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ABSTRACT 1In most cases of HPAI (highly pathogenic avian influenza) outbreaks, stamping-out operations are initiated
by officially designating the affected premise, which is subsequently followed by depopulation of infected flocks. The primary
objective of this study was to develop an evaluation method that correlates the level of biosecurity and the risk of having
an HPAI outbreak in domestic poultry farms. A total of eight farms were selected nationwide, including layer farms, broiler
farms, and an animal welfare type farm. The biosecurity level of the chosen poultry farms was assessed based on a total
scoring index of 183 divided into three categories, general management (51), quarantine management (106), and sanitation
management (26). Conclusively, the five layer farms (JS, GE, CS, HS, OE), scored higher overall scores compared to the
animal welfare farm (CH) and broiler farms (JG, LB). In terms of scoring, which adds up to a total of 183 points, most
layer farms scored between 130 and 157, while the two broiler farms and the welfare farm scored 45, 75 and 70, respectively.
Next, an independent HPAI risk assessment of the farms was carried out. Regarding the correlation between biosecurity levels
and HPAI risks, in the farms that presented a higher overall score in terms of biosecurity and outweighed the risks of HPAI,
they tended to earn more points in the quarantine management category. The results of this study suggest that a viable system

for evaluating biosecurity levels can establish strong correlations with the risk of having HPAIL
(Key words: avian influenza, biosecurity grading, poultry, risk assessment, surveillance)
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Table 1. The comparison of items for epidemiological survey among biosecurity monitoring system in the poultry farms

315

Item HPAI HACCP

OIE

NPIP

RTFAPS

GC

GSK

Farm outline [ [
No. Employee [ L
All-in all-out - -
Facilities available -
Education program -

Veterinary service

Egg control

Facility isolation -
Facility location

Access control

C & D plan

Sanitation plan -

Waste control

Pest control -

Vaccination o
Serology - -
Salmonella monitoring - [

Wild bird control [ ] -

@®: Items performed by the relevant biosecurity program.
- : Items not performed by the relevant biosecurity program.

HPAI, Official Epidemiological Report for Avian Influenza 2010-2011 (Animal and Plant Quarantine Agency 2011); HACCP, Manual for
applying laying hens HACCP (HACCP 2016); OIE, World Organization for Animal Health (OIE 2013); NPIP, National Poultry
Improvement Plan (NPIP 2019); RTFAPS, Red Tractor Farm Assurance Poultry Scheme (RTFAPS 2017); GC, Quality standard of
embryonated egg for flu vaccine production (SOP v2-022-3, 2011); GSK, Quality assurance instruction for pre-hatched chicken eggs (Code

No:SP-027); C & D, Clean and Disinfection.
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Table 2. Overview of poultry farms for evaluating biosecurity level in this study

Farm IS GE CH CS HS OE IG LB
Breed Layer Layer Layer Layer Layer Layer Broiler Broiler
Location Jeonbuk Kyunggi Chungbuk Chungbuk Kyunggi Kyungbuk Chungbuk Chungnam
Facility Cage Cage Floor Cage Cage Floor Floor Floor
No. bird 93,600 155,520 8,000 310,000 80,000 60,000 73,700 20,000
No. Houses 3 5 3 3 6 8 3 2
No. Worker 19 10 1 5 12 15 1 1

Table 3. Item type and its number belonging to three different kinds of management used for biosecurity evaluation in the poultry

farms

General management Sanitation management Quarantine management

Item Number Item Number Item Number
Documentation 26 C&D 12 Entrance 20
Farm worker 14 Water 4 C & D plan 12
Facility 2 Feed 3 Other animals 5
Others 9 Rodent control 7 Vehicles 11
Manure handling 5
Bird health 21
Drug and chemical 8
Wild animal 6
Environment 18
Total 51 26 106

Table 4. Scores obtained from each of three types of management items of poultry farms to assess their level of biosecurity in this study

Farm General %! Quarantine % Sanitation % Total %
IS 45 88.2 86 81.1 26 100.0 157 85.8
GE 43 84.3 75 70.8 23 88.5 141 77.0
CS 36 70.6 82 774 22 84.6 140 76.5
HS 40 784 76 71.7 23 88.5 139 76.0
OE 38 74.5 77 72.6 15 57.7 130 71.0
CH 11 21.6 50 472 9 34.6 70 383
IG 13 255 52 49.1 10 38.5 75 41.0
LB 9 17.6 32 30.2 4 15.4 45 24.6

