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Abstract: In the early twentieth century, Francisella tularensis was identified as a pathogenic agent of tularaemia, one of the most dangerous
zoonoses. Based on its biochemical properties, infective dose and geographical location, four subspecies have been distinguished within
the species F. tularensis: the highly infectious F. tularensis subsp. tularensis (type A) occurring mainly in the United States of America,
F. tularensis subsp. holarctica (type B) mainly in Europe, F. tularensis subsp. mediasiatica isolated mostly in Asia and F. tularensis subsp.
novicida, non-pathogenic to humans. Due to its ability to infect and variable forms of the disease, the etiological agent of tularaemia
is classified by the CDC (Centers for Disease Control and Prevention, USA) as a biological warfare agent with a high danger potential
(group A). The majority of data describing incidence of tularaemia in Poland is based on serological tests. However, real-time PCR method
and MST analysis of F. tularensis highly variable intergenic regions may be also applicable to detection, differentiation and determination
of genetic variation among F. tularensis strains. In addition, the above methods could be successfully used in molecular characterization of
tularaemia strains from humans and animals isolated in screening research, and during epizootic and epidemic outbreaks.
1. Historical overview. 2. Characteristics and taxonomy of F. tularensis. 3. Morphology. 4. Culture media and conditions. 5. Biochemical
properties. 6. Survivability and persistence of F. tularensis. 7. F. tularensis as a biological weapon agent. 8. Tularaemia vaccines. 9. Pathogenicity
of F. tularensis. 10. Tularaemia treatment. 11. Laboratory diagnostics of F. tularensis. 12. Summary
Francisella tularensis – przegląd
Streszczenie: Francisella tularensis została rozpoznana jako czynnik chorobotwórczy ludzi i zwierząt na początku XX wieku. Analizy
biochemiczne i patogenne właściwości czynnika biologicznego pozwoliły na wyróżnienie 4 podgatunków przypisanych do różnych
regionów geograficznych: wysoce zakaźny F. tularensis subsp. tularensis (type A) występujący głównie w Ameryce Północnej, F. tularensis
subsp. holarctica (type B) z obszaru Starego Świata, F. tularensis subsp. mediasiatica izolowany głównie z Azji oraz F. tularensis subsp.
novicida, niepatogenny dla ludzi. Pałeczka tularemii, ze względu na swoje zdolności infekcyjne oraz zdolność do wywoływania różnych
postaci chorobowych, została zakwalifikowana przez CDC (Centrum Kontroli i prewencji Chorób, USA) jako potencjalny wysoce
niebezpieczny czynnik broni biologicznej (Grupa A). Większość danych opisujących przypadki zachorowań na tularemię opartych jest
na testach serologicznych. Jakkolwiek, technika real-time PCR (Polymerase Chain Reaction) i MST (Multi Sequence Typing) jako analiza
wysoce zmiennych obszarów międzygenowych F. tularensis może być zastosowana do wykrywania, różnicowania i określania wariantów
genetycznych izolatów F. tularensis.techniki te mogą być również wykorzystywane w charakterystyce molekularnej pałeczek tularemii
izolowanych od ludzi i zwierząt w badaniach przesiewowych oraz w ogniskach epizootyczno-epidemicznych.
1. Rys historyczny 2. Charakterystyka F. tularensis i systematyka taksonomiczna 3. Morfologia 4. Podłoża hodowlane i warunki wzrostu
5. Właściwości biochemiczne 6. Wytrzymałość i żywotność F. tularensis 7. F. tularensis jako czynnik broni biologicznej 8. Szczepionki
przeciwko tularemii 9. Patogenność F. tularensis 10. Leczenie tularemii 11. Diagnostyka laboratoryjna F. tularensis 12. Podsumowanie
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1. Historical overview
Francisella tularensis was recognised as an agent
of human and animals infection at the beginning of
the 20th century [82]. It is thought that the tularaemia
F. tularensis evolved simultaneously in the Old and New
Worlds about 11 million years ago at the turn of Miocene
and Pliocene [31]. Prior to the disease being recognised
by McCoy in 1911, information about an unusual illness
(called lemming fever) appeared in 1653 in Norway;
in 1818 in Japan it was described as “Yato-byo” – wild
hare disease [82]. Cases similar to tularaemia were also
described in 1741 in Western Siberia, later in 1825 also

in Astrakhan (Siberia, former Soviet Union) as “pestis
minor” (1877–1879) („pestis minor”, 1877–1879 but in
1908 in Utah (USA) it was recognised as “deerfly fever”.
