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In this study, a group analysis of livestock disease-inducing individuals and standard information utilization technology were
developed. To this end, the network theory has been investigated for epidemiological investigations on farms with outbreaks of
livestock diseases by livestock species, analysis of infection cases, and estimated virus inflow sources or transmission routes for each
country. Changes are also presented. The results of this study are expected to be used as a core textbook for epidemic prevention in
the future by deriving the risk level of the collected data by conducting epidemiological investigation and analysis of farm quarantine

matters and transmission routes in case of livestock disease, and reflecting this in the livestock disease behavior procedure.
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“mediciie W firm, '08.3.31

feed M firm, '03.29, PH firm, 3.25
fowl Ch firm '08.3.31, '08.4.1

J8 1. 57t ol
Fig. 1. visiting history report
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With 4 association With 3 association

OR s.e. OR p-value OR s.e. OR  p-value

B -2.781 0.804 0.001 -2.216 19.025 0.000
shipment 2191 0.783 0.005 2.382 9.405 0.002
waste 0.867 0.838 0.302 =
medicine 1795 0.671 0.007 1.877 7972 0.005
feed 2.322 0.773 0.003 2.384 9.141 0.003

a8 2.
Fig. 2. Major variable impact levels
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Fig. 3. Farm layout and distance information
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Fig. 4. Weighting factors by risk sources
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Table 1. Farm distance score by the distance between 71 AW g A, AW EX glols E3 ulolg A A}
‘ each two farms 9} x| &2 0] Qo] AFRE ZHH o7 Bl HHE
landmd | Dis=1 | <Dk= | <bes | <o | 4DS 2zslohs Ae Fasioh Aol Al ol Sehe Ane
n 2 3 ‘- 2503 A Aol TAE opuEEo] AL o83
DZT;);; 51< 60<f>is 7O<.§is S(i;is 90<.|:is ?}7%4% Olfgﬁj o v jfj%}ﬂ f%ﬂﬂr- O]E‘SL]
standard | . _ g <7 <3 <9 <10 P2 SN Ale] 50km W& 24 F o FAit
T T S R 5710l 7ol Aok Ahsgel s wrk TAlele) 4
S wpAsTleh v s Tle] g BAE A, TAo w

A E=717) B 7l R T FF 24m =4 BXE] 9

a farm number latitude long‘h—ude
[ =)
[17]. ool & dArellM= 4ke] 912 AWE aeiste] AW
FARM_NO ELLID on | oS RS AlEgeld sk A AR 9k, Ak, F0
1000000152 5566806 37171 126.783 =2 M3l
= A
10000001753 5930932 37.101 126.965 = -u Lq—( D8)'
1000000154 5918931 37.097 126.959
1000000155 5962941 37.099 126.981 céll number where-the
1000000156 5726878 27.107 126.863 o
1000000157 5726892 37.079 126.863 mountain is located  1;¢jtude longitude  height
1000000758 5690863 37.119 126.845
1000000159 7744148 35.573 127.871 fpREACD FUNN_GULIMOK GUBUN
d 26530670 casiels T 158
1000000160 7700048 35752 127.849 1 10000075 26330602 128990 35049 2 1 S
1000000163 8636671 34975 128317 2| fodoss, F6380008| | 1RG0 35043 e 1 ﬁi
3 10004930 26530661 129001 35141 200 1 e
1000000165 8812696 35013 128.405 4 10004939 26140570 129001 35123 484 1
1000000166 8528657 34,949 128.263 5 10008925 26530650, 120.003 35153 46 =
6 10002030 26530661 120003 35143 as 1597
1000000168 8320620 34919 128.159
7 10024903 26320510 129011 35205 53 =
1000000169 B744644 35.083 128.371 8 10028924 26730670, 129013 35165 356 1 SUE
1000000170 8716644 35069 128.357 9 10028977 26140680 120013 35071 110 159N
s - 10 10032807 26320541 129015 35221 ag 1Sy
1000000171 8724647 35.067 128.361 11 10036806 26320541 120017 35235 a3 =
1000000172 9792793 35300 128.895 12 10036900 26320550 120017 35217 12 158
13 10036001 26320550 120017 35215 ag 154y
1000000175 9688798 35.247 128.843 14 10036976 26140680 1209017 35065 119 =t
1000000176 9736796 35275 128.867 15 10040902 26320550 1209019 35215 53 15
16 10044963 26140630 129021 35095 45 1 Sy
1000000177 9788830 35.233 128.693 17 10048889 26320542 129023 35245 80 1548%
1000000178 9400605 35.489 128.699 13 10048047 26140530 120023 35120 221 1 S8
19 10052803 26320541 129025 35239 56 1 S8y
OGO B0, - F4BA04 35560 128973 20 10052933 26230760 129025 35150 82 1Y
1000000181 7984457 35.057 127.991 21 10052974 26140680 129025 35077 2 1548
1000000182 8164516 35.049 128.081 22 10056278 26320530 120027 35271 184 1Sy
- : 23 10056891 26320542 129027 35245 77 1Y
La‘titl:jde, P
longitude 0.001
s L ]
100 m apart
L ]
[ ]
Total 811 based on actual data Total 2,066,168 based on actual data
a8 6. 5% A2l ¥E a8 8. A HE
Fig. 6. Farm location Information Fig. 8. Mountain Information
@ :Farm (Node) @ : Farm (Node)
@ : Mountain (Node)
[}
@
@
@
@ @ ® @
]
@ e
@ ® =
@ @ : Farm Street (Connection Line)
@ Farm Street - ™ = — : Mountain Range Sum
@ ® @® (Connection Line) (Connection Line)
OB 7. 3% Hel s 3 9. o HE ddx
Fig. 7. Node connection by distance among farms Fig. 9. Node connection by mountain information
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Table 2. Scores by mountain range

