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Introduction

F. tularensis subsp. tularensis (Type A) and subsp. holarctica (Type B) are the major causative agents of tularemia. Type A strains appear to be completely restricted to North America, while type B strains are more widespread which is distributed throughout the northern hemisphere. In Eurasia, holarctica is the most dominant subspecies. Recently, type B strains have been also isolated in Australia [START_REF] Maurin | Tularaemia: clinical aspects in Europe[END_REF]. Tularemia can be transmitted through ingestion, inhalation, and direct contact. In addition, It is considered as a waterborne disease due to long-term survival in the aquatic environments and the protozoans probably play a role in the aqatic cycle of tularemia. [START_REF] Hennebique | Tularemia as a waterborne disease: a review[END_REF]. It is also considered as a vector-borne disease and arthropods act as mechanical or biological vectors in some endemic areas. Ticks may preserve F. tularensis in nature by transovarial and transstadial transmission. Livestock are potential hosts for infected ticks and may be involved in the disease cycle [START_REF] Hestvik | The status of tularemia in Europe in a one-health context: a review[END_REF].

The infection occurs in a broad range of wildlife, as well as humans and domestic animals. Cats and sheep are more susceptible than other domestic animals [START_REF] Hestvik | The status of tularemia in Europe in a one-health context: a review[END_REF]. The disease is reported in dogs and foals [START_REF] Claus | Isolation of Pasteurella tularensis from foals[END_REF][START_REF] Nordstoga | Tularaemia in Norwegian dogs[END_REF]. Canine tularemia is rare, nonetheless, high seroprevalences are reported in some tularemia foci [START_REF] Posautz | Seroprevalence of Francisella tularensis in Austrian Hunting Dogs[END_REF].

Cattle are usually resistant, however, an antibody response is often detectable in the infected animals [START_REF] Mörner | A serological survey of antibodies against Francisella tularensis in some Swedish mammals[END_REF][START_REF] Thorpe | Tularemia in the wildlife and livestock of the Great Salt Lake Desert Region, 1951 through 1964[END_REF]. Epizootics type A is solely reported in sheep flocks of the United States. Affected flocks may clinically present withfever, diarrhea, weight loss, abortion, stiffness, lymphadenopathy, and even death in lambs [START_REF] Jellison | Tularemia in sheep and in sheep industry workers in western United States[END_REF][START_REF] O'toole | Tularemia in range sheep: an overlooked syndrome?[END_REF]. Although the transmission from wildlife to humans is more common than domestic animals, the risk of transmission from domestic animals and their role in the disease cycle cannot be ignored [START_REF] Hestvik | The status of tularemia in Europe in a one-health context: a review[END_REF]. Dog-related cases (Type A and B) are rarely reported [START_REF] Kwit | Human tularaemia associated with exposure to domestic dogs-United States, 2006-2016[END_REF][START_REF] Siret | An outbreak of airborne tularaemia in France[END_REF]. In North America, dogs are impilicated in transmission as hosts of Dermacentur variabilis, an important vector for F. tularensis . In contrast, cat-related cases (Type A and B) are frequently reported [START_REF] Larson | Francisella tularensis bacteria associated with feline tularemia in the United States[END_REF][START_REF] Scheel | Treatment of tularemia with ciprofloxacin[END_REF]. Transmisson from sheep to humans by contact with the infected tissues or wool during skinning and shearing was documented [START_REF] O'toole | Tularemia in range sheep: an overlooked syndrome?[END_REF][START_REF] Jellison | Tularemia in sheep and in sheep industry workers in western United States[END_REF].

Human tularemia were recorded in most European countries and high incidence rates were measuered in Scandinavia [START_REF] Maurin | Tularaemia: clinical aspects in Europe[END_REF]. The disease is also reported in East Asia [START_REF] Sjöstedt | Tularemia: history, epidemiology, pathogen physiology, and clinical manifestations[END_REF]. Studies on arthropods, human, and animal populations, as well as environmental specimens, revealed the presence of F. tularensis in Iran's neighbors such as Turkey, Turkmenistan, Kazakhstan, Georgia, Pakistan, and Afghanistan [START_REF] Zargar | Tularemia, a re-emerging infectious disease in Iran and neighboring countries[END_REF].

