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CASE REPORTS

Francisella tularensis Bacteremia
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Bacteremia caused by Francisella tularensis is rare and has been reported mainly in the United States and
infrequently in Europe. We report herein the first case of bacteremic F. tularensis pneumonia in an immuno-
competent individual in southern Europe.

CASE REPORT

A 56-year-old man who was born blind and with cerebral
palsy and who lived in a rural area was hospitalized with a
cough, fever (39.7°C), and severe dehydration. At admission, a
chest radiograph showed alveolar lesions of the right middle
lobe. Laboratory studies revealed a white blood cell count of
12,000 cells/mm3 (92% polymorphonuclear leukocytes), a C-
reactive protein level of 102 mmol/liter, and a fibrinogen level
of 6.43 g/liter. In this human immunodeficiency virus-seroneg-
ative patient, further evaluation revealed normal levels of im-
munoglobulin G (IgG), IgA, and IgM in serum.

Two sets of blood culture samples were collected in
BACTEC Plus Aerobic/F medium and BACTEC Plus Anaer-
obic/F medium (BACTEC 9050 system; BBL Microbiology
Systems, Cockeysville, Md.). Because of the inability of the pa-
tient to cooperate and his altered clinical status, no sample
could be obtained from the lower respiratory tract. The patient
was treated empirically with cefotaxime (1 g, three times per
day) and netilmicin (100 mg, twice per day). He became apy-
retic within 48 h. The netilmicin was stopped after 7 days, and
the cefotaxime was continued for three additional days. After
6 days of incubation, bacterial growth was detected (based on
spectrophotometric CO2 detection) in one blood culture vial
(aerobic culture) of the two sample sets by the BACTEC
system. Gram staining revealed very small gram-negative ba-
cilli. Subculture was performed with chocolate agar plates in a
humidified atmosphere at 35°C with 5% CO2 and yielded
transparent and mucoid colonies within 48 h. No growth was
noted on bromocresol purple lactose agar or MacConkey agar
plates. The organism was strictly aerobic and was negative in
tests for oxidase, urease, and nitrate reductase and positive in
tests for �-glutamyl transpeptidase and tributyrine. There was
no satellitism around X- and V-factor-impregnated disks on
Mueller-Hinton agar. Cultural and biochemical character-
ization permitted us to differentiate the isolate from species
belonging to the Haemophilus-Actinobacillus-Cardiobacterium-

Eikenella-Kingella group. Latex agglutination tests were nega-
tive for Brucella but positive for Francisella tularensis (F. tu-
larensis slide agglutination test; Difco). The identity of the
organism as F. tularensis was subsequently confirmed by the
detection of the 17-kDa lipoprotein gene of F. tularensis by
PCR (27) (Fig. 1a) and the 43-kDa protein of F. tularensis by
Western blotting (Fig. 1b) (2). Francisella-specific F5 and F11
primers (9) were used to PCR amplify the 16S ribosomal DNA
fragment containing the nucleotide signature that differenti-
ates F. tularensis biovar palaearctica (biovar B) from all the
other members of the genus (1, 9). DNA sequences were de-
termined with an ABI PRISM 377 DNA sequencer (Applied
Biosystems dye terminator cycle sequencing kit). Alignment of
these sequences with those of F. tularensis biovar palaearctica
(strain L26086) demonstrated the presence of an A at nucle-
otide position 1153, indicating that our isolate belongs to bio-
var B (1, 9). In vitro susceptibility testing was performed using
a disk diffusion technique on chocolate agar. Because of the
absence of Francisella-specific standards, results were inter-
preted according to the guidelines of the Comité de l’Anti-
biogramme de la Société Française de Microbiologie for sus-
ceptibility testing of Haemophilus spp. (3). According to these
criteria, our isolate was susceptible to aminoglycosides (genta-
micin, netilmicin), tetracycline, and fluoroquinolones (pefloxa-
cin, ciprofloxacin) and resistant to �-lactams (amoxicillin, pip-
eracillin, cefotaxime). �-Lactamase was detected by using a
nitrocefin-impregnated paper disk (Cefinase; BBL).

