicemia and general malaise may be
observed in some wild mammals, domesticated rabbits and
pet rodents, but many of these animals are found dead. Both
acute septicemia and chronic infections have been reported
in wild hares. Cottontail rabbits (Sylvilagus spp.) inoculated
with F. tularensis subsp. tularensis developed a severe,
disseminated, fatal febrile illness, but most cottontails
inoculated with F. tularensis subsp. holarctica had a mild
fever with or without lethargy, and recovered.

Post Mortem Lesions

Click to view images

Animals with acute tularemia are often in good body
condition, but they may also be dehydrated, thin or
emaciated. Oral lesions may be detected in some animals
infected by ingestion. The liver, spleen and lymph nodes are
frequently enlarged, and affected lymph nodes may contain
areas of caseous necrosis. Congestion, edema, areas of
consolidation, and fibrinous pneumonia or pleuritis may be
found in the lungs. Miliary, grayish-white, white or light
yellow necrotic foci are often noted in the liver, spleen, bone
marrow, lungs and/or lymph nodes. Some of these foci may
be barely visible. In rabbits, the pale necrotic foci on a dark,
congested liver and spleen have been compared to the Milky
Way. Ulcerative enteritis, associated with necrosis of Peyer’s
patches, can also be seen, and icterus occurs in some cats.
Acute necrotizing enteritis or hepatitis were the most
common lesions in wild ringtail possums. Occasionally, wild
animals infected with F. tularensis (e.g., grey squirrels
[(Sciurus griseus], a stone marten [Martes foina]) have had
no lesions characteristic of tularemia.
More resistant species, or animals infected with less
virulent organisms, may have chronic granulomas that
resemble tuberculosis lesions, especially in the spleen, liver,
kidneys, lungs and pericardium.
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Diagnostic Tests

Treatment

F. tularensis, its nucleic acids and antigens may be
found in various clinical samples including exudates, blood
and tissues such as the liver, spleen, enlarged lymph nodes,
kidney, lungs and bone marrow. Impression smears may
reveal small Gram negative coccobacilli inside cells and
scattered among tissue debris. F. tularensis is very small
(0.2–0.7 µm) and easy to miss, it stains faintly with
conventional stains such as Gram stain, and it can look like
stain precipitates. Immunofluorescence can help reveal the
organism in an impression smear.
PCR assays can detect F. tularensis nucleic acids in
clinical samples, and antigens can be found by
immunostaining or ELISAs. Some PCR tests can identify the
subspecies. Cases can also be diagnosed by isolating F.
tularensis, but culture requires biosafety level 3 (BSL-3)
facilities, and it is only available in a limited number of
laboratories. F. tularensis subsp. novicida can be isolated on
standard media such as blood agar. However, F. tularensis
subsp. tularensis and F. tularensis subsp. holarctica are
fastidious and require specialized media containing thiol
compounds (e.g., cysteine), such as cysteine heart agar with
9% chocolatized blood (CHAB), buffered charcoal yeast
extract (BYCE), McCoy and Chapin medium or modified
Thayer/Martin agar. An antibiotic supplemented CHAB
medium (CHAB-A) can be helpful with contaminated
samples. F. tularensis subsp. tularensis and F. tularensis
subsp. holarctica in tissue samples may form colonies on
sheep blood agar, but they will not grow well on this medium
after subculture. Colonies can be identified with PCR,
biochemical tests and assays to detect antigens. Culture and
identification of the organism can take from 2 days to more
than 2 weeks. Animal inoculation (e.g., mouse) can also be
used for isolation, however, this is likely to be done only in
exceptional circumstances.
Subtypes of F. tularensis can be distinguished by some
PCR tests and other genetic methods, as well as by certain
biochemical assays (e.g., the ability to ferment glycerol).
Other molecular techniques such as restriction fragment
linked polymorphism (RFLP) Southern blot, pulsed-field gel
electrophoresis (PFGE) and multi-locus variable number
tandem repeat assays (MLVA) can be used to identify strains
for epidemiological purposes.
Serology is occasionally useful in animals. Species
sensitive to tularemia typically die before specific antibodies
develop; however, significant titers may be found in more
resistant animals such as sheep, cattle, pigs and dogs, or in
animals infected by less pathogenic strains. Serological tests
include tube or slide agglutination, microagglutination and
ELISA. A rising titer should be seen. Cross-reactions may
occur with other bacteria such as Yersinia spp., Brucella spp.
and Legionella spp.

F. tularensis is susceptible to some classes of antibiotics
such as tetracyclines, fluoroquinolones and aminoglycosides. Supportive therapy may also be required.
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Control
Disease reporting
Veterinarians who encounter or suspect tularemia
should follow their national and/or local guidelines for
disease reporting. This disease is reportable in some U.S.
states.
Prevention
Housing susceptible animals indoors is expected to be
helpful. Absolute prevention of tularemia is difficult in
animals that spend time outside, due to the numerous sources
of the organism. Arthropod control programs, such as tick
control programs in livestock, may reduce the risk of vectorborne infections. Measures to prevent contact with
susceptible wild and animals (e.g., rodent infestations) and
potentially contaminated waters (e.g., lakes, streams) reduce
the risks from these sources. Animal feed should be protected
from wild rodents and other wild animals. Cats and dogs
should not be allowed to hunt where tularemia is endemic.

