
Tularemia

503

Chapter 24

TULAREMIA

MARTIN E. EVANS, M.D.*; AND ARTHUR M. FRIEDLANDER, M.D.†

INTRODUCTION

THE INFECTIOUS AGENT

THE DISEASE
Epidemiology
Pathogenesis
Clinical Manifestations
Diagnosis
Treatment

PROPHYLAXIS

SUMMARY

*Lieutenant Colonel (Ret), Medical Corps, U.S. Air Force; Assistant Professor of Internal Medicine, Uniformed Services University of the
Health Sciences, Bethesda, Maryland 20814-4799; currently, Associate Professor, Division of Infectious Diseases, Department of Internal
Medicine, University of Kentucky School of Medicine, Lexington, Kentucky 40536-0084

†Colonel, Medical Corps, U.S. Army; Chief, Bacteriology Division, U.S. Army Medical Research Institute of Infectious Diseases, Fort Detrick,
Frederick, Maryland 21702-5011; and Clinical Associate Professor of Medicine, Uniformed Services University of the Health Sciences, 4301
Jones Bridge Road, Bethesda, Maryland 20814-4799



Medical Aspects of Chemical and Biological Warfare

504

INTRODUCTION

ease was reported in 1914.4 Edward Francis subse-
quently described transmission by deer flies via
infected blood and coined the term tularemia in
1921.5 Transovarian transmission in ticks was re-
ported in 1926.6 In 1959, the Soviets proposed
changing the genus name to Francisella in recogni-
tion of the contributions of Edward Francis to
the understanding of this disease.7 F tularensis has
been considered an important biological warfare
threat because of its very high infectivity after aero-
solization.

Tularemia is a zoonosis caused by the Gram-
negative, facultative intracellular bacterium,
Francisella tularensis. The disease is characterized by
fever, localized skin or mucous membrane ulcer-
ation, regional lymphadenopathy, and, occasion-
ally, pneumonia.

In 1911, G. W. McCoy discovered the disease in
Tulare County, California, as a cause of a plague-
like illness in ground squirrels.1 An organism
was isolated and named Bacterium tularense.2,3 The
first bacteriologically confirmed case of human dis-

THE INFECTIOUS AGENT

F tularensis is a nonmotile, obligately aerobic,
Gram-negative coccobacillus. There are two
biovars8:

• F tularensis biovar tularensis is the most
common isolate in the United States. It is
recovered from rodents and ticks, and is
highly virulent for rabbits and humans. It
produces acid from glycerol and has citrul-
line ureidase activity.

• F tularensis biovar palearctica is more com-
mon outside the United States. It is recov-
ered from water, mosquitoes, and aquatic

mammals, and is relatively avirulent for
rabbits and humans. It does not produce
acid from glycerol, and does not have cit-
rulline ureidase activity.

The subspecies are indistinguishable serologically,
although they may be distinguished by 16S riboso-
mal ribonucleic acid (rRNA) analysis.9 A capsule has
been reported that may contribute to virulence.10,11

F tularensis may have a lipopolysaccharide (LPS),12

but the biological activity of the LPS has not been
well characterized and its role in pathogenicity is
unclear. No known toxins are produced.

THE DISEASE

Epidemiology

Tularemia occurs in North America, Europe, the
Middle East, Russia, and Japan, but is rare in the
United Kingdom, Africa, and Central and South
America. In the United States, the disease is most
prevalent in Arkansas, Illinois, Missouri, Texas, Vir-
ginia, and Tennessee, although cases have been re-
ported from all states except Hawaii.13,14

The principal reservoir of tularemia in North
America is the tick; more than 10 species have been
implicated.13,14 F tularensis is maintained in tick
populations by transovarial passage, and is prob-
ably transmitted to humans via feces since the bac-
terium has not been found in the tick salivary
glands. The bacterium has been isolated from 55
other arthropods and more than 100 nonarthro-
pods.13 In North America, the rabbit is the most com-
mon vertebrate associated with transmission of tu-
laremia. In other areas of the world, such as the
former Soviet Union, tularemia is maintained in

water rats and other aquatic mammals. Pharyngitis,
abdominal pain, and fever may result from the in-
gestion of contaminated water in these areas.15 With
the disruption of normal sanitation during World War
II, hundreds of thousands of civilians and large
numbers of Russian troops contracted tularemia.16

The reported incidence in the United States since
1967 has been fewer than 200 cases per year. This
compares with 2,291 cases reported in 1939 and
more than 1,100 cases per year during the 1940s.17,18

The decline in incidence may be due to a declining
interest in rabbit hunting, less recognition of the
disease by physicians, or inadvertent cure of the
disease by physicians who treat febrile patients with
aminoglycoside antibiotics.13