Total 51 100.0 106 100.0 26 100.0 183 100.0

! Percentage of points acquired by farm for the total score for each management items.
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Table 5. Performance comparison by management item for risk assessment of HPAI outbreak in the selected poultry farm

JS GE CH CS HS OE G LB

Item'
Status’ Risk® Status Risk Status Risk Status Risk Status Risk Status Risk Status Risk  Status Risk

Transparency 100 1 100 1 100 10 100 1 100 1 10 10 10 10 10 10

Isolation 100 1 100 1 100 1 100 1 1 100 100 1 100 1 1 1

Location 1 100 1 100 100 1 100 1 1 100 100 10 10 10 1 100

Physical fence 100 10 100 10 100 1 100 1 100 1 100 1 10 10 1 100

General ~ Documentation 10 10 10 10 1 100 100 10 100 1 100 1 10 10 1 10
All-in All-out 100 1 100 1 1 100 100 1 100 10 10 10 100 1 100 1

Density 100 100 100 100 100 100 100 100 100 100 100 100 10 100 10 100

Other 1 1 100 1 100 100 1 100 1 100 1 100 1 10 100 10 100

Total 512 323 512 323 602 314 800 116 602 314 620 134 260 242 134 422

Egg management 100 1 10 10 1 100 10 10 10 10 10 10 100 10 100 10

Insect screen 100 1 100 1 10 100 100 1 10 10 100 1 10 10 1 100

Equipment C&D 100 10 100 10 10 100 100 10 100 10 100 10 10 10 10 10

Rest period 10 10 10 100 1 100 10 100 10 100 10 10 10 1 10 10
Sanitation

Water control 100 1 100 1 10 10 100 1 100 1 10 1 10 100 1 100

Pest control 100 10 100 10 1 100 100 1 100 10 10 10 10 10 1 10

Other 2 300 12 210 21 13 310 120 12 120 12 220 112 112 130 13 220

Total 810 45 630 153 46 820 540 135 450 153 460 154 262 271 136 460

Outbreak 100 10 1 100 10 10 10 100 10 100 10 10 10 10 10 10

Key lock 100 1 100 1 1 100 100 10 100 10 100 10 10 10 1 100

Worker contact 100 10 100 10 100 100 100 10 100 10 100 10 100 100 100 100

Manure control 100 1 100 100 10 10 100 1 10 10 100 100 10 100 1 100

Quarantine  Shoes control 100 1 100 1 10 10 100 10 100 10 100 10 1 10 1 10
Access control 100 10 100 10 10 10 100 1 100 1 100 1 10 100 1 100

C&D 100 10 100 10 10 10 100 1 100 1 100 1 10 1 10 1

Other 3 1,300 139 1,300 139 292 553 1,300 31 1,210 121 1,120 142 472 158 166 157

Total 2,000 182 1,901 371 443 803 1910 164 1,730 263 1,730 284 623 488 290 578

Grand total 3,322 550 3,043 847 1,091 1,937 3250 415 2,782 730 2,810 569 1,145 1,001 560 1,460

! Each item was given a score of 100 points, 10 points, and 1 point in each step in evaluating the biosecurity level at present (* mark as Status)
and the risk of HPAI outbreak (* mark as Risk).

* Each management item that is not indicated in this table is included in the other 1, other 2 and other 3 below and is indicated by total score.
Specifically, the items not displayed in other 1, other 2 and other 3 are as follows.

Other 1: Duck farm vicinity, Other 2: Laundry, Feed control, Bedding control, Facility disinfection, Other 3: Serology, Salmonella monitoring, Waste

control, Necropsy, Quarantine, Vaccination, Equipment share, Wild bird control, Sick bird control, Veterinary service, Entrance disinfection,