Morbidity and Mortality
Tularemia is relatively common and highly fatal in some
species of wild animals. In particular, epizootics occur
regularly in lagomorphs and rodents. Epizootics were also
common, at one time, among range sheep in Idaho, Montana
and Wyoming, and occasional outbreaks can still occur.
Cases in sheep may follow epizootics among lagomorphs or
rodents, and infections appear to be acquired via ticks. Adult
sheep mainly seem to have reproductive signs, with abortion
rates that can reach 50%. Mortality rates as high as 10-15%
may be seen in untreated lambs, but adult sheep do not
usually become ill.
Clinical cases also seem to be relatively common in cats,
which are probably exposed when hunting rodents. Sick cats
often have severe clinical signs, and these animals frequently
die if they are not treated promptly. However, milder cases
are reported occasionally, and some cats with no history of
disease are seropositive. Outbreaks have also been seen in
captive prairie dogs, ranched mink and nonhuman primates.
During some outbreaks in primates, clinical cases occurred
primarily in young animals. Some of these cases were severe,
but other individuals had relatively mild signs and were
treated successfully with antibiotics. Dogs, coyotes, cattle
and some other species seem to be relatively resistant to
tularemia, and mostly seem to have milder cases or
subclinical infections.
There is little information about the effects of F.
tularensis subsp. novicida on animals. Based on experiments
in rodents and rabbits, this organism seems to cause milder
illnesses than F. subsp. tularensis subsp. tularensis, but high
doses of the organism can result in fatal illness.
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Infections in Humans
Incubation Period
The incubation period in humans is estimated to be 2-20
days; most often, clinical signs appear in approximately 3-5
days.

Clinical Signs
F. tularensis subsp. tularensis and F. tularensis
subsp. holarctica
Six forms of tularemia are seen in humans:
ulceroglandular, glandular, oculoglandular, oropharyngeal,
respiratory and typhoidal.
Ulceroglandular tularemia, the most common form,
occurs after exposure via broken skin or mucous membranes.
The initial symptoms are nonspecific and flu-like, with signs
such as fever, chills, headache, body aches and malaise. An
inflamed papule usually develops where the bacteria entered
the body, then becomes a pustule that ulcerates. In some
cases, this lesion may heal by the time the patient seeks
medical care; in others, it persists. Unusual cases with a
vesicular skin rash have also been documented. These
vesicles were reported to contain clear fluid that becomes
turbid with time. Vesicles may also be found around an
ulcerated eschar. The regional lymph nodes become enlarged
and painful in ulceroglandular tularemia, and may suppurate
and drain profusely. Occasional cases with lymph node
enlargement, but no apparent signs of systemic illness, have
been described. Glandular tularemia is identical to the
ulceroglandular form, but there is no lesion to indicate where
the organism might have entered the body.
Inoculation of the conjunctiva, often by touching the eye
with contaminated fingers, results in oculoglandular
tularemia. Most cases are unilateral. Oculoglandular
tularemia is characterized by painful, purulent conjunctivitis
with preauricular and/or cervical lymphadenopathy. In some
cases, there may be periorbital edema and multiple small
nodules or ulcerations on the conjunctiva. Corneal
perforation and iris prolapse are possible complications.
Unilateral (posterior) uveitis has also been reported, though
rarely, in cases of tularemia.
Oropharyngeal tularemia can be seen after ingesting F.
tularensis. In addition to nonspecific signs such as fever
malaise and local lymphadenopathy, these patients often
develop exudative stomatitis and/or pharyngitis with
pustules and ulcers. In many cases, the lymph nodes are
visibly enlarged on only one side of the neck. In some cases,
the tonsils may also be inflamed. Gastrointestinal signs such
as abdominal pain from mesenteric lymphadenopathy, as
well as vomiting, diarrhea and gastrointestinal bleeding, are
also reported occasionally after ingestion.
Respiratory (pneumonic) tularemia occurs after
inhalation of organisms, or hematogenous spread from
another site. The symptoms vary in severity, but are
generally milder when they are caused by F. tularensis
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subsp. holarctica. Sometimes, the only signs of respiratory
tularemia are coughing, decreased breath sounds and
substernal discomfort. In other cases, there may also be a
high fever, chills, malaise, chest pain and dyspnea. Severely
affected patients may be weak and, in some cases, delirious.
Respiratory involvement has also been reported in patients
with systemic signs such as fever (which may be intermittent
in chronic cases) and generalized illness, but without
symptoms suggestive of respiratory disease. Unless treated
promptly, severe respiratory tularemia is often fatal.
Typhoidal tularemia is the term used for systemic
infections without an obvious route of exposure. These cases
are generally severe. Most are probably the result of
inhalation, but this form can also develop after skin
inoculation or ingestion. There may be nonspecific signs such
as high fever, prostration, headache, nausea, vomiting,
diarrhea and weight loss, but lymphadenopathy is usually
absent. Some patients become extremely weak and develop
recurring chills and drenching sweats. A nonspecific rash may
also be seen. Pneumonia also occurs frequently in the
typhoidal form, and can be severe.
Diverse complications, some of which seem to be very
rare, have been described in cases of tularemia. They include
meningitis, encephalitis, endocarditis, pericarditis, aortitis
(in a preexisting aortic aneurysm), osteomyelitis, kidney
failure, hepatitis and disseminated intravascular coagulation.
Abortions or premature delivery occurred in a few pregnant
women, although a causative role was not entirely clear.
Some pregnant women treated with antibiotics delivered
healthy babies. People who have recovered from tularemia
can develop localized papules without generalization of the
lesions, if they are later exposed to large amounts of the
bacterium.
F. tularensis subsp. novicida
Few clinical cases caused by F. tularensis subsp.
novicida have been described to date. One young, healthy
person presented with an illness that resembled the
ulceroglandular or glandular form, with regional
lymphadenopathy and no other symptoms. Another case, in
a 15-year-old, was characterized as a reactive lymph node,
with a history of swelling on alternating sides of the face and
neck for 2-3 weeks, but no fever. This syndrome had been
preceded 6 months earlier by a flu-like illness, with
intermittent malaise, myalgia, diffuse abdominal pain,
nausea, vomiting and diarrhea, with pleural effusion and
prominent mesenteric lymph nodes. Whether these earlier
signs were related to the lymphadenopathy is unclear.
The remaining cases occurred in people who had
concurrent medical conditions (e.g., diabetes) or were
immunosuppressed. An older man in poor nutritional
condition, with a history of alcoholism, developed a febrile
illness that resembled typhoidal tularemia, with dizziness,
nausea, vomiting and bacteremia. In another case, F.
tularensis subsp. novicida was isolated from a patient who
developed a fever soon after a severe neck injury in a surfing
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accident. Other cases were described as bacterial peritonitis,
pyomyositis of the thigh, and bacteremia. F. tularensis
subsp. novicida was also detected in a woman undergoing
chemotherapy for ovarian cancer, who developed a fever and
intestinal hemorrhage with melena; however, her clinical
signs could also have been caused by the chemotherapy.

