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Simple Summary: An animal epidemic poses a severe threat to the economic development of a
country. Pig farmers are crucial in controlling the spread of viral infections in pigs. As a crucial
component of the biosecurity system, selecting proper cleaning and disinfection (C&D) procedures is
a dynamic and long-term decision that requires a higher knowledge base among pig farmers. In this
study, we collected data from 333 pig farmers in the Sichuan Province of China—a region significantly
affected by the African swine fever (ASF) virus. The collected data were analyzed to elucidate the
mechanism of the impact of epidemic prevention training on enhancing pig farmers’ adoption of C&D
procedures. The empirical results showed that epidemic prevention training promotes the adoption
of C&D procedures among pig farmers. In addition, biosecurity cognition plays a partially mediat-
ing role in epidemic prevention training, influencing the adoption of regular and comprehensive
C&D procedures.

Abstract: African Swine Fever (ASF) is a highly infectious disease, severely affecting domestic pigs
and wild boar. It has significantly contributed to economic losses within the pig farming industry.
As a critical component of biosecurity measures, the selection of cleaning and disinfection (C&D)
procedures is a dynamic and long-term decision that demands a deeper knowledge base among
pig farmers. This study uses a binary logit model to explore the effect of epidemic prevention
training on the adoption of C&D procedures among pig farmers with irregular and regular C&D
procedures based on micro-survey data obtained from 333 pig farmers from Sichuan. The endogeneity
issue was handled using propensity score matching, resulting in solid conclusions. In addition,
the critical mediating impact of biosecurity cognition was investigated using a bootstrap analysis.
The empirical study demonstrated that epidemic prevention training encourages pig farmers to
adopt C&D procedures, with biosecurity cognition significantly mediating. Furthermore, epidemic
prevention training was more likely to promote the adoption of C&D procedures among pig farmers
with shorter breeding experiences and those having breeding insurance. Our study emphasized the
importance of implementing epidemic prevention training to improving pig farmers’ biosecurity
cognition and promoting the adoption of C&D procedures. The results included suggested references
for preventing ASF and the next epidemic of animal diseases.

Keywords: ASF; farmers’ behavior; pig farm biosecurity management; biosecurity cognition

1. Introduction

African swine fever (ASF) is a highly infectious disease affecting domestic pigs and
wild boar [1]. It is distinguished by its high fever and fatality rate [2]. Since 2007, ASF has
emerged as a severe threat to the global pork supply, resulting in significant production
losses in Mongolia, Vietnam, sub-Saharan Africa, and parts of the European Union [3–5].
China is the world’s largest pork producer and consumer [6]. The stability of the Chinese
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national economy is directly linked to the stability of the hog industry. The first ASF
outbreak was reported in the Liaoning Province of China in August 2018. Within eight
months, the disease spread to all of China’s mainland provinces and caused a substantial
loss to its hog industry [7]. After a peak in the number of outbreaks in the last quarter
of 2018, there was an overall decreasing trend in the number of confirmed cases. In the
third quarter of 2020, there were only 3 outbreaks, but the ongoing outbreaks continued,
and since then, the number of outbreaks has increased again [8]. ASF has resulted in
some farmers quitting pig production or scaling back their operations, which restricted pig
stocking and restocking and resulted in considerable price fluctuations [9]. Consequently,
the Chinese government released policies to guarantee the recovery of pig production.
Although research on vaccine development is ongoing, neither a vaccine nor treatment
is currently available for ASF, increasing the challenge of controlling it [10,11]. Therefore,
prevention and control are the most effective methods of mitigating the adverse impacts
of ASF on the global pig population [12,13]. As a result, China introduced the Biosecurity
Law of the People’s Republic of China to strengthen the biosecurity system to prevent the
ravages of ASF and better cope with the next epidemic.

In the face of the risk of ASF or other pig diseases, prevention must be prioritized
by enhancing the hygiene management of pig farms and cutting off the transmission
routes of diseases. Therefore, pig farms need to establish a biosecurity barrier to reduce
the transmission of pathogens from the outside to the farm and prevent the spread of
pathogens within the farm. Cleaning and disinfection (C&D) plays a key role in the control
of disease on farms [13]. Pathogenic microorganisms can enter farms via multiple routes.

Therefore, it is essential to thoroughly cleanse and sanitize all movable elements to
minimize the risk of pathogenic outbreaks. C&D of pig farms is a dynamic and continuous
process [14]. Specifically, it can be divided into irregular C&D and regular C&D procedures.
Irregular C&D procedures refer to the cleaning and disinfection of personnel and vehicles
entering the pig farm [15]. Farmers rely on delivery vehicles to convey feed and pigs.
Nonetheless, these vehicles may inadvertently transport viruses due to manure and wheel
adhesions acquired while traveling to various swine farms. It is essential to thoroughly
clean and disinfect the vehicles from the outside to prevent the dissemination of pathogens
within the farm. Similarly, all personnel and visitors accessing the production area must
adhere to strict C&D procedures. At a minimum, personnel should don work clothes, boots,
and mittens that have been disinfected [16]. Personnel are required to adhere to proper
personal decontamination and doffing procedures before leaving an infected premise or
any quarantined area [13]. This preventive measure is essential in curbing the spread of
pathogens. Regular C&D procedures refer to the cleaning and disinfection of buildings and
equipment in pig farms at specified periods, including the ceiling, walls, floor, pipelines,
feeding troughs, drinking nipples, and other equipment [17]. Regular C&D procedures are
more demanding than irregular C&D procedures. This is because regular C&D procedures
follow specific steps to ensure each step is performed effectively and efficiently the first time
to reduce the need for repeating the process [18]. Farmers should first clean all portable
equipment removing all the visible organic matter. The surface should be dried quickly
after cleaning. Managers should check the standard of cleaning using a powerful torch
and moist white wipes. Finally, farmers should use appropriate disinfectants to disinfect
equipment and buildings. Regular C&D of premises must be conducted using the “all
in/all out” system between each batch of pigs, followed by a 10-day resting period between
batches to maintain low infection rates [13,19]. Although thorough C&D provides for the
prevention and control of ASF on pig farms, it places higher demands on the knowledge,
attitude, and cognition of pig farmers [20]. How to enhance farmers’ comprehension of
C&D to encourage implementation has become a new challenge.