The disease is highly prevalent in Turkey. Tularemia foci were recognized in the eastern parts of Turkey that are close to the Iran border [START_REF] Akalın | Re-emergence of tularemia in Turkey[END_REF].

Fifty years ago, tularemia was assessed among wild and domestic animals of Iran and first serological evidence of tularemia was reported in Iran [START_REF] Arata | First detection of tularaemia in domestic and wild mammals in Iran[END_REF]. In 1980, the first human case was diagnosed in Marivan, western Iran [START_REF] Karimi | Tularemia: first human case in Iran[END_REF]. After three decades, human populations were surveyed in different regions of Iran and the seroprevalence was reported 14.4% in Kurdistan province (Esmaeili et al., 2014b), 6.5% in Sistan va Baluchistan province (Esmaeili et al., 2014a), 6% in Chaharmahal Bakhtiari province [START_REF] Khoshdel | First seroprevalence survey of children with tularemia infection in Chaharmahal va Bakhtiari province, Iran[END_REF], 3.81% in Lorestan province (Esmaeili et al., 2019b), and 2.77% in Ilam province (Esmaeili et al., 2019c). The disease has also been detected in Iran's wildlife in the past few years. Seropositivity in rodents of Kurdistan (4.8%) [START_REF] Mostafavi | A Field Study of Plague and Tularemia in Rodents, Western Iran[END_REF], Sistan va Baluchestan [START_REF] Pourhossein | Tularemia and plague survey in rodents in an earthquake zone in southeastern Iran[END_REF], and Hamadan (0.74%) provinces (Hemati et al., 2020) and molecular positivity in rodents and hares of Khuzestan, Golestan, Khorasan Razavi, Sistan va Baluchestan [START_REF] Mostafavi | Molecular Survey of Tularemia and Plague in Small Mammals From Iran[END_REF] and Hamedan (1.15%) (Hemati et al., 2020) provinces were reported. A recent human case is also recorded in Marivan city in Kurdistan province [START_REF] Rohani | A case report of human tularemia from Iran[END_REF]. Moreover, F. tularensis has been detected in surface waters of Bijar, Baneh, and Sarvabad districts of Kurdistan province [START_REF] Rohani | The prevalence of Francisella spp. in different natural surface water samples collected from northwest of Iran[END_REF].

In the current study, F. tularensis was monitored in domestic animals of Kurdistan province using molecular and serological techniques. Moreover, the specific IgGs against F. tularensis was also investigated in ranchers, shepherds, and livestock owners.

Materials and methods

Sampling

Kurdistan province is located in western Iran and includes high mountains, wide plains, and forested areas. According to the National Census, in 2016 population of Kurdistan Province was 1.6 million out of which about 70% lived in the urban area. Appropriate climate and vast pastures have made livestock raising prosper. The livestock population in this area has been estimated approximately 1.73 million(Figure 1). The survey was carried out in Sanandaj, Marivan, Sarvabad, and Kamyaran districts in spring 2018. Previous studies and reports implied the presence of F.tularensis in these districts. Sheep and cattle were aseptically bleeded and the serum preparation steps were followed in local laboratory of health centers. Spleen of slaughtered sheep were collected in sterile tubes. Moreover, blood samples were also collected from the ranchers after receiving their informed consent. They were asked about the awareness about tularemia, the transmission routes, and risk factors such as the consumption of hunted meat and skinning wild mammals without a glove. The sera and tissue specimens were transferred in the cold chain to the national reference laboratory for tularemia, plague, and Q fever in Pasteur Institute of Iran and stored at -20° C until further tests. <Figure 1 near here>

Serological tests

The livestock sera were tested by the standard tube agglutination method. Whole-cell antigen and control sera were prepared from Bioveta, Inc. (Ivanovice, Czech Republic). The test procedure was carried out according to the maufactor's instructions. Briefly, the sera were serially diluted using the diluent solution (1:10, 1:20, 1:40, etc.). Half a milliliter of diluted sera were mixed with an equal volume of diluted antigen and then incubated at 37°C for 20h. Agglutination was then assessed after subsequent incubation at room temperature for 1h. According the protocol, visible agglutination at a titer of 40 (1:40 dilution) was considered borderline, whereas a titer of 80 (1:80 dilution) or higher was considered a positive result.

