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Research article
Ερευνητικό άρθρο

ABSTRACT: The present study was performed by conducting interviews with 382 horse owners and managers be-
tween April 2019 and March 2022 to examine biosecurity implementations on non-commercial horse properties in 
Turkey and the attitudes and behaviors of horse owners toward viral horse diseases and explain the procedures that vis-
itors should follow. Data were collected with a semi-structured questionnaire. While collecting data from horse owners, 
548 nasal swabs were taken from horses on properties to detect equine viral arteritis infection. Correlations between 
property-level variables and biosecurity implementations in horses were analyzed by logistic regression. Swap samples 
were investigated for equine arteritis virus antigen by PCR. While 341 (89.27%) of horse owners and managers report-
ed that they applied biosecurity procedures to check the health of newly arrived horses on the property, 125 (32.72%) 
stated that they applied isolation as a standard procedure upon the entry of horses to the property. On properties where 
isolation was not routinely applied, the main reason for isolating horses was an illness that emerged on other properties 
(n=78). Few participants (n=44) checked new horses for fever or other clinical symptoms of infectious disease. Only 54 
(14.14%) horse managers reported that they applied visitor procedures. Within the general framework, 301 (78.79%) 
of horse properties were visited by a horse specialist, but 51 (13.35%) reported the biosecurity procedure for these 
visits. The obtained findings simplify a better insight of property owners’ effective decision-making processes behind 
horse health discretions and can meet feedback to the sector stakeholders on influential biosecurity implementations. 
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INTRODUCTION

The importance of biosecurity implementations 
concerning animal health is gaining increasing 

attention at the national and international levels. Bi-
osecurity measures are essential for maintaining the 
herd’s health and providing nationwide protection 
against the outbreak of a disease (Wenzel and Nus-
baum, 2007; Dalton et al., 2022; Crew et al., 2023). 
Biosecurity involves the measures to be taken to limit 
the spread of the disease agent among infected and 
susceptible animals, determine the adverse impacts of 
the disease on human and animal health and the en-
vironment, eliminate the possibility of the occurrence 
of the identified risks, or control the damages that will 
occur in case of risks (Morley, 2002; Brennan and 
Christley, 2012). 

These implementations are achieved by measures 
including health checks of animals and isolating 
symptomatic animals, vaccinating susceptible ani-
mals, and reducing the use of antimicrobials (Gunn 
et al., 2008; Crew et al., 2023). The implementation 
of biosecurity implementations to visiting person and 
vehicles, as well as animals, is extremely important, 
against the possibility of increasing the spread of 
the disease due to mobility between and within stud 
farms. The majority of biosecurity enforcement mea-
sures address non-specific disease threats rather than 
focusing on a specific pathogen agent, and biosecurity 
is considered an everyday good practice to avoid sig-
nificant impacts when disease invasions occur (Crew 
et al., 2023). It is accepted that biosecurity implemen-
tations preventing the interaction between people and 
animals on the property have the potential to reduce 
the risk of a possible disease and the spread of the dis-
ease (Denis-Robichaud et al., 2019). Although com-
petent authorities and veterinarians recommend im-
plementing biosecurity implementations, it may take 
time for breeders to adopt them (Shortall et al., 2017; 
Crew et al., 2023; Moya et al., 2023). As is known, 
visitor protocols generally cover processes such as 
changing clothes and equipment, washing hands, and 
foot baths. As far as we know from the literature, it 
has been reported that implementing isolation proce-
dures to horses that have just entered the horse prop-
erty or are suspected of being infected protects against 
equine influenza virus (EI) and herpes virus infections 
from which horses suffer (Kohn et al., 2006; Gildea et 
al., 2011; Taylor et al., 2008; Firestone et al., 2011). 
Biosecurity implementations for newly arrived hors-
es involve a series of recommendations, such as the 
control of clinical disease symptoms, isolation and 

quarantine measures (Nishiura and Satou, 2010; Iv-
ens, 2015; USDA, 2018).

Social cognitive theories (e.g., the Theory of 
Planned Behavior, the Health Belief Model,) include 
risk perceptions and behavioral intention and the 
components of the action phase for behavior change 
and provide significant pieces of proof the predictive 
validity of self-efficacy in the implementation of pre-
ventive health behaviors (Bandura, 2001; Taylor et al., 
2020; Anisman and Kusnecov, 2022). These models 
report that risk perceptions, such as seriousness, sen-
sitivity, and vulnerability, may impact the individu-
al’s thoughts to engage in preventive health behaviors 
(Ferrer and Klein, 2016; Spence et al., 2019). Social 
psychological decision models such as the Reasoned 
Action Approach stress the effect of social pressures 
on decision-making (Fishbein and Ajzen, 2010; Sok 
et al., 2016). Previous experiences, psychological im-
pacts, demographic structure, and norms are among 
other risk factors affecting preventive health behav-
iors against diseases among horse owners and farm-
ers (Schemann et al., 2013; Rosanowski et al., 2012; 
Ritter et al., 2017; Spence et al., 2019; Golding et al., 
2023). Considering the effect of these factors on the 
decisions influencing health behaviors, many practic-
es, especially the perception of the effectiveness of 
biosecurity implementations, are effective in adopting 
preventive behaviors by horse owners. 