Epidemic prevention training for pig breeding aims to offer pig farmers technical guid-
ance in preventing and controlling pig diseases, thus enhancing their capacity to prevent
and control them. In China, training for pig disease prevention and control is frequently
conducted during the fall and winter months. This timing aligns with the seasonal nature
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of disease occurrence in pig herds, as the high incidence of pig diseases typically spans
from mid-September to the end of March the following year. Epidemic prevention training
provides an excellent solution to encourage pig farmers to adopt C&D procedures. First,
knowledge of biosecurity is a crucial driver in influencing behavior [21,22]. Epidemic
prevention training increases the level of knowledge and awareness of pig farmers about
the best C&D procedures. Second, because pig farmers share information and experience
exchange behaviors in social networks, epidemic prevention training can transmit infor-
mation on disease prevention, control, and C&D procedures to pig farmers through social
networks, thus increasing social influence and peer pressure and inspiring pig farmers to
adopt C&D procedures more actively. More importantly, epidemic prevention training can
provide corresponding management support and follow-up inspection, correct problems
and deficiencies in time, improve the training content, and increase pig farmers’ trust and
recognition of C&D procedures [23]. However, certain researchers point out that only a few
farmers would adopt the good practices taught to them after a training session over the long
term [24]. The inadequacy of training methods, lack of capacity, cognitive bias, and social
environment contribute to its occurrence. So, how exactly does epidemic prevention affect
farmers’ C&D management? Although, numerous studies have examined the effects of
personal characteristics, the farming environment, and the policy environment on farmers’
C&D management behaviors [25–28]. Studies on the influence of epidemic prevention
training on farmers’ adoption of C&D procedures from a micro perspective are scarce.
Based on these factors, we examined the effects of epidemic prevention training on pig
farmers’ implementation of C&D procedures from micro-survey data from the province
of Sichuan, analyzing the mediating role of biosecurity cognition in the influence process.
Compared with previous studies, the prime innovations of the study are as follows. First,
micro-survey data collected from the Sichuan province in 2021 were used to explore the
influence of epidemic prevention training on adopting C&D procedures, enriching the
research on the impact of epidemic prevention training on adopting biosecurity measures.
Second, a Bootstrap mediation analysis model was used to examine the mediating role
of farmers’ biosecurity cognition in the impact of epidemic prevention training on the
correct implementation of C&D procedures under the impact of ASF. Third, this study
explores the effective ways for farmers to strengthen pig farm cleaning and disinfection
management under the influence of ASF and provide theoretical and empirical evidence
for the government to construct the epidemic prevention training system and improve the
biosecurity level of pig farms.

2. Materials and Methods
2.1. Theoretical Analysis and Research Assumptions

Schultz’s theory of human capital emphasizes training as an essential method to accu-
mulate human capital [29]. Training is pivotal in motivating and empowering individuals
to engage in self-directed learning, accumulate practical experience, and significantly en-
hance their capacity for creativity, knowledge acquisition, and experiential knowledge
accumulation [30]. First, epidemic prevention training can not only improve the skills of
the trainees, but also enhance the efficiency of using technology by the trainees. Therefore,
epidemic prevention training for pig farmers can improve their human capital for efficiency
and proficiency in C&D procedures. Second, pig farmers need help transitioning from
irregular C&D to regular C&D procedures in practice: higher complexity and learning cost.
These factors hinder the proliferation of standardized C&D procedures among pig farmers.
Epidemic prevention training can optimize the knowledge structure of pig farmers about
farm C&D procedures by disseminating information and providing organized regulation
(that is, regulations and restrictions on organizations holding the epidemic prevention
training) and improving pig farmers’ awareness of C&D procedures to achieve human
capital accumulation. Workers with rich human capital could adjust and correct their early
production experience and breeding habits, adopt regular C&D procedures for pig farms,
and improve the efficiency of C&D through continuous learning to achieve the synergistic
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goal of ensuring biosecurity and stable economic benefits. Third, pig farmers not only seek
to maximize income, but also lower risk distribution and higher survival security [31]. Risk
perception is affected by the knowledge endowment of the pig farmer—that is, the human
capital of the pig farmer. It is difficult for pig farmers, who make independent business
decisions, to measure the unpredictable risk of the epidemic. Epidemic prevention training
can enrich pig farmers’ biosecurity knowledge and make them aware of the importance
of using irregular and regular C&D procedures to reduce the risk of ASF introduction.
Therefore, they select more comprehensive preventive measures to deal with the risk.

Based on this, the following hypotheses are proposed:

H1. Epidemic prevention training encourages pig farmers to adopt C&D procedures.

H1a. Epidemic prevention training encourages pig farmers to adopt irregular C&D procedures.

H1b. Epidemic prevention training encourages pig farmers to adopt regular C&D procedures.

H1c. Epidemic prevention training encourages pig farmers to simultaneously adopt irregular and
regular C&D procedures.

Pig farmers’ biosecurity cognition significantly influences their decision-making re-
garding epidemic prevention and control behavior [32]. Epidemic prevention training can
promote the adoption of C&D procedures by improving pig farmers’ biosecurity cogni-
tion. First, more advanced epidemic prevention measures have higher requirements for
human capital. Unskilled epidemic prevention behaviors could cause economic losses
to pig farmers. Thus, improving pig farmers’ understanding of biosecurity management
will strengthen knowledge accumulation, improve the level of technology used by pig
farmers, and increase the possibility of pig farmers adopting C&D procedures. Second,
the subjective cognition of risk for pig farmers is an essential factor affecting their risk
management strategies [33]. Failure to conduct scientific and proper C&D procedures
by pig farmers could lead to the further spread of swine fever, resulting in substantial
economic losses. However, if farmers gain awareness of the risks, it becomes easier to
comprehend the potential risks associated with not implementing proper cleaning and
disinfection measures. Therefore, strengthening the cognition of pig farmers’ biosecu-
rity can enhance their knowledge of possible disease risks and improve the adoption of
C&D procedures.

