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Abstract : The objective of this study was to determine potential contributing factors associated with biosecurity level
of farrow-to-finish pig farms and to develop a classification tree model to explore how these factors related to each
other based on prediction model. To this end, the author analyzed data (n= 193) extracted from a cross-sectional study
of 344 farrow-to-finish farms which was conducted between March and September 2014 aimed to explore swine disease
status at farm level. Standardized questionnaires with information about basic demographical data and management
practices were collected in each farm by on-site visit of trained veterinarians. For the classification of the data sets
regarding biosecurity level as a dependent variable and predictor variables, Chi-squared Automatic Interaction Detection
(CHAID) algorithm was applied for modeling classification tree. The statistics of misclassification risk was used to
evaluate the fitness of the model in terms of prediction results. Categorical multivariate input data (40 variables) was
used to construct a classification tree, and the target variable was biosecurity level dichotomized into low versus high.
In general, the level of biosecurity was lower in the majority of farms studied, mainly due to the limited implementation
of on-farm basic biosecurity measures aimed at controlling the potential introduction and transmission of swine diseases.
The CHAID model illustrated the relative importance of significant predictors in explaining the level of biosecurity;
maintenance of medical records of treatment and vaccination, use of dedicated clothing to enter the farm, installing
fence surrounding the farm perimeter, and periodic monitoring of the herd using written biosecurity plan in place.
The misclassification risk estimate of the prediction model was 0.145 with the standard error of 0.025, indicating that
85.5% of the cases could be classified correctly by using the decision rule based on the current tree. Although CHAID
approach could provide detailed information and insight about interactions among factors associated with biosecurity
level, further evaluation of potential bias intervened in the course of data collection should be included in future studies.
In addition, there is still need to validate findings through the external dataset with larger sample size to improve

the external validity of the current model.
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Table 1. Frequency distribution of biosecurity measures on 193 farrow-to-finish pig farms according to biosecurity level

Biosecurity level

No Biosecurity measures investigated
Low (%) High (%)

1 Keeping farm management (production) records by computer 0.0 100.0
2 Absence of foreign workers on the farm 52.1 47.9
3 Endorse HACCP accreditation by government authority 19.0 81.0
4 Endorse non-antibiotic accreditation on the farm 233 76.7
5 Purchasing semen from one source of operation 382 61.8
6 Sick pigs are completely separated from the rest of the herd 17.6 82.4
7 Self disposal of dead stocks in a timely manner 36.8 63.2
8 Absence of livestock facilities within a 1km radius of the farm 329 67.1
9 Off-site removal of dead stocks 50.0 50.0
10 Fence surrounding the farm perimeter 19.8 80.2
11 Presence of a sign forbidding the entrance 333 66.7
12 Parking lot outside the farm 37.0 63.0
13 Providing clothing and boots for visitors before entering the farm 25.5 74.5
14 Disinfection of vehicles before entering the farm 327 67.3
15 Compulsory registering for visitors 31.9 68.1
16 Restricting access of visitors with foreign travel in the previous 7 days 28.6 714
17 Off=-site pick-up location for finishers 6.4 93.6
18 Off-site location of storage facility for incoming feeds 16.7 83.3
19 Do not allow feed supplier truck to enter the farm 15.2 84.8
20 Do not allow feed supplier truck driver to enter the farm 374 62.6
21 Do not allow finisher truck to enter the farm 8.6 91.4
22 Do not allow finisher truck driver to enter the pig unit 342 65.8
23 Restriction on manure (slurry) disposal trucks entering the farm 8.9 91.1
24 Using a footbath for the entrance of each barn 33.1 66.9
25 Use of dedicated clothing to enter the farm 18.4 81.6
26 Maintenance of log book (record) for insect control 25.7 74.3
27 Avoiding introduction of replacement from outside sources 37.9 62.1
28 Do not allow bulk feed supplier truck to enter the farm 11.1 88.9
29 Reviewing for health status record of the source herd prior to purchasing pigs 27.7 723
30 Routine checking for temperature at each pig unit 30.8 69.2
31 Supply of chlorinated drinking water 15.5 84.5
32 Periodic on-site clinical monitoring of pigs by veterinarian 23.5 76.5
33 Consultation with veterinarians for choosing vaccine 36.4 63.6
34 Vaccine storage at desirable temperature 394 60.6
35 Use of a syringe to treat each sow 32.1 67.9
36 Keeping medical records of treatment and vaccination 15.8 84.2
37 Health monitoring of sows by periodic blood testing 28.9 71.1
38 Periodic monitoring of the herd using written biosecurity plan in place 11.8 88.2
39 Providing employee on educational program for biosecurity measures 5.9 94.1
40 Direct transport finisher (marketable age) to the auction markets 36.4 63.6
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Fig 1. A chi-squared automatic interaction detection (CHAID)
classification tree analysis to identify risk factors associated
with the biosecurity level of farrow-to-finish pig farms (n=
193).
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Table 2. The results of the final classification tree model

Biosecurity Predicted biosecurity level
level Low High Accuracy
Low 58 20 74.4%
High 8 107 93.0%
Total percent 34.2% 65.8% 85.5%

Table 3. Gain and index charts for nodes in the CHAID clas-
sification tree model for low biosecurity standard (node by
node)

Node Node Gain Response  Index

number A N % (%) (%)

6 44 22.8 43 55.1 97.7 241.8
5 22 11.4 15 19.2 68.2 168.7
4 35 18.1 16 20.5 45.7 113.1
8 24 12.4 4 5.1 16.7 41.2
7 68 352 0 0.0 0.0 0.0

Growing method: CHAID; dependent variable: low level of
biosecurity

Table 4. Gain and index charts for nodes in the CHAID clas-
sification tree model for high biosecurity standard (node by
node)

Node Node Gain Response Index

number % N % (%) (%)

68 352 68 59.1 100.0  167.8
24 12.4 20 17.4 83.3 139.9
35 18.1 19 16.5 543 91.1
22 11.4 7 6.1 31.8 53.4
6 44 22.8 1 0.9 23 3.8

Growing method: CHAID; dependent variable: high level of
biosecurity
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Fig 2. The gain and index charts of the CHAID classification
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Fig 3. The receiver-operating characteristic curve for pre-
dicting high biosecurity level using CHAID tree model (area
under the ROC curve = 0.84 with standard error of 0.033).
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