Pathogenesis

F tularensis is usually introduced into the host
through breaks in the skin, or through the mucous
membranes of the eye, respiratory tract, or gas-
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trointestinal tract.19–23 Ten virulent organisms in-
jected subcutaneously, and 10 to 50 organisms given
by aerosol can cause infection in humans.23–25

After inoculation, F tularensis is ingested by and
multiplies within macrophages.26 The host defense
against F tularensis is mediated primarily by (a) T-
cell–independent mechanisms, which appear early
(< 3 days after infection), and (b) T-cell–dependent
mechanisms, which appear later (> 3 days after in-
fection). In the T-cell–independent mechanisms,
macrophages, which have ingested bacteria, secrete
tumor necrosis factor–alpha (TNF-alpha). TNF-al-
pha stimulates natural killer (NK) cells to produce
interferon-gamma (IFN-γ), which, in turn, feeds
back on macrophages and stimulates the cells to kill
intracellular bacteria through the production of ni-
tric oxide.26–28 In the T-cell–dependent mechanism,
macrophages present bacterial antigen in the con-
text of the major histocompatibility complex (MHC-
II) to cluster of differentiation 4+ (CD4+) T lymph-
ocytes. These cells respond by proliferating and
secreting TNF-alpha, IL-2, and IFN-γ, which stimu-
late the macrophages to kill intracellular bacteria.27–32

Cell-mediated immunity constitutes the major pro-
tective mechanism.33

The role of humoral immunity and neutrophils
in the host defense against F tularensis is unclear.
Specific immunoglobulins (IgG, IgA, and IgM) ap-
pear within 1 week of infection, and passive trans-
fer of immune serum protects naive mice against
challenge with attenuated vaccine strains.34–37 This
protection, however, is not evident when mice are
challenged with virulent wild-type strains.38 Al-
though some of the antibodies produced are opsonic
and facilitate phagocytosis by neutrophils, neutro-
phils are not efficient in killing ingested bacteria.39,40

Recent studies using animals depleted of neutro-
phils suggest that neutrophils are important in re-
sistance to infection with attenuated strains, but the
relevance of these findings to virulent wild-type
tularemia is unknown.41 Overall, these data suggest
that the humoral immune response plays a limited
role in the host defense against naturally acquired
infection.33

Clinical Manifestations

Tularemia can be divided into the ulceroglan-
dular (75% of patients) and the typhoidal (25% of
patients) forms, based on the clinical signs. Patients
with ulceroglandular tularemia have lesions on the
skin or mucous membranes (including the conjunc-
tiva), lymph nodes larger than 1 cm in diameter, or
both. Patients with typhoidal tularemia, on the

other hand, present with lymph nodes smaller than
1 cm in diameter and without skin or mucous mem-
brane lesions. This simplified scheme is suggested
instead of the more-complicated, previous classifi-
cation (ie, ulceroglandular, glandular, oculoglan-
dular, typhoidal), because it is more in keeping with
the clinical, pathophysiological, and prognostic as-
pects of the disease.13

After an incubation period of 3 to 6 days,42–45 pa-
tients with the ulceroglandular form of the disease
develop a constellation of symptoms consisting of
fever (85%), chills (52%), headache (45%), cough
(38%), and myalgias (31%). The fever is often ac-
companied by a pulse–temperature disassociation
(ie, the pulse increases less than 10 beats per min
per 1°F increase in temperature above normal46).
Patients may also complain of chest pain, vomit-
ing, arthralgia, sore throat, abdominal pain, diar-
rhea, dysuria, back pain, or stiff neck.13

A cutaneous ulcer occurs in approximately 60%
of patients and is the most common sign of tulare-
mia. Ulcers are generally single lesions of 0.4 to 3.0
cm in diameter, with heaped-up edges (Figure 24-1).
Lesions associated with infection acquired from
mammalian vectors are usually located on the up-
per extremities, whereas lesions associated with
infection acquired from arthropod vectors are usu-
ally located on the lower extremities. Ulcerative
lesions are almost always accompanied by regional
lymphadenopathy.13

Enlarged lymph nodes are seen in approximately
85% of patients, and may be the initial, or the only,
sign of infection. Nodes are usually tender and
0.5 to 10 cm in diameter (mean 2.0 cm). Although
enlarged nodes usually occur as single lesions,
they may appear in groups or in a sporotrichoid
distribution. The appearance of enlarged nodes
in upper or lower extremities and the correlation