The introduction of a disease important to the 
horse industry (e.g., equine flu, strangles) to a naive 
population will have economic consequences. Mor-
ever, horses are of relevance in the spillover of zoo-
notic and emerging diseases from wildlife to human, 
and in non-communicable diseases. Additionally, 
risk factors such as climate change and antimicrobi-
al resistance threaten the health of both horses and 
humans. Horses are an influential factor in maintain-
ing human and environmental health and should be 
included in the roadmap to achieve One Health. The 
possible economic cost of the disease necessitates an 
understanding of animal healthcare implementations 
and biosecurity strategies used in this sector. Some-
times, breeders find biosecurity implementations 
unnecessary and expensive, and routine biosecurity 
implementations at the farm level cannot always be 
optimally evaluated (Dorea et al., 2010; Nöremark 
and Sternberg, 2014). On the other hand, prioritizing 
measures based on property characteristics can help 
improve the actual implementation of on-proper-
ty biosecurity measures. Horse owners may want to 
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discuss different biosecurity measures separately to 
justify their economic investments and effective use 
of time in biosecurity strategies. However, strategies 
applied in different situations seem difficult/are diffi-
cult in terms of obtaining predictions for the preven-
tive impact of individual measures. 

Equidae animals in Turkey (except the racing in-
dustry) have started to be registered within the frame-
work of the regulation (microchip processes) since 
2022 to more effectively monitor the movements and 
diseases of these animals within the framework of 
harmonization with the European Union acquis. The 
regulation covers the identification of equids in each 
age group individually, the method to be used in iden-
tification, the type and characteristics of the material, 
the technical specifications of the numbering system, 
the registration of the animals identified and the en-
terprises and their owners, the establishment and op-
eration of a computer-aided database, the exchange 
of information and data about the identified animals 
and the enterprises they live in, the monitoring and 
control of the movements of equids in the system, 
and the control and inspection of the identified ani-
mals and enterprises. As a result of the literature re-
view, the fact that a comprehensive study investigat-
ing biosecurity implementations on horse properties 
had not been conducted in Turkey before constituted 
the starting point of the present research. 

MATERIAL AND METHODS

Study area and design 
A cross-sectional study was performed on 

non-commercial horse property owners in Turkey 
between April 2019 and March 2022. Individuals 
who owned or cared for horses or donkeys, mules, 
and ponies (herein referred to as ‘horses’) were in-
cluded in the sample if they met the inclusion crite-
ria. In Turkey, there are 6571 households and a total 
of 25203 equids registered to the TURKVET system 
(horses, donkeys, mules, ponies) (MFA, 2021). Race 
horses are not included in this number. Race horse re-
cords are kept by the Turkish Jockey Club. Approx-
imately 3625 (55.16%) of these households have a 
single Equidae animal. Since the focus of the study 
was on non-commercial horse properties, properties 
with one animal were excluded from the sampling 
list (n=3625). The remaining properties formed the 
sample data (as non-commercial horse properties, n= 
2946) (Fig.1). These properties may themselves be 
part of the family business activity (cattle and small 

ruminant industry). Sample selection calculation was 
performed using the “epiR” (Stevenson, 2023) and 
“sparr” (Davies and Marshall, 2023) packages in the 
R version 4.3.0 program. The study was carried out on 
382 horse properties. Farm sampling was carried out 
using a stratified randomised sampling method with 
province and farm size as strata based on the Neyman 
proportional allocation method (Bankier, 1988). The 
epidemiological program WinEpiscope 2.0 was used 
to compute the sample size on each selected property 
using a random sampling method (Sergeant, 2017). 
The study was performed in accordance with the 
STROBE statement (https://www.strobe-statement.
org). While collecting data from horse owners, 548 
nasal swabs were taken from horses on the property to 
detect EVA infection. The interviews conducted with 
a semi-structured questionnaire (SSQ) investigated 
horse owners’ previous experiences, perceptions and 
resulting behaviors, as well as communication about 
EVA. Definitions of the terms used throughout the 
SSQ were included in the study to help the partici-
pants and ensure the standardization of responses. 

Visitors and biosecurity implementations
Visitor types were grouped as information on 

property visitors interacting with horses, called horse 
specialists, farriers, veterinarians, equine therapists, 

Fig. 1. Study area (a) Inverse Distance Weighting Interpolation 
map, b) Gaussian edge corrected kernel intensity function of the 
number of equids (n=25203) per km2 in Turkey)
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equestrian trainers and trainers, and visitors other 
than those. Equine therapists were defined as indi-
viduals dealing with services carried out on horses 
residing on the property. Equestrian trainers included 
individuals who tried to teach riding, and trainers in-
cluded individuals who directly dealt with the horse. 

A binary variable was created to describe the bios-
ecurity implemented to horses entering the property. 
The first was general biosecurity implementations, 
including whether there were any biosecurity imple-
mentations related to new horses coming from a prop-
erty to the property. It was coded as “1” and “0” with-
in the framework of the isolation or control of horses 
and responses to the questions. The second outcome 
variable was whether a horse property owner had 
any biosecurity implementations expressing clinical 
symptoms of respiratory infection in newly arrived 
horses. It will be defined here as biosecurity imple-
mentations in horses that include clinical symptoms. 
These implementations include checking newly ar-
rived horses for cough and abnormal discharge from 
the nose or eyes, consulting a veterinarian, and apply-
ing isolation for how many days. General framework 
of biosecurity implementations on non-commercial 
horse property is presented in Table 1.

