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ABSTRACT - This study was performed to determine risk ranking of the combination of pathogen-livestock or
livestock products to identify the most significant public health risks and to prioritize risk management strategies.
First, we reviewed foodborne outbreak data related to livestock products and determined main vehicles and pathogens
according to the number of outbreak and case. Second, expert’s opinion about management priority of pathogen-live-
stock product pairing was surveyed with 19 livestock experts in the university, research center, and government
agency. Lastly, we used the outcome of Risk Ranger (semi-quantitative risk ranking tool) of 14 combinations of patho-
gen and livestock or livestock products. We have classified the combination of pathogen-livestock products into group
I (high risk), IT (medium risk), and III (low risk) according to their risk levels and management priority. Group I, which
is the highest risk for foodborne outbreak, includes Sal/monella spp./egg and egg products, Campylobacter spp./poul-
try, pathogenic E. coli/meat and processed ground meat. In conclusion, the results of this study will provide the spe-
cific guideline of mid- and long-term planning for risk assessment and risk management prioritization of the
combination of pathogen and livestock, or livestock product.
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Table 1. Questions" of risk ranking determination for the combination of major pathogens and livestock or livestock products
Question and Answer sheet
Example: Pathogenic E. coli Clostridium
Rank C. perfringens Salmonella spp. (include E. coli O157:H7) Campylobacter spp. perfringens
@D Jokbal \
® Liquid egg
©) Cheese
@ Milk
® Yoghurt
Rank Staphylococcus aureus Yersinia enterocolitica  Listeria monocytogenes  Enterobacter sakazakii ~ Bacillus cereus
@®
@
©)
@
®

Rank for 1 to 5 according to their risk from the selected 10 combinations of major pathogen and livestock or livestock products

1 2

4 5

YQuestions were given to 19 livestock experts in the university, research center, and government agency.
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Table 2. Risk Ranger questions and answers

Question Answer

SEVERE hazard - causes death to most victims

MODERATE hazard - requires medical

MILD hazard - sometimes requires medical

MINOR hazard - patient rarely seeks medical

GENERAL - all members of the population

2. How susceptible is the population SLIGHT - infants, aged

of interest? VERY - neonates, very young, diabetes, cancer, alcoholic etc

EXTREME - AIDS, transplants recipients etc

1. Hazard Severity
A.
SUSCEPTIBILITY AND
SEVERITY

daily
weekly

3. Frequency of Consumption monthly
a few times per year
OTHER
all (100%)

4. Proportion of Population Consuming most (75%)

the Product some (25%)

very few (5%)
Australia
New South Wales

5. Size of Consuming Population Northern Territory
South Australia
OTHER (Korea: 51,081,507)

Rare (1 in a 1000)
Infrequent (1 per cent)
6. Probability of Contamination of Raw Sometimes (10 per cent)
Product per Serving Common (50 per cent)
All (100 per cent)
OTHER
The process RELIABLY ELIMINATES hazards
The process USUALLY (99% of cases) ELIMINATES
The process SLIGHTLY (50% of cases) REDUCES
The process has NO EFFECT
The process INCREASES (10 x)
The process GREATLY INCREASES (1000 x)
NO
8. Is there potential for recontamination YES - minor (1% frequency)
C. after processing? YES - major (50% frequency)
PROBABILITY OF OTHER
FOOD CONTAINING WELL CONTROLED - reliable, effective systems in place
AN INFECTIOUS DOSE (no increase in pathogens)
9. How effective is the post-processing CONTROLLED - mostly reliable systems in place (3-fold increase)
control system? NOT CONTROLLED - no systems, untrained staff (10-fold increase)
GROSS ABUSE OCCUR - (e.g.1000-fold increase)
NOT RELEVANT - level of risk agent does not change

B.
PROBABILITY OF
EXPOSURE TO FOOD

7. Effect of Processing

None
10. What increase in the post-processing Slight (10 fold increase)
contamination level would cause Moderate (100-fold increase)
infection to the average consumer?  Significant (10,000-fold increase)
OTHER

Meal Preparation RELIABLY ELIMINATES hazards

Meal preparation USUALLY ELIMINATES (99%) hazards
11. Effect of preparation before eating ~ Meal preparation SLIGHTLY REDUCES (50%) hazards

