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Abstract—In this study, due to the recurrence of bovine 

tuberculosis, in the same areas, the risk factors for the disease were 
determined and evaluated at the local level. This study was carried 
out in 32 farms where the disease was detected in the district and 
center of Samsun province in 2014. Predetermined risk factors, such 
as farm, environmental and economic risks, were investigated with 
the survey method. It was predetermined that risks in the three groups 
are similar to the risk variables of the disease on the global scale. 
These risk factors that increase the susceptibility of the infection must 
be understood by the herd owners. The risk-based contagious disease 
management system approach should be applied for bovine 
tuberculosis by farmers, animal health professionals and public and 
private sector decision makers. 

 
Keywords—Bovine tuberculosis, disease management, control, 

outbreak, risk analysis. 

I. INTRODUCTION 

OVINE tuberculosis is a disease with social and 
economic consequences that directly affect human and 

animal health, food safety, sustainable food production and 
international trade. The disease has important economic 
implications for farmers, including direct financial costs 
(testing, disposal and forced slaughter), and the additional 
costs of replacing slaughtered animals, labour and biosecurity. 
The disease is zoonotic and its effects on human health are not 
well understood [1], [2] but public awareness and control 
efforts are increasing on a global scale. 

Bovine tuberculosis is linked to a large number of risk 
factors, some of which are related to the farm system and 
business structure and also  the management of the disease is 
difficult and costly. They have been investigated by many 
researchers, including Cheeseman et al. [3] and De Lisle et al. 
[4]. In a study conducted by Humblet et al. [5], the disease risk 
factors were classified at animal, herd and the regional/ 
national levels.  

Risk-based disease management approaches have emerged 
for the control of disease epidemics [6]-[8]. The management 
of epidemics is realized on a local, regional, national, and 
global scale. Bovine tuberculosis recurs in the same areas and 
studies on the effects of animal movements on the disease [9]-
[11] indicate that the control of the disease should commence 
at the local level. 

The risks that need to be managed in epidemic disease 
control are at the micro- and macro-levels [12]. The risks at 
local level require micro-level study and those at the regional 
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and national levels require macro-level study. The disease 
risks at the local level are classified as animal, farm and 
environmental risks but it is not possible to control diseases 
independently of economic and social conditions at the local 
level [13], [14]. 

The number of outbreaks of bovine tuberculosis in Turkey 
increased by approximately 5.5 times in 2013 compared with 
2006 [14] and the situation requires an urgent investigation of 
the disease risks and applications of risk-based disease 
management systems.  

This study aimed to contribute to the control of bovine 
tuberculosis by establishing both the importance of risk 
evaluation methodology of the disease at the local level in 
Turkey and the methodology of risk evaluation. The specific 
objective was to determine the level of the various risks on 
farms where bovine tuberculosis has been observed, with an 
expected flow-on effect of creating risk awareness at the farm 
level, reducing the number and size of outbreaks through 
timely intervention, and reducing the costs to producers and 
the level of public spending on outbreaks. 

II. MATERIALS AND METHODS 

The study data consist of survey data from the farms of 
origin of animals that had bovine tuberculosis detected in the 
meat of their cattle that has been slaughtered in abattoirs in 
Samsun Province in 2014. The study was carried out on 32 of 
the 41 affected farms (78%) [15]. 

The coordinates for Samsun Province in the square grid 
system (ArcGIS 10.2 software based on numerical data layer 
provinces Turkey) are 41°17′25″:40°50'12″N and 36°20′01″E: 
37°10'29″. The study was carried out at the district level 
(Alaçam, Ayvacık, Bafra, Canik, Çarşamba, Havza, Kavak, 
Ladik, Tekkeköy, Vezirköprü, 19 Mayıs) and involved 32 of 
33 new outbreaks [15]. The sample size was determined to be 
30 at the 5% confidence interval.  

In the present study, some of the risk variables for bovine 
tuberculosis reported by Humblet et al. [5] were used. The risk 
variables used in the present study were separated into three 
groups (farm, environmental, and socio-economic). 

Risks at the farm level were determined by asking the 
landholders 14 questions about farm management practices 
(Table I). For the determination of the risks at the 
environmental level, eight questions were developed (Table 
II). Assessment of economic and social risks was determined 
via six questions (Table IV). Overall, 28 questions were posed 
to farmers. 
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Descriptive statistical data (frequency and percentages) 
were used in the study. The SPSS 20 software package [16] 
was used for this purpose. 

