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INTRODUCTION

Francisella tularensis is a non-motile, non-spore and highly infectious microorganism in coccobacillus form. Tularemia, a disease 
caused by F. tularensis, is a zoonotic disease that is usually located between 30°-71° latitude north, particularly in rural enviro-
ments. However, cases of tularemia in many European countries including Turkey have also been reported (Ellis et al. 2002; 
Hestvik et al. 2015).

F. tularensis has 4 subspecies in nature and the most common and clinically important subtypes are subtype tularensis (A) and 
subtype holarctica or palaearctica (B) (Ellis et al. 2002; Zellner and Huntley 2019; Kılıç 2010). Type-A with higher virulence is trans-
mitted by vectors such as ticks and infected animals. Type-B causes mild to moderate infection in the northern hemisphere and 
is transmitted from water sources. F. tularensis (A), which has higher virulence, is quite common in nature. The natural reservoirs of 
F. tularensis are mostly small mammalian species. Several arthropods, such as ticks, lice, fleas and flies, have been reported to be 
infected with F. tularensis (Socolovschi et al. 2009). In Europe, F. tularensis was isolated from Ixodes ricinus, Dermacentor reticulates 
and D. marginatus species (Milutinović et al. 2008; Genchi et al. 2015). Since blood-sucking insects such as ticks are vectors of 
tularemia for transmission to mammals, people living in rural areas are at greater risk (Gürcan 2014).
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ABSTRACT

Francisella tularensis is a zoonotic microorganism that can infect different species of animals and sometimes humans. The 
aim of this study was to determine the seroprevalence of F. tularensis in people from two areas in Turkey (Sivas and Tokat). 
This is a retrospective study of the serum samples collected in 2006 from people living in rural areas (n:360) and from people 
living in urban areas (n:90). F. tularensis-IgG antibodies were investigated by ELISA method. Antibody positivity against F. 
tularensis was found in 7.5% of 360 serum collected from rural areas and 1.1% of 90 serum collected from urban areas (OR 
7.216, 95% CI 0.967-53.836, p=0.025). While there was no difference in F. tularensis seropositivity between different genders 
(p=0.424), tick contacts (p=0.303) and occupational groups (p=0.807), F. tularensis seropositivity was found to be higher in the 
Tokat region than in the Sivas region (p=0.047). Moreover, risk factors were observed in people over 40 years of age (p=0.045) 
and in those who consume fresh cheese (p=0.036). Our findings revealed that tularemia cases can be seen in these regions 
even though tick bite cases in the Sivas and Tokat regions were not an important influence on the transmission of F. tularensis 
to humans on the dates of our research. 
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F. tularensis is transmitted to humans by infection-bearing ani-
mals, contact with infected tissue and body fluids, arthropod 
bites, consumption of contaminated waters and inhalation of 
aerosols capable of infection. The transmission of F. tularensis 
through tick bites is usually sporadic (Ellis et al. 2002). In Tur-
key, after the first tularemia case was seen in 1936, several out-
breaks occurred and the number of cases gradually increased. 
Between 1936 and 2011, 1441 cases diagnosed as tularemia 
were reported (Gürcan 2014). According to recent studies, F. 
tularensis is mostly transmitted by consumption of contami-
nated water in Turkey (Kilic et al. 2015; Duzlu et al. 2016). 

Symptomatic manifestation of infection may vary depending 
on the type of disease. The ulceroglandular clinical form of the 
disease is the most common form of infection with 45-80% 
worldwide (Maurin and Gyuranecz 2016). In Turkey, epidem-
ics mostly occur in northwest regions and Central Anatolia 
and the most prevalent clinical form is oropharyngeal form 
(Ulu-Kilic and Doganay 2014). IgG antibodies developed to 
F. tularensis, whether symptomatic or asymptomatic, may be 
detectable up to 10 years in the patient’s serum even at low 
titers (Koskela and Salminen 1985). In epidemiological studies, 
IgG antibodies can easily be determined by methods such as 
microagglutination and ELISA. Since F. tularensis and B. abor-
tus have common antigens, serological cross-reactions might 
occur between both, especially in the agglutination test. The 
sensitivity and specificity of the ELISA test is much higher than 
is the case with the agglutination tests (Ellis et al. 2002; Porsch-
Ozcürümez et al. 2004). 

The Tokat and Sivas regions in Turkey are geographic areas 
where tick-borne zoonoses are especially common (Gunes 
et al. 2012). This study aimed to determine whether there is 
a difference in the positivity of F. tularensis antibody between 
different factors including living area, tick contact, age, gender, 
occupation, city, and consumption of fresh cheese. In addition, 
B. abortus-IgG antibodies were studied to detect cross- react-
ing antibodies. 

