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SUMMARY
Isolation of Francisella tularensis in blood culture is exceedingly rare and has been reported infrequently in Europe;
a literature review showed 28 documented cases. Herein we report the first cases of bacteremic F.tularensis pneumonia in immunocompetent individuals in Turkey.
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INTRODUCTION
Tularemia caused by F. tularensis occurs worldwide in the northern hemisphere with great variation in geographic and temporal occurrence
(WHO, 2007). In Europe, the distribution of endemic foci varies significantly; while
Scandinavian countries (Finland and Sweden),
report high number of cases annually, fewer cases are reported in central and southern Europe
(France, Hungary, Austria, Czech Republic,
Germany, and Spain) (WHO, 2007). Tularemia
re-emerged in the early 21st century in
Northwestern parts of Turkey, at the same time
as in the neighboring countries like Bulgaria,
Kosovo, and Georgia. Similar to these countries,
outbreaks were found to be linked to the ingestion of contaminated water or food (Kilic, 2010).
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The disease can take a variety of clinical forms,
from the severe generalized form or sepsis, through glandular variants, to subclinical cases or inconsequential illness fortuitously diagnosed by
serology. It generally presents as an acute febrile illness with major clinical presentations including the six classic forms of tularemia: ulceroglandular, glandular, oculoglandular, oropharyngeal, typhoidal and pneumonic (WHO, 2007;
Sjoested, 2007). The isolation of F. tularensis from
blood culture is extremely rare and most cases
have been reported from the USA (Haristoy et al.,
2003). Here, we describe the first two cases of
pneumonia with documented F. tularensis bacteremia in Turkey.

CASE PRESENTATION
Case 1
A 53-year-old man who lived in a rural area in
Kayseri was hospitalized in January 2011 for carbon monoxide (CO) intoxication from residential furnaces. On admission, he had signs and
symptoms of acute CO poisining namely headache followed by dizziness and nausea, dyspnea,
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chest pain, palpitations; upon management the
patient’s condition promptly improved and he
was discharged on his first hospital day. Three
days later, he was readmitted to the hospital with
nonproductive cough, fever, generalized arthralgia and myalgia, pleuritic chest pain, lethargy and
confusion. The patient had a history of schizophrenia and was being treated for this chronic
disease.
At the time of admission the patient was cachectic and confused with a temperature of 38.6°C,
pulse rate 108/minute, respiratiory rate 24/minute and blood pressure (BP) 90/60 mmHg. On
chest examination, ‘rales’ were present over the
right midlung field. There was hepatosplenomegaly but no ulcerated skin lesion or
lymphadenopathy. Chest x-ray revealed a patchy
infiltrate in the right base compatible with pneumonia. Pertinent findings of laboratory studies
at admission included the following: white blood cell, 15.8x103/µL (93% PNL); platelets,
121x103/µL; C-reactive protein level (CRP), 222
mg/L; erytrocyte sedimentation rate (ESR), 36
mm/h; aspartate aminotransferase (AST) 684 U/L;
alanine aminotransferase (ALT), 336 U/L; lactate
dehydrogenase (LDH), 1738 U/L; creatine kinase
(CK), 15082 U/L; CK-MB, 212 U/L; serum creatinine, 1.7 mg/dL; hyponatremia and hyperpotassemia. The leukocyte profile showed 3%
lymphocytes, 3% monocytes, no eosinophils, 30%
band forms, and 64% neutrophils. Urinalysis revealed 1-5 erythrocytes and 2-5 leukocytes per
high-power field (HPF). Considering the patientís altered consciousness and consequent inability
to cooperate, a lower respiratory tract specimen
could not be obtained.
Upon collection of blood sample for culture
(Bactec 9120 system; BBL Microbiology Systems)
the patient was treated empirically with
piperacillin/tazobactam (3x4.5 g/day) for possible bacterial pneumonia. He remained febrile with
no clinical improvement through the fourth hospital day, at which time chest radiography revealed diffuse airspace disease in the right lung,
densely consolidated pneumonia in the midzone
of the right lung, and a pleural effusion. The antibiotic regimen was changed to gentamicin (5
mg/kg/d) and ciprofloxacin (2x400 mg) to cover
potential pathogens of both typical and atypical
pneumonia. His clinical condition improved with
defervescence in four days and subsequent nor-