Laboratory analysis
While collecting data from horse owners, 548 na-

sal swabs (OrgaMik, Lot: SBW009) were taken from 
horses on the stud farm for EAV. The nasal swabs 
were placed in 5 ml of transport medium phosphate 
buffered saline (PBS) PBS containing 0.02 IU/ml of 
amphotericin B, 1mg/ml gentamicin together with 8 
IU/ml of streptomycin 8 μg/ml of penicillin, and 10% 
glycerol) and stored at 4 °C. 

Nucleic Acid Extraction
The nucleic acid was extracted using the GF-1 Vi-

ral Nucleic Acid Extraction Kit (Vivantis, Malaysia) 
according to manufactures procedure. The extracts 
were kept at −70°C until use. 

Reverse transcription of viral RNA 
RevertAid ™ First Strand cDNA Synthesis Kit 

(First Strand cDNA Synthesis Kit Thermo Scientific, 
Germany) was used for reverse transcription of RNA 
and performed according to manufactures procedure.

Polymerase chain reaction (PCR) technique
The oligonucleotide primers used for PCR were 

from the 3’ end of ORF 1b of the EAV genome. Their 

sequences were as those described by other studies 
(St-Laurent et al., 1994).

PEV-10: 5’-GAGGATCCCACTTCATCT-3’

PEV-11: 5’-AATGGTCTGCACTGAGGT-3’

The PCR was carried out in a final volume of 50 µl 
containing 5 µl of the cDNA, 3 µl of MgCl2 (25 mM), 
5 µl 10X PCR buffer, 1.25 U Taq DNA polymerase 
(Promega, USA), 1 µl dNTP mix (0.2 mM each) and 2 
µl of each primer (20 pM each). Denaturation, anneal-
ing and extension consisted of 40 cycles at 95°C for 1 

Table 1 General framework of biosecurity implementations on 
non-commercial horse property
Factor Factor level
Visitor protocols

Visitor protocol yes/no
Change clothes
Change into overalls
Clean equipment
Clean-wash the boots
Wash hands

 Other
Information about horses

No information
Property where the horse 
had come from
Vaccination history
Other informations
No health check
Discharge from the eyes or 
nose
Internal parasite treatment
Appetite status
Coughing
Respiration
Pulse
Colic
Rectal temperature
Veterinarian
Farrier
Other informations

Isolation of horses
No isolation
1-3 days
More than 4 days
Other

Property information
Property size
Visitor protocol entity
Cleaning protocols
Existence of isolation area
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min, 50°C for 1 min and 72°C for 2 min, respectively. 
Each PCR product (5 µl samples) was examined on a 
1.5% agarose gel containing ethidium bromide in 1X 
TBE bufer along with 100 bp DNA ladder (Fermen-
tas, Germany).

Statistical analysis 
Data were obtained from horses during collecting 

swab samples to obtain general information about 
risk factors on properties in the study area. The col-
lected data included property-level variables, such as 
the number of horses in the property (≤2, 3-4, and ≥5 
horses) and property size (small (≤3 decares(daa)), 
medium (4-10 daa), or large (≥10 daa)). Property 
owners consisted of variables that included owner-
ship patterns such as breeding, hobby-entertainment, 
reproduction, and horse boarding. The significance 
of the relationship between the responses received 
and each of the categorical variables was examined 
with the chi-square test. On the other hand, the Krus-
kal-Wallis test was used to reveal the significance of 
the relationship between the number of horses and the 
visits/entry-exit variables of veterinarians and horse 
specialists to the horse property. 

The number and percentage of responses were 
reported for each biosecurity question concerning 
horse arrivals to the property or visitor protocols. The 
analysis was performed with univariable logistic re-
gression to examine property-level variables and the 
correlation between general biosecurity or any bios-
ecurity practice that would identify clinical symp-
toms of respiratory disease in newly arrived horses. 
Independent variables with p ≤ 0.25 in the univariable 
logistic regression analysis were considered for mul-
tivariable mixed-effects logistic regression analysis. 
Independent variables were checked using Phi and 
Cramer’s V test to avoid collinearity problems. When 
there were highly correlated variables, they were ex-
cluded from the multivariable analysis. The model 
was evaluated with the Hosmer-Lemeshow test, a fit 
test (Dohoo et al., 2009). All data collected from the 
questionnaires and laboratory results were entered in 
Microsoft Office Excel and Microsoft Office Access 
2019. All descriptive statistics were performed using 
IBM SPSS package version 24 (SPSS Inc., Chicago, 
IL, USA) and R version 4.3.0 program (R Develop-
ment Core Team, Vienna, Austria).

RESULTS

 Questionnaire response

Of the 382 respondents on horse properties, 343 
(89.8%) answered at least one question regarding bi-
osecurity implementations or visitor procedures. The 
lack of response from the respondents to the SSQ bi-
osecurity section did not differ significantly according 
to the reason for owners to keep horses (p=0.93) and 
the size of the premises (p=0.75). On the other hand, 
the probability of responding to the SSQ biosecurity 
implementations section by respondents on properties 
with two and fewer horses was significantly lower 
than those who responded on properties with more 
than two horses (p < 0.01).

Laboratory analysis
To detect EVA infection, 548 nasal swab samples 

were studied by the PCR method, and all of the sam-
ples were found to be negative. 