Commercially available Serion ELISA classic F. tularensis IgG kit (Institut Virion\ Serion GmbH, Wurzburg, Germany) was used to determine the specific antibodies against lipopolysaccharide (LPS) of F. tularensis in human sera. Briefly, 100 µl diluted sera (1:100) were added to the wells of antigen-coated microtiter strips and incubated for 1h at 37°C. After washing, 100 µl anti-human IgG conjugate was added to each well and the microtiter strips were incubated for 30 min at 37°C. The wells were washed again and 100 µl substrate solution was added to the wells. After 30 min incubation at 37° C, the stop solution was added and the optical density was measured at a wavelength of 405 nm using a microplate reader (BioTek, USA).

Molecular Tests

DNA of the spleen samples was extracted using High Pure PCR Template Preparation Kit (Roche Diagnostics GmbH, Mannheim, Germany) according to the maufactor's instructions. The extracted DNAs were then subjected to Taq-Man real-time PCR for the detection of ISFtu2 and FopA genes (Table 1). The reaction program was; 95°C 10 min (1 cycle), 95°C for 15 sec followed by 60°C for 60 sec (40 cycles). DNA of F. tularensis subspecies holarctica (NCTC 10857) was used as positive control. The detection limit of the assay was determined by the amplification of serial dilutions of positive control. Cycle threshold (Ct values) lower than 38 was considered as a positive result. <Table 1 near here>

Statistical analysis

Two-tailed Fisher's exact test was used to compare the epidemiological and demographical data with tularemia seropositivity. The data were analyzed by SPSS software version 21 (SPSS Inc., USA).

Ethics

The participants were fully informed and gave their conset to be included in this study. This survey was conducted in line with the national ethical protocols and was according to the ethical standards of the declaration of Helsinki. Human and animal ethical committee of Pasteur Institute of Iran has reviewed, approved, and monitored the ethical considerations of this project (Ethical code: IR.PII.REC.1395.9).

Results

The mean age of studied ranchers was 40.11 years (Range: 11-84 years). 86.27% of them were males (44 persons). They include ranchers were Sarvabad (14), Kamyaran (13), Marivan (13), and Sanandaj districts (11). None of the surveyed people had heard anything about tularemia and its transmission routes. Three people (5.88%) had a history of hunting and four people (7.84%) had a history of consumption of hunted meat at least once in the past three years. Of the 51 surveyed human sera, two samples were positive (3.92%) and one sample had a borderline status (Table 2). The first seropositive case was a man in his 30's from Marivan (JashniAbad village) that had both histories of hunting and consumption of hunted meat. The second positive case was a man in his 80's from Sanandaj (Dushan village) that had no history of hunting or consumption of hunted meat. Gender, history of hunting, and consumption of hunted meat did not show a statistically significant correlation with the tularemia seropositivity (p>0.05). <Table 2 near here> Serum samples of 392 domestic animals (289 sheep and 103 cattle) were tested for tularemia using the standard tube agglutination method. The characteristics of livestock samples in the study are summarized in Table 3. In addition, 50 sheep's spleens were tested by real-time PCR.

The results revealed that no agglutinin titer was detected either in sheep or cattle sera. Moreover, the spleen tissues were not positive neither for ISFtu2 gene nor for fopA gene.

