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ABSTRACT Opver the last decade, avian influenza (AI) has been considered an emerging disease that would become the
next pandemic, particularly in countries like South Korea, with continuous animal outbreaks. In this situation, risk assessment
is highly needed to prevent and prepare for human infection with Al. Thus, we developed the risk assessment matrix for a
high-risk area of human infection with Al in South Korea based on the notion that risk is the multiplication of hazards with
vulnerability. This matrix consisted of highly pathogenic avian influenza (HPAI) in poultry farms and the number of
poultry-associated production facilities assumed as hazards of avian influenza and vulnerability, respectively. The average
number of HPAI in poultry farms at the 229-municipal level as the hazard axis of the matrix was predicted using a negative
binomial regression with nationwide outbreaks data from 2003 to 2018. The two components of the matrix were classified
into five groups using the K-means clustering algorithm and multiplied, consequently producing the area-specific risk level
of human infection. As a result, Naju-si, Jeongeup-si, and Namwon-si were categorized as high-risk areas for human infection
with AL These findings would contribute to designing the policies for human infection to minimize socio-economic damages.

(Key words: avian influenza, human infection, negative binomial, risk assessment, zoonoses)
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Table 1. Data source of the study for variables used to the estimate highly pathogenic avian influenza infection at municipal level,

South Korea

Variable Source Variable examined
Poultry . . The average number of HPAI on farm at municipal
HPAI Epidemiological Investigation Report, APQA level.
Poultry The average number of LPAI on farm at municipal
LPAI S, APQA level.
Wild bird S L The average number of HPAI on wildbird in lower
Ej 1 11 R APQA
HPAI pidemiological Investigation Report, Q level local government,
River L . . -
density KOSIS, Statistics Korea The average density of river area at municipal level.
Agncul@al KOSIS, Statistics Korea The average density of crop area at municipal level.
land density
Poultry . . ..
density KAHIS, APQA and KOSIS The population density of at municipal level.
Chlcl'(en KAHIS, APQA and KOSIS The population density of chicken at municipal
density level.
Duck . . ..
density KAHIS, APQA and KOSIS The population density of duck at municipal level.
lees.tock KAHIS and APQA The .n}lmber of livestock related vehicles at
vehicle municipal level.

APQA, Animal and Plant Quarantine Agency; HPAI, Highly Pathogenic Avian Influenza; KAHIS, Korea Animal Health Integrated System;
KOSIS, Korean Statistics Information Service; LPAI, Low Pathogenic Avian Influenza.

Table 2. Summary of explanatory variables used to estimate highly pathogenic avian influenza infection at municipal level, South Korea

Variable Mean Std.Dev Min Max Unit
Poultry
AT 0.658 2,031 0.000 18.000 Case
Poultry 0.139 0.257 0.000 1.867 Case
AT : . . .
Wild bird
1 534 . .
Al 0.169 0.53 0.000 5.750 Case
River )
. 0.036 0411 0.000 0.327 (k)
density
Agricultural 0.174 0.164 0.009 1732 (kam?)
land density
Poultry 1296 1.962 0.000 9.013 (1,000 head/km?)
density
Chicken 1.141 1785 0.000 8.248 (1,000 head/km?)
density
Duck 0.037 0.118 0.000 0.850 (1,000 head/km?)
density
Livestock 2217 2331 0.000 10.38 100 vehicles
vehicle

HPAI, Highly Pathogenic Avian Influenza; LPAI, Low Pathogenic Avian Influenza; Std.Dev, Standard Deviation.
The explanatory variables were collected in 229 municipalities, South Korea.
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Table 3. Summary of poultry production related facilities at municipal level, South Korea

Sum Mean Std.Dev Min Max

Poultry farm 95,840 418.52 409.91 0 1,739
Slaughter house (Chicken) 55 0.24 0.58 0 3
Slaughter house (Duck) 14 0.06 0.27 0 2
Feed factory 1,422 6.21 15.69 0 122
Hatchery 244 1.07 2.15 0 13

Egg distribution facility 3,955 17.27 17.67 0 91
Fertilizer factory 688 3.00 438 0 32
Excrement disposal facility 856 3.74 13.77 0 18
Traditional market 212 0.93 224 0 2
Live poultry restaurant 427 1.86 3.01 0 18

The number of poultry production related facilities were investigated in 229 municipalities, South Korea.
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Fig. 1. Conceptual diagram of risk assessment matrix. A risk
assessment matrix in this study classified the risk of avian
human infection into four levels based on hazard on vertical
axis and vulnerability on horizontal axis. Red, orange,
yellow and green color denotes very high risk, high risk,
medium risk, and low risk, respectively.
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Table 4. Results of the explanatory variables associated with highly pathogenic avian influenza infection at municipal level, South Korea

Negative binomial regression

Variable
RR 95% CI P value
Poultry
- <
oA 6.867 2.980 - 15.820 0.001
Wild bird
1.174 880 - 1. 2
HPAL 7 0.880 - 1.566 0276
River
. 7.258 0.029 - 1,788.521 0.481
density
Agricultural 0.822 0.166 - 4.062 0.810
land density
Chicken 1.618 1.403 - 1.866 <0.001
density
Duck 10.252 2.120 - 49.566 0.004
density
Livestock 1.134 1.001 - 1.283 0.048
vehicle

CI, Confidence Interval; HPAI, Highly Pathogenic Avian Influenza; LPAI, Low Pathogenic Avian Influenza; RR, Relative Risk.
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Fig. 3. Risk map of avian influenza human infection. A very high-risk area, denoted by red color, was Jelloanam-do Naju-si, and
high-risk areas, denoted by orange color, were Jellabuk-do Namwon-si and Jeongeup-si. Medium risk areas, denoted by yellow color,
were identified in 34 municipal government and the rest of area was estimated to be low risk areas, displayed by green color.
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