MATERIAL AND METHODS

Study area
Sivas is located in the Central Anatolia Region of Turkey with a 
28,458 km2 surface area and it has a population of around 650 
thousand people. Tokat, which is a city located in the Black Sea 
region of Anatolia, has a population of around 600 thousand 
people and its surface area is approximately 10,000 km2 (Fig-
ure 1). Sivas and Tokat districts have a fauna that hosts many 
animal species and a large flora and whose economy is based 
mainly on agriculture and livestock farming.

Collection of blood samples
In June-September 2006, 56 villages from 14 districts in Tokat 
and Sivas where tick-borne infections were endemic were se-
lected as the study area (Figure 1). Blood samples were taken 
from 1093 people who were engaged in livestock farming and 
lived in rural areas of the Sivas and Tokat regions, and from 90 
people who were not related to rural areas and animal hus-
bandry and who lived in the city center. A questionnaire was 
formed and the participants were questioned about their 

names, gender, age, contact with animals (especially ticks) 
and consumption of fresh cheese (Table 1). Serums of blood 
samples were obtained. To minimize the drawbacks of the 
freeze-thaw, each serum was divided into 5 separate tubes and 
stored at -80°C prior to analysis. A total of 450 serum samples 
were included in this study and 360 serum samples from 1093 
serums stored at -80°C were selected with the random sam-
pling method. Of the 360 subjects included in the study group, 
180 were male (mean age: 40.79±19.62), and 180 were female 
(mean age: 40.750±16.26 years). In total, 125 people from the 
Sivas region and 235 from the Tokat region were included in 
the study (Table 1). The study was approved by the Non-inter-
ventional Clinical Research Ethics Board (Decision No: 2017-11 
/ 12).

Serological tests
F. tularensis IgG antibodies were investigated by ELISA method. 
For this purpose, Serion ELISA classic F. tularensis IgG kits pro-
duced by Virion/Serion company and classic B. abortus IgG kits 
produced by Nova-Tec Company were used. The F. tularensis 
ELISA-IgG kit used in this study was able to screen antibod-
ies produced against both the F. tularensis subtype tularensis 
(type-A) and F. tularensis holarctica (type-B) subtype. The ex-
periments were conducted in accordance with the user manu-
al contained in the kits. In the final stage, the microplates were 
read on the ELISA microplate reader (EL 312, Bio-Tek Instru-
ments, Inc., Winooski, Vermont, USA) at a wavelength of 405 
nm and the absorbance values of serum samples and standard 
serums were determined. The absorbance values of serums 
were examined and the cut off value was calculated with the 
formula specified in the kit prospectus. The absorbance values 
determined for each group were compared with the calcu-
lated cut off value and the serums having a higher value than 
the cut off value were evaluated as positive. Furthermore, the 
antibodies to B. abortus were examined by ELISA (NovaLisa 
Brucella IgG) to determine whether there was a serological re-
lationship between F. tularensis and B. abortus in terms of cross 
reactions (in 56 seronegative serums and 27 seropositive se-
rums for F. tularensis).

Statistical analysis
The data were transferred to the computer and statistically 
analyzed by the licensed The Statistical Package for the Social 
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Figure 1. Map of the study area, 656x472mm (96 x 96 DPI).



Sciences (SPSS) for Windows 14’ program (SPSS, Inc., Chicago, 
IL, USA). Chi-square test method was used to evaluate risk cat-
egories such as tick bites, tick contacts, sex, age and occupa-
tional groups in terms of “p value”. The chi-square test was used 
to calculate the odds value in two categorical variables (2x2), 
and a binary logistic regression analysis was used to calculate 
the odds value in more than one categorical variable (3x2, 4x2). 
Confidence interval was accepted as 95% and p value <0.05 for 
statistical significance.

RESULTS

According to the results, IgG antibodies were detected against 
F. tularensis in 27 (7.56%) of the 360 people living in rural areas 
and 1 (1.11%) of 90 people living in urban areas, and serop-
revalence was found to be higher in people living in rural areas 
(p=0.025, odds ratio (OR)= 7.216, 95% confidence interval (CI)= 
0.967-53.836) (Table 1).

When the presence of F. tularensis antibody was evaluated, an-
tibody positivity was found in in 4 (4.4%) of those bitten by 
ticks, in 5 (5.6%) of those who were cleaning ticks from animals, 
in 10 (11.1%) of those who were both bitten by ticks and were 
cleaning ticks from animals, and in 8 (%8.9) of the subjects who 
lived in the village but had no contact with ticks. The results 

showed that seroreactivity against F. tularensis was not statisti-
cally significant between the groups in terms of contact with 
the ticks (p=0.303).