Visitor procedures and biosecurity 
Whereas 82.46% (315/382) of horse owners re-

ported that a farrier visited their property, 78.79% 
(301/382) reported that a horse specialist visited their 
property, and 64.13% (245/382) reported that a vet-
erinarian visited their property, 12 property owners 
(3.14%) stated that a veterinarian did not visit their 
property despite the fact that a farrier visited their 
property. The number of visits by a horse specialist to 
the property was found to be significant according to 
the property size (p <0.02) and the number of horses 
on the property (p <0.01). On the other hand, whereas 
the number of visits by veterinarians was significant 
according to the number of horses on the property (p 
<0.001), the number of visits by farriers was insignif-
icant (p <0.47). The most common reason for veteri-
narians to visit a horse property involved emergency 
intervention. While 301 (78.79%) of the properties 
were visited by horse specialists, 51 (13.35%) report-
ed biosecurity implementations for these visitors. 

Table 2 presents the results of the univariable lo-
gistic regression analysis of the correlation between 
the general biosecurity implementations of horses 
entering the property and the biosecurity process ap-
plied in case of clinical symptoms. The results of the 
final multivariable logistic regression models show 
relationships between trait-level variables on the pres-
ence of any biosecurity implementations applied to 
horses entering the property or on biosecurity imple-
mentations specifically applied to clinical symptoms 
of equine respiratory infection. As seen in Table 3, the 
implementation of the general biosecurity procedure 
on the property in the final model was significantly 
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related to the number of visits to the property and the 
size of the property (p<0.001).

DISCUSSION
The present study demonstrated the existence of 

inadequate biosecurity implementations that could 

protect against infectious diseases horse properties in 
Turkey. Despite differences in the number of biosecu-
rity implemented and their effectiveness in prevent-
ing the spread of infectious diseases to horses on the 
property, most SSQ respondents had some biosecurity 
implementations related to the entry of new horses to 

Table 2 Univariable logistic model the outcome of the association between general biosecurity or clinical symptoms of disease biose-
curity implementations and property-level variables

Level Variable Categories General biosecurity  Clinical symptoms of disease 
biosecurity implementations

ORa 95% CIb P value OR 95 % CI P value 

Property

Horse number n=354 n=341
≤2 Baseline 0.01 Baseline 0.0003

3 and 4 1.11 0.66-1.83 1.37 0.78-2.39
≥5 0.33 0.14-0.74 0.26 0.11-0.58

Property size n=382 n=331
small(≤3daac) Baseline 0.002 Baseline 0.0007

Medium (4-10 daa) 2.33 1.32-4.09 1.51 0.85-2.68
Large (≥10daa) 0.28 0.12-0.66 0.28 0.12-0.66

Reason for keeping 
horses n=379 n=339

Work No Baseline Baseline
Yes 2.80 1.64-4.77 0.0002 4.14 2.14-7.97 <0.0001

Hobby No Baseline Baseline
Yes 1.67 1.11-2.52 0.01 0.83 0.54-1.29 0.43

Breeding No Baseline Baseline
Yes 1.12 0.75-1.68 0.56 0.68 0.44-1.05 0.08

with other animals No Baseline Baseline
Yes 1.66 1.06-2.61 0.02 2.01 1.23-3.26 0.005

aOR: Odds ratio.
b95 % CI: 95 % Confidence interval of OR.
cdecare

Table 3 Results of the multivariable logistic mixed model of property-level variables

Level Variable Categories General biosecurity Clinical symptoms of disease 
biosecurity implementations

Ba SEb ORc 95 % CId P value B SE OR 95 % CI P value 

Property

Horse 
number

≤2*
3 and 4 0.62 0.48 1.81 0.67-4.86 0.35 0.84 0.53 2.13 0.81-4.96 0.08

≥5 0.31 0.43 0.96 0.41-2.37 0.99 0.44 0.57 1.21 0.24-3.66 0.56
Property 

size
Small (≤3daae)*

Medium (4-10 daa) 1.37 0.74 2.78 1.63-4.89 0.04 0.54 0.48 1.59 0.66-3.95 0.05
Large (≥10daa) 0.29 0.34 0.83 0.39-1.92 0.49 0.37 0.51 0.99 0.36-2.46 0.54

Work No*
Yes 1.64 0.84 2.66 1.43-5.14 0.06 2.24 1.15 3.24 0.87-8.15 0.45

with other 
animals

No*
Yes 0.94 0.65 1.89 0.69-5.31 0.77 1.08 0.49 1.67 0.54-4.26 0.38

*Reference category
aB: Regression coefficient
bSE: Standard Error
cOR: Odds Ratio
d 95 % CI: 95 % Confidence interval of OR.
e decare
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the property. Although most responding horse owners 
knew the health history of horses entering the prop-
erty, few owners physically checked new horses for 
clinical symptoms of infectious disease. Furthermore, 
physical examinations for infectious diseases would 
be ineffective for the general biosecurity strategy 
without considering the isolation of newly arrived 
horses (Kohn et al., 2006; Rosanowski et al., 2012). 
Whereas 20.42% (78/382) of the property owners iso-
lated horses, the isolation period varied between 1-3 
days within the opportunities of the property. The cur-
rent study finding (20.42%) was lower than the val-
ue (89%) reported in the study conducted by Rogers 
and Cogger in 2010 for Thoroughbred farm managers 
(%89) and the value (50%) reported by Kirby et al. 
in 2010 for horse riding facilities in Colorado (North 
America).