malization of inflammatory parameters. Upon
completion of ten days of gentamicin and a week long course of oral ciprofloxacin therapy, the
patient was discharged. However, he did not return for follow-up evaluation.
On day 6 of incubation, one of two aerobic blood
culture bottles grew a gram-negative coccobacillus. While subculture on sheep blood agar (SBA)
yielded gray-white, opaque, non-hemolytic colonies after 72 h, no growth was noted on Eosin
Methilen-blue agar. The organism was subsequently identified as F.tularensis by VITEK®2
(bioMerieux Inc, Marcy l’Etoil, France). The patientís family disclosed that a week before the onset of his illness, he consumed natural spring water and had recent exposure to rodent excrement
in the cellar.
Case 2
An 80-year-old woman with insulin-dependent
diabetes mellitus and hypertension presented
with two day history of fever, chills and rigors,
malaise, dry cough, dyspnea and pleuritic chest
pain. At admission, she had a temperature of
38.7°C, pulse rate of 90/minute, respiratory rate
26/minute and BP 145/90 mmHg. Physical examination demonstrated lower abdominal tenderness; however, there were no skin lesions or
lymphadenopathy. Examination of the chest revealed tachypnea, moderately decreased airflow
to the left base and midlung with bronchial breath sounds and sparse crackles; a systolic heart
murmur with regular rhythm.
Initial laboratory studies showed hyperglycemia
(177 mg/dL and HgbA1C: 7.5%), WBC count of
12.6x103/µL (95% PNL), hemoglobin level of 13.8
g/dl, hematocrit of 40.5%, and platelet count of
180x103/µL. The CRP was 194 mg/L, and ESR
was 36 mm/h. Urine analysis showed 1+ blood, 1+
protein, 5-6 RBCs, 1-2 leukocytes and 1-2 granular casts per high-power field. A presumptive diagnosis of pneumonia was made; blood and urine
were collected for culture andempiric therapy
with ceftriaxone and clarithromycin was begun.
On day 3, leukocyte count was 19.5x103/µL (95%
PNL) and chest radiography revealed partial airspace disease in the left lung, densely consolidated pneumonia in the basal and midzone of the
left lung, and a left pleural effusion. CT of the
abdomen and MRI of the brain were unremarkable. CT of the chest showed small bilateral
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pleural effusions, and consolidation within the
left lower lobe of the lung. On day 9, blood culture was positive by the Bactec System.
Subculture on SBA revealed pleomorphic gramnegative rods that were subsequently identified
as F.tularensis by the VITEK©2. Following the
blood culture report, therapy was changed to ciprofloxacin (2x400 mg IV) and the patient responded well; she was discharged on day 18.
Titers of antibody to F.tularensis determined on
the 11th and 18th days of hospitalization were
1:80 and 1:1280, respectively; follow-up four weeks after discharge showed complete remission.
The patient was residing in a province whose district and rural areas are endemic for tularemia.
The patient’s family members disclosed a history
of consumption of natural spring water a week
before admission, but they did not recall tick bites or animal contact.
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Microbiology
Identification and confirmation. The isolates
were confirmed at genus level using standard
criteria as previously described (Yesilyurt et al.,
2011). Both strains were confirmed to be F. tularensis subsp. holarctica based on F. tularensis
specific PCR targeting the tul4 gene followed by
a subspecies specific PCR targeting the genetic
region named RD1. As a new diagnostic tool, we
performed matrix-assisted laser desorption ionization-time off flight (MALDI-TOF MS) method using Bruker Autoflex III MALDI-TOF MS
(Bruker Daltonics, Bremen) for identification of
the isolated strains. As F. tularensis was not in
the database of the biotype, we used F. tularensis LVS (NCTC 10857) as a reference, recorded
it to our own library and performed the readings
under this library. Both strains correctly identified by species-specific (RD1) PCR analysis, we-

FIGURE 1 - Comparison of the mass spectra of the F. tularensis reference strain (LVS, NCTC 10857) and isolate 2
in the range from 4000 to 10,000 Da.
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re correctly identified by Bruker MS at the species level as well as at the subspecies level
(Figure 1).
Antimicrobial susceptibility testing. Antibiotic
susceptibility testing was performed by the
Epsilometer test method as described previously
(Yesilyurt et al., 2011). CLSI guidelines have established breakpoints for F. tularensis susceptibility testing with tetracycline, doxycycline,
streptomycin, gentamicin, chloramphenicol, ciprofloxacin, and levofloxacin. In the absence of
specific breakpoint data for F. tularensis, MIC
values were interpreted according to CLSI criteria for Enterobacteriaceae (CLSI, 2005). The
isolated strains were completely resistant to penicillins (ampicillin, amoxicillin/clavulonate and
piperacillin/tazobactam), cephalosporins (ceftriaxone, cephaperazone/sulbactam, ceftazidime,
cefepim, cefpirome), carbapenems, macrolides
(erythromicin and azithromycin), and clindamycin, but susceptible to aminoglycosides
(gentamicin, amikacin, tobramycin and strep-