Fig. 24-1.  Cutaneous ulcer of tularemia. Photograph:
Courtesy of William Beisel, M.D., Colonel, Medical
Corps, US Army (Ret).
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with the vector is the same as for ulcerative le-
sions.19 Enlarged lymph nodes may become fluc-
tuant, drain spontaneously, or persist for as long as
3 years.22

Pharyngitis may occur in up to 25% of patients
with tularemia.13,22,47,48 The posterior pharynx
may not be inflamed; however, there may be
erythema, exudate, petechiae, hemorrhage, or ul-
cers. On occasion, patients with pharyngitis may
also develop a retropharyngeal abscess or suppu-
ration of regional lymph nodes.47,49–51 Pneumonia
commonly accompanies pharyngitis, perhaps re-
flecting acquisition of the disease by the aerosol
route.

The lower respiratory tract is involved in 47% to
94% of patients.13,52,53 The variability in these figures
is probably due to the variable use of chest radio-
graphs during patient evaluations. Patients present
with nonproductive or productive cough, and less
commonly with pleuritic chest pain, shortness of
breath, or hemoptysis. Examination of the sputum
is not helpful for making the diagnosis of tulare-
mia pneumonia. Chest radiographs show that ap-
proximately 50% of patients have pneumonia, and
1% or fewer have hilar adenopathy without paren-
chymal involvement. Pleural effusions are seen in
15% of patients with pneumonia. Interstitial pat-
terns, cavitary lesions, bronchopleural fistulae, and
calcifications have been reported in patients with
tularemia pneumonia (Figure 24-2).53–62 Approxi-
mately 30% of patients with ulceroglandular tula-
remia and 80% of patients with typhoidal tulare-
mia have pneumonia. The higher incidence of
pneumonia in patients with typhoidal tularemia
probably accounts for the higher mortality associ-
ated with this form of the disease.13

Other, infrequent clinical syndromes associated
with tularemia include pericarditis, enteritis, appen-
dicitis, peritonitis, erythema nodosum, and menin-
gitis.13,22,63–66

Patients usually do not have abnormalities in the
hematocrit, hemoglobin, or platelet levels. The pe-
ripheral white blood cell count may range between
5,000 and 22,000 cells per microliter, but it is usu-
ally only mildly elevated. Differential blood cell
counts are usually normal, although patients may
have a lymphocytosis late in the disease.13,67 Patients
may have microscopic pyuria, which may lead to
the erroneous diagnosis of a urinary tract infec-
tion.13,68 Mild elevations in lactic dehydrogenase,
serum transaminases, and alkaline phosphatase are
commonly seen. Some patients may experience
rhabdomyolysis associated with elevations in the
serum creatine kinase and urinary myoglobin lev-

Fig. 24-2.  Chest roentgenogram of tularemia pneumo-
nia showing bilateral infiltrates. Photograph: Courtesy
of William Beisel, M.D., Colonel, Medical Corps, US
Army (Ret).

els.69 The cerebrospinal fluid is usually normal, al-
though mild abnormalities in protein, glucose, and
blood cell count have been reported.13

Diagnosis

Tularemia can be diagnosed by recovery of
F tularensis in culture, or from serologic evidence
of infection in a patient with a compatible clinical
syndrome. Although the organism is difficult to
culture,24,25,53,70 it can be recovered from blood, ul-
cers, conjunctival exudates, sputum, gastric
washings, and pharyngeal exudates.23,70 Recovery
may be possible even after the institution of ap-
propriate antibiotic therapy.23 The organism
grows poorly on standard media. On media con-
taining cysteine or other sulfhydryl compounds (eg,
glucose cysteine blood agar, thioglycollate broth),
F tularensis appears as small, smooth, opaque
colonies after 24 to 48 hours of incubation at 37°C.
The bacterium has occasionally been recovered on
charcoal yeast extract (CYE),71 or Thayer-Martin
agar,72 or from radiometric detection systems if
the media are subcultured onto chocolate agar.73,74

The organism can readily be recovered from ani-
mals inoculated with infectious materials, but
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this is rarely done because of the likelihood of epi-
zootics within the animal colony and the risk of
infection to laboratory workers.75,76 Identification
of the organism is made on the basis of its growth
characteristics and bacterial agglutination or fluo-
rescent staining using antisera specific for
F tularensis.