<Table 3 near here>

Discussion

In the present study, specific antibodies against F. tularensis were detected in 3.92% of human sera. In a previous study in 2011-2012, the seroprevalence of tularemia in the human populations of Kurdistan province was 14.4% (Esmaeili et al., 2014b). Among occupational groups, the highest seroprevalence was observed in hunters with 18%. Sampling among the risky population may explain the higher seroprevalence rate in the previous study in comparison to the current study. In the current study, one of the two seropositive persons had both histories of hunting activities and the consumption of hunted meat. Similarly, higher seroprevalence rate was observed among hunters in Turkey and Germany [START_REF] Zargar | Tularemia, a re-emerging infectious disease in Iran and neighboring countries[END_REF]. None of the people in this study had knowledge about tularemia, the disease transmission routes, and its risk factors. People who are in contact with animals are at more risk for F. tularensis and the risk of transmission to humans is more from wildlife than domestic animals [START_REF] Hestvik | The status of tularemia in Europe in a one-health context: a review[END_REF]. Educating the highrisk populations about the transmission modes can reduce the risk of infection. In eastern Turkey, high seroprevalence was reported among people who have contact to animals (13.59% in farmers and 2.22% in clinical veterinarians). [START_REF] Buyuk | The prevalence of tularemia in occupational groups that have contact with animals[END_REF]. In another study, the seroprevalence was found to be 2.1% in those engaged in farming and livestock raising. All seropositive individuals were involved in livestock raising and had drunk non-chlorinated spring water without any history of contact with rodents or arthropods bites. Consumption of spring and nonchlorinated water are recognized as the most significant risk factors in Turkey [START_REF] Hennebique | Tularemia as a waterborne disease: a review[END_REF]. Since there are several transmission modes in the tularemia cycle, determination of the major route in each area is complicated.

In this study, despite the detection of specific antibodies against LPS of F. tularensis in humans, all livestock samples were negative. Nonetheless, the seropositivity to tularemia was previously reported among cattle and sheep of Azerbaijan province, Northwestern Iran in 1970 [START_REF] Arata | First detection of tularaemia in domestic and wild mammals in Iran[END_REF]. Seropositivity was also reported in livestock in Iran's neighbors such as Turkey, Pakistan, and Eastern Europe. In 2012, the seroprevalence of tularemia in Van province of Turkey was 3.6% and 9.4% for the people and the domestic animals, respectively (18 of 495 humans, 12 of 124 sheep, 3 of 40 cattle, and 1 of 7 goats) [START_REF] Bayram | Seroprevalence of tularemia in risk groups of humans and animals in Van, eastern Turkey][END_REF]. In an outbreak of tularemia in western Turkey, no seroprevalence was observed in sheep despite the detection of specific antibodies in cattle (70.37%) [START_REF] Saban | Tularemia re-emerging in European part of Turkey after 60 years[END_REF]. In 2011-2015, the seroprevalence in livestock of Punjab, Pakistan was reported 11.17%, 8.49%, 5.7%, and 0.5% for cows, buffalo, sheep, and goats, respectively [START_REF] Muhammad | Cross Sectional Study and Risk Factors Analysis of Francisella tularensis in Soil Samples in Punjab Province of Pakistan[END_REF]. The seropositivity was also observed in domestic animals of Georgia (cattle, goat, and dog) and Bulgaria (sheep) [START_REF] Pavlov | Investigations of mammals in the surroundings of Akhtopol (Bulgaria) on the incidence of tularemia[END_REF][START_REF] Goginashvili | Seroprevalence of zoonotic diseases among farm animals in Kvemo Kartli (Georgia)[END_REF]. However, specific antibodies have not always been detected in domestic animals in the affected areas. For example, a survey in the endemic region of Hungary did not show seroprevalence in sheep, cow, and buffalo despite bacterial isolation and serological evidence in European brown hare [START_REF] Gyuranecz | Investigation of the ecology of Francisella tularensis during an inter-epizootic period[END_REF]. This can be explained by different exposure routes of humans or animals to F. tularensis in different geographical areas. In addition, exposure to low doses of F. tularensis cannot trigger seroconversion and maybe an explanation for the lack of positive samples in the agglutination test. Agglutination methods (micro agglutination and tube agglutination) are widely used in tularemia surveys. Cross-reaction with antibodies against other microbial agents and low sensitivity are the cons of these methods [START_REF] Sharma | Serosurveillance for Francisella tularensis among wild animals in Japan using a newly developed competitive enzyme-linked immunosorbent assay[END_REF]. Novel ELISA-base methods are suggested as alternatives.