The rate of F. tularensis antibody positivity was 5 (4%) in serum 
samples of 125 from Sivas, and there were 22 (9.4%) positive 
results in 235 samples taken from Tokat (p=0.047, OR=2.479, 
95% Cl=0.915-6.715). When the results were evaluated in terms 
of sex, in 11 (6.1%) of 180 men, in 16 (8.9%) of 180 women, 
reactive antibodies against F. tularensis were found (p=0.424, 
OR=1.499, 95% CI=0.675-3.326).

Evaluation of the serums in terms of occupational groups 
showed that seropositivity against F. tularensis was found in 
1 (4.4%) out of 23 people who fed only animals, in 3 (%11.5) 
out of 26 people engaged in farming, in 20 (7.3%) out of 274 
people engaged in both livestock and farming, and in 3 (8.1%) 
out of 37 of the other occupational group employees. No sig-
nificant difference was found in the frequency of tularemia in-
fection among different occupational groups (p=0.807).

While F. tularensis seropositivity was observed in 25 (9.1%) out 
of 274 people who consumed fresh cheese, it was also found 
in 2 (2.3%) out of 86 people who did not consume it. The se-
roprevalence of F. tularensis in people consuming fresh cheese 

139

Özdemir et al. Risk factors associated with the frequency of antibodies to Francisella tularensis in two areas from Turkey

Table 1. F. tularensis antibody findings in risk categories

Categories of risk factors n Positive (%) p Odds (95% CI)#

Total 450 28 (6.222)  

Village. City

City residents* 90 1 (1.111) 0.025 7.216 (0.967-53.836)

Village residents 360 27 (7.555)

Tick Contact

Bitten by tick* 90 4 (4.444) 0.303 1.265 (0.328-4.871)

Cleaning ticks 90 5 (5.555)  2.687 (0.810-8.912)

Bitten by tick and cleaning ticks 90 10 (11.111)  2.098 (0.608-7.232)

No tick contact 90 8 (8.888)  

Residential Areas

Sivas* 125 5 (4.000) 0.047 2.479 (0.915-6.715)

Tokat 235 22 (9.361)

Gender

Male* 180 11 (6.111) 0.424 1.499 (0.675-3.326)

Female 180 16 (8.888)

Occupational Groups

Livestock (only) * 23 1 (4.348) 0.807 2.870 (0.277-29.713)

Farming (only) 26 3 (11.539)  1.732 (0.222-13.524)

Livestock and farming 274 20 (7.299)  1.941(0.190-19.869)

Other  37 3 (8.108)  

Consumption of fresh cheese 

No* 86 2 (2.326) 0.036 4.217 (0.978-18.182)

Yes 274 25 (9.124)

Age. 40 

Age ≤ 40 y* 189 9 (4.762) 0.045 2.353 (1.027-5.389)

Age > 40 y 171 18 (10.526)

CI: Confidence interval, *: Reference category in Odds ratio



was found to be high compared to those not consuming fresh 
cheese (p=0.036, OR=4.217, 95% CI=0.978-18.182). 

In 18 (10.5%) of 171 people over 40 years of age and in 9 (4.8%) 
of 189 people under 40 years of age antibody positivity was 
found and the difference was statistically significant (p=0.045, 
OR=2.353, 95% Cl=1.027-5.389).

IgG seropositivity against B. abortus was determined in 5 (18.5 
%) of 27 serums that were positive for F. tularensis and in 14 (25 
%) of the 56 seronegative samples for F. tularensis. The serop-
revalence of B. abortus was not statistically different in F. tular-
ensis negative and positive sera (p=0.587).

DISCUSSION

Tularemia is endemic in Europe, Finland and Sweden and cases 
have also been reported in Austria, Germany, Spain, Hungary, 
Bulgaria and Turkey (Ellis et al. 2002; Leblebicioglu et al. 2008; 
Gürcan 2014). This seroepidemiological study suggests that  
asymptomatic or symptomatic tularemia infections may be 
seen in the Tokat and Sivas regions. 

13 % of 18,343 tularemia cases in Europe between 1992 and 
2012 were reported by Turkey (Hestvik et al. 2015). In epide-
miological studies conducted by different researchers after 
the tularemia outbreak in Turkey, F. tularensis seroprevalence 
was found between 2,6%-20.9% depending on the region. 
(Dedeoğlu Kilinç et al. 2007; Gürcan 2014). In this study, the 
prevalence of tularemia in people living in rural areas was ap-
proximately 7 times higher than in people living in urban areas 
(OR= 7.216). F. tularensis seroprevalence, which we found in 
7.6% of the rural population, indicates that tularemia may pose 
a risk to the health of people living in rural areas in the Tokat 
and Sivas regions.