Distance sum of 2< 4 <sum | 6 <sum | 8 <sum

standard dis < 2 | sUm of of dis of dis of dis

km - dis< 4 <6 =8 <10

Score 1 0.9 0.8 0.7 0.6

Distance 10< 12 14 16 18

standard sum of <sum <sum <sum <sum

km dis = of dis of dis of dis of dis
12 <14 <16 <18 <20

Score 0.5 0.4 0.3 0.2 0.1
BANARARAE = 1A7HEA < 2474 FA x AR (3)

5) 22} 7FA] (At B A1 o] F HH)

vl A J1EAYY Ble] 2 10w A4
7H3 govt el A JEEeEatge] o) s
5l A= 0) urd Ao}l 7)Fo] npEE R ar gl AA
Ol SR $EASE SEAYY el T2 L

slo2 A7 55
EA 3 AAG /\Ef

T AR SR
Q) WAt 71Fe] ehesA e

Q)= AAo|t}h[18]. o]dl] - Ao A= Type (X}, Abeh
D) 7120 WE 54 (015 Fel MEAIE QA

th (2710, 11).

a farm number visitor information (C: Vehicle, P: Person)

D ) DT BNUM [ MUM | TYPEF
TOOO000E21 P ledyoung | 07:520 1.04E+09 fam
1000000843 P eti 1 0511.0 1.07E+09 facility
1000000823 C jseun7s  © 5403.0 1.03E+09 5577469 fam
1000000823 P etri 1 2339.0 1.07E+02 farm
1000000823 C jseun7s 1 23430 1.03E+09 5577469 fam
1000000823 P etri o 175580 1.07E+09 fam
1000000822 P wiehoi 1 26:11.0 1.06E+09 fam
1000000822 P wkehoi O 2902.0 1.06E+02 farm
1000000843 © jseun7s O 31480 1.03E+09 5577469 fam
1000000843 € jseun7s 1 3248.0 1.03E+09 5522469 fam
1000000843 P etri i 3544.0 1.07E+09 fam
1000000843 C jseun7s (s} 35480 1.03E+09 557?469 famm
1000000843 C jseun7is 1 36480 1.03E+09 55772469 fam
1000000843 C jseun7s O 40480 1.03E+09/5577469 famm
1000000843 C jseun7s 1 50480 1.03E+09 5572469 fam
1000000843 C jseun7s O 57480 1.03E+093577468 famn
1000000843 C jseun7s 1 58480 1.03E+095577469 fam
1000000344 C jseun7s 1 32100 1.03E+09 5577469 fam
1000000344 € jseun?s O 33100 1.03E+09 5577469 farm
1000000344 C jseun7s 1 36100 1.03E+095577469 fam
1000000844 P etri o 28130 1.07E+09 farm
1000000344 C jseun7s O 3827.0 1.03E+09 5577460 fam
1000000844 C jseun7s 1 43.07.0 1.03E+09.5577469  farm
1000000844 C jseun7s O 44070 1.03E+09/5577469 fam
1000000844 € jseun7s 1 45:07.0 1.03E+00 5577469  farm
1000000844 C jseun7s © 46:07.0 1.03E+00 5577469  famm
1000000844 € jseun?s 47:07.0 1.03E+02 5577469  farm
1000000844 € jseun7s O 24:53.0 1.03E+09 5577469 famm
1000000844 € jseun7s 1 46:53.0 1.03E+09 5572469 famm

