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Analysis of Potential Infection Site by Highly Pathogenic
Avian Influenza Using Model Patterns of Avian Influenza
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ABSTRACT

To facilitate prevention of highly pathogenic avian influenza (HPAI), a GIS is widely
used for monitoring, investigating epidemics, managing HPAI—infected farms, and
eradicating the disease. After the outbreak of foot—and—mouth disease in 2010 and
2011, the government of the Republic of Korea (ROK) established the GIS—based
Korean Animal Health Integrated System (KAHIS) to avert livestock epidemics, including
HPAI. However, the KAHIS is not sufficient for controlling HPAI outbreaks due to lack
of responsibility in fieldwork, such as sterilization of HPAI—infected poultry farms and
regions, control of infected animal movement, and implementation of an eradication
strategy. An outbreak prediction model to support efficient HPAI control in the ROK is
proposed here, constructed via analysis of HPAI outbreak patterns in the ROK. The
results show that 82% of HPAI outbreaks occurred in Jeolla and Chungcheong
Provinces. The density of poultry farms in these regions were 2.2%+1.1/kn’ and 4.2%+5.6/
ki, respectively. In addition, reared animal numbers ranged between 6,537 and 24,250
individuals in poultry farms located in HPAI outbreak regions. Following identification of
poultry farms in HPAI outbreak regions, an HPAI outbreak prediction model was
designed using factors such as the habitat range for migratory birds (HMB), freshwater
system characteristics, and local road networks. Using these factors, poultry farms
which reared 6,500-25,000 individuals were filtered and compared with number of farms
actually affected by HPAI outbreaks in the ROK. The HPAI prediction model shows that
90.0% of the number of poultry farms and 54.8% of the locations of poultry farms
overlapped between an actual HPAI outbreak poultry farms reported in 2014 and poultry
farms estimated by HPAI outbreak prediction model in the present study. These results
clearly show that the HPAI outbreak prediction model is applicable for estimating HPAI
outbreak regions in ROK.

KEYWORDS : Highly Pathogenic Avian Influenza(HPAI), Poultry Farm, Local Road, Geographic
Information System(GIS), Habitat of Migratory Birds(HMB), Freshwater System



62 Andlysis of Potential Infection Site by Highly Pathogenic Avian Influenza Using Model Patterns of Avian Influenza Outbreck Area in Republic of Korea

M B
1. o722 Hid & A
VLAY ZFAZF AR (Highly Pathogemc
Asian influenza ]5} AD = 200349 5

oA HxE JAEF<IA ol () Q1 HEN1
o] Hx ol% 2017d HAHA 7hasTt
9 =7ke] whjgt L—Je dsla Ut A=A
AT HAe olsd=EE 2A=Z, FEivet
oA FalE= H5N1_<L 2005L:] =k A glo) A
of £1x]38t #3lo] T (Qinghai Lake) oA
W3k HPAIS] o138 H5N1o] HAje] olss
sto] FHAToR ks AN FYE
o® F5¥a Stk oFd HO6N1 20149
% HON8E Fo= Al&slA] wdxo] mid
yalolow, 7haAaty 9 =7k s=WY Ve
of Hrehsh vlalE Far Qlvk =A14 S % HPAI
= FAFAAFES (Office  International  des
Epizooties, OIE)°] 2J3te] ZHGA 4l oA
o]l BaE 3 QITH(MAFRA, 2016). OIE+=
HPAL 2879 JRE & A7 8852 &
frotHA A 2 9 S X E AR
THMAFRA, 2011). OIE % WHOS] 7 Ak
gdlofl 23 HPAI= 20053 S, 53, 3=,
AES S FHoRA oA H 9] FEAEE
A RIEE xtete] AR ofzegtelA
F3sH= AAIAQ deo Ao g HFEH
t}(Subbarao and Katz, 2000; WHO, 2013).
53] 2005 F=ellAdl H5N1 #le® 3000
wig] o} Hrkst 717 29 71714
F717Q1 o]F=E <lete] HPAIC] FH¢do]l F=
FTHTOE Mk o]F AAZA THEFHE R
wbdsk 107 F53)a ok (Liu et al, 2005;
Chen et al., 2006).