Meal preparation has NO EFFECT on the Hazards

OTHER

RISK RANKING (0 to 100) Low: <25, Medium: 26-40, High: > 40
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Salmonella spp., Pathogenic E. coli(E. coli O157:H7 X3}),
Campylobacter spp., Clostridium perfringens, Staphylococcus
aureus, Listeria monocytogenes, Yersinia enterocolitica, En-
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SleflA JidE W A vd= fJsiE s =9 “Risk
Ranger” & A}&3}9] risk ranking & AA3F ). Risk
Ranger £ Table 2 o AAJE 117FA] F&ol thsle] 93]
2EFH 2F= Al 2H7Fe] B EE microsoft excel spread-
sheet ol Y=+ Aol W} risk ranking ©] AFHE= =
F-o]t}. Risk Ranger 2] 117F4] AEL (A) 73 4
Z}2d (susceptibility and severity), (B) 41% 2] =Z7}s4

(probability of exposure to food), (C) 7FHS 2]Fo] £
F+E e

Q I]-IHI-I _rltﬂ =I;l]-LIJI/ 1=
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% % shtolth mFe] FDA 2
gzutE Sl vH f9 9
A9 el 7bg 2 99lelm I wAEel v F7ks)
= FAl AT C jejuni o oS AEHe] Fa 9
ol AZF2 Al Aoz FAESL. FHolol CL perfringens
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Staphylococcus, Norovirius, Shigella, B. cereus, V. para-
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Table 3. Foodborne pathogens and vehicles related to foodborne outbreak due to livestock or livestock products during 2008 to 2012

years in Korea

Rank Pathogen Number of Outbreak Vehicle Outbreak place
Total 23
Meatball, minister’s head, Jajangmyeon
(meat), Egg, Stir-fried glass noodles and Gyeonggi, gyeongbuk,
Salmonella Enteritidis 15 vegetables (meat, egg), Gimbap (egg), Seoul, Jeonnam, Chungnam,
Rolled omelet, Kimbap, Potato salad (egg), Chungbuk, Jeju
Steamed egg, Broiled quail eggs
1 Salmonella Thompson 2 Gimbap (egg) Gyeonggi
Salmonella Typhimurium 2 Meatball (egg), Gimbap (egg) Seoul, Chungnam
Salmonella D group 2 Pork Jeonnam
Salmonella B group 1 Egg Gangwon
Salmonella Schleissheim 1 Rolled omelet Chungnam
Salmonella montevideo 1 Sweet and sour pork Seoul
Salmonella Newport 1 Sliced raw beef bibimbap Jeonnam
Total 14
Jajangmyeon (ground ment), Pigs’ feet, Gyeonggi, Seoul, Jeonnam,
5 EPEC 10 Beef, Yukhoe, Hamburger (Chicken patty), Jeonbuk, Chungnam,
Yuksashimi, Gimbap with tuna (egg) Chungbuk
EHEC 2 Sirloin, Roast beef Jeonbuk
ETEC 2 Yuksashimi, Bulgogi pizza Jeonbuk, Chungbuk
Meat, half-Chicken soup, Chicken, Deluxe .
L . . . . . Gyeonggi, Seoul, Jeonbuk,
3 Campylobacter jejuni 8 chicken rice porridge, Boiled chicken soup, Chunenam
chicken breast, Chicken Yukhoe &
- . Bulgogi, Boiled pork, Braised spicy Gyeonggi, gyeongnam,
4 Clostridium perfringens 6 chicken, Rice ball (stir-fried spicy pork) Seoul, Jeonnam, Chungbuk
Staphviococcus 4 Pork fried cutlet, Boiled pork slices, Fried ~ Seoul, Jeonnam,
Py chicken Chungnam, Chungbuk
5 Undercooked pork, Milk, Braised spicy
Norovirus 4 chicken with vegetables, Stir-fried chicken ~Gangwon, Jeonnam
and vegetable
6 Shigella 2 Meat, Yukhoe (beef) Jeonnam
Bacillus cereus 2 Braised short ribs, Boiled pork slices Gyeongnam, Gyeongbuk
7 Vibrio parahaemolyticus 1 Kimbap (egg) Chungnam
(KCDC, 2013)
2 Vg 8sEe] £ A0E Uehdth AR A3 ST FARA A% BH71FR] EHEC LG5
of m=m B EHEC LHUFEE 08% AOP7, 2 08% UOP7, 28 /1F/E B YRFH0) o}
FAAYN A% Pk $EL VI0E Ao effec)OE £ 2 BAIITE AFS 71979 93 25l EHEC

AR ATHY. 28y ol =9 AFAHE 2AR =5 o AA7} 7 ALE FATE TH HE E3olA
AR FAAE 93 F8) nAE T FF gt 99%A| A (usually eliminate)&=S A EH o o] & 4
= A= FAEte olo thgk ArE Badk AR A} Ao Fukzle S AFAArE Basitt. 2 AolA
2HY. B AgoA &-83F Risk Ranger 9] 2498 & 754 EHEC ¢ fdw9le 9H A& £3olA
—r/\]-fﬂ—oi EHEC ¢l thgh dwe] 472 S7Hmoderate) T4 5 2% A7} wj9 & o]Fo)R (well controlled)

