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Abstract The national loss caused by the periodic livestock epidemic is very large. In addition, vehicle movement
is the main cause of livestock epidemics in Korea. In this context, this study analyzed the relationship between the
degree centrality of livestock facilities and the outbreak of infectious diseases. For this purpose, a livestock vehicle
movement network was constructed using the facility entrance data provided by KAHIS. Afterwards, the centrality
index was derived for each facility in the vehicle movement network and the mean centrality index of the epidemic
and non-epidemic facilities were compared. The analysis results are summarized as follows. First, the degree centrality
of epidemic facilities is significantly greater than non-epidemic facilities. As a result of the analysis of the entire
period data and the period-based data, in most data, the degree centrality of facilities where livestock infectious
diseases occurred was significantly greater than most non-occurrence facilities. Second, in the entire period data, the
difference in degree centrality between the epidemic and non-epidemic facilities was smaller for HPAI than for FMD.
On the other hand, no significant difference was found in the results of the analysis according to the divided period.
The policy implications of the results are as follows. First, proactive management of facilities based on centrality is
needed. Second, in the case of cloven-hoofed animal facilities, it is more urgent to introduce a management policy
based on the degree centrality.

Keywords : Social Network Analysis, Highly Pathogenic Avian Influenza, Foot and Mouth Disease, Risk of Infection,
Quarantine Policy
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Fig. 1. Construction of Data
(a) Vehicle Log Data
(b) Vehicle Movement Network
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Table 1. Data Set Used for Analysis

year | Month of Included Month FMD | HPAI
Epidemic
201401 201312 | 201401 | 201402 0
201402 201401 | 201402 | 201403 0
201403 201402 | 201403 | 201404 0
201404 201403 | 201404 | 201405 0
2 201405 201404 | 201405 | 201406 0
(1) 201406 201405 | 201406 | 201407 0
4 201407 201406 | 201407 | 201408 0
201409 201408 | 201409 | 201410 0
201410 201409 | 201410 | 201411 0
201411 201410 | 201411 | 201412 0
201412 201411 | 201412 | 201501 | O
) 201501 201412 | 201501 | 201502 | O | O
0 201502 201501 | 201502 | 201503 | O
1 201503 201502 | 201503 | 201504 | O
5 201504 201503 | 201504 | 201505 | O
) 201602 201601 | 201602 | 201603 | O
0 201603 201602 | 201603 | 201604 | O
1 201611 201610 | 201611 | 201612 0
6 201612 201611 | 201612 | 201701 0
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Table 2. Average Difference in centrality Index Between Epidemic Facilities and Non Epidemic Facilities

Non Epidemic Facilities Epidemic Facilities T-test
Centrality Equality of Average
Index N Av(ie)lge N Av(e];';lge Variances ¢ p Difference
(B-A)
total
1,407,051 | 57.55706 512 95.06641 o 7.604 .000 37.50935
All movement
Data
degree 1,407,051 0.00069 512 0.00099 o 4.875 .000 0.00030
centrality
total
176,426 51.40233 388 88.84278 X 7230 000 37.44045
movement
HPAI (—
eeree 176,426 0.00065 388 0.00085 0 2915 004 0.00020
centrality
total
442,628 59.67291 106 118.64151 o 5263 000 58.96860
movement
FMD .
eeree 442,628 0.00067 106 0.00150 X 6.476 .000 0.00083
centrality
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Table 3. Average Difference in centrality Index by Period
Non Epidemic Facilities Epidemic Facilities T-test

Disease | Period Centrality qu;afhty Average
Index N Av(iz)lge N Av((;;a)lge Variances p Difference

(B-A)

total movement 9,784 45.05509 20 59.20000 (0) 0.450 14.14491

201801 degree centrality 9,784 0.00069 20 0.00091 (0] 0.450 0.00022
total movement 10,218 45.94412 39 70.20513 [ 0.083 24.26101

201402 degree  centrality 10,218 0.00069 39 0.00106 o 0.082 0.00037
total movement 9,590 52.41303 26 83.92308 (0) 0.104 31.51004

