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Tularemia is a zoonosis caused by the highly invasive bacterium Francisella tularensis. It is transmitted to humans by
direct contact with infected animals or by vectors, such as ticks, mosquitos, and flies.
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| 1. Pathogenesis of Tularemia

F. tularensis is a gram-negative, aerobic, facultative intracellular bacterium. Taxonomically, it is divided into four known
subspecies: F. tularensis subsp. tularensis, F. tularensis subsp. holarctica, F. tularensis subsp. Mediasiatica, and F.
tularensis subsp. novicida. Earlier publications considered F. novicida and F. tularensis as a separate species. F.
novicida differs from other subtypes in its lessened ability of tissue invasion and tissue damage in mammals &. It is also
not a part of the select agent list of the United States and does not require as excessive laboratory safety regulations as
other subtypes [@. The re-classification of subspecies, however, remains debatable B4,

Subsp. tularensis and holarctica, previously called type A and B, respectively, are the most relevant subtypes for clinical
practice BIEl. Subsp. tularensis is almost exclusively present in Northern America and causes a more severe form of the
disease. It is particularly virulent, with an infectious dose of <10 colony forming units (CFUs) &l The type A strains are
further separated into subtypes A.l and A.ll, with A.l being the most virulent [&. In cases of pulmonary infections with
subsp. tularensis without treatment, the mortality of up to 60% is described 19 The less virulent type
subsp. holarctica with the infectious dose of 100-1000 CFUs causes the majority of infections in Europe L2 The
infection results in a milder, sometimes even subclinical disease B34l Both pathogens can persist in the environment
for weeks or even months 13,

The bacteria enter the body through minor skin or mucosa wounds. The capsule of F. tularensis is an essential virulence
factor, enabling it to dodge polymorphonuclear neutrophil destruction. As it enters the bloodstream, it is phagocyted by
circulating monocytes and macrophages of the reticuloendothelial system, where it can survive as an intracellular
parasite. As a result, granulomatous lesions can arise in the affected organs B8], immunity after the infection is usually
life-long, although reinfections have been described in the literature 7.

| 2. Transmission of Tularemia

F. tularensis was isolated from more than 100 wild animal species, domestic animals, arthropods, birds, and fish. The
main reservoirs are wild mammals, such as rabbits, squirrels, and beavers. People working with these animals (e.g.,
hunters, butchers, and furriers) are more exposed to the infection [EI[18]129]

Tularemia is transmitted to humans by direct contact with an infected animal (e.g., rabbits, beavers, hares, and rodents),
most commonly when working with its meat and skin, or by arthropod bites (e.g., ticks, mosquitoes, flies, and lice). These
have been previously feasting on an infected animal or water source. Other possible transmission routes are ingesting
contaminated water or food and inhaling aerosolised bacteria, for instance, in hay or while handling the pathogens in
laboratories 13120, Grass mowing, hay stacking, and other activities with possible machine driving over infected animals
or their carcasses are hazardous for aerosol formation 2821, Tylaremia has not been reported to transmit directly from
human to human; hence, contact isolation of infected persons is not necessary [22.

Transmission of tularemia usually occurs from May to August during hunting season. In the USA, ticks, deer flies, and
rabbits are the most common sources of infection, whereas in Northern Europe, rodents, mosquitos, and the
tick Dermacentor reticulatus are the most common disease agent carriers 231124



| 3. Tularemia as a Tick-Borne Disease

Despite the well-established transmission route by tick bites, tularemia is rarely immediately recognised as a tick-borne
disease 9. Ticks were discovered as vectors in 1924 23, Tick-borne tularemia cases are reported in almost all endemic
areas 28], More than 85% of all tularemia confirmed cases in the 1960s were associated with tick bites in the United
States, where still around half of the tularemia infections are related to tick bite exposure. From 2004 to 2016, 2.102 tick-
borne tularemia cases were reported in the USA [270I28 |n Europe, recent reports have changed the previously
understated importance of tick-borne transmission of tularemia 29. According to Maurin et al. (2011), 11% of tularemia

cases are tick-borne in France, while Guycova et al. (2010) described 12.8% of tick-borne tularemia confirmed cases in
Slovakia B[],

