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Francisella tularensis (FT), a zoonotic bacterium that causes tularemia, has received attention as a possible
bioterrorism threat. We developed a PCR assay for use in fixed, processed tissues, which are safer to handle
and allow archival testing. PCR analysis for a 211-bp fragment of the FT lipoprotein gene was performed on
tissues from 16 cases of tularemia. In all, 14/15 cases with intact DNA (93%) were positive for FT by PCR.
Frequent histologic findings in PCR-positive tissues included irregular microabscesses and granulomas in
liver, spleen, kidney, and lymph nodes, and necrotizing pneumonia. Unusual cases featuring suppurative
leptomeningitis and gastrointestinal ulcers were also seen. As this disease is endemic in North America, and
has been identified as a potential bioterroristic threat, awareness of the clinicopathologic spectrum of disease
and available detection methods is increasingly important. This PCR assay, the first designed for use in
processed tissues, is an excellent method for diagnosis of tularemia.
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Francisella tularensis (FT) is a Gram-negative
bacterium that causes the disease tularemia; it is
endemic in North America as well as parts of Europe
and Asia.1–6 This zoonotic bacterium is associated
with arthropod vectors, and both wild and domestic
animals (particularly cats that have eaten infected
rodents or rabbits); transmission through water
contaminated by infected rodents has also oc-
curred.2,7 Most human infections are acquired from
arthropod bites, exposure to infected animals from
skinning and dressing game, or inhalation of con-
taminated dust, dirt, and lawn clippings.4,7–9 Re-
gardless of the mode of acquisition, tularemia is a
serious and often fatal disease.

There are two main subtypes of FT: the more
virulent Jellison type A or biovar tularensis is found
almost exclusively in North America, whereas

Jellison type B or biovar palaearctica is found most
commonly in Asia and Europe and to a lesser extent
in North America.10,11 Approximately 200 cases per
year are reported to the Centers for Disease Control
and Prevention (CDC), mostly from the south-central
United States.4–6 However, FT has recently received
an increased amount of attention as a Category A
potential agent of bioterrorism, along with anthrax,
smallpox, viral hemorrhagic fevers, and Yersinia
pestis.1,4,12 Owing to the high risk of inhalational
infection from even low numbers of organisms (10–
25 organisms required to produce disease by aerosol
delivery), and a high mortality rate (30–60%
for untreated inhalational FT), tularemia could
potentially be a very effective bioterroristic
weapon.1,4,10,13,14

The clinical diagnosis of tularemia is difficult, as
symptoms are nonspecific and often initially re-
semble influenza or other respiratory tract infec-
tions. Laboratory diagnosis is also problematic. Due
to the fastidious nature of this slow-growing organ-
ism, and more importantly the high risk of inhala-
tional infection to laboratory personnel, culture
techniques are difficult to perform and often
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avoided.3,14 Serologic studies (including ELISA and
agglutination assays) are the most common methods
employed for diagnosis, but antibody is not usually
detectable until the second week of the disease, and
crossreactivity with other organisms remains an
issue.1,2,10,14–16 Immunohistochemical studies, fluor-
escent antigen testing, and immunoelectron micro-
scopy have also been used to detect FT, but these
methods have very limited availability.2,9 Although
effective antibiotic treatment is available, mortality
increases dramatically with delayed diagnosis, thus
rapid, sensitive, and specific detection methods that
facilitate early diagnosis are critical.

A limited number of previous studies performed
in Europe and Asia have shown that polymerase
chain reaction (PCR) amplification of FT DNA in
fresh tissues is a sensitive and specific diagnostic
test.10,14,17–21 Our goal was to develop a PCR assay
that could be used in formalin-fixed, routinely
processed tissues, which are (1) safer to handle
and (2) allow diagnostic testing even after fixation
and processing. We then compared the clinical and
pathologic findings with the molecular data.