Diagnostic Tests
In humans, tularemia is often diagnosed by serology.
Commonly used serological tests include tube agglutination,
microagglutination
and
ELISAs.
An
indirect
immunofluorescent assay (IFA) has also been employed by
some laboratories. Screening by ELISA, with confirmation
by immunoblot, is recommended by some authors.
Significant, detectable titers usually appear 10-20 days after
infection. A single high antibody titer can be sufficient to
begin treatment as a presumptive case, with a second titer
collected for definitive confirmation during convalescence.
Cross–reactions can occur with Brucella spp., Legionella sp.,
Proteus OX19, and Yersinia spp., usually at low titers.
Tularemia can also be diagnosed by detecting F.
tularensis nucleic acids by PCR, or antigens with antigen
detection tests (e.g., immunohistochemistry), or by isolating
the organism from blood, affected tissues and exudates, as in
animals. Sputum, pharyngeal or conjunctival exudates,
samples from cutaneous ulcers or, lymph nodes, and gastric
washings are among the specimens that have been used for
diagnosis in humans. Histopathology can also be helpful.

Treatment
Tularemia is treated with antibiotics effective against this
organism. Early treatment is more effective and helps avoid
complications such as suppuration of the lymph nodes.
Suppurated lymph nodes may occasionally need to be
removed.

Prevention
Methods to reduce the risk of tularemia include avoiding
bites from arthropods, contaminated food and water, and
direct contact with infected animals or their tissues.
Protective clothing (e.g., long pants, shirts with long sleeves,
mesh head nets), insect repellents and/or other measures can
help prevent bites from ticks, tabanid flies and mosquitoes.
The efficacy of the various techniques differs between
insects. Biting flies can be particularly difficult to control.
Any attached ticks should be removed promptly.
Hunters and others who handle wildlife and their
carcasses should use gloves, protect the mucous membranes
from contamination (e.g., avoid touching the mouth or eyes,
or splashing fluids), and make sure that any breaks in the skin
are covered. Hands should be washed with soap and water
after handling the animal, and any equipment should be
cleaned well. Game meat should be cooked completely, and
other foods should be protected from contamination by
rodents or other animals. Veterinarians and their staff, as
well as sheep ranchers, should use personal protective
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equipment, such as gloves, and employ good hygiene, when
working with animals that may be infected. Care should be
taken to avoid bites and scratches. In endemic areas, dust
masks might be helpful during activities such as piling hay
or mowing the lawn; however, their efficacy against F.
tularensis has not been evaluated in these situations. To
prevent aerosolization, any dead animals should be removed
before mowing the lawn. Water should be filtered or treated
before drinking. Precautions have also been published for
laboratories that work with F. tularensis.
A few countries, such as Russia, produce tularemia
vaccines for emergency use during outbreaks. These vaccines
have some issues and are not employed for routine
vaccination. No licensed vaccines are available in most
nations.

Morbidity and Mortality
Tularemia is an occupational hazard for hunters,
butchers, farmers, fur/ wool handlers, veterinarians,
laboratory workers and others who might contact infected
animals or their tissues. In some areas such as Martha’s
Vineyard, Massachusetts, landscape workers seem to be at
risk of contracting the pneumonic form. In most countries,
tularemia outbreaks are interspersed with periods during
which only a few sporadic cases occur. Some outbreaks in
humans have been linked to epizootics among wild or
domesticated animals (e.g., lemmings, hares, sheep). Clinical
cases can occur after direct contact with infected animals, but
dead rodents were thought to have contaminated private
water supplies during some outbreaks. Extensive human
epidemics have occurred during or after wars, when rodent
populations may increase and contaminate human food.
Unusual sources of organisms have also been reported, such
as an outbreak in people exposed to contaminated freshwater
crayfish while fishing.
The severity of the illness tends to differ with the
subspecies and strain of F. tularensis, as well as other factors
such as the person’s health. F. tularensis subsp. tularensis is
more virulent overall than F. tularensis subsp. holarctica.
However, less pathogenic subtypes of F. tularensis subsp.
tularensis occur in some parts of North America, and
infections with these organisms may be comparable to F.
tularensis subsp. holarctica. Ulceroglandular and glandular
tularemia, with an estimated case fatality rate of 5%
(untreated), are the most common forms of disease caused by
both F. tularensis subsp. tularensis and F. tularensis subsp.
holarctica. These two forms are thought to comprise at least
75-85% of clinical cases. The case fatality rate for respiratory
tularemia varies widely, depending on the organism
responsible; however, more than 50% of people who develop
severe respiratory signs may die without treatment. The
typhoidal form has been estimated to occur in 5-15% of cases.
It is most often caused by F. tularensis subsp. tularensis and
has the highest case fatality rate. Before antibiotics, the overall
case fatality rate for all tularemia cases caused by F. tularensis
subsp. tularensis was estimated to be 5-15%, with some
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sources suggesting values up to 30%. Far fewer deaths were
caused by F. tularensis subsp. holarctica. Antibiotics have
reduced the overall case fatality rate from tularemia to 1-3%.
F. tularensis subsp. novicida might be an uncommon
human pathogen. Fewer than 20 clinical cases have been
described in the literature, as of 2017, and most occurred in
people who had concurrent diseases (e.g., diabetes,
alcoholism), were immunosuppressed by medications and/or
were seriously ill. However, it remains possible that mild
illnesses in healthy people have been overlooked or assumed
to be caused by other subtypes of F. tularensis.