Two weeks after the completion of treatment, the patient
remained asymptomatic and was discharged to return home.
Two months later, at follow-up, the patient was well and a
serum sample was collected. An agglutination serologic test
(F. tularensis antigen; Difco) showed antibodies against F. tu-
larensis at a titer of 1:1,280. Moreover, antibodies against the
specific 17- and 43-kDa proteins were detected by Western blot
analysis (2) by using cell lysates of the patient’s isolate as well
as of two other F. tularensis strains isolated from a human with
adenitis and from a tick at the Institut Pasteur (Fig. 2).

Tularemia occurs primarily in the northern hemisphere.
Three main biovars of F. tularensis are responsible for this
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zoonosis: the highly virulent biovar A (biovar tularensis), which
is found mostly in North America and exceptionally in Europe
(12); biovar B (palaearctica), which is not as virulent as biovar
A and which is present in Europe, Asia, and, rarely, in North
America; and biovar novicida, which has recently been consid-
ered a third biovar of F. tularensis (14, 30). The organism has
been recovered from most animal species, including wild and
domestic mammals and invertebrates (ticks, mosquitoes), and
from their environments (dust, water). The clinical presenta-
tion depends on the organism and the route of transmission. It
is almost entirely a rural disease. In Europe, hares, rabbits, and
rodents are important in the ecology of the disease. Humans
are usually contaminated by direct contact with ill or dead
animals; thus, the most frequent clinical presentations are the
ulceroglandular, the glandular, and the oculoglandular forms,
which occur after the individual has handled affected animals.
Pharynx infections after the ingestion of inadequately cooked
meat (30) or contaminated water (13) have also been reported.
Infections following tick bites are less common in Europe. F.
tularensis can also cause lung infections after inhalation of
infectious aerosols or systemic illness, such as typhoidal tula-
remia. Only 20 documented cases of bacteremia caused by F.
tularensis have been reported worldwide, mainly in the United
States (16 cases) (7, 10, 11, 14, 17, 19, 20, 22–25, 28) and more

rarely in northern Europe (2 cases in Norway and 2 cases in
Sweden) (13, 29). The blood isolates obtained in the United
States belong mainly to biovar A and rarely to biovar B, while
all the isolates obtained in northern Europe belong to biovar
B. The higher virulence of the strains belonging to biovar A
may also explain the severity of the cases of bacteremic tula-
remia reported in the United States (rhabdomyolysis, n � 5;
renal failure, n � 4; shock, n � 3; death, n � 5). The presence
of underlying immunodeficiencies (e.g., AIDS or liver trans-
plantation) may favor the occurrence of tularemic bacteremia
caused by strains belonging to biovar B, as in the two cases in
the United States reported by Limaye and Hooper (20). How-
ever, in our case, as in all the other cases reported in northern
Europe, there was no evidence of underlying disease. In 16 of
the 20 published case reports, F. tularensis bacteremia was
associated, as in our case, with underlying pneumonia (7, 11,
13, 17, 19, 20, 23, 24, 25, 28, 29). Among the other reported
cases, two were characteristic of typhoidal tularemia (11, 14)
and another was an oropharyngeal form (13). In 10 cases, a
history of previous exposure to ticks or wild animals was found
(10, 11, 13, 17, 20, 22–25). In four of the reported cases, neither
decreased host defense factors nor a previous history of direct
or indirect animal contact was noted (19, 25, 29). In our case,
there was no history of direct animal contact. However, such
contamination cannot be ruled out since the patient was blind
and lived in a rural area. He might have had exposure to an
animal and could not remember it. Nevertheless, occasional
naturally occurring cases of tularemic pneumonia often arise
after inhalation of contaminated dust. Thus, in our patient, the
source of infection might also be environmental.