H2. Biosecurity cognition plays an important mediating role in epidemic prevention training
influencing the adoption of C&D procedures by pig farmers.

Figure 1 shows the theoretical model of this study.
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2.2. Data Collection

The pig industry constitutes China’s most considerable breeding industry. The risk
of the spread of significant epidemic diseases is an important issue faced by China’s pig
industry. Pig farmers play an important role and have strong representativeness in epidemic
disease prevention and control behaviors adopted by pig farmers and, thus, can better
reflect the implementation of animal husbandry disease prevention and control work.

The data were derived from the field research conducted by the research group in
Sichuan, China, from July to September 2021. We designed a questionnaire based on
the Ministry of Agriculture and Rural Affairs document “Technical Guidelines for the
Normalization of African Swine Fever Prevention and Control (Trial Version)”, the lo-
cal standard “DB51/T 2684-2020 Technical Specifications for the Prevention and Control
of African Swine Fever”, and related research literature. The questionnaire included
three aspects—namely, personal endowment, epidemic prevention measures, and epi-
demic prevention cognition, primarily covering personal endowment, basic character-
istics of the family, system construction, staffing, organizational guarantee, and other
aspects of pig farmers. The research group conducted a pre-survey in Chengdu, Sichuan,
and improved the questionnaire according to the pre-research sample data. Afterwards,
20 researchers were recruited, and a 1-week research training was performed; the training
content primarily covered questionnaire settings, inquiry methods, and precautions.

The researchers could not perform the study on the pig farm because of the limits
imposed by the real production situation of the pig industry. Government restrictions for the
prevention of epidemics prevent gathering the management staff of each pig farm, thereby
making the research substantially more difficult. Local epidemic prevention personnel led
the survey for this project to ensure the representativeness and typicality of the survey and
acquire multiple samples under the prevailing conditions. Under the official authorization
of the district animal husbandry bureaus, the investigators were guided by the epidemic
prevention personnel to visit the pig farm. Face-to-face interviews with the respondents
were conducted on the outskirts of the farm premises. The research group employed a
sampling approach that combined purposive, progressive, and random sampling methods
based on local economic development, pig production, and other relevant factors. The
research sample selection adhered to the principles of scientific rigor, accessibility, and
diversity. The specific operation process was as follows:

First, the sample province was determined. Sichuan Province is located in the hin-
terland of Southwest China. It is a predominantly agricultural province. Sichuan’s pig
slaughter ranks first in China and is strongly represented. Thus, Sichuan, China, was
selected as the research area for this project.

Second, the sample areas were determined. According to the economic development
status and development plan of the Sichuan Province, it can be divided into five major
regions, among which Chengdu Plain Economic Zone, Sichuan South Economic Zone, and
Sichuan Northeast Economic Zone are the leading pig production areas. Based on the
allocation table of incentive funds for hog transfer out of large counties in 2021 issued by
the Ministry of Agriculture and Rural Development, we selected large hog transfer out
counties in Chengdu Plain Economic Zone, Sichuan South Economic Zone, and Sichuan
Northeast Economic Zone as sample counties. The large hog transfer-out counties indicated
a large local hog breeding scale, a better-developed breeding industry, and an increased
sample representative.

Third, sample villages were identified. According to the pig output volume in each
county, we chose five counties or county-level cities from the Chengdu Plain Economic
Zone and five counties or county-level cities from both the South Sichuan Economic Zone
and the Northeast Sichuan Economic Zone. Then, two to five sample townships were
identified. Finally, one to three sample villages were selected in each sample township
(See Figure 2). Based on the pig farmers list, 5 to 20 farmers were randomly selected from
each sample village as subjects. The survey was conducted using one-on-one, face-to-face
interviews. All investigators underwent a week of training before the start of the formal
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survey to ensure that the investigators had a good understanding of the questionnaire.
Finally, 351 questionnaires were distributed and 333 valid questionnaires were recovered,
with a questionnaire recovery rate of 94.87%.
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Figure 2. Distribution of sample counties.

Pig farmers interviewed had an annual slaughter scale of over 30 pigs, with income
from pig farming constituting over 30% of their total annual income. The sample selection
largely considered two aspects: First, the breeding scale of free-range pig farmers was
relatively small, the proportion of breeding income to the total household income was low,
pig breeding could not be the primary business, and there were no primary conditions
for the prevention and control of significant epidemics. Second, large-scale pig farmers
constitute the backbone of China’s pig breeding industry and the core responsible body for
preventing and controlling significant epidemics. Large-scale pig farmers accept most of
the relevant technical specifications, standards, and regulatory policies promulgated by
the state. Accordingly, we focused on the “backbone” of pig production when selecting
samples. It ensured that the research results represented the basic situation of major
epidemic prevention and control of pig farmers across China.

2.3. Variable Selection
2.3.1. Dependent Variables

We investigated the effects of epidemic prevention training on farmers’ adoption of
C&D procedures. Therefore, the dependent variable was whether or not to adopt C&D
procedures. C&D involves two aspects. First, when people or vehicles enter the pig farm,
they should be cleaned and disinfected. This type of C&D procedure is not regular. Thus,
it was defined as an irregular C&D procedure. The value was 1 if the farmer adopted
irregular C&D procedures, and 0 otherwise. Second, pig farms should constantly clean and
disinfect farms to avoid disease growth and transmission. Regular C&D procedures require
farmers to clean and disinfect the barn with pigs once a week under normal circumstances.
When there is a threat of a disease epidemic on the farm, the frequency of C&D procedures
is increased to twice or thrice a week. If the farm has pigs with ASF, it should be cleaned
and disinfected three to five times a day for 7 days, followed by once daily for 15 days. We
defined it as the regular C&D procedure. Not all pig farmers adopt irregular and regular
C&D procedures simultaneously. Some may adopt only one due to limited resources and
perceived limitations. Thus, we employed the comprehensive C&D variable to evaluate
whether pig farmers adopt both irregular and regular C&D procedures. To operationalize
this variable, a value of 1 was assigned if the farmer implemented both measures and 0 if



Vet. Sci. 2023, 10, 516 7 of 19

the farmer implemented only one or none of them, based on the definition of regular and
irregular C&D procedures described above.