A survey among sheep industry workers in enzootic regions of the United States showed a high seroprevalence in sheep shearers, while, other workers were negative. These findings suggest that although skinning of dead sheep and contact with the infected tissues can transmit the infection, the chance of exposure is higher in people who are in contact with ticks and their feces in the wool [START_REF] Jellison | Tularemia in sheep and in sheep industry workers in western United States[END_REF]. Another study also resulted in the same findings in areas where ovine tularemia has occurred. Ranchers and workers who are in contact with flocks involved in tularemia abortions did not show a history of tularemia-like disease [START_REF] O'toole | Tularemia in range sheep: an overlooked syndrome?[END_REF]. There are still some hypotheses about the role of domestic animals in Turkey and some case-control studies support them. In contrast, our findings indicated that the exposure route of seropositive ranchers presumably differs from livestock in western Iran. In our recent study, the seroprevalence was measured as 3.8% among people of Lorestan province; but no significant difference was observed between seroprevalence of butchers and slaughterers (2.78%) and general population (4.8%) (Esmaeili et al., 2019a). These findings corroborate our result that there is no relationship between tularemia seropositivity and contact with livestock. The same findings were reported in Georgia that the seropositivity was not associated with livestock contact [START_REF] Akhvlediani | Tularemia transmission to humans: a multifaceted surveillance approach[END_REF]. Since surface water is another important transmission route in Iran's tularemia cycle, thertefore, the wild mammals that have close contact with the aquatic ecosystem, especially semi-aquatic rodents, should be considered as a source of infection in western Iran. In future studies, it is suggested to evaluate the tularemia seroprevalence in wildlife, as well as environmental factors that are important in the disease cycle. Bacterial isolation for identification of subtypes is also recommended in the infected areas.

Conclusion

Due to the complexity of F. tularensis ecology, understanding the lifecycle of tularemia in each region requires extensive investigations. In the present study, the history of infection of livestock and ranchers to F. tularensis was investigated in western Iran. Results showed the serological evidence of F. tularensis in humans, while no positive result was detected in livestock. These findings imply that human populations may be exposed to a different source of infection than domestic animals. Based on the previous studies in Iran and neighboring countries, the circulation of F. tularensis in aquatic ecosystem of Iran. Therefore, it is recommended that future studies focus on semi-aquatic rodents and other wildlife that may act as a reservoir. In addition, informing the healthcare system and physicians in regions where seropositive samples are detected is also important for diagnosis of human cases. 
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Table 1 .

 1 The sequences of primers and probes used in TaqMan real-time PCR.

Table 2 .

 2 Demographic data as well as the habitual risks of the surveyed people in the study.

	Location Distribution	Tested Sera No.	Gender No. (%)	Age Range (Mean)	Habitual Risks Hunting Activity Hunting Meat Consumption No. (%) No. (%)
	Sanandaj	13	Male 13 Female 0	11-84 (44.38)	0 (0%)	0 (0%)
	Kamyaran	13	Male 9 Female 4	19-50 (36.69)	0 (0%)	0 (0%)
	Sarvabad	12	Male 10 Female 2	17-65 (41.41)	1 (8.33%)	2 (16.66%)
	Marivan	13	Male 12 Female 1	19-55 (38.07)	2 (15.38%)	2 (15.38%)
	Total	51	Male 44 (86.28%) Female 7 (13.72%)	11-84 (40.11)	3 (5.88%)	4 (7.84%)

Table 3 .

 3 Characteristics of livestock samples in the study.

		Livestock		Location Distribution	
	Sample Type						
					Kamyaran	Sarvabad No.	Marivan No.
	(No.)	Sheep No. (%)	Cattle No. (%)	Sanandaj No. (%)			
					No.(%)	(%)	(%)
		Sheep: 246	Cow: 87	Sheep: 70	Sheep: 75	Sheep: 73	Sheep: 71
	Serum sample	(85.12%)	(84.47%)	(24.22%)	(25.95%)	(25.26%)	(24.57%)
	(N=392)	Ram: 43	Bull: 16	Cattle: 26	Cattle: 26	Cattle: 24	Cattle: 27
		(14.88%)	(15.53%)	(25.24%)	(25.24%)	(23.30%)	(26.22%)
	Spleen tissue	Sheep: 50					Sheep: 18
			-	Sheep: 7 (14%)	Sheep: 12 (24%)	Sheep: 13 (26%)	
	sample (N=50)	(100%)					(36%)
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