Epidemiological data in a study by Rojko et al. (2016) regarding tularemia cases between 2012 and 2013 in Slovenia
revealed tick-borne infections in 50% of patients. Furthermore, Ixodes ricinus was found to be the most prevalent species
of vectors in Slovenia. In contrast, Dermacentor reticulatus was characterised only in the northeastern part of the country,
where most tularemia cases were reported before 2012 22,

| 4. Epidemiology of Tularemia

Even though tularemia is a well-studied disease, with its causative bacterium isolated in many countries, its occurrence
overall is rare. However, sporadic cases and outbreaks are reported around the globe, predominantly in the northern
hemisphere between 30° and 70° latitude 23], Approximately 800 cases are reported annually in Europe. The disease is
thought to be endemic in Sweden and Finland, the countries with the most cases reported in Europe. Mosquito bites are
this area’s most common transmission route 4. Kosovo likewise reports one of the highest incidence rates of tularemia in
Europe. The highest incidence in this country was reported in 2010, with 11.26 cases per 100,000 inhabitants 18], |n
addition to Kosovo (1999, 2000, and 2003), the most significant outbreaks have been reported in Turkey (2005-2007) and

Spain (1997, 1998, and 2007) B3l In Europe, tularemia has not been reported in Iceland, Ireland, or the United Kingdom
87,

In the past decades, the epidemiology of the disease has changed, with several outbreaks reported in areas previously
considered non-endemic. Tularemia is regarded as a locally emerging or re-emerging disease in Europe B8, It has
recently expanded its geographical range and included host animals previously not linked to tularemia, such as the red
fox, the wild boar, and the raccoon dog B9 The European Food Safety Authority (EFSA) and the European Center for
Disease and Prevention Control (ECDC) have reported increased animal reservoirs 44 The dynamics in epidemiology
seem to have been the opposite overseas. In the USA, in the 1950s, almost 1000 cases were reported annually, whereas
in 2019, a little over 270 cases were reported to the CDC [24,

In Slovenia, the disease is rare, with 1-3 cases reported annually 2122 byt the numbers have risen in the past decades
(361 From 1990 to 2020, 42 cases of tularemia were reported. Before 2012, only eight sporadic cases had been reported
over the past ten years. Half of the cases occurred in the northeastern part of Slovenia. Recently, cases have been
described in other areas of the country. The first clinical cases outside of the northeastern region were reported in 2012. In
2012 and 2013, a cluster of six cases occurred in the central part of Slovenia 2142l Epidemiological data by Rojko et al.
(2016) report 31 patients with clinical diagnosis of tularemia treated in Slovenia from 2004 to 2018 32,

Additionally, in 2021, there was an outbreak of tularemia mainly in the western part of Slovenia, with more than 35 cases
confirmed, but, in other parts of Slovenia, an increase of sporadic cases was also observed 8. There is no description of
cervical ulceroglandular tularemia in Slovenia yet.

| 5. Treatment of Tularemia

The overall mortality of an untreated tularemia infection is 5-15% 3], The prevailing connection to a fatal outcome is in
the pulmonary form of the disease. Nevertheless, other forms may lead to terminal consequences, too. Timely diagnosis
with specific antibiotic treatment significantly lowers life-threatening complications, often leaving patients entirely
symptom-free. In the pre-antibiotic area, around 30% of patients with tularemia died in the USA. In infection with the more
pathogenic type A, nowadays, even with prompt and appropriate antibiotic treatment, the mortality of the disease caused
by this subtype is 4%. In Europe, with the less virulent subtype prevailing, however, death following tularemia is much less
frequently encountered [S1128],



The antibiotic of choice depends mainly on the severity of the disease and the patient's age (Table 1). The best minimal
inhibitory concentration is streptomycin or gentamycin when taken orally for 7-14 days 2. Ciprofloxacin, doxycycline,
and chloramphenicol are also effective and should be administered for at least 14 days. Antibiotic testing of F. tularensis is
not routinely performed in a clinical setting as antibiotic resistance of the bacterium has never been reported 24 Thus,
aminoglycosides streptomycin, gentamicin, fluoroquinolone ciprofloxacin, and tetracycline antibiotic doxycycline are most
commonly used in tularemia. First-line drugs for mild to moderate tularemia cases, which predominate in Europe, are
ciprofloxacin and doxycycline. Gentamicin has been reported to result in higher relapse rates, though it is often used in
patients with systemic diseases and children. In younger patients, fluoroquinolones are contraindicated owing to possible
damage to the muscles and skeletal system. Ciprofloxacin is a safer choice for children 1-10 years. Streptomycin or
chloramphenicol are the antibiotics of choice in pregnant women with milder forms of the disease. However, gentamicin
should be used in pregnant women with severe tularaemia. Possible side effects of the medication should be weighed
against the severity of the disease [191143],

Table 1. Recommended treatment for tularemia.