HPAL= ZA1E] widE& Fate]l 79 7
9 dAT e AT ThesdeR

MEE»LOHHMEO

5l o] o]FolAltk, |E SH, AA} U]
H4E fsel BAEAA P AFEES
PR T e R T e A

)=
ZeAE We] sk oFEEE Sdte

O?:]QL‘ 7‘%*“4 HH/\J 4 ;dﬂzjl—oﬂ&‘_ EL]_oil
o|Fo)A= FEE 12 HPAI g4l 9 dupz
Hah(Si, 2011). ©%, HPAI 12+ #4573
< WS A 9 %7&:&74]1} AFFe] o]
TS Fot] ANEHAENE AEHor ¥
21 Aom el gtk 9 dAupt o] F
A Aog FEHEd ols 23 it 4
Avtz WIH(MAFRA, 2011). wEbAd o)%
HAAE Fote] o]FoA = AT 23 9
Agl i 9 Ay AAE 9 z|Agew
A 12F sl S 53], 5 Al
TR, AR eke] 174, olFuizNAl F<l
o] 7Fs% w7 FH R0 olAof ot
Atz A Q35

2 A7 HPAL #s7 W 9 739
A BAE % a¥El dijkks AAEH]
Akl FAEh o]F fl8te] 2014-20159
Aol A Ak HPAL Hds7te] sjeliqtas
sHEste] A7 s EElE SAS st

k. olF, A=A W o) B2 9 A
FORAS B30 HPAT Shkel] 4049 9%
2 R Aeld 291% FAsIItHEom, 2017),
=8, A2 g7 Aw W 7R dole
o2xE ol gl HPAIS W, 4 Wl Zse]
s19.eg1el diste] WA 9 A - g1k AR
H4e NSt Ee HPALS Fabaee] o
g 271 3k Wl Ak oldle] 13k 24k wAiAIS)

A D ANEAAE B QTAe] ke
A giak 71z g AAE FEe) s
of, el AL HPAL BAs7), 57}
9, B2 PRE olgd AFRA, 7k W
A%, R A9kE #Rlstel, HPAL WA 7}
% ¥R AGe ARsk, EEHely 4%
#Ql olalsgake] Rek A S Alxsle] d.

2. A7ALY
D &9 At
QUHRE FH, v




S 2FUS AR LAY X oe] 2 e H43 DAY ERUZIURHPAIY YIS XS 2

1%
\
o

o
>
ot
4z
2
ne
T
=
[
a4
(@)
w

T GISE #8sha glek A% 15, 3,
At R AAE FERE A, 2R
TP ol tigh oy mEs WSl it
Ha ok 2 ARIE )= - AiUERe] North
American Animal Disease Spread Model
(NAADSM), Fa#A:=2] InterSpread Plus 5
o] 22 yg] Rdo] 9ty Tz 99 &
=5 olgsto] sEAH A Auf gitel
et A4 = sple] 4uE gste] ek
AlEgeld Be A+t 5“'“1 T Ut
(Tildesley et al, 2008). X3t w]=r2] 2%
A=+ U.S Geological Survery (USGS) ol A&
2007d o ZFREMZ ol XRAE
stell ml=e] AAlsk= ok 190,000mH 9] ofd
Zoll gt 1Y =R/AEFAAHPAD Hf
ol FAFE sIGlth o]d] A Y APHRE
GISE o]&3l =RRJAEFAAL vlol s A us
REEglon, A Hielei o] thgk HEDDS
(HPAI Early Detection Database System)
th= 27| AR dolEo)|~E FF3ITHGar
ner and Hamilton, 2011). ©]A- 3 AxI=rofA]
o oFZI} weldEel QoA GISE A=%°
2 &gatal glor, olF B dHE Ads
FAow Fgsto] IR AAlE AA
Q1 A o] w7t o] Fofx|aL Qi

2 lrolr

2) = ATk

U E 2010-20113 A9 Wy o =
= _4 HE B o] GISQ} oqﬁlg ;7]_£§upoﬂ
SgAAHl (Korea Animal Health Integrated
System: KAHIS) & T3] 715498 &
215 Aldstar vk 1 KAHISE 571 %
FARE AR Apgel digt AARE RUEE
o] ol W&y Stk HTols AEVESA
21 (Social Network Analysis: SNA) 7]9H&
o] &3t TAIYGE gt &= s A5 (Choi
et al, 2012), Al¥3F TAEAS o] &5 444
gl AR R FAlCl 1EPs o oy
St 8-S HAFE=A] B3 4 Bae et al,
2013), &AVELA #4& &3l HPAIS] A
g} 4 2k oS A (Lee et al, 2014)5°]