In 1921 the disease, “polyadenitis”, was found along the
river Irtysh and in 1925 as “lymphadenitis” – an epidemic inflammation of lymph nodes – in the Voronez
region (both former Soviet Union) [20, 28, 31, 84].
The first certain tularaemia cases in people were
described in 1904 in California and in 1907 in Arizona [31]. Next cases were found in 1908 and 1910 in
Utah; Pearse named them “deerfly fever”. The infection
was caused by a deerfly bite and symptoms appeared
3–5 days after the bite [84]. In 1911 in Tulare (Califor-
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nia, USA) a pestis-like rodent disease was described;
it attacked field rodents and ground squirrels; lesions
found in organs during autopses were similar to those
caused by pestis [84]. In 1912 McCoy and Chapin isolated a Gram-negative bacterium and named it Bacte
rium tularensis [6, 20, 65, 84]. Later research classified
the tularaemia bacterium as Bacterium tularensis, Bacil
lus tularensis, Brucella tularensis, Pasteurella tularensis
[31]. In 1947–1959 the final agreement on the biological
agent taxonomy was reached and the genus was named
Francisella as a tribute to Dr Edwardow Francis [31].
During intensive research on F. tularensis, significant differences were found in symptoms in patients
from North America and other parts of the world. The
differences were related to the presence of two variable
types of F. tularensis present in sub-arctic regions, and
the second, found in Palaearctic. Further biochemical
analyses and the biological agent’s pathogenic properties allowed distinguishing 4 subspecies originating from different geographical regions: F. tularensis
nearctica (mainly North America), F. tularensis holar
ctica (the Old World), in central Asia – F. tularensis
mediasiatica, in Japan – F. tularensis japonica. Including
F. novicida in a taxonomic group was problematic due
to a limited known reservoir [31].
Basing on the research of sensitivity to erythromycin, two biovars were found within holarctica species:
biovar I EryS – sensitive to erythromycin, and biovar
II EryR – resistant. Moreover, strains originating from
Japan were included in the third biovar: F. tularensis
subsp. holarctica biovar japonica Radionova. Finally, the
descriptors of type A and B were accepted in F. tularen
sis subsp. tularensis and F. tularensis subsp. holarctica
respectively [60, 82].
2. Characteristics and taxonomy of F. tularensis
F. tularensis belongs to the phylum Proteobacteria,
class Gammaproteobacteria, order Thiotrichales, family Francisellaceae [33, 64]. Within the genus Francisella, 2 species were distinguished: F. tularensis and
F. philomiragia [29, 33, 62, 63]. Taxonomy of F. tularensis according to Bergey’s Manual Systematic Bacte
riology [33, 46].
Kingdom: Bacteria
Phylum:
Proteobacteria
Class:
Gammaproteobacteria
Order:
Thiotrichales
Family:
Francisellaceae
Genus:
Francisella
Species:
Francisella philomiragia
Species:
Francisella tularensis
Subspecies: Francisella tularensis subsp. tularensis
Francisella tularensis subsp. holarctica
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Francisella tularensis subsp. mediasiatica
Francisella tularensis subsp. novicida
Moreover, it has been suggested that a subspecies
F. japonica should be distinguished within the type B for
the strains isolated in Japan [60, 87, 92] and that 4 species ought to be distinguished within the genus [77].
F. philomiragia previously called Yersinia philomira
gia was isolated from water samples, muskrats and
humans [39]. This species can be found mainly in water
environment, i.e. in streams, rivers and lakes. It may
cause infections in patients with supressed immune
system [7]. It may also be found in various fish species
[44, 45, 52, 61, 63].
Extensive research on the Francisella genus allowed
describing new, previously unknown species such as
F. noatunesis [77], F. hispaniensis [41], F. guangzhouensis
[69], F. halioticida [8], F. asiatica [54] and F. persica [51].
3. Morphology
F. tularensis is a small (0.2–0.5 µm × 0.7 – 1.0 µm),
non-spore forming single, Gram-negative coccobacillus
staining weakly with Gram method [20]. Bilecki (1974)
recommends using carbolfuchsin and crystal violet with
an extended exposure up to 1.5 hours. For histological
slides he recommends Giemsa method, also adopted for
staining smears from cultures. Slides prepared in such
way may show the bacteria stained pinkish-violet to
purplish-blue. Cells from cultures only several days old
will stain pink, bacteria from older cultures will show
as navy blue. The methylene blue dyeing, Kozłowski
method, Burry method may also be adopted for F. tula
rensis microscopy analysis. The Kozłowski technique
allows to distinguish F. tularensis (stains green) from
Brucella spp. (stains red). F. tularensis is characteristic
for its bipolar staining [6].