L ]
L ]

10. Al 2 A1 olE BB
10. People and vehicle movement information

=
Fig.
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If the ID overlaps once

Calculated as the sum of earh}agm‘f

-

: Farm Street (Connection Line)
— : Moving People (Connection Line)

— : Vehicle movement (connection line)

8 11, AR R R HdEM
Fig. 11. Node connection by people and vehicle information
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Table 3. Internal Information Score Example

10 out of 8 cells | 2N orchard.a |,
park

4 points and 3
points each

2 O out of 8 cells a park -

1 point

o

a farm number Farm-Included Cells

8 room cells

1 2 3
4 |Farm| 5
6 7 8

A total of 1 to 28 nominations can be included
for each cell around the farm

T8 12, FHXE ISR AF

Fig. 12. Estimation of surrounding terrain weights

8) AT A =&

2 AFexe A (E7h3e] AAXE S AP =T
¥ WAE sekele] 715 Ay wAl A ik 9ERE B
Melal EAH wgg ol Y o wEeln o
Qek HES D Q248 £E3517] &) 533} 57 Al 9]
AZ o T A7 FwE A4S HEYT A28
A A7k 2. 573 719 AR, o)% AR, 2 4m,
F ARoA HFAoR EEg Hgrel AAG 121 23F 71
A2 717k 78 dele] A =9l ddns 248l
AFAAE = 7)
FAAY ARI1A VA x TG A GRS
+ol s BRI 7FE A x o F AR 23 7HEA] x o] E AW A
+ LA GG HIA7HFA x 4 F WA AR 23 7HEA]
x2H 5 A g Qu 4
+AF AR IR 7EER] X AP A W22} 7F ] x Ab A B A R
+ LR A S A < A B 22 A xR B S
m. Za o a3
3-1 A2 j|o]e] &=t

2097

SE|7HE R 7]ure] 7HE T B U E9|3 AIBHI0IM BY Y 47

= Al ElolEE 283y flete] AAE e F
ato] dolHES etk obA Balzel ol AK, 7=
AR, A9 AR, Ui AR vre] dAEE Wit
A2 w dolEe] dAls A grel 22 7ol 1713
< 7ZF 7P A vehdls dAe] 38 Aijelnt 214
= §7Re) Bk ol 8ste] AV AE ok FHEY
gjo] dlolg] A waoln] 115% dubgow o) gk
o] thi2 09] #t= zkal dFRE Aol w7 wiiel 05 Al
olstaL gro] sl= JRE =FdiA Ageldt dioly Aol
ojAH A2 H vlolH w9 7lsAlE AAste] A&l
A eg ARk ARk ofsf sk Alute] e At

= =&8d4 ok

a farm number weight according to risk

$ x

FARM_NO  [peometry  peometry countfneometry raw
16409 10 5182, ‘72, 07
1E+09 10 55072, ‘1@’
1E+09 10 a5rn, 'n, w?
1E+09 10 15[72,'72,'7?
1E+09 10 220N, 'R, "N
1E+09 10 4617, 77,720
1E+09 10 18['72,'72,'1?
1E+09 10 241N, 'N, "’
1E+09 10 4417, 72, "|8?
1E+09 10 26077, '®?, 70
1E+09 10 26[7,'7, "§0
1E-09 10 46['&?, 72,70
1E+09 10 312, 72,77
1E-09 10 18[70'72, '
1E-09 10 340,72, 70
1E-09 10 srE, 'n, N
1E+09 10 3S[#?, 0
1E+09 10 27122, '
1E+09 10 29172, ', E?
1E+09 10 48082, '77, 10
1E+09 10 2411, '\, N
1E+09 10 arn, @, n
1E-09 10 241, m'n
1E+09 10 16082, 72,77
1E+09 10 47082, ‘17,10
1E+09 10 4rE?, 'n, N
1E+09 10 421gnm'n?
1E+09 10 36['#?, '77,'70
16409 10 s, 0, '8/