Internet Resources
Centers for Disease Control and Prevention (CDC).
Tularemia
https://www.cdc.gov/tularemia/
European Centre for Disease Prevention and Control
(ECDC). Tularaemia
http://www.ecdc.europa.eu/en/healthtopics/Tularaemia/Pag
es/index.aspx
Public Health Agency of Canada. Pathogen Safety Data
Sheets
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/indexeng.php
The Merck Manual
http://www.merckmanuals.com/professional
The Merck Veterinary Manual
http://www.merckvetmanual.com/
World Organization for Animal Health (OIE)
http://www.oie.int
OIE Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals
http://www.oie.int/international-standard-setting/terrestrialmanual/access-online/
OIE Terrestrial Animal Health Code
http://www.oie.int/international-standard-setting/terrestrialcode/

Acknowledgements
This factsheet was written by Anna Rovid Spickler, DVM,
PhD, Veterinary Specialist from the Center for Food
Security and Public Health. The U.S. Department of
Agriculture Animal and Plant Health Inspection Service
(USDA APHIS) provided funding for this factsheet through
a series of cooperative agreements related to the
development of resources for initial accreditation training.
The following format can be used to cite this factsheet.
Spickler, Anna Rovid. 2017. Tularemia. Retrieved from
http://www.cfsph.iastate.edu/DiseaseInfo/
factsheets.php.
© 2003-2017

References
Aravena-Román M, Merritt A, Inglis TJ. First case of Francisella
bacteraemia in Western Australia.New Microbes New Infect.
2015;8:75-7.
Ata N, Kılıç S, Övet G, Alataş N, Çelebi B. Tularemia during
pregnancy. Infection. 2013;41(4):753-6.
Avashia SB, Petersen JM, Lindley CM, Schriefer ME, Gage KL, et
al. First reported prairie dog-to-human tularemia transmission,
Texas, 2002. Emerg Infect Dis. 2004;10(3):483-6.
Bäckman S, Näslund J, Forsman M, Thelaus J. Transmission of
tularemia from a water source by transstadial maintenance in a
mosquito vector. Sci Rep. 2015;5:7793.
Barbaz M, Piau C, Tadie JM, Pelloux I, Kayal S, Tattevin P, Le
Tulzo Y, Revest M. Rhombencephalitis caused by Francisella
tularensis. Clin Microbiol. 2013;51(10):3454-5.
Bartlett K. Deer and horse flies [online]. University of Rhode
Island; 1999. Available at:
http://www.uri.edu/ce/factsheets/sheets/deerhorseflies.html.*
Accessed 23 Sept 2009.
Berman-Booty LD, Cui J, Horvath SJ, Premanandan C. Pathology
in practice. Tularemia. J Am Vet Med Assoc.
2010;237(2):163-5.
Berrada ZL, Telford Iii SR. Survival of Francisella tularensis
Type A in brackish-water. Arch Microbiol. 2011;193(3):223-6.
Biberstein EL, Holzworth J. Bacterial diseases. Tularemia. In:
Holzworth J, editor. Diseases of the cat. Philadelphia, PA:
WB Saunders; 1987. p. 296.
Birdsell DN, Stewart T, Vogler AJ, Lawaczeck E, Diggs A,
Sylvester TL, Buchhagen JL, Auerbach RK, Keim P, Wagner
DM. Francisella tularensis subsp. novicida isolated from a
human in Arizona. BMC Res Notes. 2009;2:223.
Birkbeck TH, Feist SW, Verner-Jeffreys DW Francisella
infections in fish and shellfish. J Fish Dis. 2011;34(3):173-87.
Boisset S, Caspar Y, Sutera V, Maurin M. New therapeutic
approaches for treatment of tularaemia: a review. Front Cell
Infect Microbiol. 2014 Mar 28;4:40.
Brett ME, Respicio-Kingry LB, Yendell S, Ratard R, Hand J,
Balsamo G, Scott-Waldron C, O'Neal C, Kidwell D, Yockey
B, Singh P, Carpenter J, Hill V, Petersen JM, Mead P.
Outbreak of Francisella novicida bacteremia among inmates
at a Louisiana correctional facility. Clin Infect Dis.
2014;59(6):826-33.
Briere M, Kaladji A, Douane F, Breux JP, Touroult-Jupin P,
Boisset S, Edouard S, Biron C, Boutoille D. Francisella
tularensis aortitis. Infection. 2016;44(2):263-5.
Brown VR, Adney DR, Bielefeldt-Ohmann H, Gordy PW, Felix
TA, Olea-Popelka FJ, Bowen RA. Pathogenesis and immune
responses of Francisella tularensis strains in wild-caught
cottontail rabbits (Sylvilagus spp.). J Wildl Dis.
2015;51(3):564-75.
Byington CL, Bender JM, Ampofo K, Pavia AT, Korgenski K,
Daly J, Christenson JC, Adderson E. Tularemia with vesicular
skin lesions may be mistaken for infection with herpesviruses.
Clin Infect Dis. 2008;47(1):e4-6.
Capellan J, Fong IW. Tularemia from a cat bite: case report and
review of feline-associated tularemia. Clin Infect Dis.
1993;16(4):472-5.