ArHehe] "7 dS H5(general), 359 A Ae A5, AF A DAY A whgel wet Aol
HJE% T 13], AF 2P A7 ¥E2 75%, s Aol7k Aok AR 11l AFH A @AM 99% Al
A= BAA AE Wt 51,081,507 HOE ST E AE A EE 50% 21]749 73%-9] risk ranking & Z+7+
g 2 7HSollA 9] EHEC 53 -3l Vg%-‘ﬂr T8 = 35, 452 AfolE Ho AHH A AAS rtdxeE B3l
HAE R HEERY FE UM 5e9E B e9E sk 8 TAAE 9SS FIET R ArA )
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Table 4. Risk ranking determined from the survey by livestock
experts

Pathogen / Potentially Hazardous livestock or

Rank livestock products

1 Campylobacter / Chicken

2 Salmonella spp. / Egg & Egg product

3 Enterobacter sakazakii / Moditied milk powder

4 Pathogenic E. coli / Processed ground meat

5 Pathogenic E. coli / Meat

6 Salmonella spp. / Meat

7 Clostridium perfiingens | Meat

3 Clostridium perfiingens /
Processed ground meat product

9 Listeria monocytogenes / Sausage and Ham

10 Staphylococcus aureus / Sausage and Ham

11 Clostridium perfringens / Sausage and Ham

12 Listeria monocytogenes | Meat

13 Staphylococcus aureus /| Meat

14 Bacillus cereus / Milk formulas

15 Listeria monocytogenes / Cheese

of =W EH7tES AFY W=7 73°C 7HA] B8
SIEE 7FEAE Al HAE LY94F°] 5log CFU/mI ©]
& Aashe Ao® Uehth ey LRRbe] FAE e
7hdA el o8 EA7teS AFL W=7 60°C A
A%, mAEo] 2-3log CFU/ml 522 Q9% A Fo}
g gRlssint. wets] AAst 7tax v HEx
2o] ebdgE Fushsd wig- Fasith
= HAZNNA)ANA ] S aureus 2 AHFH A ZE
of wet ATl Zfol7k AT $HA8] 7HEEhe
sl & A9 S $(usually eliminated)$} 71HE A2
7} AU 2 o] FoJR|A] ¢ro} LEAH o7 3] B A H3Y
S 79-(slightly reduced)®] risk ranking & z}7z} 42, 512
ettt ER2AF A3 A7) S, aurues ¢ 2
A2 679%920%] 01 EETA T 08O 139,72
2 A A Mk Aol gt S oaureus ¢ 7
A FF2 1S Ao effect) 22 AHASIAT =57
Aol HAS ZTAAAT HF A FHI IdA7 AHLS
S oA T US AR AlsH
=4 3-?4% ] oA 2] L. monocytogenes Z ZATE R
ZAPY Ao mEW Hi7]e] HFHNE
lﬁﬁﬁuﬂ, AL 2H9E2 TA Farle] 4
Qo 21.75%>22] Ro = Yepgth TAZAANA L. mono-
cytogenes AR AF7F FAY 0}04 EAFAY 2HE
AstA & e oy ASAES AsTHEd 29
A E A FL FAAEE 74XP1 2ol 2AR
Had mAES 22 AETH fsaa ATt ofHE
Ao Hekste] 7H AHE FFolA 50% Al A(slightly
reduce)E &3t S™ 1 A3}, risk ranking®] 5022 %

o

—

AR
lo rlr

2

7
do

19
MN

(
-

il
:Cl){é

>,
oy
Bl

i

Al YEeRstt). olo] AlKAlA ] Campylobacter spp. 7t 45
12 AA =D =, TEZAM W2 Campylobacter 2
QA FL] Ao MY LFEL 41.2%*, FEHE T
719l QEEL 51.1%™2 Yetbth EAFA ] F
ek Sl AFAETE Bk =29 ARE o] &S
om e oMo TheEHo]l FARKA] H5d o
7 dokal AekEnh garle] 34 F A AlsEe] o
HulEL} wsld Soj|a & o] F o= =(well controlled) 7
T Ee ATAE oA FAEsH frEEe] #EEHe
(controlled) 73-F-o we} Aol Zpol7F AATE HAL
719 C. jejuni 42 735 P1E7189 SEHHOZA] F
AAg N5 ] B AdolA Y] WA Tl ¢JsiA
= A S WA Fouh WHLH AR Aol A
SkaL 5007 ©13te] C. jejuni 4ol oSIME AT5HS ¢
o7|BR 27] LHFE HY7E TG Hojtp. g =
U F534 A C jejuni & LG5 Hso tis
A7 'éﬁ%L ZoR AtgHTh

il

Cl perfringens ° HsA= A2 3l FA4H4Eo
25171, HALZIA), @ R XA 22 {FH 61,
791, 991= YERETh AFoFEPAE A2 A A
o ol (A, A7 HEHA)oIA B AFE AL
ARl AL F TS A XA NA ‘Q’% =k Aol
A BT EY FLS CL perfiingens &S EQlsld