Disease Severity Treatment Regimen
e Streptomycin 7.5 mg-1 g IM or IV, twice daily, 7-10 days OR

e Gentamicin or tobramycin 5 mgl/kg IV, once or twice daily, 10 days

Severe to moderate infection .
Children:

e Gentamicin 2.5 mg/kg IV, three times daily, with OR without ciprofloxacin in 10-15 mg/kg
orally, twice daily

e Ciprofloxacin 400 mg IV or 750 mg orally, twice a day, 14-21 days OR
e Doxycycline 100 mg orally or IV, twice a day, 14-21 days
Mild infection Children:
e above 8 years old: doxycycline 2.2 mgl/kg orally, twice daily
e 1-10 years old: ciprofloxacin 10-15 mg/kg orally, twice daily
Hematogenous meningitis e Aminoglycoside + chloramphenicol 50-100 mg/kg/day IV in 4 divided doses
Pregnancy e Streptomycin or chloramphenicol 15 mg/kg, four times a day, 14 days

Prophylaxis for aerosol e Doxycycline 100 mg orally, twice daily, 14 days OR

exposure e Ciprofloxacin 500 mg, orally, twice daily, 14 days

Based on WHO guidelines and reproduced with permission from Max Maurin and Miklés Gyuranecz, The Lancet
Infectious Diseases; published by Elsevier, 2016 (license number: 5367520082599) [€I19 |v_—intravenously, IM—
intramuscularly.

In milder forms of the disease, the recommendations are to opt for treatment with ciprofloxacin or doxycycline. While
fluoroquinolones such as ciprofloxacin have been reported to have a lower relapse rate (5-10%, in contrast to 10-15% in
tetracyclines), several factors contribute to choosing doxycycline in cases of the disease following a tick-bite 6],
Doxycycline empirically treats other possible tick-related ilinesses (e.g., Lyme disease), which is useful in the setting of a
tick bite, especially before final microbiological investigations. Additionally, doxycycline is associated with fewer side
effects than ciprofloxacin. In 2018, the European Medicines Agency finalised a review of severe, disabling and potentially
permanent side effects of quinolone and fluoroquinolone antibiotics, endorsing new recommendations to restrict further
fluoroquinolone use. Physicians are instructed to use other antimicrobials if possible. The side effects of ciprofloxacin
have proven to be long-lasting, disabling, and potentially permanent, involving tendons, muscles, joints, and the nervous
system [47,

Nevertheless, doxycycline is contraindicated in children and pregnancy owing to teeth discolouration and impairment of
foetal bone growth 8, The recommended duration of treatment with tetracyclines varies in the literature. According to
Maurin et al. (2016), the suggested regime for doxycycline in tularemia is three weeks long to avoid disease relapses (€.
The WHO guidelines from 2007 recommend a daily dose of 200 mg of doxycycline for at least 15 days 12,

In lymphadenitis cases, surgical drainage of a colliquative lymph node is commonly indicated besides specific antibiotic
treatment. However, in the experience of Atmaca et al. (2008), as reported in their study, complete surgical removal of



tularemia-affected lymph nodes is often challenging, with adherent tissue preventing the dissection from the surrounding

tissues 42, Hence, as with other inflammatory swellings in the neck, tularemia-associated-lymphadenitis should be

managed by a staged therapeutic approach. Therefore, the first point of reference for physicians in planning the surgical

treatment of lymphadenopathy is for the lymph nodes in the neck area to be greater than 1cm or 1.5 cm in the

jugulodigastric nodes B9, The decision to excise or drain the affected lymph node relies on colliquation in the lymph

nodes, cellulitis over the skin, or sepsis. In those cases, immediate surgical drainage is required. Thus, conservative

treatment with antibiotics is sufficient in the absence of liquefaction in the lymph nodes B, Nevertheless, even in

lymphadenopathy cases without colliquation, surgical intervention in tularemia is usually performed to acquire tissue and

pus samples to confirm a diagnosis and warrant antibiotic treatment.
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