Materials and methods

In all, 16 cases of clinically suspected, naturally
occurring tularemia were evaluated, including 10
human specimens (seven autopsy and three biopsy)
and six animal autopsies (five non-human primate
and one feline). The six animal cases and three biopsy
cases are courtesy of the CDC and were immunohisto-
chemically confirmed there;9 the seven human
autopsy cases were retrieved from the archives of
Vanderbilt University and were also immunohisto-
chemically confirmed courtesy of the CDC. Multiple
tissue types were evaluated histologically and by
PCR, including lymph node, liver, spleen, kidney,
heart, lung, meninges, and gut. Although three cases
had reported skin lesions, no tissue from the lesions
was available for analysis. Histochemical stains such
as Gram or Steiner silver impregnation methods were
not performed, owing to the low yield previously
reported with such stains.2,9,22,23

Molecular Analysis

All cases were analyzed in the same laboratory, the
Infectious Disease Molecular Research Laboratory at
the University of Arkansas for Medical Sciences.
DNA was extracted from two 25 mm sections of
formalin-fixed, routinely processed, paraffin-
embedded lesional tissue. The tissue was subjected
to overnight digestion at 551C with proteinase K
following deparaffinization. Extracted DNA was
captured by overnight incubation at room tempera-
ture in a silica matrix with sodium iodide. Primers
were 50 end-labeled with gamma 32P adenosine
triphosphate, and DNA amplification was per-
formed by PCR using previously published primers

for a 211-bp fragment of the 17 kDa FT Tul4
lipoprotein gene,8,10 present in both biovars of
FT8,10,14,24 Pure lyophilized genomic DNA served as
a positive control. Reagent blanks were used as
negative controls. Size separation of amplicons was
performed on 8% polyacrylamide gel followed by
gel drying and autoradiography. PCR analysis of all
samples was performed at least in duplicate.
Amplification of the similarly sized (99-bp) b-actin
housekeeping gene was performed on all samples to
ensure the presence of intact DNA.

Limits of Detection and Specificity of PCR Assay

Purified genomic DNA derived from pure cultures
and tissues containing multiple species of bacteria
(including Yersinia species, Mycobacterium
tuberculosis, 11 species of atypical mycobacteria,
and Leptospira) were evaluated to ensure specificity.
Similar studies with other bacteria, including
Pseudomonas, Serratia, Brucella, Providencia,
Enterobacter, Klebsiella, Salmonella, Bacillus
anthracis, Escherichia coli, Vibrio cholerae, Shigella,
Legionella, and Proteus species have been previously
performed using these primers.8,10 The results of
these studies showed no nonspecific amplification;
thus, there is no known nonspecific annealing with
DNA from other bacteria. In addition, sequencing
analysis was performed on specimens positive for FT
by PCR. Sequences generated from our PCR products
were homologous to published sequences for the
gene segments we amplified.

The limits of detection of the assay were deter-
mined by limiting dilution PCR using serial dilutions
of pure genomic FT DNA. Amplicons were excised
from the gel, extracted, and DNA quantitation was
confirmed by spectrometer. A PCR product could be
detected from amplicons containing a lower limit of
approximately 10 copies of the Tul4 gene.24 However,
it is recognized that limits of detection determined
with purified DNA may not correlate exactly with
that of extracted DNA from archival tissue.

Clinical Data

At least partial records were available in all cases.
Records were reviewed with attention to age,
gender, serologic studies, culture results, exposure
history, clinical presentation, and clinical course.

Results

Molecular Analysis

Of the 16 cases, 15 had intact DNA by analysis of the
b-actin housekeeping gene; of these, 14 (93%) were
positive for FT DNA by PCR analysis (Image 1). All
reagent blanks and FT-negative control cases were
appropriately negative. FT DNA was detected in all
types of tissues tested, including lymph node, liver,
spleen, kidney, heart, lung, meninges, and gut.
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Histopathology