2.3.2. Independent Variable

The core explanatory variable in this study was epidemic prevention training. In
response to the question “Do you participate in epidemic prevention training?”, if the
farmer marked “yes”, a value of 1 was assigned; if he received instructions in epidemic
prevention and marked a “no”, a value of 0 was assigned. The content of the epidemic
prevention training primarily involved characteristics, the current situation, hazards, points
for prevention, and prevention methods on five aspects of different major pig diseases,
including ASF, foot-and-mouth disease, and blue ear disease. During the survey, we
particularly emphasized whether the epidemic prevention training involved standardized
procedures for C&D and the selection of disinfectants.

2.3.3. Mediation Variable

We selected biosecurity cognition as our mediation variable based on the previous
analyses [6,34,35]. It is described as the degree of a farmer’s knowledge of the principles or
requirements of biosecurity management (1–5 increments).

2.3.4. Control Variables

Individual characteristics of pig farmers include gender, age, education, and household
labor, which were significantly related to the adoption of epidemic prevention measures
by pig farmers [20]. Regarding production and operation characteristics, pig farmers with
experience of longer breeding years are more likely to implement changes in their man-
agement systems [36]. A larger breeding scale is related to more special assets for pig
breeding and a stronger sense of risk avoidance [37]. Similarly, a higher proportion of
breeding income is related to the increased dependence of pig farmers’ household income
on farming and increased willingness to invest more resources to improve the levels of
biosecurity [38]. Therefore, we selected breeding year, breeding scale, and proportion
of breeding income as the most basic variables in the characteristics of production and
operation and included them in the control variables. In addition, breeding environ-
ment characteristics are important influencing factors affecting the participation of pig
farmers in epidemic prevention training and the adoption of C&D procedures. Breeding
environment characteristics primarily include three aspects—namely, breeding organiza-
tion, breeding insurance, and government inspection [39–42]. Therefore, we focused on
these three dimensions: “Are you a member of a breeding organization?”, “Do you buy
breeding insurance?”, and “Does the government conduct inspections of your farm?”.
Control variables were included for assessment. Table 1 presents the variable definitions
and descriptions.

2.4. Research Methods and Models
2.4.1. Logit Model

After adding control variables, we selected the adoption of C&D procedures as the
dependent variable. Epidemic prevention training was taken as the independent vari-
able. The logit model was used to determine the relationship between independent and
dependent variables.

logit(p) = ln
(

p
1− p

)
= β0 + β1X1 + · · ·+ βiXi + ε1 (1)

Here, p represents the probability of pig farmers adopting C&D procedures; X1 . . . βi
Xi refers to the independent variable, encompassing the core independent variable and
control variables; β1 . . . βi represents the regression coefficient; β0 represents the constant
term; ε1 signifies the residual term.
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Table 1. Variable definitions and descriptive statistics.

Variables Variable Measure Mean S.D.

Irregular C&D procedures Do you require incoming personnel and vehicles to be
cleaned and disinfected? (0 = no, 1 = yes) 0.766 0.424

Regular C&D procedures Do you regularly clean and disinfect the pig farm in
compliance with the regulations? (0 = no, 1 = yes) 0.718 0.451

Comprehensive C&D procedures Do you take both regular and irregular disinfection
measures? (0 = no, 1 = yes) 0.538 0.499

Epidemic prevention training Did you participate in the epidemic prevention training
this year? (0 = no, 1 = yes) 0.637 0.482

Gender Gender of respondents (Female = 0; Male = 1) 0.757 0.430
Age Age of respondents (year) 48.171 9.942

Education
Primary school and below = 1; Junior high school = 2;
Senior high school/technical secondary school = 3; Junior
college = 4; Undergraduate and above = 5

1.778 0.832

Family labor How many people are involved in pig farming
in the household? 1.646 0.769

Breeding year 5 years and below =1; 6–10 = 2; 11–15 = 3; 16–20 = 4; 21
and above = 5 2.919 1.381

Breeding scale 30–99 = 1; 100–499 = 2; 500–999 = 3; 1000–1999 = 4; 2000
and above = 5 1.492 0.786

Proportion of breeding income 30–49% = 1; 50–74% = 2; 75% and above = 3 2.324 0.766

Breeding organization Are you a member of a breeding organization? (such as
cooperative, company) (0 = no, 1 = yes) 0.105 0.307

Breeding insurance Do you buy breeding insurance? (0 = no, 1 = yes) 0.727 0.446

Government inspections Does the government conduct inspections of your farm?
(0 = no, 1 = yes) 0.628 0.484

Biosecurity cognition Your level of knowledge of the contents or requirements
of farm biosecurity management (1–5 increments) 3.240 1.447

2.4.2. Propensity Score Matching Method (PSM Model)

This study focused on whether epidemic prevention training promoted the adoption
of C&D procedures, which can be achieved by comparing farmers’ adaptive C&D behavior
decisions under the two conditions of participation in epidemic prevention training and
non-participation. However, farmers’ responses to adaptive C&D behavior may be self-
selected, and different family resource endowments may also affect farmers’ behaviors,
leading to selection bias. At the same time, because it is hard to observe the impact of
epidemic prevention training on pig farmers when they do not implement C&D measures
to cope with ASF, they can only observe the current behavior of farmers to cope with
ASF, and the absence of observation data will lead to deviation and biased estimation
of samples. Therefore, we used propensity score matching (PSM) to solve this problem
and improve the robustness of the results. PSM error correction divided the pig farmers
into an experimental group and a control group based on whether they received epidemic
prevention training and afterward matched in a certain manner such that the external
control conditions remained the same. The impact of epidemic prevention training on
adopting C&D procedures in the experimental and control groups was studied by assessing
the difference between them to adopt C&D procedures. The specific operation process was
as follows. First, the logit regression model was used to calculate the propensity score.
Second, according to the score, the experimental and control groups were matched using a
suitable algorithm. Finally, the average adaptation willingness (ATT) of the experimental
and control groups to adopt C&D procedures was calculated:

ATT = E[(y1i − y0i)|Di = 1] = E(y1i|Di = 1)− E(y0i|Di = 1) (2)

where Di is a binary variable and i indicates that pig farmers participate in epidemic
prevention training. Di = 1 indicates that the pig farmers participate in epidemic preven-



Vet. Sci. 2023, 10, 516 9 of 19

tion training; otherwise, they are not involved in training. y1i and y0i represent estimates
for experimental and control groups, respectively. ATT indicated that pig farmers who
participated in epidemic prevention training had adopted C&D procedures at the level
E(y1i|Di = 1), and pig farmers who did not participate in epidemic prevention training
adopted C&D procedures at the level E(y0i|Di = 1) gap. As E(y0i|Di = 1) could not be
observed, PSM algorithmically placed E(y0i|Di = 1) to substitute E(y0i|Di = 0) .

2.4.3. Mediation Effect Test Model of Bootstrap Method

We used the Bootstrap method [43] for the mediation effect test. Compared with the
causal stepwise regression method commonly used in academia [44], the Bootstrap method
has improved in terms of testing the rationality of the procedure (the existence of the
mediation effect does not need to be significant over), the depth of the test analysis (certain
intermediaries imply that there is still an intermediary path that has not been revealed) and
the validity of the test method (the Bootstrap method can reduce the probability of making
a type of error). Based on this, a specific model was designed as follows:

Y = i + cX + e1 (3)

M = i + aX + e2 (4)

Y = i + cX + bM + e3 (5)

The model considers Y as the adoption of C&D for dependent variables, X as the core
independent variable of epidemic prevention training, and M as the mediating variable
representing biosecurity cognition. The specific mediation effect test procedure was as
follows: the first step tested whether a.b was significant. If a.b was significant—that
is, the mediation test result does not contain 0 under the 95% confidence interval—the
intermediary path existed. The second step tested if a.b was insignificant—that is, the
mediating test result contained 0 under the 95% confidence interval—the intermediary path
did not exist, and we skipped to the third step. The third step was to test whether c′ was
significant. If c′ was insignificant, it was a complete mediating effect; if c′ was significant, it
was a partial mediating effect. In the third step, if a.b was insignificant, the intermediary
was not established, and we continued to test whether c′ was significant. Here, i is the
intercept term, a, b, c are the estimation parameters, respectively, and e1, e2, and e3 are
residual items of the regression model.

3. Results
3.1. Descriptive Analysis

The study sample demonstrated that the pig farmers primarily included males,
who accounted for 75.68% of the total sample. Individuals aged 40–59 accounted for
72.07 percent of the entire group. This distribution aligned with the prevailing demo-
graphic characteristics of pig farming in China, where most pig farming entities were
middle-aged males. Additionally, the breeding scale of 30–99 accounted for 61.56% of the
sample, while the breeding scale of 100–499 represented 33.33%. This distribution aligned
with the prevailing situation of relatively small-sized pig farmers in China. More than half
of the total sample relied on pig farming for over 75% of their income, and all participants
had more than 30% of their income from farming activities. This indicated that the survey
sample adequately represented farmers for whom pig farming is the primary source of
livelihood. The basic distributional characteristics of the survey sample are listed in Table 2.
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Table 2. Basic distributional characteristics of the survey sample.

Variables Classification Sample
Size

Proportion
(%) Variables Classification Sample

Size
Proportion

(%)

Gender Male
Female

252
81

75.68
24.32

Government
inspections

Yes
No

209
124

62.76
37.24

Age

Under 30 years old
30–39 years old
40–49 years old
50–59 years old

Over 59 years old

20
46

109
131
27

6.01
13.81
32.73
39.34
8.11

Breeding scale

30–99
100–499
500–999

1000–1999
2000 and above

205
111

4
7
6

61.56
33.33
1.20
2.10
1.80

Education

Primary school and below
Junior high school

Senior high
school/technical
secondary school

Junior college
Undergraduate and above

143
136
41
11
2

42.94
40.84
12.31
3.30
0.60

Breeding year

5 years and below
6–10

11–15
16–20

21 and above

71
59
88
56
59

21.32
17.72
26.43
16.82
17.72

Proportion of breeding income
30–49%
50–74%

75% and above

61
103
169

18.32
30.93
50.75

Family labor
1
2

3 and above

161
141
31

48.35
42.34
9.31

Breeding
organization

Yes
No

35
298

10.51
89.49

Breeding
insurance

Yes
No

242
91

72.67
27.33
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3.2. Binary Logit Model Estimation

In this study, we conducted a binary logit regression model of the epidemic prevention
training’s impact on pig farmers’ adoption of C&D procedures using the Stata software.
Regression coefficients and marginal effects were both presented. As shown in Table 3,
epidemic prevention training positively affected pig farmers’ adoption of irregular and
regular C&D procedures separately at the 1% and 5% significance levels. It also affected
adopting comprehensive C&D procedures with a 1% significance level. For every 1%
increase in epidemic prevention training, the probability of pig farmers adopting irregular,
regular, and comprehensive C&D procedures increased by 0.133, 0.115, and 0.188 percentage
points. However, because the decision of pig farmers to participate in epidemic prevention
training is not random, factors such as personal endowment and the external environment
could influence the choice of pig farmers, leading to self-selection bias. Therefore, we
adopted PSM to avoid the problem of self-selection bias.

Table 3. Regression results of the binary logit model.