tomycin), fluoroquinolones (ciprofloxacin, levofloxacin and moxifloxacin), tetracyclines
(doxycycline and tigecycline), chloramphenicol,
and rifampicin.
Molecular genotyping. A 7-loci multiple locus variable-number tandem repeats analysis (MLVA-7)
was applied to investigate the epidemiological relationship among human and environmental
Francisella isolates collected from Kayseri province during the outbreak between January and
April 2011. Genotypes of our isolates (TUL-13 and
TUL-14) were not related and differed by single
repeat unit differences at 3 loci (M6, M3 and M
20). As expected, the MLVA genotypes of the isolate obtained from the first patient (TUL-13) and
water samples (TUL-19 and TUL-20) during the
epidemic were identical. The MLVA patterns for
the water isolate (TUL-18) and second patient
(TUL-14) matched 100%. We also evaluated the
relationship of the two isolates to strains from other geographic areas and a neighbouring country,
Bulgaria. Interestingly, the first isolate (TUL-13)

FIGURE 2 - Neighbour-joining dendrogram based upon 7 VNTR markers indicating genetic relationships among Turkish
and Bulgarian F.tularensis subsp. holarctica isolates. The columns list the following data for isolates: MLVA 7 genotypes corresponding to each isolate in the database for each set of loci; strain ID, origin, geographic region, isolation date (year), and
the specimen source.
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had an MVLA genotype identical to the Bulgarian
outbreak clusters in 2003 (Drag and Gal strains
isolated from human) and the second (TUL-14)
showed an identical MLVA genotype with two
Bulgarian isolates (L1 isolated from a hare in
1998 and Las from human in 2004) (Figure 2).

DISCUSSION
Isolation of F.tularensis from blood of infected
humans has rarely been reported, possibly because of the poor sensitivity of the old blood culturing system and the short-lived bacteremic phase early in the infectious process (Overholt et al.,
1961; Provenza et al., 1986; Reary and Klotz,
1988; Saslaw et al.,1961; Sjoestedt, 2007; WHO,
2007). The clinical significance of F. tularensis
bacteremia is unknown, but it appears to occur in
conjunction with more severe forms of the disease and with compromising underlying illnesses. F. tularensis bacteremia was associated with
underlying pneumonia in 73% of published case
reports, and to a lesser extent to typhoidal and
oropharyngeal form (Overholt et al., 1961;
Provenza et al.,1986; Reary and Klotz, 1988;
Saslaw et al.,1961;CDC 1983) (Table 1). In the
present study, F. tularensis bacteremia was associated with underlying pneumonia resulting from
hematogenous dissemination.
The vast majority of these cases were in patients
with underlying conditions or diseases, such as
old age, alcohol abuse, diabetes mellitus, transplantation, or immunsuppression. Moreover, most
of the reported cases were severely ill with rhabdomyolysis, acute renal failure, or sepsis (Table
1). Our first case had an underlying condition,
CO intoxication, and presented with sepsis, elevated CPK levels, probably reflecting rhabdomyolysis. Rhabdomyolysis and elevated CPK levels
are newly reported complications of acute tularemia and are associated with more prolonged
illness and a poorer outcome (Kaiser et al., 1985;
Penn and Kinasewitz, 1987). Although our first
case presented with elevated CPK levels, other
signs and symptoms of rhabdomyolysis and its
complications (myoglobinuria, increased serum
creatinine, protrombin time, and fibrin degradation products) were absent. On the other hand,
our second case had prolonged infection in view
of old age and underlying diabetes mellitus.
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Although certain activities such as hunting, trapping, butchering, and farming are most likely to
result in exposure, they are frequently absent in
the literature (Fritzsch and Splettoesser, 2010;
Haristoy et al., 2003).
In our first case, there was a history of consumption of natural spring water and recent exposure to rodent excrements in the cellar.
Tularemic pneumonia might have arisen after inhalation of contaminated dust. The second case
was a resident in an endemic province and she
had a history of ingestion of natural spring water
a week before presentation.
The reason for positive blood cultures in our cases may be explained by either early sampling of
blood culture or having more severe disease leading to impaired clearance of bacteria from the
bloodstream and a prolonged bacteremia.
Additionally, the use of a continuous-monitoring
device with typically enriched media may support growth of F. tularensis. Accordingly, the
number of reported cases of F. tularensis bacteremia has significantly increased since the mid
1980ís by the use of the blood culture isolation
system (Fritzsch and Splettoesser, 2010; Haristoy
et al., 2003; Khoury et al., 2005; Provenza et al.,
1986).
Identification and differentiation of Francisella
strains by traditional phenotyping are difficult
and often lead to ambiguous results (Seibold et
al., 2010). In this study, isolated strains on blood
agar were identified by the VITEK© 2 automated
system on GN cards from 4.5 to 7 hours. Quite
recently, MALDI-TOF MS proved to be beneficial in the direct identification and differentiation
of the genus Francisella from culture plates by
measuring the mass of peptides and small proteins from whole cells (Seibold et al., 2010). In this
study, both strains were correctly identified as
subsp. holarctica (Figure 1). The method is fast
(10 to 30 min), does not need a high level of staff
training, and minimizes the risk of laboratory infection owing to minimal sample handling.
Application of the MLVA-7 panel to five specimens from an epidemiologically-linked tularemia
outbreak in rural areas of Kayseri province yielded two clusters (Cluster B and C). These two strains (TUL-13 and TUL-14) isolated from blood during the same period were not identical. This may
represent circulating strains causing sporadic infections. On the other hand, MLVA genotypes of
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TABLE 1 - Epidemiologic and clinical characteristics of previously reported bacteremic patients
identified by blood culture.
Year/
Age/
Location gender