Tz}, A4
v 9 e 94/‘}57‘* T
1S 28 9 delHE 01%5}0% o =7}
7)ol A st A4 xS Qlth O d=
T 20149 =l @A HPAT(ZH A =2/
ZFMxp o] Al - T 7 B4 (Moon et al,
2015), ‘=57 FskF olsl AAEAY 5
A B2 (Park et al, 2016) 59 977} ek

oiTe| g 3 W

1. CHAR] MH

E AteM= A= HPAI HAE7E of
qo= “Alﬂ‘iﬂ E3], A7|=(FE, oHd, o
= 9AN, Y ¥H, 3, A=),
z%au(ﬁe} A, U, S Heb ®A, o

&, 9 AS, A, w%u(%{, o, 573,
A, b, APl At HPAI [l =
e ZARKRIH. 283 AE5EA0.2%), AT
EHARE(1.1%), xﬂli‘i—ﬂﬂx}ﬂ 1(1 1%), 3
AX(0%), TE9r10.2%), HAFAA(0%),

S2BFAA (0.7%), A-FAA(0.2%) 2] HPAI
57 e o Aol vlsto] AtjAoR
A vk, 919 dieke] ST ATl
Ao A 2] sk et

2. HPAI 25719 %d%

2014—2015 2d%<E oA 9] HPAI
HAe- 12k A, 23 R *LE TEste] &
370710] Stk A&l HF A3k 12 WA

eEE7F 1613, & 7t 443, wFg, AW
Z 59 7 7bEsv 5RoOE EF 21029
3l s7F QAglom, 2a HAe] dg] sk
2gE7F 113, & 571 433 & &7F 160X
o] A&7t AATHE D).

2 AFeflM= A=A JE 3
Y s =29 FHE o]8s HPAL it
& 1 7rs w3 ASs] $18ke] Multiple

¢

3. o1ty
CRE R
3

P



64 Andlysis of Potential Infection Site by Highly Pathogenic Avian Influenza Using Model Patterns of Avian Influenza Outbreck Area in Republic of Korea

TABLE 1. 2014—2015 HPAI outbreaks in Republic of Korea(ROK) Unit : point
1st wave 2nd wave
Duck Farms 161 17
Chicken Farms 44 43
Etc 5 0
Total 210 160
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TABLE 2. Characterization of habitat for migratory birds(HMB) in Republic of Korea(ROK).
Asterisk shows a range of HMB applied in this study for estimating of potential

HPAI—infected farms

Reared animal number range

Reared anmimal number

(er farm) Numbedr of HPAI-Infacted farms Ratio(%) (mean+S.0.)
<100 1 0.5 51+0.0
100-1,000 4 2.2 477.5%163.3
1,000-10,000 64 34.8+ 6,812.7+276.1
10,000—100,000 106 57.6% 22,665.311,584.8
100,000 9 4.9 5,295,299.014,991,143.7
n/a 186
Total 370 100
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FIGURE 2. Densities comparison between HPAI—
infected farms(HPAIIF) and HPAlI—free farms(HPAIFF)
after outbreak. Both Chungcheong (p=0.006) and Jeolla
(p=0.002), densities in HPAIIF is significantly higher
than in HPAIFF (student’ s t—test)
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TABLE 3. Characterization of habitat for migratory birds(HMB) in Republic of Korea(ROK).
Asterisk shows a range of HMB applied in this study for estimating of potential

HPAlI—infected farms

Number of Numper of Numper of Numper of Numper of
Province HPAIinfected HPAI—llnfected HPAI—|lnfected HPAI—|lnfected HPAI—llnfected
farms farlms. in HMB farm; in HMB farlms. in HMB farlms. in HMB
(within 25km) (within 30km) (within 35km) (within 40km)
Gangwon 2 0 0 0 1
Gyeonggi 66 35 50 54 60
Gyeongsang 9 3 4 5 5
Jeolla 199 164 181 195 198
Chungcheong 153 122 151 153 153
Total 429 324 386+ 407 417