www.cfsph.iastate.edu  Email: cfsph@iastate.edu

page 7 of 11

Tularemia
Carvalho CL, Lopes de Carvalho I, Zé-Zé L, Núncio MS, Duarte
EL. Tularaemia: a challenging zoonosis. Comp Immunol
Microbiol Infect Dis. 2014;37(2):85-96.
Centers for Disease Control and Prevention (CDC). Tularemia
associated with a hamster bite--Colorado, 2004. MMWR
Morb Mortal Wkly Rep. 2005;53(51):1202-3.
Centers for Disease Control and Prevention (CDC). Tularemia.
Prevention [online]. CDC; 2015 Oct. Available at:
https://www.cdc.gov/tularemia/prevention/index.html.
Accessed 29 Jun 2017.
Centers for Disease Control and Prevention (CDC). Tularemia United States, 2001-2010. MMWR Morb Mortal Wkly Rep.
2013;62(47):963-6.
Champion MD, Zeng Q, Nix EB, Nano FE, Keim P, et al.
Comparative genomic characterization of Francisella
tularensis strains belonging to low and high virulence
subspecies. PLoS Pathog. 2009;5(5):e1000459.
Chaudhuri RR1, Ren CP, Desmond L, Vincent GA, Silman NJ,
Brehm JK, Elmore MJ, Hudson MJ, Forsman M, Isherwood
KE, Gurycová D, Minton NP, Titball RW, Pallen MJ, Vipond
R. Genome sequencing shows that European isolates of
Francisella tularensis subspecies tularensis are almost
identical to US laboratory strain Schu S4. PLoS One.
2007;2(4):e352.
Chomel BB, Morton JA, Kasten RW, Chang CC. First pediatric
case of tularemia after a coyote bite. Case Rep Infect Dis.
2016;2016:8095138.
Clarridge JE 3rd, Raich TJ, Sjösted A, Sandström G, Darouiche
RO, Shawar RM, Georghiou PR, Osting C, Vo L.
Characterization of two unusual clinically significant
Francisella strains. J Clin Microbiol. 1996;34(8):1995-2000.
Cleveland KO. Tularemia [online]. eMedicine; 2016 Feb.
Available at: http://emedicine.medscape.com/article/230923overview. Accessed 24 Jun 2017.
Collins FM.. Pasteurella, Yersinia, and Francisella. In: Baron S.,
editor. Medical microbiology. 4th ed. New York: Churchill
Livingstone; 1996. Available at:
http://www.gsbs.utmb.edu/microbook/ch029.htm.* Accessed
20 Nov 2002.
Contentin L, Soret J, Zamfir O, Gontier O, Lherm T, Hamrouni
M, Ouchenir A, Monchamps G, Kalfon P. Francisella
tularensis meningitis. Med Mal Infect. 2011;41(10):556-8.
Dentan C, Pavese P, Pelloux I, Boisset S, Brion JP, Stahl JP,
Maurin M. Treatment of tularemia in pregnant woman,
France. Emerg Infect Dis. 2013;19(6):996-8.
Duncan C, Krafsur G, Podell B, Baeten LA, LeVan I, Charles B,
Ehrhart EJ. Leptospirosis and tularaemia in raccoons (Procyon
lotor) of Larimer County, Colorado. Zoonoses Public Health.
2012;59(1):29-34.
Duncan DD, Vogler AJ, Wolcott MJ, Li F, Sarovich DS, et al.
Identification and typing of Francisella tularensis with a
highly automated genotyping assay. Lett Appl Microbiol.
2013;56(2):128-34.
Eden JS, Rose K, Ng J, Shi M, Wang Q, Sintchenko V, Holmes
EC. Francisella tularensis ssp. holarctica in ringtail possums,
Australia. Emerg Infect Dis. 2017;23(7):1198-1201.
Elkins KL, Kurtz SL, De Pascalis R. Progress, challenges, and
opportunities in Francisella vaccine development. Expert Rev
Vaccines. 2016;15(9):1183-96.

© 2003-2017

Feldman KA. Tularemia. J Am Vet Med Assoc. 2003;222(6):725-30.
Ferrecchia CE, Colgin LM, Andrews KR, Lewis AD. An outbreak
of tularemia in a colony of outdoor-housed rhesus macaques
(Macaca mulatta). Comp Med. 2012;62(4):316-21.
Foley JE. Overview of tularemia. In: Kahn CM, Line S, Aiello SE,
editors. The Merck veterinary manual [online]. Whitehouse
Station, NJ: Merck and Co; 2014. Available at:
http://www.msdvetmanual.com/generalized-conditions/
tularemia/overview-of-tularemia. Accessed 26 Jun 2017.
Foley JE., Nieto NC. Tularemia. Vet Microbiol. 2010 Jan
27;140(3-4):332-8.
Friedl A, Heinzer I, Fankhauser H. Tularemia after a dormouse
bite in Switzerland. Eur J Clin Microbiol Infect Dis.
2005;24(5):352-4.
Fritzsch J, Splettstoesser WD. Septic pneumonic tularaemia
caused by Francisella tularensis subsp. holarctica biovar II. J
Med Microbiol. 2010;59(Pt 9):1123-5.
Gabriele-Rivet V, Ogden N, Massé A, Antonation K, Corbett C,
Dibernardo A, Lindsay LR, Leighton PA, Arsenault J. Ecoepizootiologic study of Francisella tularensis, the agent of
tularemia, in Quebec wildlife. J Wildl Dis. 2016;52(2):217-29.
Gaci R, Alauzet C, Selton-Suty C, Lozniewski A, Pulcini C , May
T, Goehringer F. Francisella tularensis endocarditis: two case
reports and a literature review. Infect Dis (Lond).
2017;49(2):128-31.
Gehringer H, Schacht E, Maylaender N, Zeman E, Kaysser P,
Oehme R, Pluta S, Splettstoesser WD. Presence of an
emerging subclone of Francisella tularensis holarctica in
Ixodes ricinus ticks from south-western Germany. Ticks Tick
Borne Dis. 2013;4(1-2):93-100.
Gliatto JM, Rae JF, McDonough PL, Dasbach JJ. Feline tularemia
on Nantucket Island, Massachusetts. J Vet Diagn Invest.
1994;6(1):102-5.
Glynn AR, Alves DA, Frick O, Erwin-Cohen R, Porter A, Norris
S, Waag D, Nalca A. Comparison of experimental respiratory
tularemia in three nonhuman primate species. Comp Immunol
Microbiol Infect Dis. 2015;39:13-24.
Gunnell MK, Lovelace CD, Satterfield BA, Moore EA, O'Neill
KL, Robison RA. A multiplex real-time PCR assay for the
detection and differentiation of Francisella tularensis
subspecies. J Med Microbiol. 2012;61(Pt 11):1525-31.
Gurycova D. First isolation of Francisella tularensis subsp.
tularensis in Europe. Eur. J. Epidemiol. 1998;14:797-802.
Gyuranecz M, Dénes B, Dán A, Rigó K, Földvári G, Szeredi L,
Fodor L, Alexandra S, Jánosi K, Erdélyi K, Krisztalovics K,
Makrai L. Susceptibility of the common hamster (Cricetus
cricetus) to Francisella tularensis and its effect on the
epizootiology of tularemia in an area where both are endemic.
J Wildl Dis. 2010;46(4):1316-20.
Gyuranecz M, Fodor L, Makrai L, Szoke I, Jánosi K, Krisztalovics
K, Erdélyi K. Generalized tularemia in a vervet monkey
(Chlorocebus aethiops) and a patas monkey (Erythrocebus
patas) in a zoo. J Vet Diagn Invest. 2009;21(3):384-7.
Gyuranecz M, Reiczigel J, Krisztalovics K, Monse L, Szabóné
GK, Szilágyi A, Szépe B, Makrai L, Magyar T, Bhide M,
Erdélyi K. Factors influencing emergence of tularemia,
Hungary, 1984-2010.Emerg Infect Dis. 2012;18(8):1379-81.