All of the human cases had lymph nodes available
for evaluation, whereas the animal necropsies did
not. Evaluation of the nodes showed involvement in
all cases. Most were grossly necrotic, and histologic
lesions ranged from well-defined zones (either
smooth-bordered or irregular) of acute inflammation
and necrosis located within the outer cortex (Image
2 a,b), to generalized necrosis that virtually obliter-
ated the node. Rare nodes also contained granulo-
matous inflammation. Of the nine cases where lung
was available for evaluation, eight had necrotizing
pneumonia characterized by abundant fibrin, cellular
debris, and neutrophils within alveolar walls and
alveolar spaces (Image 3), accompanied by edema.
Confluent areas of necrosis obliterating all normal
architecture were also observed. Three cases also
had an associated marked suppurative pleuritis. Of
the 11 cases (both human and animal) from which
liver and spleen were submitted, all had micro-
abscesses, with either rounded (Image 4) or irregular
outlines, often with central necrosis. Two cases
showed confluence of lesions and more extensive
parenchymal necrosis. Gross pathological descrip-
tions of the liver and spleen were available in five
cases, featuring hepatosplenomegaly with grossly
visible small (1–2mm), often necrotic nodules. More
unusual histologic findings included suppurative
leptomeningitis (Image 5) and ulcerative lesions
(three cases) of the small and large bowel (Image 6),
consisting of punched-out areas of mucosal ulcera-
tion and necrotic debris overlying an ulcer bed
containing numerous neutrophils.

Clinical Data

A summary of the clinical data from human cases is
given in Table 1. In humans (four male, five female,
unknown gender in one), age ranged from 6 to 65
years (median 28). Exposures included skinning

Image 1 PCR gel showing negative control (lane 1); Positive case
(liver tissue) for the 211-bp fragment of the Tul4 lipoprotein gene
of FT (lane 2); positive control of killed lyophilized FT DNA
(lane 3).

Image 2 Lymph nodes show well-defined zones of necrosis,
predominantly in the outer cortex (a): H&E, original magnification
� 100; (b): H&E, original magnification � 400).

Image 3 The most common pulmonary histologic finding was
suppurative pneumonia with areas of necrosis and hemorrhage
(H&E, original magnification �200).
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rabbits (three), tick bite (one), residence in area of
previous known outbreak (three), and unknown in
the other humans and in the animals. Serologic

studies were positive in four cases, and cultures
were positive in seven cases. The range of present-
ing signs and symptoms were extremely variable.
Fever, often very high (104–1051) and accompanied
by chills, was the most constant feature, followed by
malaise, respiratory symptoms, headache, and delir-
ium. Four patients had skin lesions (two had
skinned rabbits, one tick bite, and one cut herself
performing chores outside), and eight had lympha-
denopathy. Of note, three patients had prominent
gastrointestinal symptoms, and one had meningeal
signs. The five non-human primates and the cat
presented in septic shock; all six animal cases were
fatal.

Discussion

Although previous studies have demonstrated the
utility of PCR assays in analyzing blood samples,
swabs from ulcerative lesions, and pus for the
presence of FT DNA,8,10,11,14,17–21 we describe the
first PCR assay designed for use in formalin fixed,
routinely processed, archival tissues. Our findings
indicate that PCR of processed tissues is a safe,
rapid, sensitive, and specific method for the detec-
tion of FT in both human and animal tissues. In the
single immunohistochemically confirmed case that
was negative by PCR, the immunohistochemical
confirmation was performed prior to PCR, and the
lesion was almost entirely cut through when the
sample was received for molecular analysis; thus
the negative result may represent lack of lesional
tissue containing organisms.

The public, in general, is not aware of tularemia as
a potential health concern. In nature it is a sporadic,
endemic disease that more often affects individual
patients, separated both geographically and tempo-
rally, rather than large groups of people simulta-
neously. However, it is the third most common

Image 4 Sections of liver showed rounded microabscesses (H&E,
original magnification �200).

Image 5 Leptomeningitis (tissue positive for FT DNA by PCR)
was seen in one patient (a): H&E, original magnification � 100;
(b): H&E, original magnification � 200).