4. Culturing media and conditions
F. tularensis has high nutritional requirements and
needs cysteine-enriched culturing media [20, 64, 65].
One of them is blood agar with glucose and cysteine,
another is chocolate agar with cysteine (CHAB) [20].
Moreover, culturing of F. tularensis is commonly done
using cysteine agar with glucose, thioglycollate fluid
medium, modified Theyer-Martin medium, buffered
charcoal-yeast extract agar or cysteine agar with heart
infusion and 9% sheep blood [20, 65]. On CHAB
medium F. tularensis grows from 2 to 5 days at the temperature 35°C in the atmosphere of 5% CO2, they form
small (2–4 mm in diameter), smooth, round mucous
colonies [18]. F. tularensis is highly pleomorphic. In
animals highly susceptible to infection (mice) the
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bacterium is thin, short and delicate. In organs taken
from other animals, for example rabbits, it may be a
coccus or a bacillus, but the predominant form is coccobacillus. Pleomorphism may also be observed in artifficial media. Bacilli dominate in fresh cultures, while in
older ones mainly cocci are present. Liquid media show
bipolar or curved forms frequently joined into threads
with rounded ends. A theory has been formulated that
there exists a connection between the morphology and
level of infectiveness of the bacterium. Pleomorphism is
absent in old colonies and in non-infectious strains and
the bacteria present the form of a coccus. Among the
bacteria found in animals susceptible to infection and
in highly infectoius strains of F. tularensis the bacillus
is dominated form [6].
Another medium which may be used successfully in
culturing samples of F. tularensis collected from animals
and environment is a cysteine medium with added antibiotics CHAB-A and CHAB-PACCV. The Center for
Disease Control and Prevention USA (CDC) recommends CHAB as appropriate for culturing F. tularen
sis from clinical samples, despite other media such as
blood agar and Theyer-Martin medium are also being
used in the USA, [95]. Morris et al. (2017) proposed
a novel broth medium (BVFH – BHI supplemented
with 2% Vitox, 10% Fildes and 1% histidine). This
medium enhanced growth of F. tularensis Type A1, A2
and B strains [ 58].
F. tularensis grows slowly at 37°C and very weakly at
28°C. This feature may be used to distinguish the tularaemia F. tularensis from Y. pestis, F. philomiragia and
F. tularensis subsp. novicida, which show growth at 28°C
[20]. Culturing tularaemia in the environment with 5%
CO2 may increase growth but it is not particularly signi
ficant. Colonies of F. tularensis subsp. novicida and F. philomiragia are slightly larger than F. tularensis [59, 64].
5. Biochemical properties
Biochemical properties of F. tularensis subspecies are
slightly diferent. F. tularensis subsp. tularensis has the
ability to ferment glycerol, glucose, maltose and citrulline. It is also very sensitive to erythromycin and other
macrolide antibiotics and lincomycin. In comparison
to F. tularensis subspecies holarctica, F. tularensis subsp.
tularensis presents a higher level of fatty acids C24
(12–16%). What is more, its antigen structures contain
more hexosamine (6–12%) than F. tularensis subsp. hol
arctica (5–7%) [60]. F. tularensis subsp. holarctica has the
ability to ferment glucose and maltose but not citrulline
or glycerol (except for biovar japonica). These strains
contain more fatty acids C14 (9–11%), but less C24
(7–11%) than other subspecies. Immunising laboratory animals with F. tularensis subsp. holarctica resulted

in a lower level of protection against infections than
when strains F. tularensis subsp. tularensis were used
[60]. F. tularensis subsp. mediasiatica was described
by Aikimbaeva; it originates from the centre of the
ex-soviet part of Asia. The strains from this subspecies ferment glycerol and citrullin but they show very
weak fermentation ability towards glucose and maltose.
They are very sensitive to macrolides and lincomycin.
The research on fatty acids content showed low levels
for C14 (4.2–4.5%) and, similarly to F. tularensis subsp.
tularensis, high levels for C24 (12–16%) [60].