Among the findings from the SSQ, the sections on 
biosecurity questions had a higher non-response rate 
compared to other sections. The fact that the biose-
curity section was not responded by horse property 
owners resulted in the lack of a complete understand-
ing of the biosecurity practice perception. The partic-
ipants who do not take their horses out of properties 
with two or fewer horses may have been hesitant to 
answer the section on biosecurity implementations, 
which they think is not relevant to them. On the other 
hand, it should be noted that horse property owners 
perceived a lack of biosecurity control in preventing 
horse diseases but did not feel that their horses would 
be affected. There is probably a lack of awareness of 
what horse disease prevention includes or how these 
can impact an owner’s horse (Chapman et al., 2018). 
Furthermore, differences in the number of horse own-
ers who report being responsible when compared to 
biosecurity implementations suggest the perception 
that the terms imply different actions. Visitor proce-
dures on horse properties for possible risks should 
include biosecurity measures to minimize opportuni-
ties for transmission through tool-equipment and hu-
man-vehicle (Ivens, 2015; Crew et al., 2023). Disin-
fection procedures, hand washing, changing clothes, 
and parking away from the animal contact area can be 
given as examples (USDA, 2016; Crew et al., 2023). 
Previous attitudes and behaviors toward actions rec-
ommended for biosecurity implementations can im-
pact whether individuals intend to take preventive 
measures (Ferrer and Klein, 2016; Sok et al., 2016; 
Ritter et al., 2017; Sok et al., 2018; Anisman and 
Kusnecov, 2022). Considering the importance of so-
cio-cognitive factors such as beliefs and perceptions, 

additional studies may be required to reveal how 
these factors may impact horse owners’ intention to 
be prepared for biosecurity implementations. 

While collecting data from horse owners, 548 na-
sal swabs were taken from horses on the properties to 
detect EAV infection, and they were investigated for 
EAV antigen by PCR. According to the test results, 
they were found to be EAV-negative. It is thought 
that the reason for this may be related to the infec-
tion mechanism and sampling method. On the other 
hand, it was found to be negative in another study 
from Turkey (Baydar et al., 2023). On the contrary, 
EVA seropositivity varied between 8-20% (Ince and 
Sevik, 2023; Baydar et al., 2023). These heterogene-
ities between studies can be attributed to numerous 
factors, such as the analysis method used, the num-
ber of animals, sample size, and the lack of periodic 
screening tests. 

The present study had some potential limitations. 
The fact that the SSQ was conducted through face-to-
face interviews carried a risk of social acceptability 
bias. For example, the recorded prevalence of bios-
ecurity practice measures in the event of any disease 
on the horse property may cause us to overestimate 
the actual prevalence of these measures if horse own-
ers give the answers they think are most acceptable 
rather than the most accurate. On the other hand, 
horses entering the property may have been subject 
to misclassification bias, such as interpreting quar-
antine/isolation. Differences in the horse owner’s in-
terpretations of what constitutes quarantine practice 
may have placed more confidence in quarantine ef-
fectiveness than necessary in terms of a biosecurity 
practice procedure to prevent the spread of horse dis-
eases (Kirby et al., 2010; Rosanowski et al., 2012). 
As a result, interpretation differences regarding the 
quarantine processes of horses may emerge as a sit-
uation in which misclassification may have occurred 
in the study. Moreover, since the methodology ap-
plied within the general framework of the study was 
to identify the existing biosecurity implementations 
that were likely to exist on the property and determine 
the property-level factors associated with owning the 
implementations, the effectiveness of the strategies of 
these implementations was not considered. Addition-
ally, it can be subjective to make a judgment about 
the effectiveness of the strategies of biosecurity im-
plementations. We did not have sufficient evidence to 
reach any conclusions. 

In the study, large- and medium-sized proper-
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ties had a higher rate of implementing the biosecu-
rity procedure (change clothes, change into overalls, 
clean equipment, wash hands etc.) than small-sized 
and hobby horse properties. The movement of horses 
among properties was a factor increasing the possibil-
ity that properties would have biosecurity procedures. 
This situation is similar to the findings of other re-
searchers (Ortiz-Pelaez et al., 2006; Traub-Dargatz et 
al., 2012; Manyweathers et al., 2017; Wiethoelter et 
al., 2017). Medium-sized properties are likely to have 
more mare-to-mare interactions and more visits by 
horse haulers than large- and small-sized properties. 
Hence, medium-sized properties are likely to be at a 
higher risk factor for disease emergence and spread 
than small- and large-sized properties.

In the current study, 78.79% (301/382) of the re-
spondents reported that a horse specialist visited their 
properties. The rate of property owners reporting that 
horse specialists visited their properties is lower than 
those reported in studies from New Zealand and the 
United Kingdom (Ireland et al., 2011; Rosanowski 
et al., 2012). While the majority of properties were 
visited by the horse specialist, only 14.14% had bi-
osecurity procedures related to visitors. This rate is 
likely to be a risk factor that may facilitate the spread 
of disease among properties. The findings from this 
study are similar to the findings of studies carried out 
in other countries (Rogers and Cogger, 2010; Ireland 
et al., 2011; Crew et al., 2023).

In the study, 82.46% (315/382) of the respondents 
reported that their properties were visited by a farrier, 
while 64.13% (245/382) stated that they were visit-
ed by a veterinarian. These rates are partially lower 
than the findings of other studies (Ireland et al., 2011; 
Rosanowski et al., 2012). This variability in results 
may originate from the management system structure 
in the horse industry between countries or eradication 
and control programs between countries. On the other 
hand, the findings of the present study, similar to oth-
er research findings, demonstrated that farriers visited 
the horse property in the highest number (Firestone et 
al., 2011). In the study, veterinarians were called to 
the property when a horse entering the property ap-
peared sick. In some cases, reports from horse owners 
indicated that they established the diagnosis by them-
selves. As is known, the veterinarian (horse clinician) 
has the potential to diagnose the disease compared 
to horse owners (Ireland et al., 2011). Nevertheless, 
when disease-specific clinical symptoms are absent, 
health clinicians may misdiagnose the disease and ap-

ply the incorrect treatment (Stein, 2022; Al-Shareef et 
al., 2023).