Disinfection after shipment, Disinfectant management.
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Fig. 1. Comparison on biosecurity level of the poultry farms selected in this study. The biosecurity level was evaluated by three
converted into percentages based on the total score of 100 points and displayed in bold face for each management.
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Supplement Table for Table 5. Performance comparison by management item for risk assessment of HPAI outbreak in the selected

poultry farm
. IS GE CH CS HS OE IG LB

frem Status' Risk® Status Risk Status Risk Status Risk Status Risk Status Risk Status Risk Status Risk
Transperancy 100 1 100 1 100 10 100 1 100 1 10 10 10 10 10 10
Isolation 100 1 100 1 100 1 100 1 1 100 100 1 100 1 1 1
Location 1 100 1 100 100 1 100 1 1 100 100 10 10 10 1 100
Duck farm vicinity 1 100 1 100 100 1 100 1 100 1 100 1 10 100 10 100
General Physical fence 100 10 100 10 100 1 100 1 100 1 100 1 10 10 1 100
Documentation 10 10 10 10 1 100 100 10 100 1 100 1 10 10 1 10
All-in All-out 100 1 100 1 1 100 100 1 100 10 10 10 100 1 100 1
Density 100 100 100 100 100 100 100 100 100 100 100 100 10 100 10 100
Total 512 323 512 323 602 314 800 116 602 314 620 134 260 242 134 422
Egg management 100 1 10 10 1 100 10 10 10 10 10 10 100 10 100 10
Insect screen 100 1 100 1 10 100 100 1 10 10 100 1 10 10 1 100
Equipment C&D 100 10 100 10 10 100 100 10 100 10 100 10 10 10 10 10
Rest period 10 10 10 100 1 100 10 100 10 100 10 10 10 1 10 10
Laundary 100 10 100 10 1 100 10 1 10 1 10 1 1 10 1 10
Sanitation Facility disinfection 100 1 100 1 1 100 100 1 100 1 100 1 10 10 1 100
Water control 100 1 100 1 10 10 100 1 100 1 10 1 10 100 1 100
Feed control 100 1 10 10 1 10 10 10 10 10 10 10 1 10 1 10
Bedding control 0 0 0 0 10 100 0 0 0 0 100 100 100 100 10 100
Pest control 100 10 100 10 1 100 100 1 100 10 10 10 10 10 1 10
Total 810 45 630 153 46 820 540 135 450 153 460 154 262 271 136 460
Disease outbreak 100 10 1 100 10 10 10 100 10 100 10 10 10 10 10 10
Key lock 100 1 100 1 1 100 100 10 100 10 100 10 10 10 1 100
Entrance gate 100 1 100 1 10 10 100 1 100 1 100 1 10 10 1 10
Worker contact 100 10 100 10 100 100 100 10 100 10 100 10 100 100 100 100
Serology 100 1 100 1 10 1 100 1 100 1 100 1 1 1 1 1

Salmonella
monitoring 100 100 100 100 10 100 100 1 100 1 100 1 10 10 1 10
Quaranin® . e control 100 10 100 10 10 100 100 1 100 1 100 1 10 1 10 1
Necropsy 100 1 100 1 10 10 100 1 100 1 10 1 100 1 10 1
Manure control 100 1 100 100 10 10 100 1 10 10 100 100 10 100 1 100
Shoes control 100 1 100 1 10 10 100 10 100 10 100 10 1 10 1 10
Quarantine 100 1 100 1 100 1 100 1 100 1 100 1 100 1 10 1
Vaccination 100 10 100 10 1 100 100 10 100 10 100 10 100 1 100 1
Access control 100 10 100 10 10 10 100 1 100 1 100 1 10 100 1 100
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Supplement Table for Table 5. Continued

. JS GE CH CS HS OE JG LB
Item
Status' Risk?> Status Risk Status Risk Status Risk Status Risk Status Risk Status Risk Status Risk
C&D 100 10 100 10 10 10 100 1 100 1 100 1 10 1 10 1
Quarantine
Total 2,000 182 1,901 371 443 803 1910 164 1,730 263 1,730 284 623 488 290 578
Grand total 3322 550 3043 847 1,091 1,937 3250 415 2,782 730 2,810 569 1,145 1,001 560 1,460

* Each item was given a score of 100 points, 10 points, and 1 point in each step in evaluating the biosecurity level at present (' Status) and the
risk of HPAI outbreak (> mark as Risk).

* This table showed all management items used in this study and also included the items which were not shown in the Table 5 (Other 1, Other
2 and Other 3) such as below.

Other 1: Duck farm vicinity.
Other 2: Laundry, Feed control, Bedding control, Facility disinfection.

Other 3: Serology, Salmonella monitoring, Waste control, Necropsy, Quarantine, Vaccination, Equipment share, Wild bird control, Sick bird control,
Salmonella monitoring, Veterinary service, Entrance disinfection, Disinfection after shipment, Disinfectant management.