®
®

®
a8 13. 2 571 7S HolH
Fig. 13. Weight data for each farm
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Appendix

import os
import csv
from typing import NamedTuple

Import numpy as np
import tgdm

import sys

from network_farm.calc_farm_dist import generate_list_from_dist

from network_farm.calc_geometry import calc_geometry

from network_farm.calc_internal_condition import calc_internal

from network_farm.calc_movement_dist import calc_movement

from network_farm.network_analysis_MCS import network_analysis_mcs, network_analysis_prob
from network_farm.util import read_factor, get_sim_number

class Option(NamedTuple):
name: str
weight_1st_file: str
weight_2nd_file: str
movement_file: str
internal_file: str
geometry_file: str
net_analysis_date: str
net_analysis_first_farm: int
output_dir: str

def generate_final_network(option: Option):
output_dir = option.output_dir
if not os.path.exists(output_dir):
os.makedirs(output_dir)

farm_id_filename = "../output/dist/farm_id.csv”
mountain_dir = ”../output/mountain/”
output_base_dir = "../output/dist”

# calculate some distances that uses factors

calc_movement(output_dir, option.movement_file, farm_id_filename)
calc_internal(output_dir, option.weight_2nd_file, option.internal_file, farm_id_filename)
calc_geometry(output_dir, option.weight_2nd_file, option.geometry_file, farm_id_filename)

movement_file = os.path.join(output_dir, "farm_movement_dist_score.csv”)
distance_file = os.path.join(output_base_dir, "farm_dist_score.csv”)

topology_file = os.path.join(output_dir, "farm_geometry_dist_score.csv”)
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mountain_file = os.path.join(mountain_dir, "farm_mountain_dist_score.csv”)
management_file = os.path.join(output_dir, "farm_status_dist_score.csv”)

output_filename = os.path.join(output_dir, "farm_dist_final.csv”)

dist_movement = np.genfromtxt(movement_file, delimiter=",")
dist_distance = np.genfromtxt(distance_file, delimiter=',")
dist_topology = np.genfromtxt(topology_file, delimiter=',")
dist_mountain = np.genfromtxt(mountain_file, delimiter=',")
dist_management = np.genfromtxt(management_file, delimiter=",")

factor_lst = read_factor(option.weight_1st_file, 1, 3)
factor_2nd = read_factor(option.weight_2nd_file, 1, 3)

dist_topologyldist_mountain > 0] = 0
dist_mountain = dist_mountain * factor_2nd["B_5"] / 10.

dist_mountain_topo = dist_mountain + dist_topology

dist_final = (dist_movement * factor_lst{"MOVEMENT"]
+ dist_distance * factor_1st["DISTANCE"]
+ dist_mountain_topo * factor_lst["TOPOGRAPHY"]
+ dist_management * factor_1stl"MANAGEMENT"]) / 40.
print(np.max(dist_movement))
print(np.max(dist_distance))
print(np.max(dist_mountain_topo))
print(np.max(dist_management))

np.savetxt(output_filename, dist_final, delimiter=",", fmt="%.5f")
output_final_score_list_filename = os.path.join(output_dir, "farm_dist_final_score_list.csv”)
generate_list_from_dist(output_final_score_list_filename, output_filename, farm_id_filename,

value_name="network_score”)

def perform_network_analysis(option: Option):
output_dir = option.output_dir
farm_id_filename = "../output/dist/farm_id.csv”
distance_file = os.path.join(output_dir, "farm_dist_final.csv”)
distance_for_analysis_file = os.path.join(output_dir, "farm_dist_final_for_model.csv”)
with open(distance_for_analysis_file, "w”) as fout:
with open(distance_file, "r") as f:

fout.write("0,1,2,3,4,5,6,7,89,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,
44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,30,81,82,83,84,85,86,87,
88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122
,123,124,125,126,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148,149,150,151,152,153,1
54,155,156,157,158,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174,175,176,177,178,179,180,181,182,183,184,18
5,186,187,188,189,190,191,192,193,194,195,196,197,198,199,200,201,202,203,204,205,206,207,208,209,210,211,212,213,214,215,216,
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217,218 219,220,221,222,223 224,225, 226,227,228 229,230,231,232,233,234,235,236,237,238,239,240,241 242,243, 244,245,246 247 2.
48,249,250,251,252,253,254,255,256,257,258,259,260,261,262,263,264,265,266,267,268,269,270,271,272,273,274,275,276,277,278,27
9,280,281,282,283,284,285,286,287,288,289,290,291,292,293,294,295,296,297,298,299,300,301,302,303,304,305,306,307,308 309,310,
311,312,313,314,315,316,317,318,319,320,321,322,323,324,325,326,327,328,329,330,331,332,333,334,335,336,337,338,339,340,341,3
42,343,344,345,346,347,348,349,350,351,352,353,354,355,356,357,358,359,360,361,362,363,364,365,366,367,368,369,370,371,372,37
3,374,375,376,377,378,379,330,381,382,383,384,385,386,387,338,389,390,391,392,393,394,395,396,397,398,399,400,401,402,403,404,
405,406,407,408,409,410,411,412,413,414,415,416,417,418,419,420,421,422,423,424,425,426,427,428,429,430,431,432,433,434,435,4
36,437,438,439,440,441,442,443,444,445,446,447,448,449,450,451,452,453,454,455,456,457,458,459,460,4611,462,463,464,465,466,46
7,468,469,470,471,472,473,474,475,476,477,478,479,480,481,482,483,484,485,486,487,488,489,490,491,492,493,494,495,496,497,498,
499,500,501,502,503,504,505,506,507,508,509,510,511,512,513,514,515,516,51 7,518 519,520,521,522,523,524,525,526,527,528 529,5
30,531,532,533,534,535,536,537,538,539,540,541,542,543,544,545,546,547,548,549,550,551,552,553,554,555,556,557,558,559,560,56
1,562,563,564,565,566,567,568,569,570,571,572,573,574,575,576,577,578,579,580,531,582,583,584,585,586,587,588,539,590,591,592,
593,594,595,596,597,598,599,600,601,602,603,604,605,606,607,608,609,610,611,612,613,614,615,616,617,618,619,620,621,622,623,6
24,625,626,627,628,629,630,631,632,633,634,635,636,637,638,639,640,641,642,643,644,645,646,647,648,649,650,651,652,653,654,65
5,656,657,608,659,660,661,662,663,664,665,666,667,668,669,670,671,672,673,674,675,676,677,678,679,680,681,682,683,684,685,686,
687,688,689,690,691,692,693,694,695,696,697,698,699,700,701,702,703,704,705,706,707,708,709,710,711,712,713,714,715,716,717,7
18,719,720,721,722,723,724,725,726,727,728,729,730,731,732,733,734,735,736,737,738,739,740,741,742,743,744,745,746,747, 748,74
9,750,751,752, 753,754,753, 756,757, 758,759,760, 761,762, 763,764,765, 766,767, 768,769,770, 771,772,773, 774,775, 776,777,778, 779,780,
781,782,783, 784,785, 786,787,788,789,790,791,792,793,794,795,796,797,798,799,800,301,302,303,804,305,306,807,808,809,810\n")
for line in f:
fout.write(line)

distance_score_file = os.path.join(output_dir, "farm_dist_final_score_list.csv”)
distance_score_for_model_file = os.path.join(output_dir, "farm_dist_final_score_list_for_model.csv”)
with open(distance_score_for_model_file, "w") as fout:
with open(distance_score_file, "r") as f:
for line in f:
fout.write(line)
fout.write(”811,1000000847,811,1000000847,0\n")

sim_number = get_sim_number(option.weight_2nd_file)

network_analysis_prob(output_dir, distance_score_file, farm_id_filename,
report_date_time=option.net_analysis_date,
initial_infected_farm_id=option.net_analysis_first_farm,
sim_no=sim_number)

network_analysis_mcs(output_dir, distance_score_file, farm_id_filename,
report_date_time=option.net_analysis_date,
initial_infected_farm_id=option.net_analysis_first_farm,

sim_no=sim_number)

def main() —> None:
output_base_dir = "../output/dist/”
weight_option_dir = "../input/user_input”

if len(sys.argv) ==
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farm_id = int(sys.argv[1])
infect_date = sys.argv[2]
else:
print("this code requires 2 arguments. This mode use default values”)
farm_id = 1000000723
farm_id = 1000000062
infect_date = "2021-12-31"

print("1 = 7, farm_id, ", 2 = ", infect_date)
options = [
Option(

name="scenario01”,

weight_1st_file=os.path.join(weight_option_dir, "Ver_4", "FACTOR_scel.csv”),
weight_2nd_file=os.path.join(weight_option_dir, "Ver_4", "SIM_FACTOR_202111191502.csv"),
movement_file="../input/history_farm_io_generated_202111181109.csv”,
internal_file="../input/farm_data_generated_202111191505.x1sx",
geometry_file="../input/CELL_INFO_FARM.csv”,

net_analysis_date=infect_date,

net_analysis_first_farm=farm_id,

output_dir=os.path.join(output_base_dir, "dist_scel_62")

"

for option in tgdm.tqdm(options, desc="generating data for the network model using options”):
generate_final_network(option)
for option in tgdm.tqdm(options, desc="Perform network simulation”):

perform_network_analysis(option)

— : "

if __name__ == "__main

main()
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