In this study, four distances were determined taking into 
account the distance from the farms where the disease was 
previously identified. 1-50 m was deemed a very short 
distance, 51-100 m as a short distance, 101-200 m as a middle 
distance, and 201 m and above as distant. 

The potential threat posed by wild animal species was also 
assessed. 

 

III. RESULTS AND DISCUSSION 

A. Farm Level Risks 

The descriptive statistics for the risks at the farm level are 
provided in Table I. 

B. Environmental Risks 

The descriptive statistics for the environmental risks are 
given in Table II.  

TABLE I 
FARM LEVEL RISKS FOR BOVINE TUBERCULOSIS IN SAMSUN PROVINCE, TURKEY 

1 Primary activity of the farm Stock Milk Mixed  Total 

Frequency 1 2 29  32 

Percentage (%) 3,1 6,3 90,6  100,0 

2.Farm (barn) system Closed Semi-open Open  Total 

Frequency 25 6 1  32 

Percentage (%) 78,1 18,8 3,1  100,0 

3.Age range of the sick animals Until 5 years 6-10years 11 years and above  Total 

Frequency 7 23 2  32 

Percentage (%) 21.9 71.9 6.3  100,0 

4. Use of shared pasture and water Own Shared   Total 

Frequency 11 21   32 

Percentage (%)  34.6 65.6   100 

5. Manure holding period (days) 1-30 31-60 61 and above  Total 

Frequency 26 3 3  32 

Percentage (%) 81.3 9.4 9.4  100 

6.Distance of the closest cattle farm (m)  Very short1-50 m Short51-100 m Middle101-200 m Far>200 m Total 

Frequency 23 3 3 3 32 

Percentage (%) 71.9 9.4 9.4 9.4 100 

7. The number of close cattle farms. 0-5 6-10 11-15 16 and above Total 

Frequency 3 20 8 1 32 

Percentage (%) 9.4 62.5 25 3.1 100 

8.Breeding of goats on the farm Yes No   Total 

Frequency 3 29   32 

Percentage (%) 9.4 90.6   100 

9.Biosecurity precautions on the farm Yes No   Total 

Frequency 2 30   32 

Percentage (%) 6.3 93.8   100 

10.Use of farm tools/equipment shared with other farms Yes No   Total 

Frequency 3 29   32 

Percentage (%) 9.4 94.6   100 

11.Purchasing of cattle and goats before the diagnosis of the disease  Yes No   Total 

Frequency 8 24   32 

Percentage (%) 25 75   100 

12.Separation of the farm from other farms with fence or wall  Yes No   Total 

Frequency 24 8   32 

Percentage (%) 75 25   100 

13.Bovine tuberculosis outbreak before Yes No   Total 

Frequency 10 22   32 

Percentage (%) 31.3 68.8   100 

14.Total number of animals on the farm Average Max Min Skewness Kurtosis

 31.25 245 1 17.054 3.789 

 
The presence of badger, which is one of the most important 

risk sources listed among the environmental risk variables 
[17]-[19] was determined in the vicinity of outbreaks. The 
rates of observation of potentially disease transmitting wild 
animal species [20], [21] are provided in Table III. 
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TABLE II 
ENVIRONMENTAL RISKS FOR BOVINE TUBERCULOSIS IN SAMSUN PROVINCE, 

TURKEY 

1.Badger sighted in the vicinity of the farm-pasture Yes No Total

Frequency 16 16 32 

Percentage (%) 50 50 100,0
2.Immediate announcement of disease outbreaks in the 
shared pasture/watering point 

Yes No Total

Frequency 27 5 32 

Percentage (%) 84.4 15.6 100,0

3.Shared use of pasture/water after the disease outbreak Yes No Total

Frequency 8 24 32 

Percentage (%) 25 75 100 
4.Holding biological waste for more than one month in 
the environment  

Yes No Total

Frequency 6 26 32 

Percentage (%) 18.8 81.3 100 
5.Knowledge of tuberculosis on farms in vicinity before 
disease occurrence on your farm  

Yes No Total

Frequency 15 17 32 

Percentage (%) 46.9 53.1 100 
6.Do your goats and kids use the same pasture and 
watering point as cattle  

Yes No Total

Frequency 7 25 32 

Percentage (%) 21.9 78.1 100 

 

TABLE III  
WILDLIFE SPECIES POSING A POTENTIAL RISK OF BOVINE TUBERCULOSIS 

TRANSMISSION IN SAMSUN PROVINCE, TURKEY 

Animal species Number of the farms % of total farms 

Wolf 6 18.8 

Fox 21 65.6 

Bear 1 3.1 

Pig 12 37.5 

Deer 1 3.1 

Jackal 8 25.0 

Lynx - - 

Marten 8 25.0 

Mole 13 40.6 

Total of farms 32  

 
All the animals in Table III, except for lynx, were seen in 

the vicinity of the farms where the disease occurred; foxes at 
65.62% and moles at 40.62% were seen most frequently.  