Variables Irregular C&D Procedures Regular C&D Procedures Comprehensive C&D Procedures
Coefficient Dy/dx Coefficient Dy/dx Coefficient Dy/dx

Epidemic prevention
training

0.788 ***
(0.298)

0.133 ***
(0.049)

0.754 **
(0.314)

0.115 **
(0.046)

0.949 ***
(0.280)

0.188 ***
(0.052)

Gender 0.0680
(0.321)

0.012
(0.054)

0.378
(0.330)

0.057
(0.050)

0.555 *
(0.304)

0.110 *
(0.059)

Age −0.0327 **
(0.0161)

−0.006 **
(0.003)

0.027
(0.0169)

0.004
(0.003)

−0.009
(0.015)

−0.00186
(0.003)

Education −0.238
(0.185)

−0.040
(0.031)

0.226
(0.217)

0.034
(0.033)

−0.087
(0.177)

−0.0172
(0.035)

Family labor −0.0373
(0.183)

−0.006
(0.031)

0.338
(0.224)

0.051
(0.034)

0.281
(0.176)

0.0558
(0.034)

Breeding year 0.144
(0.107)

0.024
(0.018)

0.261 **
(0.116)

0.040 **
(0.017)

0.232 **
(0.010)

0.0460 **
(0.019)

Breeding scale 0.328
(0.221)

0.056
(0.037)

0.859 ***
(0.320)

0.131 ***
(0.047)

0.547 **
(0.220)

0.108 **
(0.042)

Proportion of breeding
income

−0.285
(0.201)

−0.048
(0.034)

0.018
(0.202)

0.003
(0.031)

−0.206
(0.180)

−0.0408
(0.035)

Organization 0.0994
(0.501)

0.017
(0.085)

1.946 *
(1.068)

0.296 *
(0.161)

0.575
(0.484)

0.114
(0.095)

Insurance −0.087
(0.321)

−0.015
(0.054)

−0.218
(0.334)

−0.033
(0.051)

0.031
(0.300)

0.006
(0.060)

Government inspections 0.034
(0.300)

0.006
(0.051)

1.236 ***
(0.305)

0.188 ***
(0.042)

0.829 ***
(0.271)

0.165 ***
(0.051)

_cons 2.560 **
(1.044)

−4.55 ***
(1.190)

−2.312 **
(0.994)

N 333 333 333
Chi2 18.62 * 87.67 *** 73.03 ***

Pseudo R2 0.051 0.221 0.159

Note: Standard errors are shown in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

3.3. Estimation Results of PSM

We adopted nearest neighbor matching, radius matching, and kernel matching for
estimation. The treatment variable was whether it was for participation in epidemic pre-
vention training, and the matching was based on the propensity score generated from
logit regression. Before computing the average treatment effect, it was essential to eval-
uate using the common support domain and balance test. The specific tests included
the following:

This study examined the degree of overlap between the propensity score distribution
intervals of the treatment and control groups to ensure matching quality. The common
value range of all matching results is presented in Figure 3. Nearest neighbor matching
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and kernel matching had the most observations located in the common value range, and
the matching process only lost three samples, which was an excellent matching effect. In
comparison, radius matching lost 16 samples throughout the matching process.
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The primary purpose of the homogeneity test was to examine whether the distribution
of explanatory variables in the treatment and control groups was well balanced before and
after matching. A standard deviation of less than 10% indicated an excellent matching
effect. The results clearly showed that the differences in pseudo-R2 values, LR statistics,
and standardized deviations of the three matching methods were significantly lower after
matching (Table 4). In addition, the standardized deviations were less than 10%, indicating
an excellent matching effect, and cleared the balance test.

Table 4. Equilibrium test results.

Matching Algorithms Item Epidemic Prevention Training

Unmatched Matched

Nearest neighbor
matching (1:2)

Pseudo-R2 0.176 0.048
LR statistics 76.90 27.75
MeanBias 31.8 9.8

Radius matching (caliper 0.02)
Pseudo-R2 0.176 0.034

LR Statistics 76.90 19.56
MeanBias 31.8 8.4

Kernel-based
matching

(bandwidth 0.06)

Pseudo-R2 0.176 0.037
LR Statistics 76.90 21.38

MeanBias 31.8 9.2

Table 5 demonstrates the average treatment effect of epidemic prevention training on
adopting C&D procedures among pig farmers. We used the bootstrap self-help method
with 500 cycles, and the corresponding self-help standard errors were calculated.

Table 5. Average treatment effects of different matching algorithms.

Matching Algorithms Irregular C&D Procedures Regular C&D Procedures Comprehensive C&D Procedures

ATT T-value ATT T-value ATT T-value
Nearest neighbor

matching (1:2)
0.183 **

2.36
0.206 **

2.58
0.278 ***

3.48(0.089) (0.091) (0.091)
Radius matching

(caliper 0.02)
0.172 **

2.35
0.180 **

2.36
0.269 ***

3.55(0.075) (0.079) (0.083)
Kernel-based matching

(bandwidth 0.06)
0.176 **

2.48
0.175 **

2.36
0.262 ***

3.54(0.076) (0.074) (0.074)

Note: Standard errors are shown in parentheses. ** p < 0.05, *** p < 0.01.
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With the adoption of irregular C&D procedures, all matching results passed the
significance test. The ATT value produced by the nearest neighbor matching was the
highest—i.e., 0.183 (Table 5). The results demonstrated that epidemic prevention training
facilitated the implementation of irregular C&D procedures. All ATT values for regu-
lar C&D procedures were considered positive and cleared the test for significance at a
5% level. The highest ATT value was 0.206 for the nearest neighbor matching, whereas
0.180 was the ATT value for radius matching (Table 5). The results suggested that epidemic
prevention training can enhance the adoption of regular C&D procedures among pig farm-
ers. Furthermore, epidemic prevention training had a statistically significant impact on
promoting farmers to adopt irregular and regular C&D procedures simultaneously across
all three matched outcomes at a level of significance of 1%.