www.cfsph.iastate.edu  Email: cfsph@iastate.edu

page 8 of 11

Tularemia
Gyuranecz M, Rigó K, Dán A, Földvári G, Makrai L, Dénes B,
Fodor L, Majoros G, Tirják L, Erdélyi K. Investigation of the
ecology of Francisella tularensis during an inter-epizootic
period. Vector Borne Zoonotic Dis. 2011;11(8):1031-5.
Hanke CA, Otten JE, Berner R, Serr A, Splettstoesser W, von
Schnakenburg C. Ulceroglandular tularemia in a toddler in
Germany after a mosquito bite. Eur J Pediatr.
2009;168(8):937-40.
Harkness JE, Wagner JE, editors. The biology and medicine of
rabbits and rodents, 2nd ed. Philadelphia: Lea and Febiger;
1977. Tularemia; p. 179–80.
Hartman FW. Tularemic encephalitis: pathology of acute
tularemia with brain involvement and coexisting tuberculosis.
Am J Pathol. 1932;8:57-62.
Hestvik G, Warns-Petit E, Smith LA, Fox NJ, Uhlhorn H, Artois
M, Hannant D, Hutchings MR, Mattsson R, Yon L, GavierWiden D. The status of tularemia in Europe in a one-health
context: a review. Epidemiol Infect. 2015;143(10):2137-60.
Hofinger DM, Cardona L, Mertz GJ, Davis LE. Tularemic
meningitis in the United States. Arch Neurol. 2009;66(4):523-7.
Hollis DG, Weaver RE, Steigerwalt AG, Wenger JD, Moss CW,
Brenner DJ. Francisella philomiragia comb. nov. (formerly
Yersinia omiragia) and Francisella tularensis biogroup
novicida (formerly Francis novicida) associated with human
disease. J Clin Microbiol. 1989;27:1601-8.
Huber B, Escudero R, Busse HJ, Seibold E, Scholz HC, Anda P,
Kämpfer P, Splettstoesser WD. Description of Francisella
hispaniensis sp. nov., isolated from human blood,
reclassification of Francisella novicida (Larson et al. 1955)
Olsufiev et al. 1959 as Francisella tularensis subsp. novicida
comb. nov. and emended description of the genus Francisella.
Int J Syst Evol Microbiol. 2010;60(Pt 8):1887-96.
Jackson J, McGregor A, Cooley L, Ng J, Brown M, Ong CW,
Darcy C, Sintchenko V. Francisella tularensis subspecies
holarctica, Tasmania, Australia, 2011. Emerg Infect Dis.
2012;18(9):1484-6.
Johansson A, Celli J, Conlan W, Elkins KL, Forsman M, Keim
PS, Larsson P, Manoil C, Nano FE, Petersen JM, Sjöstedt A.
Objections to the transfer of Francisella novicida to the
subspecies rank of Francisella tularensis. Int J Syst Evol
Microbiol. 2010;60:1717-8.
Johansson A, Lärkeryd A, Widerström M, Mörtberg S, Myrtännäs
K, Ohrman C, Birdsell D, Keim P, Wagner DM, Forsman M,
Larsson P. An outbreak of respiratory tularemia caused by
diverse clones of Francisella tularensis. Clin Infect Dis.
2014;59(11):1546-53.
Keim P, Johansson A, Wagner DM. Molecular epidemiology,
evolution, and ecology of Francisella. Ann N Y Acad Sci.
2007;1105:30-66.
Ketz-Riley CJ, Kennedy GA, Carpenter JW, Zeidner NS, Petersen
JM. Tularemia type A in captive Bornean orangutans (Pongo
pygmaeus pygmaeus). J Zoo Wildl Med. 2009;40(2):257-62.
Kingry LC, Petersen JM. Comparative review of Francisella
tularensis and Francisella novicida. Front Cell Infect
Microbiol. 2014;4:35.
Komitova R, Nenova R, Padeshki P, Ivanov I, Popov V, Petrov P.
Tularemia in Bulgaria 2003-2004. J Infect Dev Ctries.
2010;4(11):689-94.