6. Survivability and persistence of F. tularensis
F. tularensis may survive many weeks in soil, animal
carcasses and their skins, many months in water and
silt and for years in frozen rabbit meat. It may survive
in watercourses, which may constitute sources of local
outbreaks. In North America the main sources of contamination of watercourses are beavers and musk rats,
in Scandinavia beavers and lemmings, in the former
USSR – rats and voles [38, 84]. Moreover, F. tularensis
may be found as VBNC (Viable but non culturable state)
[20, 38]. VBNC does not guarantee infectivity which was
shown during attempts to infect a mouse with a suspension of cells [27]. It was also shown that F. tularensis is
capable of replication in a free-living protozoan Acan
thamoeba castellanii [1] similarly to Legionella pneu
mophila [80]. An interesting and not fully explained
phenomenon is the existence of FLEs (Francisella-like
endosymbionts) [20, 22, 42, 50, 78, 86, 94].
One of the main factors influencing F. tularensis
development is temperature. The pathogen may survive
in natural waters for up to 14 weeks at the temperature
of 7°C and even up to 4 months at 4°C to 6°C. The
temperatures of 20–21°C allow its survival for about
3 weeks. Mud is another environment conductive to
the bacterium’s survival (62 days); in humid soil it may
live for up 30 days and in mud kept at the temperature
of 7°C even up to 14 weeks [31]. According to Skrodzki
[84], bacteria suspended in isotonic saline solution at
58°C die after 10 minutes [31, 84], at the temperature
of 56°C – after 20 minutes, at 54°C after 1 hour. However, heating a suspension of bacterial cells to the temperature 50°C – 52°C does not deactivate the biological
agent [84]. Other authors state that the bacteria die after
10 minutes in 56°C – 58°C [6, 31]. From the epidemiological and epizootic viewpoint, the crucial factor is the
bacteria’s survival in living organisms and dead tissues,
where they can live for up to 93 days, and in liver for
53 days. The bacteria were also found after 90 days in
mice kept at 0°C; in mice kept at room temperature
they survived for up 15 days. In carcasses of dead hares
kept in cold stores (–16°C to –20°C) the microorganism
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survived for up to 120 days in solid organs and up to
75 days in muscles [84]. In tics it may live for up 700 to
764 days and in skins of animals kept at 15°C – 20°C it
may survive for at least 20 days [31]. Moreover in vole
skins dried at the temperature of 8°C – 12°C F. tula
rensis was found for up to 40 days, at 32°C the bacteria
die after 5–6 days [84]. Research concerning survivability of F. tularensis was conducted, among others,
by Bilecki [6], who discovered that F. tularensis found
in vole skins exposed to sunlight at the temperatures
of 24°C – 29.5°C survived for only 3 hours. Where the
skins were dried in diffused light at the temperatures
17.5°C – 20°C, the bacteria were active for 30 hours and
at 17°C – 18°C when dried indoors, the skins contained
living bacteria for up to 20 days [6].
7. F. tularensis as an agent of biological weapon
Tularaemia was already known in 14th century B.C.
in Central Anatolia (present day Turkey) during the
region of Hittites. It is thought that the disease was
brought to Anatolia from the Middle East when, as
a result of wars and voyages, with infected rodents and
ticks. The tularaemia outbreaks with many victims from
varied social groups were observed in Syria, Egypt and
Lebanon. Military use of F. tularensis was known as long
ago as 1320–1318 B.C. when, during a war between
Hittites and Arzawa in the Middle East, herds of
infected sheep were driven by the Hittites behind the
enemy’s defence lines and, as a result, the Arzawan
forces were greatly weakened by the disease [36].
In 1932 Japanese scientists initiated research on
the possibility of using F. tularensis as an agent of biological weapon; this research was tested in paramedical experiments conducted by Unit 731 in Manchuria
during the Second Sino-Japanese War (1937–1945) of
World War II [38, 82]. In the mid-20th century both the
USA and the USSR conducted extensive research on
F. tularensis strains resistant to streptomycin. Moreover,
a Soviet scientist Ken Alibek suggested a hypothesis
of intentional F. tularensis use as an agent of biological
weapon on the eastern front during WW II (the Battle
of Kursk). He also disclosed that the Soviets continued the research on biological warfare until the 1990s,
as a result of which antibiotic-resistant and vaccineresistant strains may have been created [2, 20, 38, 80, 82].
Extensive research on humans and animals was also
conducted by USAMRIID (United States Army Medical
Research Institute of Infectious Diseases, Fort Detrick,
Maryland). For the research purposes aerosol chamber
was used; there the effectiveness of preventive therapies
and vaccines was tested on infected volunteers.