3.4. Analysis of Mediating Effects

The Bootstrap method was used to test the mediation functions of biosecurity cognition.
The mediating effect was assessed based on whether the results of the mediation test
contained 0 at the 95% confidence interval.

As shown in Table 6, the primary effect interval for the effect of epidemic prevention
training on the adoption of irregular C&D procedures contained 0. In contrast, the con-
fidence interval for the mediating effect did not contain 0. These results indicated that
epidemic prevention training directly affected the adoption of irregular C&D procedures,
whereas the impact of biosecurity cognition was insignificant. However, the primary effect
interval of the epidemic prevention training on adopting regular C&D procedures did
not contain 0, whereas the confidence interval of the mediating effect contains 0. This
suggested that epidemic prevention training increased the adoption of regular C&D pro-
cedures by increasing the biosecurity cognition of pig farmers. Regular C&D procedures
can be lengthy, costly, and involve complex strategies, which may require pig farmers to
develop a deeper understanding of biosecurity. Noteworthy, epidemic prevention training
directly impacted pig farmers’ adoption of comprehensive C&D procedures and facilitated
adoption by enhancing their biosecurity cognition, with both direct and indirect effects
having intervals inclusive of 0.

3.5. Heterogeneity Analysis

Heterogeneity among pig farmers was one of the most significant internal environ-
mental factors limiting the improvement of pig farms’ biosecurity. The effect of epidemic
prevention training on the adoption of C&D procedures with different characteristics can
vary. This study examined the impact of epidemic prevention training on the adoption of
C&D procedures from two distinct perspectives—namely, breeding years and breeding
insurance. The adoption levels of C&D procedures among pig farmers from several hetero-
geneity perspectives were determined using kernel matching. The findings are presented
in Table 7.

On the one hand, the study’s findings indicated that epidemic prevention training
significantly promoted regular and comprehensive C&D procedure adoption among pig
farmers with shorter breeding experience, at a significant level of 5% and 1%. Conversely,
the impact of epidemic prevention training was limited for pig farmers with more ample
farming experience. This was because experienced pig farmers relied on their existing
knowledge and were less open to adopting new C&D procedures. On the other hand, the
adoption of both irregular and regular C&D procedures was significantly promoted by
epidemic prevention training among pig farmers who had breeding insurance at a statistical
level of 1%. However, for pig farmers without breeding insurance, epidemic prevention
training only promoted adopting irregular C&D procedures. A possible explanation was
the difference in risk management awareness and resource allocation points of pig farmers
with and without breeding insurance.
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Table 6. Mediation analysis.

Irregular C&D Procedures Regular C&D Procedures Comprehensive C&D Procedures

Coefficient
95% Confidence Interval

Coefficient
95% Confidence Interval

Coefficient
95% Confidence Interval

Lower-Bound Upper-Bound Lower-Bound Upper-Bound Lower-Bound Upper-Bound

Direct effects
0.138 ** 0.025 0.251 0.096 * −0.002 0.194 0.173 *** 0.054 0.293
(0.058) (0.054) (0.061)

Indirect effects
0.004 −0.013 0.022 0.030 ** 0.003 0.057 0.029 ** 0.001 0.057

(0.009) (0.014) (0.014)

Note: Standard errors are shown in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 7. Heterogeneity analysis.

Variables Irregular C&D Procedures Regular C&D Procedures Comprehensive C&D Procedures

ATT T-value ATT T-value ATT T-value

Shorter breeding years (10 years and below) 0.142
1.15

0.296 **
2.31

0.321 ***
2.83(0.131) (0.127) (0.126)

Longer breeding years (Over 10 years) 0.193 *
1.83

0.108
1.05

0.219 *
1.95(0.109) (0.103) (0.119)

No breeding insurance 0.400 *
(0.213) 2.54 −0.045

(0.175) −0.45 0.247
(0.209) 1.41

Having breeding insurance 0.128
(0.096) 1.52 0.194 **

(0.088) 2.22 0.257 ***
(0.093) 2.87

Note: Standard errors are shown in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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4. Discussion

The emergence of highly infectious diseases like ASF poses a significant threat to the
global agricultural chain and meat production [6]. ASF is primarily facilitated through
unsterilized vehicles and people, contributing to 46% of the total transmission [45]. Hence,
stringent measures are imperative to clean and disinfect incoming vehicles and person-
nel. Moreover, the ASF virus exhibits remarkable resilience in protein-rich environments,
enabling its survival for extended periods [46]. This extreme environmental resistance
is pivotal in the virus‘s localized persistence and geographic spread [47]. Consequently,
regular and thorough cleaning and disinfection protocols in pig farms assume paramount
importance. In this study, we used the IPWRA model, Bootstrap method, and micro-
data to evaluate how epidemic prevention training for pig breeding affects pig farmers‘
adoption of C&D procedures. Based on the results, resources and effort should be placed
on strengthening epidemic prevention training to improve the management of C&D on
pig farms.

According to the results, epidemic prevention training significantly promoted more
comprehensive C&D management among pig farmers. Previous studies have consistently
demonstrated that biosecurity knowledge drives behavioral changes [21,22]. The lack of
such knowledge, coupled with high-risk practices and non-compliance with regulations,
contributes to the persistent occurrence of ASF [48]. Training is an interactive learning pro-
cess that equips pig farmers with essential skills, knowledge, and attitudes while facilitating
knowledge-sharing [20]. Farmers are encouraged to effectively adopt various measures
to prevent ASF by internalizing and implementing the knowledge gained. Building upon
previous studies, our study further investigated the impact of epidemic prevention training
on C&D procedures. Epidemic prevention training generates favorable external conditions
for farmers to acquire knowledge of C&D procedures. On the one hand, it reduces the
perceived complexity of C&D procedures and increases the incentives for pig farmers to
improve farm biosecurity. Epidemic prevention training introduces pig farmers to and
provides consultations on using C&D procedures, which will be translated into practical
behavior when farmers learn the essential biosecurity contents and measures, encouraging
the adoption of these procedures. On the other hand, pig producers are informed about
the importance of farm biosecurity system construction. Throughout the training, pig
farmers comprehensively understood the concept of irregular C&D and the need to clean
and disinfect all areas where pigs, humans, and cars passed to prevent spreading infections
to another herd. Concurrently, all-in and all-out production were widely encouraged
in China, necessitating more C&D of different herds after breeding in the same barn to
prevent the spreading of disease between herds. Thus, pig farmers are more willing to
adopt comprehensive C&D procedures after participating in epidemic prevention training.