© 2003-2017

Kortepeter M, Christopher G, Cieslak T, Culpepper R, Darling R,
Pavlin J, Rowe J, McKee K, Eitzen E, editors. Medical
management of biological casualties handbook [online]. 4th ed.
United States Department of Defense; 2001. Tularemia.
Available at: http://www.vnh.org/BIOCASU/11.html.*
Accessed 19 Nov 2002.
Kugeler KJ, Mead PS, Janusz AM, Staples JE, Kubota KA,
Chalcraft LG, Petersen JM. Molecular epidemiology of
Francisella tularensis in the United States. Clin Infect Dis.
2009;48(7):863-70.
Larssen KW, Bergh K, Heier BT, Vold L, Afset JE. All-time high
tularaemia incidence in Norway in 2011: report from the
national surveillance. Eur J Clin Microbiol Infect Dis.
2014;33(11):1919-26.
Leelaporn A, Yongyod S, Limsrivanichakorn S, Yungyuen T,
Kiratisin P. Francisella novicida bacteremia, Thailand. Emerg
Infect Dis. 2008;14(12):1935-7.
Lundström JO, Andersson AC, Bäckman S, Schäfer ML, Forsman
M, Thelaus J. Transstadial transmission of Francisella
tularensis holarctica in mosquitoes, Sweden. Emerg Infect
Dis. 2011;17(5):794-9.
Magnarelli L, Levy S, Koski R. Detection of antibodies to
Francisella tularensis in cats. Res Vet Sci. 2007;82(1):22-6.
Mailles A, Stahl JP. Infectious encephalitis in France in 2007: a
national prospective study. Clin Infect Dis. 2009;49:1838-47.
Mani RJ, Metcalf JA, Clinkenbeard KD. Amblyomma americanum
as a bridging vector for human infection with Francisella
tularensis. PLoS One. 2015;10(6):e0130513.
Mani RJ, Morton RJ, Clinkenbeard KD. Ecology of Tularemia in
Central US endemic region. Curr Trop Med Rep. 2016;3:75-79.
Maraha B, Hajer G, Sjödin A, Forsman M, Paauw A, Roeselers G,
Verspui E, Frenay I, Notermans D, de Vries M, Reubsaet F.
Indigenous infection with Francisella tularensis holarctica in
the Netherlands. Case Rep Infect Dis. 2013;2013:916985.
Mätz-Rensing K, Floto A, Schrod A, Becker T, Finke EJ, Seibold
E, Splettstoesser WD, Kaup FJ. Epizootic of tularemia in an
outdoor housed group of cynomolgus monkeys (Macaca
fascicularis).Vet Pathol. 2007;44(3):327-34.
Maurin M, Pelloux I, Brion JP, Del Banõ JN, Picard A. Human
tularemia in France, 2006-2010. Clin Infect Dis.
011;53(10):e133-41.
Meinkoth KR, Morton RJ, Meinkoth JH. Naturally occurring tularemia
in a dog.J Am Vet Med Assoc. 2004;225(4):545-7, 538.
Mohamed SE, Mubarak AI, Alfarooq LO. Francisella tularensis
bacteremia: A case report from Sudan. Case Rep Infect Dis.
2012;2012:405737.
Molins CR, Delorey MJ, Yockey BM, Young JW, Sheldon SW,
Reese SM, Schriefer ME, Petersen JM. Virulence differences
among Francisella tularensis subsp. tularensis clades in mice.
PLoS One. 2010;5(4):e10205.
Mörner T, Mattsson R. Tularemia in a rough-legged buzzard
(Buteo lagopus) and a ural owl (Strix uralensis). J Wildl Dis.
1983;19(4):360-1.
Nelson DD, Haldorson GJ, Stanton JB, Noh SM, Bradway DS,
Mansfield KG, Baszler TV. Francisella tularensis infection
without lesions in gray tree squirrels (Sciurus griseus): a
diagnostic challenge. J Vet Diagn Invest. 2014;26(2):312-5.

www.cfsph.iastate.edu  Email: cfsph@iastate.edu

page 9 of 11

Tularemia
Nordstoga A, Handeland K, Johansen TB, Iversen L, GavierWidén D, Mattsson R, Wik-Larssen K, Afset JE, Næverdal R,
Lund A. Tularaemia in Norwegian dogs. Vet Microbiol.
2014;173(3-4):318-22.
O'Connell HA, Rose LJ, Shams AM, Arduino MJ, Rice EW.
Chlorine disinfection of Francisella tularensis. Lett Appl
Microbiol. 2011;52(1):84-6.
Origgi FC, Wu N, Pilo P. Francisella tularensis infection in a
stone marten (Martes foina) without classic pathological
lesions consistent with tularemia. J Vet Diagn Invest.
2013;25(4):519-21.
O'Toole D, Williams ES, Woods LW, Mills K, Boerger-Fields A,
Montgomery DL, Jaeger P, Edwards WH, Christensen D,
Marlatt W. Tularemia in range sheep: an overlooked
syndrome? J Vet Diagn Invest. 2008;20(4):508-13.
Otto P, Chaignat V, Klimpel D, Diller R, Melzer F, Müller W,
Tomaso H. Serological investigation of wild boars (Sus
scrofa) and red foxes (Vulpes vulpes) as indicator animals for
circulation of Francisella tularensis in Germany. Vector
Borne Zoonotic Dis. 2014;14(1):46-51.
Padeshki PI, Ivanov IN, Popov B, Kantardjiev TV. The role of
birds in dissemination of Francisella tularensis: first direct
molecular evidence for bird-to-human transmission.
Epidemiol Infect. 2009;138(3):376-9.
Parte AC. List of procaryotic names with standing in
nomenclature (founded by Euzeky JP). Avialable at:
http://www.bacterio.net/index.html. Accessed 26 Jun 2017.
Passiouk N, Heininger U. Ulceroglandular tularemia following
contact with a boar. Pediatr Infect Dis J. 2016;35(4):453-5.
Pearson A..Tularaemia. In: Palmer SR, Soulsby EJL, Simpson
DIH, editors. Zoonoses. New York: Oxford University Press;
1998.p. 267-79.
Petersen JM, Schriefer ME.Tularemia: emergence/reemergence.Vet Res. 2005;36(3):455-67.
Petersen JM, Schriefer ME, Carter LG, Zhou Y, Sealy T, et al.
Laboratory analysis of tularemia in wild-trapped,
commercially traded prairie dogs, Texas, 2002. Emerg Infect
Dis. 2004;10(3):419-25.
Portero A, Careño E, Real LA, Villarón S, Herreras JM. Infectious
nontuberculous serpiginous choroiditis. Arch Ophthalmol.
2012;130:1207-8.
Public Health Agency of Canada. Pathogen Safety Data Sheet –
Francisella tularensis. Office of Laboratory Security; May
2001. Available at: http://www.phac-aspc.gc.ca/labbio/res/psds-ftss/msds68e-eng.php. Accessed 22 Jun 2017.
Rhyan JC, Gahagan T, Fales WH. Tularemia in a cat. J Vet Diagn
Invest. 1990;2(3):239-41.
Rossow H, Forbes KM, Tarkka E, Kinnunen PM, Hemmilä H,
Huitu O, Nikkari S, Henttonen H, Kipar A, Vapalahti O.
Experimental infection of voles with Francisella tularensis
indicates their amplification role in tularemia outbreaks. PLoS
One. 2014;9(10):e108864.
Rossow H, Sissonen S, Koskela KA, Kinnunen PM, Hemmilä H,
Niemimaa J, Huitu O, Kuusi M, Vapalahti O, Henttonen H,
Nikkari S. Detection of Francisella tularensis in voles in
Finland. Vector Borne Zoonotic Dis. 2014;14(3):193-8.