When there was no risk of an epidemic, limited 
biosecurity procedures were implemented for the vis-
iting veterinarians on small- and medium-sized prop-
erties. The most common requirement on these prop-
erties was for the veterinarian to change his clothes. 
On the contrary, it was important to provide a change 
of clothes on large-sized properties to reduce the risk 
of the veterinarian accidentally becoming a disease 
vector. The vector status of people arriving on prop-
erties has historically been underestimated, which is 
the possible role of humans in the spread of diseases, 
as indicated in other studies (Christley and French, 
2003; Rogers and Cogger, 2010).

The findings of the present study stressed that bi-
osecurity implementations on non-commercial horse 
properties in Turkey should be improved at the prop-
erty level. There is currently no plan implemented by 
the competent authority on properties in Turkey. It is 
unknown whether the lack of awareness of biosecuri-
ty implementations originates from the lack of knowl-
edge on how to implement these implementations or 
from the fact that property owners do not want to 
spend time within the framework of possibilities. 
However, this study stressed the awareness of bios-
ecurity. Establishing education programs on the im-
portance of biosecurity implementations will reduce 
the risk of a possible epidemic spreading due to the 
visitor procedure in very few of the horse properties

CONCLUSIONS
The present study on non-commercial horse 

properties in Turkey analyzed the problems current-
ly encountered in implementing effective biosecuri-
ty implementations and visitor procedures on horse 
properties, although biosecurity implementations are 
effective in preventing the spread of diseases. Consid-
ering the importance of socio-cognitive factors such 
as beliefs, behaviors, and perceptions, there is a need 
for additional research to determine how these factors 
may impact horse owners’ intention to be prepared for 
illnesses. Socio-psychological factors, such as horse 
owners’ awareness of disease and perceived risk, can 
impact their willingness to implement disease preven-
tion measures on horse properties.

ACKNOWLEDGMENTS
 The part of the study was presented at the 5th In-

ternational Food, Agriculture and Veterinary Sciences 



J HELLENIC VET MED SOC 2024, 75 (2)
ΠΕΚΕ 2024, 75 (2)

7405

Congress in Kars, Turkey, on March 17-19, 2023.We 
would like to express our gratitude to all the horse 
owners trainers and veterinary and who cooperated 
with this study.

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no conflict of 

interest.

REFERENCES

Al-Shareef E, Khan LM, Alsieni M, Karim S, Kamel FO, Alkreathy 
HM, Bafail DA, Ibrahim IM, Burzangi AS, Bazuhair MA (2023) 
Detection of Adverse Drug Reactions in COVID-19 Hospitalized 
Patients in Saudi Arabia: A Retrospective Study by ADR Prompt 
Indicators. Healthcare (Basel) 11(5):660. https://doi.org/10.3390/
healthcare11050660.

Anisman H, Kusnecov AW (2022) Chapter 12- Adopting healthy behav-
iors: Toward prevention and cures, Editor(s): Hymie Anisman, Alex-
ander W. Kusnecov, Cancer, Academic Press pp 369-400.

Bandura A (2001) Social cognitive theory: an agentic perspective. Annu 
Rev Psychol 52:1-26. https://doi.org/10.1146/annurev.psych.52.1.1

Bankier MD (1988). Power allocations: determining sample sizes for sub-
national areas. American Statistician 42, 174-177.

Baydar E, Aydogdu U, Utuk AE, Kaya F, Timurkan MO, Erol U, Ba-
bur C (2023) Occurrence of selected parasites and viral infections 
in horses and donkeys in Turkey Med Weter 79(2):91-98 https://doi.
org/10.21521/mw.6743

Brennan ML, Christley RM (2012) Biosecurity on cattle farms: A study 
in north-west England PLoS One 7, e28139 https://doi.org/10.1371/
journal.pone.0028139

Chapman GE, Baylis M, Archer DC (2018) Survey of UK horse owners’ 
knowledge of equine arboviruses and disease vectors. Vet Rec 183: 
159-159. https://doi.org/10.1136/vr.104521. 

Christley RM, French NP (2003) Small-world topology of UK racing: the 
potential for rapid spread of infectious agents. Equine Vet J 35:586-
589, https://doi.org/10.2746/042516403775467298

Crew CR Brennan ML, Ireland JL (2023) Implementation of biosecurity 
on equestrian premises: A narrative overview, The Vet J 292:105950, 
https://doi.org/10.1016/j.tvjl.2023.105950.