In 1972 Convention on the Prohibition of the Deve
lopment, Production, and Stockpiling of Bacteriological
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and Toxin Weapons was implemented [54]. The convention was accepted by 140 countries; in spite of this,
however, the number of countries possessing hazardous biological agents has been steadily increasing. This
increase constitutes a threat demanding continuous
research on the potential results of releasing biological agents, on symptoms, pathomechanisms, human
immunological responses and appropriate treatments,
vaccinations and other possible defensive actions [49].
8. Tularaemia vaccine
Extensive studies of F. tularensis, particularly in the
USA and former USSR, resulted in the commencement
of research on an effective tularaemia vaccine. Observations of initial infections with F. tularensis showed that
the following infections were much milder [82].
First vaccines used cellular extracts of F. tularensis.
They proved to be ineffective, however, and caused
strong reactions in the vaccinated organisms. The
induced immunoresponse allowed to reduce the symptoms of ulceroglandular and typhoidal tularaemia in
volunteers, but many presented symptoms of the acute
form of the disease. Similar trials done on animals did
not result in noticeable therapeutic effects. Infections
with low virulence strains can be defeated by antibodies and immunity against highly virulent strains of
F. tularensis is provided by T cells. One of the target
units potentially useful in therapy is LPS, which may
induce immunoresponse against low virulence strains
and extend the survival of immunised mice [64].
In the 1930s and 1940s there were extensive studies
aimed at finding a strain suitable to produce a vaccine.
As a result, in the USSR a Live Vaccine Strain (LSV)
was produced; it caused a satisfactory immunoresponse
in organisms [38]. LVS was tested on humans during
Operation Whitecoat. Two routs of administration of
the vaccine are known: via aerosol or scarification.
Aerosol application caused more effective immunity,
however in most cases scarification was used [64].
First human testing was done in 1942. Six months after
the vaccination volunteers were infected with F. tula
rensis virulent strains. The experiments confirmed
usefulness of this strain for the purpose of immunisation against tularaemia [82]. In 1946 in the USSR
a programme of preventive vaccinations against tularaemia was initiated; an attenuated vaccine was used. At
the end of the 1950s tens of millions of inhabitants of
endemic areas were inoculated. The Russian vaccine
resulted in immunity for the period of at least 5 years,
in some cases from 10–15 years [23]. Among the vaccinated only 0.36% showed tularaemia symptoms, in
the non-vaccinated population the disease incidence
was 4.3% [38].
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Presently LVS of F. tularensis is not officially
approved for use. One of the reasons may be variable
cell morphology and immunogenicity. Moreover, there
is not much information regarding the mechanisms of
the strain attenuation. Despite these unknowns however, attenuated LVS may induce immunoresponse
resulting in immunity to tularaemia. This phenomenon
proves that a strain selected for its particular genetic
features and a rationally prepared vaccination strain
may be useful in research on a potential vaccine. The
strain used ought to be non-virulent and to be capable
of replication in vivo with a limited ability to survive,
so no disease symptoms would result [57].
ISCOMS – Immune Stimulating Complexes and
CpG as a new adjuvants are very hopeful [64]. Currently
used vaccines are available on a limited scale only, live
attenuated vaccines are available in Russia (LVS) and the
USA. Apart from that several others are being tested:
attenuated, killed and subunit vaccines [53, 64].
9. Clinical forms of tulareamia
Pathomechanism virulence factors and interactions between the host and the pathogen were widely
discussed. Clinical forms of tularaemia and its course
depend on many factors: virulence potential of the bacterium, the path of contact with organism the infectious dose, the disease course in the human body and
the immunological status of the host. The effect may
be a nearly symptomless form of tularaemia, but in
some cases sepsis and sudden death may result. The
incubation period of disease is between 3 to 5 days
(sometimes up to 21 days) [20, 65, 70, 88] or from
1 to 14 days [88]. The onset of tularaemia is usually
sudden, with high fever, shivers, headache, apathy,
general fatigue, weakness, vomiting and conjunctivitis [65, 70, 71, 88]. Other symptoms may also be present, such as cough, chest discomfort, stomachache
and diarrhoea. There exist several clinical forms of
tularaemia: ulceroglandular, glandular, oculoglandular, oropharyngeal, pneumonic, intestinal and typhoidal
[6, 31, 47, 48, 57, 65, 70, 71, 84, 88].
The ulceroglandular form constitutes from 45% to
85% of all tularaemia cases [70, 71]. Most commonly
it results from an infected bite. Symptoms commonly
appear between 3 to 6 days after infection, later an
ulcer forms. During illness the patient may suffer from
flu-like symptoms, including fever (38°C – 40°C),
headache, chills and general fatigue [57]. Skin lesions
may appear before, during or from one to a few days
following adenopathy as red, painful pustules in the
area of lymph nodes. There may also appear blisters
resembling a herpes simplex varicella-zoster infection.