© 2003-2017

Sammak RL, Rejmanek DD, Roth TM, Christe KL, Chomel BB,
Foley JE. Investigation of tularemia outbreak after natural
infection of outdoor-housed rhesus macaques (Macaca
mulatta) with Francisella tularensis. Comp Med.
2013;63(2):183-90.
Sharma N, Hotta A, Yamamoto Y, Uda A, Fujita O, Mizoguchi T,
Shindo J, Park CH, Kudo N, Hatai H, Oyamada T, Yamada A,
Morikawa S, Tanabayashi K. Serosurveillance for Francisella
tularensis among wild animals in Japan using a newly
developed competitive enzyme-linked immunosorbent assay.
Vector Borne Zoonotic Dis. 2014;14(4):234-9.
Shaw SE, Birtles RJ, Day MJ. Arthropod-transmitted infectious
diseases of cats. J Feline Med Surg. 2001;3(4):193-209.
Sjödin A, Svensson K, Ohrman C, Ahlinder J, Lindgren P, Duodu
S, Johansson A, Colquhoun DJ, Larsson P, Forsman M.
Genome characterisation of the genus Francisella reveals
insight into similar evolutionary paths in pathogens of
mammals and fish. BMC Genomics. 2012;13:268.
Sjöstedt A. Tularemia: history, epidemiology, pathogen
physiology, and clinical manifestations. Ann N Y Acad Sci.
2007;1105:1-29.
Steinrücken J, Graber P. Oropharyngeal tularemia. CMAJ.
2014;186(1):E62.
Su TY, Shie SS, Chia JH, Huang CT. Case report of low virulence
Francisella tularensis presented as severe bacteremic
pneumonia. Medicine (Baltimore). 2016;95(19):e3390.
Tärnvik A, Chu MC. New approaches to diagnosis and therapy of
tularemia. Ann N Y Acad Sci. 2007;1105:378-404.
Tärnvik A, Priebe HS, Grunow R. Tularaemia in Europe: an
epidemiological overview. Scand J Infect Dis.
2004;36(5):350-5.
Terrada C, Azza S, Bodaghi B, Le Hoang P, Drancourt M. Rabbit
hunter uveitis: case report of tularemia uveitis. BMC
Ophthalmol. 2016;16(1):157.
Thomas LD, Schaffner W. Tularemia pneumonia. Infect Dis Clin
North Am. 2010;24(1):43-55.
Triebenbach AN, Vogl SJ, Lotspeich-Cole L, Sikes DS, Happ
GM, Hueffer K. Detection of Francisella tularensis in
Alaskan mosquitoes (Diptera: Culicidae) and assessment of a
laboratory model for transmission. J Med Entomol.
2010;47(4):639-48.
Valentine BA, DeBey BM, Sonn RJ, Stauffer LR, Pielstick LG.
Localized cutaneous infection with Francisella tularensis
resembling ulceroglandular tularemia in a cat. J Vet Diagn
Invest. 2004;16(1):83-5.
Väyrynen SA, Saarela E, Henry J, Lahti S, Harju T, Kauma H.
Pneumonic tularaemia: experience of 58 cases from 2000 to
2012 in Northern Finland. Infect Dis (Lond). 2017:1-7.
Whipp MJ, Davis JM, Lum G, de Boer J, Zhou Y, Bearden SW,
Petersen JM, Chu MC, Hogg G. Characterization of a
novicida-like subspecies of Francisella tularensis isolated in
Australia. J Med Microbiol. 2003;52(Pt 9):839-42.
Willke A, Meric M, Grunow R, Sayan M, Finke EJ, Splettstösser
W, Seibold E, Erdogan S, Ergonul O, Yumuk Z, Gedikoglu S.
An outbreak of oropharyngeal tularaemia linked to natural
spring water. J Med Microbiol. 2009;58(Pt 1):112-6.
Wobeser G, Campbell GD, Dallaire A, McBurney S. Tularemia,
plague, yersiniosis, and Tyzzer's disease in wild rodents and
lagomorphs in Canada: a review. Can Vet J.
2009;50(12):1251-6.

www.cfsph.iastate.edu  Email: cfsph@iastate.edu

page 10 of 11

Tularemia
World Organization for Animal Health [OIE] . Manual of
diagnostic tests and vaccines for terrestrial animals [online].
Paris: OIE; 2017. Tularemia. Available at:
http://www.oie.int/fileadmin/Home/eng/Health_standards/tah
m/2.01.22_TULAREMIA.pdf. Accessed 26 Jun 2017.
Yaqub S, Bjørnholt JV, Enger AE. [Tularemia from a cat bite]
Tidsskr Nor Laegeforen. 2004;124(24):3197-8.
Yeom JS, Rhie K, Park JS, Seo JH, Park ES, Lim JY, Park CH,
Woo HO, Youn HS. The first pediatric case of tularemia in
Korea: manifested with pneumonia and possible infective
endocarditis. Korean J Pediatr. 2015;58(10):398-401.
Zargar A, Maurin M, Mostafavi E. Tularemia, a re-emerging
infectious disease in Iran and neighboring countries.
Epidemiol Health. 2015;37:e2015011.
*Link defunct

© 2003-2017

www.cfsph.iastate.edu  Email: cfsph@iastate.edu

page 11 of 11