Epidemiology

Underlying
disease or
conditions

Clinical
presentation

Detection
system

Antimicrobial
therapy

Outcome

Ref.

1977,
US

34/M

Probably inhalation
of contaminated dust

None

Pneumonia,
sepsis

NS

None

Died

24

1979,
US

73/M

Exposure to
tick-infested dog

CLL*

Pneumonia,
sepsis

NS

Cefazolin,
gentamicin

Recovered

9

1982,
US

48/M

Exposure to rabbits
(hunting and cleaning)

IDDM§

Sepsis,
rhabdomyolysis

Bactec

Tobramycin

Recovered

2,14

1982,
US

37/M

Exposure to rabbits
(hunting and cleaning)

None

Pneumonia,
ARF*

Bactec
(9th day)

Tobramycin

Recovered

2

1982,
US

50/M

Exposure to rabbits
(hunting and cleaning)

None

Pneumonia,
ARF*

Bactec

Gentamicin

Recovered

2,5

1984,
US

65/M

NS

Recurrent
pulmonary
emboli

ARF*
coagulopathy

NS

Tobramycin

Died

20,

1986, ì
US

57/M

NS

Alcohol
abuse

Pneumonia

Bactec
(7th day)

Cephapirin,
gentamicin

Recovered

25

1986,
US

54/M

NS

Alcohol
abuse

Pneumonia

Bactec
(3rd day)

cephapirin

Died

25

1986,
US

51/M

Tick-bite

None

Pneumonia

Bactec
(7th day)

Ampicillin,
gentamicin

Recovered

25

1986,
US

75/F

None

RF, Hypertension

Pneumonia,
sepsis

Bactec
(3rd day)

Tobramycin,
Vancomycin

Died

25

1989,
78/F
Sweden

None

None

Pneumonia

Conventional BC

Gentamicin,
Doxycycline

Recovered

32

1989,
79/F
Sweden

None

None

Pneumonia

Conventional BC

Gentamicin,

Recovered

32

1991,
35/F
Norway

Ingestion of
contaminated water

None

Oropharyngeal form,
pneumonia

Conventional BC
(7th day)

Erythromycin Recovered

13

1991,
62/M
Norway

Probably inhalation
of contaminated dust

None

Pneumonia

Conventional BC

Doxycycline

13

1995,
US

55/M

Exposure to tickinfested dog

IDDM

Pneumonia,
CNS abcess

Bactec

Cephalosporin Recovered

1995,
US

43/M

NS

None

Pneumonia

Bac-t-Alert NS

1996,
US

12/M

Exposure to a diseased
fawn

AIDS

Typhoidal

NS

Gentamicin,
tetracycline

Recovered

3
3

Recovered

10
→
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Epidemiology

Underlying
disease or
conditions

Clinical
presentation

Detection
system

Antimicrobial
therapy

Outcome

Ref.