Dalton KR, Guyer KM, Schiaffino F, Ferradas C, Falke JR, Beasley EA, 
Meza K, Laughlin P, Agnew J, Barnett DJ, Nuzzo JB, Davis MF 
(2022) Assessing COVID-19 Pandemic Risk Perception and Re-
sponse Preparedness in Veterinary and Animal Care Workers. Health 
Secur 20(2):116-126. https://doi.org/10.1089/hs.2021.0091

Davies TM, Marshall JC (2023) Spatial and Spatiotemporal Relative 
Risk‘sparr’Package Version 2.3.10

Denis-Robichaud J, Kelton DF, Bauman CA, Barkema HW, Keefe, GP, 
Dubuc J (2019) Biosecurity and herd health management practices 
on Canadian dairy farms, J Dairy Sci 102(10):9536-9547, https://doi.
org/10.3168/jds.2018-15921

Dohoo I, Martin W, Stryhn H (2009) Veterinary epidemiologic research. 
(VER Inc, Charlottetown, PEI, Canada)

Dorea FC, Berghaus R, Hofacre C, Cole DJ (2010) Survey of biosecuri-
ty protocols and practices adopted by growers on commercial poul-
try farms in Georgia, U.S.A. Avian Dis 54:1007-1015. https://doi.
org/10.1637/9233-011210-Reg.1

Ferrer R, Klein WM (2016) Risk perceptions and health behavior. Curr 
Opin Psychol 5:85-89. https://doi.org/10.1016/j.copsyc.2015.03.012.
Risk

Firestone SM, Schemann KA, Toribio LML, Ward MP, Dhand NK (2011) 
A case-control study of risk factors for equine influenza spread onto 
horse premises during the 2007 epidemic in Australia. Prev Vet Med 
100:53-63 https://doi.org/10.1016/j.prevetmed.2011.03.002.

Fishbein M, Ajzen I (2010) Predicting and Changing Behavior: The Rea-
soned Action Approach. Psychology Press, New York

Gildea S, Arkins S, Cullinane A (2011) Management and environmen-
tal factors involved in equine influenza outbreaks in Ireland 2007-
2010 Equine Vet J 43:608-617. https://doi.org/10.1111/j.2042-
3306.2010.00333.x

Golding E, Neavyn NA, Walshe N, Hanlon A, Mulcahy G, Duggan V 
(2023) Survey of the knowledge and perceptions of horse owners in 
Ireland of common clinical conditions and their impact. Equine Vet J 
55 (2):270-281. https://doi.org/10.1111/evj.13589

Gunn GJ, Heffernan C, Hall M, McLeod A, Hovi M (2008) Measuring and 
comparing constraints to improved biosecurity amongst GB farmers, 
veterinarians and the auxiliary industries Prev Vet Med 84:310-323. 
https://doi.org/10.1016/j.prevetmed.2007.12.003 18282623

Ince OB, Sevik M (2022) Equine arteritis virus seroprevalence and risk 
factors in horses in the inner Aegean and Central Anatolia regions 
of Turkey. J Hell Vet Medical Soc 73(2):4159-4164. https://doi.
org/10.12681/jhvms.26849

Ireland JL, Clegg PD, McGowan CM, McKane SA, Pinchbeck GL (2011) 
A cross-sectional study of geriatric horses in the United Kingdom. 
Part 2: health care and disease. Equine Vet J 43:37-44, https://doi.
org/10.1111/j.2042-3306.2010.00142.x

Ivens P (2015) Implementing biosecurity in an equine environment. Vet 
Times 45:4-6. 

Kirby AT, Traub-Dargatz, JL, Hill AE, Kogan LR, Morley PS, Heird 
JC (2010) Development, application, and validation of a survey 
for infectious disease controlpractices at equine boarding facilities. 
J Am Vet Med Assoc 237:1166-1172. https://doi.org/10.2460/jav-
ma.237.10.1166

Kohn CW, Reed SM, Sofaly CD, Henninger RW, Saville WJ, Allen GP, 
Premanadan C (2006) Transmission of EHV-1 by horses with EHV-1 
myeloencephalopathy: implications for biosecurity and review Clin 
Tech Equine Pract 5:60-66 https://doi.org/10.1053/j.ctep.2006.01.011

MFA (2021) Ministry of Agriculture and Forestry. https://www.tarimor-
man.gov.tr/HAYGEM Accessed 3 April 2021

Manyweathers J, Field H, Longnecker N, Agho K, Smith C, Taylor M 
(2017) ‘Why won’t they just vaccinate’ Horse owner risk perception 
and uptake of the Hendra virus vaccine. BMC Vet Research 13:103. 
https://doi.org/10.1186/s12917-017-1006-7

Morley PS (2002) Biosecurity of veterinary practices Vet Clin North 
Am Food Anim 18:133-155. https://doi.org/10.1016/s0749-
0720(02)00009-9

Moya S Navea J, Casal J, Ciaravino G, Yus E, Diéguez FJ, Benavides 
B, Tirado F, Allepuz A (2023) Government veterinarians’ perceptions 
of routine biosecurity focused on dairy cattle farms in north-west-
ern and north-eastern Spain. Front Vet Sci 10:1043966. https://doi.
org/10.3389/fvets.2023.1043966

Nishiura H, Satou K (2010) Potential effectiveness of public health in-
terventions during the equine influenza outbreak in racehorse facil-
ities in Japan, 2007. Transbound Emerg Dis 57:162-170. https://doi.
org/10.1111/j.1865-1682.2010.01134.x

Nöremark M, Sternberg LS (2014) On-farm biosecurity as perceived by 
professionals visiting Swedish farms. Acta Vet Scand 56:28. https://
doi.org/10.1186/1751-0147-56-28

Ortiz-Pelaez A, Pfeiffer DU, Soares-Magalhães RJ, Guitian FJ (2006) 
Use of social network analysis to characterize the pattern of animal 
movements in the initial phases of the 2001 foot and mouth disease 
(FMD) epidemic in the UK. Prev Vet Med 76:40-55. https://doi.
org/10.1016/j.prevetmed.2006.04.007