Since F. tularensis is a zoonotic bacterium, people engaged in 
livestock farming, farmers and especially hunters have higher 
seropositivity (Jenzora et al. 2008; Esmaeili et al. 2014). In our 
results, no statistically significant difference was observed in 
F. tularensis seroprevalence between different occupational 
groups (p=0.807). Of the 360 participants included in this 
study, 272 (76%) were engaged both in animal husbandry and 
farming. It is not typical for people living in rural areas to have 
only one occupation type. Considering that the transmission 
of F. tularensis subsp. holarctica in Turkey is generally water-
borne, it can be assumed that people from different occupa-
tional groups living in the villages usually use similar water 
resources.

In Europe , F. tularensis has been detected in Ixodes ricinus, 
Dermacentor reticulatus and D. marginatus ticks. However, the 
prevalence of F. tularensis (0-3.8%) determined in ticks is quite 
low compared to other tick-borne agents (Milutinović et al. 
2008; Reye et al. 2010; Karasartova et al. 2018). According to 
the scientific data, tick bites do not have a significant impor-
tance in the transmission of F. tularensis to humans (Clark et 
al. 2012). In our study, in terms of their contact to ticks, there 
was no difference in the seroprevalence of F. tularensis among 
4 groups in rural areas (p=0.303). These results confirm that tick 

bites in humans is not very important in the transmission of F. 
tularensis. However, infected ticks may be of importance in the 
transfer of F. tularensis between wild reservoirs.

The Tokat region, compared to the Sivas region, is more suit-
able for the survival of many rodent species that can be a reser-
voir for F. tularensis. This is because the climate in the Tokat re-
gion is similar to that in the Black Sea region. According to this 
study, people living in the villages of Tokat compared to the 
villagers of Sivas, have a 2.5 times greater risk of contact with 
F. tularensis (OR:2.479). In terms of survival of small mammals 
such as rabbits, mice and squirrels, which may be reservoirs for 
tick-borne infectious agents, we think that the Tokat region is a 
more suitable geography than Sivas.

According to the scientific data, there is generally no differ-
ence in the seroprevalence of F. tularensis among women and 
men living in rural areas (Gutiérrez et al. 2003; Clark et al. 2012; 
Esmaeili et al. 2014). Similar results were obtained in our study, 
too (p: 0.424). The fact that men and women living in rural ar-
eas are dealing with similar jobs can be one of the reasons for 
this result. Considering that the F. tularensis infections seen in 
our country are generally waterborne, another reason for this 
is that the risk of using contaminated water is similar for both 
sexes.

In our study, a significant difference of the F. tularensis sero-
prevalence was found between the groups who consumed 
fresh cheese and those who did not (p=0.036; OR: 4.217). In 
general, non-pasteurized raw milk consumption in Turkey 
is not common, but in rural areas, in the production of dairy 
products such as cheese, the use of non-boiled milk can occur.. 
Consumption of the products produced with non-boiled milk 
causes many infections, especially brucellosis. We predict that 
the possibility of coming into contact with F. tularensis infec-
tion is high in individuals who consume fresh cheese due to 
the lack of awareness of hygiene and protection against infec-
tions.

With increasing age, there is also an increase in F. tularensis’ se-
roprevalence (Clark et al. 2012; Esmaeili et al. 2014). According 
to our findings, F. tularensis seropositivity (10.5%) was statisti-
cally higher in individuals over 40 years of age than in those 
aged 40 and below (4.8%). The fact that people over the age 
of 40 are more interested in animal feeding and agricultural 
activities, and also the fact that IgG antibodies remain at a de-
tectable level in serum for years after infection, may provide 
some reasons for this difference.

In serological tests between B. abortus and F. tularensis, false 
positive results may be observed due to cross-reactions. The 
possibility of cross-reaction is higher in microagglutination 
tests (Behan and Klein 1982). In this study, the seroprevalence 
of B. abortus was not found to be higher in F. tularensis positive 
serums than F. tularensis negative serums. We assume that the 
possibility of cross-reaction due to B. abortus in ELISA test is too 
low to have importance attached to it. In this study, F. tularensis 
and B. abortus co-seroprevalence were detected in 1.39% of 
360 serum samples of individuals, and we believe that the ac-
tive co-infection rate is probably even lower. 

140

Istanbul J Pharm 49 (3): 137-141



CONCLUSION

F. tularensis infection is an important zoonosis which can be 
seen in almost every region, especially in rural areas. In the 
presence of symptoms such as sudden high fever muscle pain, 
sore throat and swelling of lymph nodes in people dealing 
with agriculture and livestock farming, it is very important to 
make differential diagnosis by diagnostic tests for the treat-
ment and control of the disease, given that there is a possibility 
of contracting tularemia.
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