1999,
US

50/M

NS

Liver
transplant,
IDDM, RF

Pneumonia,
typhoidal

NS
(21th day)

Levofloxacin

Recovered

19

1999,
US

33/M

contact with pets
(dog, cat, rabbit and
hedgehog)

AIDS, HCV,
Alcohol
abuse

Pneumonia,
typhoidal

NS
(21th day)

Levofloxacin

Recovered

19

2000,
US

61/M

Consumption of deer
meat

Coronary
artery
disease

Pneumonia,
cerebellar
Ataxia

NS

Doxycycline,
Gentamicin,
Ciprofloxacin

Recovered

18

2000,
US

43/M

Mowing a lawn

NS

Pneumonia
(primary)

NS

NS

NS

8

2000,
US

42/M

NS

Coccaine,
Pneumonia,
alcohol abuse endocarditis

NS

Gentamicin,
ciprofloxacin

Recovered

31

2003,
France

56/M

None

None

Pneumonia

Bactec
(6th day)

Cefotaxime,
Netilmisin

Recovered

12

2003,
74/F
Sweden

Fly-bite

None

Myositis and
sepsis

NS
(11th day)

Ciprofloxacin

Recovered

6

2003,
US

43/M

None

ALL#
(transplant
recipient)

Typhoidal

Bactec
(4th day)

Gentamicin

Died

28

2005,
US

69/M

Handling of hay and
trapping vole

Transplant
recipient

Typhoidal

Bactec

Doxycycline

Recovered

15

2010,
87/M
Czech
Republic

Walking the dog in
the wood areas

None

Typhoidal,
pneumonia

Bactec
(4th day)

Doxycyline,
Gentamicin

Recovered

21

2010,
37/M
Germany

Landscaper, removing None
wood from little forest
creek and mowing a lawn

Pneumonia

NS

Ceftriaxone,
Sultamisillin,
Clindamycin,

Recovered

30

2011,
Turkey

53/M

Ingestion of
contaminated water
and exposure to rodent
excreta

CO
intoxication

Pneumonia

Bactec
(6th day)

Gentamicin,
ciprofloxacin

Recovered

PR

2011,
Turkey

80/F

Ingestion of
contaminated water

IDDM

Pneumonia

Bactec
(9th day)

Ciprofloxacin

Recovered

PR

*CLL Chronic Lymphocytic Leucemia; §IDDM: Insulin-dependent Diabetes mellitus; *ARF: Acute renal failure; #ALL: Acute Lymphoblastic Leucemia; PR: present cases.

our first patient (TUL-13) and water isolates
(TUL-19 and TUL-20) and MLVA patterns for the
water isolate (TUL-18) and the second patient
(TUL-14) matched 100%, confirming the epidemiological link between water source and human

infection presenting with oropharyngeal tularemia (Figure 2, clusters B and C).
Another notable finding is the observation of a
wide dispersion of a specific subpopulation belonging to a cluster of subsp. holarctica in
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Anatolia and the Balkans. Strains of F. tularensis
from Turkey (Central Anatolia) genetically clustered with strains from Bulgaria (Eastern
Europe). This is interesting because outbreaks took place in regions over 1200 km from one another (Figure 2). The tularemia outbreak of 19972005 in Bulgaria was genetically closely related to
the strains recovered in Turkey (North-western
Central Anatolia) from 2004 onwards (Gurcan et
al.,2008). These clusters, including the strains
from Bulgaria, seem to have spread throughout
Central Anatolia and the Black Sea region of
Turkey. This genetic relationship revealed the distribution of F. tularensis in the environment and
their propagation across national and geographic borders.
In conclusion, to our knowledge this is the first
report on bacteremic pneumonia due to F. tularensis in Turkey. Our cases emphasize that tularemia may manifest as an enigmatic community-acquired pneumonia that does not respond
to routine therapies, especially in areas where the
disease is endemic. To establish the diagnosis of
tularemia pneumonia and initiate proper therapy,
the physician must maintain a high index of suspicion. Isolation of F. tularensis as a blood-borne
pathogen would have been impossible if it had
not been requested that the blood cultures be incubated for an extended period for detection of
fastidious bacteria.
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