Skin lesions may necrotise, forming ulcers with raised

edges. If no treatment is undertaken, the ulcers may
be present for weeks and result in scarring. The site of
ulceration depends on the rout of infection in case of
animal contact, palms and forearms are affected; after
a tick bite ulceration is present on the torso, crotch,
legs, head and neck. Lymphadenopathy location also
depends on pathogenesis. Neck and nape adenopathy
is most common in children; adults usually suffer from
groin adenopathy. Skin lesions appearing over adenopathies, observed in 19.1% cases in Sweden, suggest suppuration. Lymphadenopathy is uncommon, but may
accompany this disease form especially in cases of secondary infections of the initial ulceration with other
bacteria [63]. Skin lesions may also present as black
pustule surrounded by erythema and swelling. Infected
lymph nodes may be the source of pathogen penetrating other organs and tissues, such as liver, spleen,
intestines, kidneys, central nervous system and skeletal muscles. Often hyperbilirubinemia can be observed
(including elevated levels of liver transaminases) and
leukocitosis [70]. Unless antibiotics are given, lymph
nodes may swell within 7–10 days and suppuration
may follow. This may occur in 30–40% of cases and is
one of the most serious complications of infections by
F. tularensis subsp. holarctica. The ulceroglandular is the
dominant form of the disease and constitutes more than
90% of tularaemia cases in Europe. Other subspecies
of F. tularensis may also cause this form of the disease
[82]. Frequently observed large swelling of lymph nodes
may resemble bubonic plague. Glandular form does not
present ulceration or suppuration; the form with fever
but showing no lymphadenopathy is described as
typhoidal or septic [57].
Oculoglandular form is a localised form of glandular
tularaemia (Gałęzowski-Parinoud syndrome), initially
described by a Polish ophthalmologist Gałęzkowski
working in France and a Frenchman Pairnaud. It was
also described in Poland.
Glandular form occurs in patients with a local lymphadenopathy, but lacking visible skin lesions. Such
form occurs in the USA in fewer than 20% of cases.
The glandular form develops similarly to the ulceroglandular type except for the development of skin lesions
which may not occur at all or be minimal, atypical or
unnoticed. Both glandular and ulceroglandular forms
may present suppuration in lymph nodes. Suppuration
is present in more than 20% of cases if no therapy with
antibiotics is undertaken or if antibiotics are administered after the first two weeks of illness. The form of
tularaemia with suppurating lymph nodes should be
distinguished from: infections by Streptococcus pyo
genes, cat scratch disease, syphilis, chancroid, lymphogranuloma venereum, tuberculosis, mycobacterial
infections, tokxplasmosis, sporotrichosis, rat-bite fever,
anthrax, plague and herpes simplex infections [65].
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The oropharyngeal form constitutes only several
percent of cases and is associated mainly with intenstinal infections by contaminated food or water [64, 65].
It may be a variant of the ulceroglandular form [65].
A typical symptom is ulcerating and exudative stomatitis with or without tonsillitis. In the mouth and throat
area ulceration may form causing pustules. Large cervical lymphadenopathy is usually one-sided, rarely symmetrical. Late commencement of treatment may result
in suppuration, as it was observed in Turkey in 40% of
oropharyngeal form of cases [65, 88]. In the pharyngeal
form the main symptoms are high fever and acute throat
ache. Some patients may show lesions on mucous membranes of the larynx, resembling diphtheria. In differential diagnosis streptococcal pharyngitis, mononucleosis,
diphtheria and adenovirus infections should be considered. The suspicion of pharyngeal tularaemia should be
taken under consideration in endemic regions and in
patients with acute throat ache in the cases where penicillin treatment was unsuccessful and routine diagnostic
tests showed no satisfactory results [65].
Pulmonary and septic forms of tularaemia, caused
by F. tularensis subsp. tularensis, are the most dangerous
disease forms with average mortality rates on 30–60%.
Both forms may develop from ulceroglandular or glandular tularaemia, but the pulmonary form mainly follows
infection by inhalation [57]. This form may manifest as
typical pneumonia with cough, chest pains and elevated
breathing frequency. High fever, nausea and vomiting
may also be present as additional symptoms [88].