C. Economic and Social Risks 

The descriptive statistics for the economic and social risks 
are provided in Table IV.  

TABLE IV 
ECONOMIC AND SOCIAL RISKS FOR BOVINE TUBERCULOSIS IN SAMSUN PROVINCE, TURKEY 

Risk factor      

1.Number of days your business was interrupted due to the disease Not interrupted 60 days 61-120 days 121 days and more Total 

Frequency 8 10 7 7 32 

Percentage (%) 25 31.3 21.9 21.9 100,0 

2.Received compensation for losses due to the disease Yes No   Total 

Frequency 20 12   32 

Percentage (%) 62.6 37.5   100,0 

3. Replaced the animals removed from the herd with the compensation payment. Yes No   Total 

Frequency 14 18   32 

Percentage (%) 43.8 56.3   100 

4. Disease affected daily life and neighborhood relationships Yes No   Total 

Frequency 9 23   32 

Percentage (%) 28.1 71.9   100 

5. Effect of the disease on business activity Same as before Good Worse than before Very bad Total 

Frequency 6 12 12 2 32 

Percentage (%) 18.8 37.5 37.5 6.3 100 

 

When the descriptive statistics for economic and social risks 
of the disease were examined at the macro level, 75% of the 
farms had their business interrupted for 60 days or more.  

The age of animals is an important risk factor for bovine 
tuberculosis, and old animals are much more sensitive to the 
disease than young animals [22], [23]. In the current study, 
71.9% of diseased animals were 6 years of age and over, 
which lends support to the findings of [22] and [23]. The 
incidence of the disease increases as a result of close contact 
in the closed farm system [24]. Since 78.1% of the farms 
where the disease emerged in this study were closed farms, it 
is regarded as one of the predisposing factors of the disease. 
Herd size is a risk factor [25]-[27]. The average number of 
animals on the farms included in the present study was 31. 
However, the findings of this study are inconclusive as to 
whether the disease depends on herd size. The role of wildlife 
in the disease has been reported [28], [29]. The sighting of 

wild animals reported to be reservoirs of the disease in the 
vicinity of disease outbreaks was investigated in this study. 
Wolf, fox, bear, pig, deer, jackal, marten, and mole were 
reported to have been seen in the vicinity of farms or watering 
points. This situation suggests the need to determine the 
prevalence of the disease in local wildlife and to increase the 
disease risk awareness of the farmers.  

The role of badgers in bovine tuberculosis has been 
documented [30], [31]. The rate of sighting of badgers in the 
vicinity of disease outbreaks was 50% in the present study. 
For this reason, it is necessary to investigate the presence of 
the disease in badgers seen in the vicinity of outbreaks in 
Turkey.  

Mycobacterium caprae, the agent of tuberculosis in goats, is 
reported to be relevant to tuberculosis in cattle [32] in the 
European Union regulations (Directive 97/12/EC). The rate of 
raising goats and kids at the site of outbreaks or in the vicinity 
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of outbreaks was 9.4% in the present study. The rate of 
sighting of goats and kids in shared pastures and watering 
points was 21.9%. The link between goats and the disease 
needs further investigation and farmers need to be educated 
about this subject.  

IV. CONCLUSION 

In the present study, risk factors to be evaluated at the local 
level in bovine tuberculosis were determined, and the linkage 
of these risks to the disease outbreaks was examined. Local 
descriptive data were examined in the context of the risks of 
bovine tuberculosis on a global scale and it is concluded that it 
would be beneficial to expand the study to other provinces of 
Turkey where outbreaks of the disease regularly occur in high 
numbers.  

The non-risk-based approach to the management of 
contagious diseases is unsustainable in the long term, even if 
successful in the short term. The results of the present study 
demonstrate the importance of awareness of disease risk. 
Thus, if the risks associated with the disease at the farm level 
are minimized, a reduction of incidences of the disease should 
follow. Findings of the present study regarding the economic 
and social risks of the disease suggest that despite its high 
public costs, the farmers reported that they were not 
sufficiently compensated for the losses incurred due to the 
disease. 
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