Image 6 Ulcerative colonic lesions (tissue positive for FT DNA by
PCR) were observed in rare cases, consisting of necrotic ulcer
debris overlying a dense neutrophilic infiltrate (H&E, original
magnification �100).
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tick-borne disease in the United States.1 It has been
found in every state in America except Hawaii (with
Arkansas, South Dakota, Missouri, and Oklahoma
considered major endemic areas), as well as in
Scandinavia, Asia, and Canada.1,3,4 Although the
number of cases in the United States has declined
since the mid-1900 s, many authorities think that
tularemia is both markedly under-recognized and
under-reported.1,3–6,16

Tularemia affects over 250 mammalian species
including humans, and has also been found in
invertebrates, water, mud, and feces.1,3,17,25 Exposure
from animals occurs primarily through skinning and
dressing game, but ingesting contaminated meat and
animal bites may also cause disease.2 Arthropod
vectors are extremely important, for many species of
tick, flea, mosquito, and biting fly are known to
transmit tularemia.1 Inhalational outbreaks have been
linked to lawn mowing and brush cutting, when
presumably rodent and rabbit feces contaminated by
FT are aerosolized.4,7,26,27 Our cases reflect the multi-
ple modes of transmission of tularemia, including
arthropod bite, skinning game, exposure to presum-
ably contaminated stream water, and living in known
endemic areas with contaminated soil.

In addition to its widespread presence in nature,
tularemia is the second most common laboratory-
associated infection in American and the third
worldwide.28 As FT colonies can be misidentified
as similar bacteria (such as Legionella, Y. pestis,
Brucella, and Hemophilus influenza) during initial
workup, proper precautions for laboratory staff may
not be taken.1,28 The ease with which laboratory
workers may contract inhalational tularemia, as well
as cutaneous disease acquired from handling speci-
mens and transmitting the organism through small
breaks in the skin, has implications for processing
specimens from both naturally acquired and poten-
tially deliberate outbreaks.1,2,3,7,10,14,28

Tularemia has traditionally been divided into six
clinical types; due to the great deal of overlap

between them, classification has recently been
simplified into ulceroglandular or typhoidal/septic
types.1,29,30 Regardless of clinical type, most cases
have some degree of pulmonary involvement, and
over 10% go on to develop ARDS.1,31 Typical
symptoms and physical findings include fever
(often high with chills), cutaneous ulcers, lymph-
adenopathy, headache, malaise, and fatigue; less
common signs and symptoms include cough, sore
throat, myalgias, chest pain, nausea, vomiting,
diarrhea, and mental status changes.1,5,16 The onset
of symptoms is typically acute, following an average
incubation period of 2–5 days (range 1–21 days).1,2,7

Mortality in general is less than 10% with treatment;
however, it increases dramatically to 30–60% if
untreated, or if there is significant pulmonary
involvement.4,32 Factors associated with increased
mortality include delayed or inappropriate antibio-
tic therapy, underlying medical problems, and
positive blood cultures.2,33 Our clinical data are
biased towards severe cases since this is primarily
an autopsy/necropsy study. Of note, all of the
animal cases presented with septic shock and were
fatal. In the human cases, five presented with
ulceroglandular or glandular features, and of these
three survived. The remainder presented with
significant pulmonary involvement and/or signs of
systemic illness; all of these cases were fatal. This
supports previous literature indicating that once the
lungs are severely involved and/or systemic disease
is present, mortality is dramatically increased in
both humans and animals.

The pathology of the liver, spleen, lymph node,
and pulmonary tissues in our cases were very
similar to histologic features described by previous
authors in both humans and animals.1,2,32,34,35 Our
cases also illustrate that in addition to classical
nodal and pulmonary involvement, tularemia usual-
ly affects the liver and spleen with hepatospleno-
megaly and necrotic lesions visible on gross
examination. In addition, pathologists should be