FIG. 1. (a) PCR products of the F. tularensis 17-kDa lipoprotein
gene (250 bp) (27). PCR products that migrated in a 1% agarose gel
were stained with ethidium bromide. Lanes: 1 and 4, strain isolated
from our patient; 2, negative control (Escherichia coli K-12); 3, positive
control (F. tularensis clinical isolate; Institut Pasteur); 5, molecular size
markers (�X174 RF DNA/HaeIII fragments of 1,358, 1,078, 872, 603,
310, 281, 271, 234, 194, 118, and 72 bp [from top to bottom]). (b)
Western blots of whole-cell lysates from F. tularensis strains with an-
tiserum against F. tularensis 43-kDa protein (2). Samples were sepa-
rated by sodium dodecyl sulfate-polyacrylamide electrophoresis in a
12.5% gel, blotted onto nitrocellulose, probed with rabbit anti-43-kDa
antibodies, and incubated with an anti-rabbit IgG conjugated with
peroxidase. Lanes 1, F. tularensis clinical isolate (Institut Pasteur); 2,
F. tularensis strain isolated from a tick (Institut Pasteur); 3, strain
isolated from our patient; 4, molecular size protein standards (212,
107, 69, 43, 28.6, 19, and 15.5 kDa [from top to bottom]; Gibco).

FIG. 2. Western blot analysis showing the antibody responses to
17- and 43-kDa F. tularensis proteins in the serum from our patient 2
months after the onset of infection. Supernatants of whole-cell soni-
cates from F. tularensis (lane 1, F. tularensis clinical isolate [Institut
Pasteur]; lane 2, F. tularensis strain isolated from a tick [Institut Pas-
teur]; lane 3, strain isolated from our patient) were separated by so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis, blotted with
the patient’s serum, and incubated with peroxidase-conjugated anti-
human antibodies. Lane 4 contains molecular size protein standards
(212, 107, 69, 43, 28.6, 19, and 15.5 kDa [from top to bottom]; Gibco).
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In the present case, the diagnosis of tularemia was fortu-
itous. This may be explained, at least partially, by the fact that
tularemia occurs infrequently, resulting in a low index of diag-
nostic suspicion among clinicians and microbiologists. How-
ever, a diagnosis of bacteremic tularemia is important to con-
sider because of the potential severity of this infection and
because F. tularensis is also considered a dangerous potential
biological weapon (4). Because of the high virulence of this
microorganism, culture techniques are usually avoided for the
diagnosis of F. tularensis infections, particularly in areas where
biovar A is the most prevalent. Detection of F. tularensis in
clinical specimens may also be achieved by using fluorescence-
labeled antibodies. PCR-based methods have been proposed
for use in the detection of F. tularensis DNA in human skin
lesions or in the blood of experimentally infected mice (18, 21).
These procedures permit a more rapid diagnosis but are usu-
ally performed in reference laboratories. Thus, in most clinical
laboratories a diagnosis of tularemia relies on serological tests
except for patients with bacteremia in whom tularemia may be
diagnosed more or less fortuitously by the growth of F. tula-
rensis in blood cultures. Serology permits a diagnosis only after
10 or more days from the onset of illness. F. tularensis may be
isolated by culture in less than 10 days, but the sensitivity of
this method may be low in the absence of a suggestive exposure
history since the culture conditions may be inappropriate for
this fastidious organism (5). Thus, culture of the organism,
although growth may be delayed, remains a valuable means of
diagnosis and is necessary for antibiotic susceptibility testing,
biovar characterization (1, 8, 9, 16), and molecular epidemio-
logical typing (6, 15). Isolation of F. tularensis from blood
necessitates the use of highly nutritive culture media and a
longer incubation time than the usual 5-day cycle used in many
laboratories with continuous-monitoring devices. In our case,
the blood culture was positive after 6 days of incubation. How-
ever, in other cases, an incubation period of 12 or even 21 days
was necessary before positive blood cultures could be obtained
(11, 20). A final blind subculture has also been recommended
for cases for which there is a high index of suspicion (5, 26).

Thus, our case underlines the fact that bacteremic pneumo-
nia due to F. tularensis may be unpredictable, and therefore
prolonged incubation times for blood cultures in cases of un-
explained pneumonia are indicated. Moreover, this is the first
European case of bacteremic pneumonia due to F. tularensis
occurring outside northern Europe.
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allelic variation among Francisella tularensis strains in a short-sequence tan-
dem repeat region. J. Clin. Microbiol. 39:3140–3146.

16. Johansson, A., A. Ibrahim, I. Göransson, U. Eriksson, D. Gurycova, J. E.
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