201403 degree centrality 9,590 0.00084 26 0.00134 (0] 0.104 0.00050
total movement 9,760 44.67439 2 145.00000 (0) 0.083 100.32561

201404 degree  centrality 9,760 0.00068 2 0.00219 (0) 0.083 0.00152
total movement 11,123 58.47334 4 181.75000 (0) 0.037 123.27666

201405 degree centrality 11,123 0.00084 4 0.00260 (0] 0.037 0.00176
total movement 11,249 61.79518 2 54.00000 (0] 0.927 -7.79518

201406 degree  centrality 11,249 0.00088 2 0.00077 (0) 0.927 -0.00011
total movement 11,529 61.47619 1 388.00000 - 0.006 326.52381

HPAI | 201407

degree centrality 11,529 0.00086 1 0.00544 - 0.006 0.00457

total movement 12,343 59.42194 4 156.50000 (0] 0.102 97.07806

201409 degree  centrality 12,343 0.00081 4 0.00213 (0) 0.102 0.00132
total movement 12,650 57.89739 11 84.09091 (0] 0.450 26.19352

201410 degree centrality 12,650 0.00078 11 0.00113 (0] 0.449 0.00035
total movement 12,783 58.85332 3 28.66667 (0] 0.652 -30.18665

2014t degree  centrality 12,783 0.00079 3 0.00038 (0) 0.652 -0.00040
total movement 12,917 58.55462 1 31.00000 - 0.819 -27.55462

20101 degree centrality 12,917 0.00078 1 0.00041 - 0.819 -0.00037
total movement 26,241 43.48721 65 84.49231 X 0.023 41.00509

2otett degree  centrality 26,241 0.00033 65 0.00064 X 0.023 0.00031
total movement 26,239 40.00953 210 93.78095 X 0.000 53.77142

201612 degree  centrality 26,239 0.00030 210 0.00071 X 0.000 0.00041
total movement 53,573 58.83859 5 92.40000 (0] 0.521 33.56141

201412 degree  centrality 53,573 0.00078 5 0.00123 (0) 0.521 0.00045
total movement 53,870 58.25315 30 94.86667 o 0.083 36.61352

01301 degree  centrality 53,870 0.00077 30 0.00126 o 0.083 0.00049
total movement 55,348 60.41559 30 101.10000 [ 0.059 40.68441

201302 degree  centrality 55,348 0.00077 30 0.00129 (4] 0.059 0.00052
total movement 56,060 63.56454 29 169.27586 (0) 0.000 105.71132

FMD | 201503

degree centrality 56,060 0.00080 29 0.00212 (0] 0.000 0.00132

total movement 56,274 67.65581 8 101.87500 (0] 0.445 34.21919

201504 degree  centrality 56,274 0.00084 8 0.00127 [0) 0.445 0.00043
total movement 79,204 55.97793 3 170.00000 (0) 0.067 114.02207

201602 degree centrality 79,204 0.00049 3 0.00150 [0) 0.067 0.00101
total movement 88,299 56.33581 1 1.00000 - 0.604 -55.33581

201603 degree  centrality 88,299 0.00044 1 0.00001 - 0.604 -0.00044
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HPAIZ} 2433 20140241 %(24.26), 201611213 (41.00),
201612A13(53.77)¢ll vlste] F8lgk 2pol& 7] of
He) & B A3 7P 28 AFE B4 AT A= 3
gaitha dus}y] oYk

Table 4. Summary of Average Difference in Centrality
Index by Period

# of Total Movement | Degree Centrality
Period | Period | Epidemic Average P Average P
Facilities | Difference Difference
201401 20 + +
201402 39 + * + *
201403 26 + +
201404 2 + * + *
201405 4 + *k + **
201406 2 - -
HPAI | 201407 2 + Hokk + ok
201409 4 + +
201410 11 + +
201411 3 - -
201501 1 - -
201611 65 + il + o
201612 210 + hdd + sk
201412 5 + +
201501 30 + * + *
201502 30 + * + *
FMD | 201503 29 + b + o
201504 8 + +
201602 3 + * + *
201603 1 - -

**k 2 p<0.01, ** : p<0.05, * : p<0.1
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