Table 1 Human tularemia cases: summary of clinical data

Case # Age (years)/sex Exposure Clinical history

1 18/M Skinned rabbit Febrile illness with pneumonia, pleural effusion, diarrhea; fatal
2 65/M Skinned rabbit Hand ulcer with subsequent febrile illness, pneumonia; fatal
3 6/F Tick bite Ulcerated skin papule, rash, meningeal signs and seizures; fatal
4 45/F Cut hand working outside,

endemic area
Febrile illness with nausea and vomiting; became comatose; fatal

5 19/F ?Drank stream water &
unpasteurized milk, endemic
area

Febrile illness with respiratory distress, headache, delirium; fatal

6 52/F Unknown Febrile illness with malaise, nausea, vomiting, became comatose
and died

7a 21/F Unknown Febrile illness with lymphadenopathy; survived
8 28/M Endemic area Flu-like illness with diarrhea, progressed to sepsis and death
9a 40/M Skinned rabbit Febrile illness with skin lesions, lymphadenopathy; survived
10a Adult/unknown Unknown Unknown history; lymph node biopsy; survived

a
Case courtesy of CDC.
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aware that tularemia can cause atypical lesions such
as suppurative leptomeningitis or ulcers anywhere
in the gastrointestinal tract. Although rarely re-
ported in the literature,3,23,36 gastrointestinal and
neurologic symptoms may dominate the presenta-
tion of FT infection, and pulmonary findings may be
absent, particularly early in the course of disease.

Laboratory diagnosis of tularemia has historically
been challenging. In the literature, cultures are only
positive in 5% of cases overall,1 and growth of this
fastidious organism requires enriched media, a
narrow zone of optimal temperature, and a large
inoculum.3,8,14 Although a four-fold elevation in
serologic titers remains the most common diagnostic
method, there are numerous problems with serolo-
gic assays regardless of test methodology. Antibody
is not usually detectable until the second week of
the disease, and sometimes not until the fourth
week.1,2,15,16 Antibody may persist for over 10 years,
requiring acute and convalescent titers to confirm
current infections.1 Crossreactivity with other organ-
isms (including Brucella, Proteus, and Yersinia
species) is also problematic.10,14,15 A skin test for
FT exists in limited availability; however, it may
take up to 2–4 weeks to detect a positive result, and
reactivity may persist for up to 40 years.1,2,37

Immunohistochemical studies, fluorescent antigen
testing, and immunoelectron microscopy have also
been used to diagnose FT, but none of these methods
are widely available, and some (such as the
immunohistochemical assay used to confirm our
methodology) are only available through the CDC or
the US military.9 Thus, our PCR assay is an excellent
technique for the detection of FT in archival tissues
as it appears to be both sensitive and specific, with
no demonstrated nonspecific amplification of simi-
lar pathogens.10 In addition, it is much safer for
laboratory workers, as handling of blood, wound
material, or culture plates is not necessary. This is
the first PCR assay for FT designed for use in
formalin-fixed, routinely processed, paraffin-
embedded tissues; our primer target size of less
than 400-bp is ideal for use with processed tissues,
and the use of a resin rather than phenol for
extraction of DNA from archival tissues produces a
higher yield of intact DNA for amplification.

Tularemia was first recognized as a potential agent
of bioterrorism in the 1950s, when it was evaluated
by both the United States and the USSR for use in
biologic weapons programs.3 It has recently been
classified as a Category A agent of potential
bioterrorism.4,12,13,28,38 Due to its virulence and
relatively short incubation period, a deliberately
caused outbreak of tularemia could conceivably
affect a large population within less than a
week.1,4,13 Factors adding to the concern include
its widespread presence in nature within a myriad
of hosts, in addition to the serious risks posed to
laboratory personnel. Should a deliberate outbreak
of tularemia occur, a PCR assay that can be used in
processed tissues could potentially play a valuable

role in case confirmation, as diagnosis by at least
two methods is usually required if culture is not
available.

FT is an important naturally occurring infection
that is widespread in nature,1,3,17,25 as well as a
potential bioterrorism threat. Awareness of the
spectrum of disease that it causes, as well as
available detection methods, is important to patho-
logists and laboratory personnel. Since special
stains, cultures, and serologic assays are often
nondiagnostic or cause delays in diagnosis, PCR
analysis is an excellent technique for the diagnosis
of tularemia in human and animal tissues.
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