Significant differences in symptoms caused by A
and B types of F. tularensis are well illustrated by the
pulmonary type. Infections with the A type show fast
decline in health with sudden chills, high fever, shortness of breath, dry or wet cough, chest pains, sweating, sleepiness and general fatigue [88]. Research from
1950s conducted on volunteers exposed to aerosol
infection showed that the pulmonary form develops
3 to 5 days following the exposure [18]. High fever, up
to 40°C, is a characteristic symptom. Other symptoms
resemble pneumonia: bradycardia, chills, shortness of
breath and dry cough. Headache, throat ache, muscular
pains and nausea are also present. Frequently observed
haemorrhagic airway inflammation may lead to bronchopneumonia [57]. The pulmonary form should
be distinguished from pneumonia caused by Mycoplasma spp., Legionella spp., Chlamydophila pneumo
niae, Coxiella burnetii, Chlamydia psittaci, Mycobacte
rium tuberculosis, pulmonary plague and others [66].
Intestinal tularaemia follows ingestion of contaminated
food or water and may lead to gastritis and inflammation of intestines. This form may show symptoms
from mild diarrhoea up to acute form with numerous
ulcerations of the intestines [70, 71]. Typhoidal tularaemia is uncommon [70]. It may develop following an
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infection via any of the possible paths of contact with
microorganisms and it is the hardest to diagnose. In
many patients it has a very serious form, from extreme
exhaustion to sudden death. The main symptoms
are fever with chills, headache, muscular pains, throat
ache, nausea, vomiting, diarrhoea, stomachache, cough.
Patient examination will show dehydration, lowered
blood pressure, mild pharyngitis, cervical adenopathy,
meningismus, increased muscle tone of stomach muscles. Hepatomegaly and splenomegaly are also encountered in acute cases of the disease and the risk of these
increases with the progress of the disease [65]. The
onset of the disease can be sudden (fever 38°C – 40°C).
One of the symptoms is breakdown of skeletal muscles
(rhabdomyolysis), morbidity in such cases reaches 50%
[70, 71]. Typhoidal tularaemia should be distinguished
from: typhoid fever (infection with Salmonella typhi),
typhus fever (Rickettsia provazekii), infections with
Brucella spp., Legionella spp., C. burnetii, mycobacteria,
fungi, rickettsiae, Plasmodium spp. [65].
Among the diseases which should be differentiated
from the ulceroglandular form, the following should
be mentioned: skin lesions caused by Staphylococcus
and Streptococcus infections, anthrax, pasteurellosis,
tuberculosis, lymph node tuberculosis, infections with
mycobacteria and rickettsiae, toxoplasmosis, cat scratch
disease, plague, and viral infections with HIV (Human
Immunodeficiency Virus), CMV (Cytomegalovirus)
and EBV (Epstein-Barr Virus). Pulmonary tularaemia
may present similarly to acute brucellosis, Hantavirus
infections, leptospirosis, flu, M. Pneumoniae infection,
Legionairres’ disease, TWAR (Chlamydia trachomatis
pneumonia), psittacosis, anthrax, Q fever, plague, SARS
(Severe Acute Respiratory Syndrome) [88] and MERS
-CoV (Middle East Respiratory Syndrome Coronavirus)
and some deep mycoses. In tularaemia transmission the
arthropods bite may pay important role [25, 30, 47, 72,
91, 94, 96].
10. Tularaemia treatment
In acute tularaemia cases in adults where hospital
admission is deemed necessary, parenteral administration of aminoglycosides is recommended gentamicin
dosed 5 mg/kg/day is preferred; it should be divided
into two doses and the concentration of the antibiotic in the serum should be monitored. Alternatively,
streptomycin may be administered as an intramuscular injection given twice daily at 2 g/day for 10 days.
In extremely severe cases the period of treatment
will depend on the organism’s response and it may
extend much further than 10 days. In less extreme
cases or when mass attack is suspected, oral administration of ciprofloxacin is preferred at 800–1000 mg/day,
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intravenously in two doses; the period of treatment
should be between 10–14 days. Doxycycline is also
possible, given orally in two doses at 200 mg/day for
no fewer than 15 days [86].
In the studies carried out by Grossman et al. (2017)
the synthetic fluorocycline TP-271 was tested in outbreak events of aerolized exposure to F. tularensis for
complicated inhalational infections [34].