*HMB — Habitat for Migratory Birds

B
Kilometers

Kilometers

FIGURE 4. Distribution of freshwater channels and pubic roads in boundaries of seasonal
migratory birds habitat, Republic of Korea(ROK). A) boundary of habitat for migratory birds
(30km), B) Overlapping areas of freshwater system(1—1.5km) and local road(1km), C)located
in the overlapping area of HPAI Infected Farms(red—dot) and Non—indected—Farms(blue—dot)
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TABLE 4. Number of potential HPAI—infected farms filtered by freshwater system and local
road using multiple ring buffer(MRB). The MRB filtered numbers were compared
with actual number of HPAI—infected farms(HPAIIF) in a boundary of 30km from

the habitat for migratory birds(HMB)

A)
(1) Number of In HMB, (2)Number of In (2), number of farms In (2), number of farms
Province HPAl—infected farms in farms around FW around local road around local road
HMB (within 30km) system(radius 1km) (radius Tkm) (radius 1.5km)
Gangwon 0 6 2 2
Gyeonggi 50 133 70 91
Gyeongsang 4 75 30 83
Jeolla 181 278 133 168
Chungcheong 151 179 89 114
Total 386 671 324 413
B)
(1) Number of In HMB, (2)Number of In (2), number of farms In (2), number of farms
Province HPAl—infected farms in farms around FW around local road around local road
HMB (within 30km) system(radius 1km) (radius Tkm) (radius 1.5km)
Gangwon 0 10 4 4
Gyeonggi 50 167 84 117
Gyeongsang 4 97 35 50
Jeolla 181 353 177 226
Chungcheong 151 226 109 140
Total 386 853 409 537

*HMB - Habitat for Migratory Birds
*FW - Fresh Water
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FIGURE 5. Procedure to estimate potential HPAI—infected farms after outbreak (HPAIIF, red—filled
dots) from HPAI—Non Infected farms before outbreak(HPAINF, filled blue—filled dots) using
Multiple Ring Buffer (MRB, pink—filled circles and large open blue circles in F). Entire A) HPAIFB
in a 30km boundary of habitat for migratory birds(HMB, yellow dots) were initially B) filtered by
average number of reared animals(6,500—25,000). The HPAINF in B) were repeatedly filtered by
designated ranges of freshwater system(1—1.5km) and local road(1km) and C) selected in
overlapped area between freshwater system and local road in 30km boundary of HMB. The
selected HPAINF in C) were compared with D) number and location of HPAIIF. E) and F) show
severe HPAI outbreak in Chungcheong region, especially Cheonan, Eumsung, and Jincheon in
Republic of Korea (ROK). Scales show 100km(A—D) and 10km(E—F) respectively
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FIGURE 5. Continued

TABLE 5. Regional comparison between actual number of HPAlI—infected farms(HPAIIF) in
2014 and estimated number of potential number of farms. These numbers were
calculated from the overlapped regions that was created by MRB filtration with
habitat for migratory birds(HMB), freshwater system, and local road

Province Number of HPAI-infected farms in Nurnber of farms in overlapped area
Administrative district overlapped area
Gangwon 0 0
Gyeonggi
Ansung 12 5
Gimpo 1 2
Incheon 3 1
Yangju 2 4
Yeoju 2 2
Gyeongsang 0 0
Jeolla
Bosung 1 1
Buan 14 3
Damyang 1 1
Gimjae 5 2
Gochang 10 4
Haenam 2 3
Hampyung 1 2
lksan 1 4
Jungup 15 20
Muan 9 7
Naju 28 12
Sunchang 2 6
Sungcheon 1 3
Yeongam 21 9
Yeonggwang 0 1
Chungcheong
Asan 1 2
Buyeo 1 1
Changwon 0 2
Cheonan 26 8




72 Andlysis of Pofential Infection Site by Highly Pathogenic Avion Influenza Using Model Potterns of Avion Influenza Qutbreak Area in Republic of Korea

TABLE 5. Continued

Province Number of HPAI-infected farms in Nurnber of farms in overlapped area
Administrative district overlapped area
Dangjin 1 0
Jeungpyeong 3 1
Jincheon 10 7
Nonsan 1 0
Seosan 1 1
Eumsung 73 22
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