Ritter C, Jansen J, Roche S, Kelton DF, Adams CL, Orsel K, Erskine RJ, 
Benedictus G, Lam TJGM, Barkema HW (2017) Invited review: de-
terminants of farmers’ adoption of management-based strategies for 
infectious disease prevention and control. J Dairy Sci 100:3329-3347. 
https://doi.org/10.3168/jds.2016-11977

Rogers CW, Cogger N (2010) A cross-sectional survey of biosecuri-



J HELLENIC VET MED SOC 2024, 75 (2)
ΠΕΚΕ 2024, 75 (2)

7406

ty practices onThoroughbred stud farms in New Zealand. NZ Vet J 
58:64-68. https://doi.org/10.1080/00480169.2010.65087

Rosanowski SM, Rogers CW, Cogger N, Benschop J, Stevenson MA (2012) 
The implementation of biosecurity practices and visitor protocols on 
non-commercial horse properties in New Zealand, Prev Vet Med 107 
(1-2):85-94, https://doi.org/10.1016/j.prevetmed.2012.05.001.

Schemann K, Firestone SM, Taylor MR, Toribio JAL, Ward MP, Dhand 
NK (2013) Perceptions of vulnerability to a future outbreak: a study 
of horse managers affected by the first Australian equine influenza 
outbreak. BMC Vet Res 9:152. https://doi.org/10.1186/1746-6148-9-
152

Sergeant ESG (2017) Epitools epidemiological calculators: Ausvet Pty 
Ltd, http://www.epitools.ausvet.com.au, Accessed 01 May 2018

Shortall O, Green M, Brennan M, Wapenaar W, Kaler J (2017) Explor-
ing expert opinion on the practicality and effectiveness of biosecurity 
measures on dairy farms in the United Kingdom using choice mod-
eling J Dairy Sci 100:2225-2239 https://doi.org/10.3168/jds.2016-
11435

Sok J, Hogeveen H, Elbers ARW, Oude Lansink, AGJM (2016) Using 
farmers’ attitude and social pressures to design voluntary Blue-
tongue vaccination strategies. Prev Vet Med 133:114-119. https://doi.
org/10.1016/j.prevetmed.2016.09.016.

Sok J, Hogeveen H, Elbers ARW, Oude Lansink AGJM (2018) Perceived 
risk andpersonality traits explaining heterogeneity in Dutch dairy 
farmers’ beliefs aboutvaccination against Bluetongue. J Risk Res 
21:562-578. https://doi.org/10.1080/13669877.2016.1223162

Spence KL, Slater J, Rosanowski SM, Cardwell JM (2019) A cross-sec-
tional study of horse owners’ awareness and perceived risk of exotic 
diseases in the United Kingdom, Prev Vet Med 169:104706, https://
doi.org/10.1016/j.prevetmed.2019.104706.

Stein RA (2022) Super-Spreading in Infectious Diseases: A Global Chal-
lenge for All Disciplines. In: Rezaei, N. (eds) Multidiscip.and Inter-
discip. in Health. Integrated Science, vol 6. Springer, Cham. https://
doi.org/10.1007/978-3-030-96814-4_16

Stevenson M (2023) Tools for the Analysis of Epidemiological Data 
‘epiR’Package Version 2.0.58

St-Laurent G, Morin G, Archambault D (1994) Detection of equine arteri-
tis virus following amplification of structural and nonstructural viral 
genes by reverse transcription-PCR. J Clin Microbiol 32(3):658-665. 
https://doi.org/10.1128/jcm.32.3.658-665.1994.

Taylor MR, Agho KE, Stevens GJ, Raphael B (2008) Factors influencing 
psychological distress during a disease epidemic: Data from Austra-
lia’s first outbreak of equine influenza. BMC Public Health 8:347. 
https://doi.org/10.1186/1471-2458-8-347

Taylor K, Thomas S, Mendez D, Chicken C, Carrick J, Heller J, Durrheim 
D (2020) Prevention is the biggest success: Barriers and enablers to 
personal biosecurity in the Thoroughbred breeding industry. Prev Vet 
Med 183:105135. https://doi.org/10.1016/j.prevetmed.2020.105135

Traub-Dargatz J, Kopral C, Wagner B (2012) Relationship of biosecurity 
practices with the use of antibiotics for the treatment of infectious dis-
ease on U.S. equine operations. Prev Vet Med 104:107-113. https://
doi.org/10.1016/j.prevetmed.2011.10.003

USDA (2016) United States Department of Agriculture. Baseline refer-
ence of equine health and management in the United States, 2015. 
https://www.aphis.usda.gov/ animal_health/nahms/equine/down-
loads/equine15/Eq2015_Rept1.pdf Accessed 5 May 2021.

USDA (2018) United States Department of Agriculture. Biosecurity as-
sessment of U.S. equine operations. https://www.aphis.usda.gov/an-
imal_health/nahms/equine/ downloads/equine15/Eq2015_Rept4.pdf 
Accessed 04 April 2023.

Wenzel JGW, Nusbaum KE (2007) Veterinary expertise in biosecurity and 
biological risk assessment. J Am Vet Med Assoc 230:1476-1480.

Wiethoelter AK, Schembri N, Dhand NK, Sawford K, Taylor MR, Mo-
loney B, Wright T, Kung N, Field HE, Toribio LMLJ (2017) Aus-
tralian horse owners and their biosecurity practices in the context 
of Hendra virus. Prev Vet Med 148:28-36, https://doi.org/10.1016/j.
prevetmed.2017.09.013.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

