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The highly pathogenic avian influenza (HPAI) viral disease can spread rapidly, resulting in

high mortality rates and severe economic damage. To minimize the damage incurred from

such diseases, it is necessary to develop technology for collecting and analysing livestock

disease data. In this paper, we propose a data cube model with data mining techniques for

the analysis of HPAI using livestock disease data accumulated over an extended period.

Based on the construction of the data cube model, a multidimensional HPAI analysis is

performed using online analytical processing (OLAP) operations to assess the temporal and

spatial perspectives of the spread of the disease with varying levels of abstraction.

Furthermore, the proposed analysis model provides useful information that generates site

connectedness and potential sequential dissemination routes of HPAI outbreaks by

applying association rule mining and sequential pattern mining, respectively. We confirm

the feasibility and applicability of the proposed HPAI analysis model by implementing and

applying an analysis system to HPAI outbreaks in South Korea.

© 2017 IAgrE. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Over the past decades, highly infectious livestock diseases

have increased threats to human life, causing considerable

economic damage and environmental problems (OIE, 2016). In

particular, several outbreaks of highly pathogenic avian

influenza (HPAI) have been reported in South Korea, since the

first detection of the HPAI virus at the end of 2003 (Kim, 2015;

Kim et al., 2015; Shin et al., 2015). Even though no cases of

livestock-to-human transmission of HPAI have been reported

in South Korea, the occurrence of this disease in other coun-

tries has resulted in high fatality rates in humans (Tuncer &

Le, 2014; WHO, 2016). To minimize the damage resulting

from such diseases, it is necessary to develop technology for

analysing livestock disease occurrence data.

In general, migratory birds are major candidates for the

long-distance dispersal of HPAI (Kwon et al., 2016; Verhagen,

Herfst, & Fouchier, 2015). When HPAI initially occurs, it can

spread to short distances by themethods of direct and indirect

transmission (Seo et al., 2014). According to the latest manual
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of control measures in South Korea, HPAI outbreaks in poultry

have been controlled by a variety of possiblemeasures such as

movement controls, stamping-out, preemptive slaughter of

poultry on adjacent sites and cleaning and disinfection of

infected sites (MAFRA, 2016). However, in spite of various

strategic efforts to control the spread of HPAI, these emerging

viruses continue to survive and evolve (OIE, 2016). Thus, early

preventive measures against epidemics are the most impor-

tant methods to reduce the damage of an outbreak.

To date, an extensive variety of studies have reported on

HPAI outbreaks. Seo et al. (2014) used computational fluid

dynamics to estimate the dispersion of the virus attached to

aerosols produced by livestock. They used a geographical in-

formation system to model a specific three-dimensional

topography that included farm locations, road networks, and

related facilities. Lee et al. (2014) constructed a direct HPAI

spread network based on the relationships between farms by

using poultry-related business data and an indirect HPAI

spread network using the aerial spread from each farm during

the HPAI outbreak in 2008. Tuncer and Le (2014) studied the

effects of air travel on the spread of avian influenza from

Asian and Australian cities to the United States. A two-city

mathematical model involving a pandemic strain was used

to derive the basic reproduction number, which determined

whether the disease would spread and persist or become

extinct. Real air travel data was used to model the spread of

the disease by individuals who were susceptible to or were

infected with pandemic avian influenza.

Unlike the perspectives in the current research literature,

in this study, we propose a data cube model with data mining

techniques for the multidimensional analysis of HPAI using

livestock disease data provided by the Ministry of Agriculture

in South Korea (KAHIS, 2016). Based on the construction of the

Table 1 e Summary of HPAI outbreak status.

Outbreak year
(starting season)

Virus type No. of diagnosed
farms (by year)

Location of first
detected site (state.city)

No. of outbreak
sites (city j town)

2003/2004 (winter) H5N1 14/5 Chungbuk.Eumseong 10 j 14
2006/2007 (winter) H5N1 4/3 Jeonbuk.Iksan 5 j 6
2008 (spring) H5N1 33 Jeonbuk.Gimje 19 j 26
2010/2011 (winter) H5N1 2/51 Jeonbuk.Iksan 25 j 39
2014/2015 (winter) H5N8 250/120 Jeonbuk.Gochang 57 j 127

Table 2 e Statistical summary of poultry farms and animals in South Korea in 2015.a

Breeding Broiler chicken Layer chicken Duck Total

States or cities No. farms No. animals No. farms No. animals No. farms No. animals No. farms No. animals

Seoul city 15 20,947 36 739,948 4 2424 55 763,319

Busan city 34 14,997 105 433,004 27 12,170 166 460,171

Daegu city 90 97,578 155 604,461 7 57 252 702,096

Yinchen city 165 512,706 389 448,223 33 1335 587 962,264

Guangju city 48 364,888 58 73,688 18 96,480 124 535,056

Daejeon city 88 186,741 77 1,002,511 5 70 170 1,189,322

Ulsan city 117 7759 292 342,806 41 792 450 351,357

Sejong city 77 731,124 129 990,927 9 94 215 1,722,145

Gyeonggi state 1115 13,661,435 2133 10,753,361 181 490,253 3429 24,905,049

Gangwon state 1704 4,457,766 2834 2,027,658 166 38,055 4704 6,523,479

Chungbuk state 745 6,289,535 1105 2,005,064 126 586,445 1976 8,881,044

Chungnam state 1161 21,546,357 1584 5,960,939 214 329,446 2959 27,836,742

Jeonbuk state 1016 19,512,154 1076 4,403,169 187 3,445,601 2279 27,360,924

Jeonnam state 1781 13,351,440 2016 2,932,017 328 2,774,418 4125 19,057,875

Gyeongbuk state 1467 11,525,418 2148 9,673,861 142 77,035 3757 21,276,314

Gyeongnam state 1274 4,858,531 2326 5,712,178 202 450,807 3802 11,021,516

Jeju state 42 1,690,872 41 416,590 8 1619 91 2,109,081

Total 10,939 98,830,248 16,504 48,520,405 1698 8,307,101 29,141 155,657,754

a Source: http://kosis.kr/statHtml/statHtml.do?orgId¼101&tblId¼DT_1AG15501&conn_path¼I3.

Fig. 1 e Overall structure of the HPAI analysis system.
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