In children requiring hospital treatment, parenteral
administration of aminoglycosides is preferred, with
gentamicin being the drug of choice at 5–6 mg/kg/day
divided into two or three doses; the concentration of
the antibiotic in the serum should be monitored. Alternatively, streptomycin can be administered at 15 mg/
kg/day in two doses (maximally 2 g of the antibiotic
per day). In milder cases caused by F. tularensis, type B
which may occur in endemic areas, ciprofloxacin may
also be used at the dosage of 15 mg/kg/day (maximally
1 g/day) [95].
In pregnant women it is necessary to consider possible side effects of treating severe infections. Despite
gentamicin and ciprofloxacin not being admitted by the
FDA (Food and Drug Administration, USA) to use in
tularaemia infections treatment in pregnant women,
these antibiotics are recommended by Johns Hopkins
Working Group on Civilian Biodefense [18]. The dosage is identical with the dosage recommended for nonpregnant women and the treatment period should be
decided on an individual basis [95].
Not much information is available for the patients
with compromised immunological systems. Aminoglycosides should be the drug of choice, alternatively
ciprofloxacin can be given. The dosage is similar to
the patients with stable immunological systems and
the treatment period may be up to 14 days. In cases
requiring extended treatment, initial administration
of aminoglycosides may be supplemented by oral or
parenteral administration of ciprofloxacin [95]. Significant categorisation of tularaemia treatments in various
population groups was presented by Dennis et al. [18].
11. Laboratory diagnostics of F. tularensis
F. tularensis as a facultative intracellular pathogen
may be cultured on artificial media. One of them is
CHAB (cysteine heart agar with blood), containing
cysteine [55, 66, 67, 93], another is BCYE (buffered
charcoal yeast extract) [56, 73, 74], also used as a selective medium in L. pneumophila culturing [14, 15]. Other
media successfully used in culturing of F. tularensis are
as follows: McCoy and Chapin, Francis, Cystine Heart
Agar and fluid thioglycollate medium [84]. Recently
two new selective media have been developed on the
base of CHAB [59, 66]; they may be used to obtain and

multiply F. tularensis from contaminated solid tissues.
The CHAB – A medium contains colistin, amphotericin, lincomycin, trimethoprim and ampicillin [66].
CHAB – PACCV, also successful in culturing F. tularen
sis from environmental samples, contains polymyxin B,
amphotericin B, cycloheximide, cefepime and vancomycin [59]. Serological methods are most commonly
used in laboratories confirming tularaemia diagnoses,
with ELISA being the most popular method [11, 12, 13,
68, 76, 79]. Among others there are microagglutination tests [15, 68], immunochromatographic tests [12],
Western blot tests [12, 68, 76], a micromatrix method
[11] and an indirect immunofluorescence method [68].
Using a PCR (Polymerase Chain Reaction) method
enables detection of F. tularensis genetic material in
both clinical and environmental samples. The method
is an essential tool in detection of microorganisms difficult to culture. For identification of species with a real
time PCR technique, the most convenient nucleotide
sequences are the genes fopA and tul4, coding the proteins of the external membrane of the F. tularensis cells
[4, 5, 13, 21, 32, 37, 50, 81, 95]. In order to distinguish
the type A from type B and other subspecies, the recommended PCR techniques should be aimed to detect
the following genes: pdpD (present in type A F. tula
rensis, and missing in type B and novicida), ISFtu2,
absent in type A and novicida [50], the gene coding 23
kDa protein [19, 83, 92, 93], lpnA (tul4) coding 17 kDa
protein [10, 89]. For further detailed analyses within
the species F. tularensis a real-time PCR technique has
been developed which allows differentiation of subtypes
A.I. and A.II. The goal sequences are RDs (Regions of
differences) [87]. Another method allowing for differentiation within the species and subspecies is detection
and sequencing of the genes 16S rRNA [17, 28, 50, 81].
12. Summary
Due to low infectious dose, high virulence, invasion
and variable forms of the disease, the etiological agent of
tularaemia is classified by the CDC (Centers for Disease
Control and Prevention, USA) as a potentially highly
dangerous agent of biological weapons (group A).
Moreover, a broad distribution of the pathogen’s reservoir makes F. tularensis a serious threat to human life
and health. Clinical presentation of tularaemia varies
largely and therefore poses diagnosis problems; in effect
the number of tularaemia cases may go underreported.
Diagnostics of tularaemia in Poland is mainly based
on serological analyses and therefore not fully satisfactory due to the low specificity of serological methods
resulting from an extremely high diversity among the
F. tularensis species. As an alternative to these methods,
genetic techniques may be used successfully in molecu-
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lar characterisation of tularaemia strains isolated from
humans and animals in screening research and during
epizootic and epidemic outbreaks.
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