Furthermore, it has been demonstrated that pig farmers’ biosecurity cognition s
mediating in adopting C&D programs due to epidemic prevention training. Lengthy
periods of knowledge transfer and technical instruction in epidemic prevention training can
increase pig farmers’ knowledge of biosecurity content and measures. It also emphasizes
the significance of regular C&D procedures. As farmers’ biosecurity cognition improves,
they become more willing to sacrifice economic benefits to manage and reduce farming
risks, ultimately leading them to select more comprehensive C&D measures to improve
farm biosecurity. Previous research had indicated that production experience is shaped
by the accumulation of cognition and knowledge, crucial variables in individual and
organizational decision-making [49,50]. These factors significantly influence the behavioral
intentions of individuals and ultimately impact their behavioral decisions. Governments
need to build trust with pig farmers and make them aware of their critical role in preventing
ASF and of the underlying purpose of ASF control and eradication measures so that they
adopt a range of biosecurity measures [38,51]. This study contributed to the important role
of increased biosecurity cognition among pig farmers for their excellent disease prevention
and control.
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At the same time, there are differences in the effect of epidemic prevention training on
different pig farms due to differences in individual endowments. This study examined that
pig farmers who had been in the industry for a more extended period had extraordinary
farm management expertise and were more likely to implement advanced biosecurity
measures. It was consistent with the previous study [36]. Furthermore, pig farmers with
farm insurance were more likely to adopt C&D procedures, enhancing farm biosecurity.
Pig farmers having breeding insurance have a greater knowledge of risk management [52].
They were more likely to forgo cost advantages in favor of adopting more comprehensive
C&D methods to improve farm biosecurity and lower the risk of pig illnesses. In con-
trast, non-insured pig farmers tend to expend more effort on irregular C&D procedures
because they tend to be more risk-averse and hesitate to invest significantly in biosecurity
management [33].

5. Conclusions and Policy Recommendations
5.1. Conclusions

Because the participation of every pig farmer in biosecurity construction affects the
whole country’s pig disease prevention and control strategy, it is crucial to rapidly promote
C&D procedures, improve the biosecurity level of pig farms, and enhance the risk preven-
tion capability of pig farms. In this study, based on the data from 333 pig farmers in Sichuan,
China, the logit and PSM models were used to estimate the impact of epidemic prevention
training on pig farmers’ adoption of C&D procedures, and the Bootstrap method was
used to study the mediating role of biosecurity cognition. The results demonstrated that:
(a) epidemic prevention training reinforced the adoption of C&D procedures taken by pig
farmers. Specifically, epidemic prevention training played a crucial role in promoting the
adoption of both irregular and regular C&D procedures by pig farmers and can lead to
simultaneous adoption. (b) Epidemic prevention training can encourage pig farmers to
adopt regular C&D procedures through biosecurity cognition. (c) Heterogeneity exists
among different farming groups. After receiving epidemic prevention training, younger
pig farmers and those with breeding insurance will likely adopt more comprehensive
C&D procedures.

5.2. Policy Recommendations

First, biosecurity involves the public interest of the whole society and is difficult
to address by grassroots governance effectively. Given the positive impact of epidemic
prevention training on pig farmers’ adoption of C&D procedures, the government should
take the construction of an epidemic prevention training system as an essential path to
enhance the biosecurity level of pig farming and support it in terms of financial, material,
and human resources. In this endeavor, the government should lead in establishing a
comprehensive training system for pig epidemic prevention, fostering active involvement
from pig breeding enterprises, scientific research institutes, and breeding associations.

Second, bolster pig farmers’ biosecurity cognition through their proactive participation.
Utilizing participatory training as a bridge strengthens local pig farmers’ communication
and makes them better understand the realities of pig epidemics, promoting cross-learning
and collaboration. Furthermore, regularly evaluating the effectiveness of the training and
seeking feedback from participants empowers them to actively contribute to developing
epidemic prevention training elements. Through risk communication and community
involvement, pig farmers’ biosecurity cognition is continually improved. Third, it needs to
tailor training programs designed for various generational groups to address the hetero-
geneity among different pig farmers. Additionally, the curriculum of epidemic prevention
training is continuously enriched and innovated in line with the advancements in pig
epidemic prevention technology and methodologies. Moreover, the government should
provide breeding insurance subsidies to pig farmers to enhance their ability to cope with
epidemic risks. Breeding insurance subsidies can avoid the loss of rent-seeking behavior
associated with direct financial contributions and improve management efficiency.
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6. Limitations and Future Research Direction

This study had certain limitations, which could result in research gaps. First, this
study focused solely on the effect of epidemic prevention training approaches on adopting
C&D procedures in pig farms. Future studies can investigate the influence mechanisms of
training in different methods of epidemic prevention. Second, we examined the value of
C&D procedures from two perspectives: irregular C&D and regular C&D procedures in
pig farms. However, C&D is a systematic endeavor that treats waste and disinfects inputs.
In this regard, future research can focus on multiple facets of C&D in pig farms. Increasing
the degree of biosecurity on pig farms entails several interdependent elements. Moreover,
we examined the farmers’ adoption of C&D procedures from a social science perspective
and did not measure the effectiveness of C&D procedures. Although farmers adopted
C&D procedures, their effectiveness could be affected by different procedures and different
chemical concentrations of disinfecting agents. This aspect is yet to be explored in-depth
and could be a future research focus.
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