Most diagnoses of tularemia are made serologi-
cally using bacterial agglutination or enzyme-linked
immunosorbent assay (ELISA). Measurable levels
of antibodies that agglutinate F tularensis appear
within 1 week of infection,35,77 but levels high
enough to allow confidence in the specificity of the
serologic diagnosis (an agglutination titer > 1:160,
for example) do not appear until more than 2 weeks
after infection.13,34–36 The serologic response may be
blunted by prior administration of antibiotics.78

Because antibodies to F tularensis may cross-react
with Brucella,79–81 Proteus OX19,30,82 and Yersinia or-
ganisms,30,36,82,83 and because detectable antibody
levels may persist for many years after a bout of
tularemia,13,36 the serologic diagnosis of an acute
infection should, ideally, be made only if a 4-fold
or greater increase in serologic response is seen
during the course of the patient’s illness.

Treatment

Patients with tularemia who do not receive ap-
propriate antibiotic treatment may have a pro-
longed illness characterized by malaise, weakness,
weight loss, and other symptoms that last for
months.22,82,84,85 Before the availability of effective anti-
biotics, ulceroglandular and typhoidal tularemia had
mortalities of approximately 4% and 35%, respec-
tively.44,57 With appropriate treatment, tularemia has
an overall mortality of approximately 1% to 2.5%.13,86,87

Streptomycin is the drug of choice for the treat-
ment of tularemia. The drug is bactericidal, and
patients treated with streptomycin usually respond
within 48 hours of its administration.19,42,58,88 Re-
lapses are uncommon, and resistance has not been
reported.70,89 Other aminoglycosides such as gen-
tamicin have been used with some success and are
probably reasonable alternatives.13 Bacteriostatic
drugs such as chloramphenicol and tetracycline are
often efficacious, but relapses occur if the drug is
given too early in the course of the disease or if is
not continued long enough.13,23,70 To date, there is
only limited clinical experience with erythromycin
and the fluoroquinolones.31,71,90–92

Tularemia is a zoonotic disease caused by infec-
tion with the Gram-negative, facultative intracel-
lular bacterium, Francisella tularensis. The organism

PROPHYLAXIS

is highly infectious by both the cutaneous and aero-
sol routes. Naturally occurring tularemia occurs
most commonly in its ulceroglandular form; pa-

SUMMARY

Antibiotic prophylaxis after exposure to tulare-
mia is difficult. The optimal bactericidal antibiot-
ics such as streptomycin are impractical because
they must be given parenterally. Limited studies93

carried out in small numbers of human volunteers
showed that treatment with tetracycline begun 24
hours after exposure to an aerosol of tularemia pro-
tected subjects from disease. An oral dose of 2 g/d
for 14 days was necessary.

Vaccines to prevent tularemia have included
those made from killed, whole cells and live, attenu-
ated strains. A whole-cell, killed vaccine was de-
veloped by L. Foshay and associates94 in the 1930s,
but proved to be of limited efficacy. Experimental
studies24 done with human volunteers showed that
this vaccine reduced the frequency of systemic
symptoms but did not prevent the local lesion after
intracutaneous challenge. Additional studies25 with
aerosol challenge in humans showed that the killed
vaccine neither prevented nor modified the disease.

A live, attenuated vaccine had been developed
and used in humans in the Soviet Union in the 1940s
and 1950s.95 The vaccine proved to be a mixture of
variants of varying virulence. At the U.S. Army
Medical Research Institute of Infectious Diseases,
Fort Detrick, Frederick, Maryland, in 1961, H. T.
Eigelsbach and C. M. Downs96 further purified and
characterized a strain from this vaccine. This de-
rivative was called live vaccine strain (LVS). Exten-
sive evaluations16,25,97,98 have demonstrated that the
LVS vaccine protected human volunteers against an
aerosol challenge with virulent F tularensis.

Evidence based on an analysis of laboratory-ac-
quired infections99 indicates that immunization with
the live, attenuated LVS vaccine prevents the ty-
phoidal and ameliorates the ulceroglandular forms
of tularemia. The LVS vaccine is currently available
as an Investigational New Drug from the U.S. Army
Medical Research and Materiel Command, Fort De-
trick, Frederick, Maryland 21702-5011.
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tients present with a cutaneous ulcer or mucous–
membrane lesion and regional tender lymphad-
enopathy. The typhoidal form occurs in 25% of natu-
rally occurring cases; patients present with systemic
symptoms without local lesions or marked lymph-
adenopathy. Pneumonia occurs in up to 80% of pa-
tients with typhoidal tularemia.

A biological warfare attack with aerosolized F
tularensis would probably produce pneumonia with

or without accompanying mucous membrane le-
sions. Diagnosis is usually established by serology,
as the organism is difficult to culture. The treatment
of choice is streptomycin, with other aminogly-
coside drugs being reasonable alternatives. Imme-
diate postexposure antibiotic prophylaxis with
tetracycline prevents disease. A live, attenuated vac-
cine, available as an Investigational New Drug, is
effective against aerosol infection.
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