IAESL] HF AA g8 A7 fre 2 -"&Uﬂ ?E} z=
A& Hg v AT CL perfringens €1 22317](A)2F =A]
271(8) dAEANAM ] A& ZHF 3.3%%} 2.2%2271)
¢l AR ZALEAT. EF 25| A5ty Al FHo] o] F
oAx= AL AR T AE TENNE= CL perfringens
F3l mAE] 50% A A(slightly reduce) == 0% Al A
(no effect) s AR oH, &237](A)e} =HAL7](A)7t
AT e AL 5 2 A= dAujE jlenz
AR oHAA T & ] Al&Fo] ujg- & o] R =
(well controlled) 73-%-92} ¥]=& 2|7} o] F| A =(con-
trolled) 74+ Mgttt &227](A)= 11H F&A
23] 93 H= 9-(usually eliminate), 2~H| o] 9} 7l0]
= °‘5:1—,—‘:— (sllghtly eliminate), %3], A U] 5
739-(no effect) ro] A ]'}\}\
J—7](‘§)94 38 5 #AYUE HlaA # o) F
oJR| AL %il, A T o2 AHT 99| risk ranking
o] 4472 ESkth HALZ|(AE 11¥ E3olA &3] ¢
M= Z-$-(usually eliminate)2} F-22 3k 7t Aol <]
3 9 sid = 73—?—(sllghtly eliminate)2 o] A& s}
odouq i]Z_ZJ o2 FA T A7) v F Z o]Fo|A
HE 7499 risk ranking ©] 4322 =4 YE
o FAZAL A3, CL perfringens 9 7Fg I 23t
#E] BE W 2 AR gk A A3 £S5 e
2 YEY. CL perfringens + B33 & £ 29
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Table 5. Risk ranking for the combination of major pathogens and livestock or livestock products using a Risk Ranger

Risk Ranger question EHEC EHEC /processed Campylobacter spp. L. monocytogenes L. monoc.ytogenes
/raw ground meat ground meat /poultry /poultry /milk

1. Hazard severity moderate moderate minor moderate moderate

2. Population susceptibility general general general general general

3. Frequency of consumption weekly weekly weekly weekly other (146/year)

4. Proportion consuming (%) 75% 75% 100% 100% 75%

5. Total population 51,081,507 51,081,507 51,087,507 51,087,507 51,087,507

6. Proportion of raw o o o N 0
product contaminated (%) 0.8% 0.8% 41.2% 21.75% 3.2%

7. Effect of processing on no effect 99% eliminates increase 50% reduces reliably elimi-
hazard 68% reduces nates

8. Post processing no 0.04% 51.1% 1.71% 0%

contamination rate (%)

well controlled

9. Post processing control not relevant well controlled

controlled

10. Increase required to
cause infection/intoxi-
cation (per 100 g)

11. Effects of preparation
before eating on hazard

1 - 10°%(10%) 1 - 10°(10%) 39.1 = 5 x 10%(1279.75)
99% eliminates

50% reduces

99% eliminates
o) Ali
50% reduces 99% eliminates
well controlled : 46

controlled : 49

well controlled : 41
50% reduces : 52 50% reduces : 45 68% reduce
controlled : 44

99% eliminate : 43 99% eliminate : 35  increase

Risk ranking

not controlled

well controlled

1->3x10 1->3x10
99% eliminates no effect
50 0

YRisk ranking range: low < 25, medium 26-40, high > 40.

. . L. monocytogenes S. aureus S. aureus S. aureus Cl. perfringens
Risk Ranger question /egg products /raw pork meat  /egg products /milk /raw beef
1. Hazard severity moderate minor minor minor minor
2. Population susceptibility general general general general general
3. Frequency of consumption other (134/year) weekly other (134/year)  other (146/year) weekly
4. Proportion consuming (%) 100% 100% 100% 100% 100%
5. Total population 51,081,507 51,081,507 51,087,507 51,087,507 51,087,507
6. Proportion of raw o o o o o
product contaminated (%) 16.7% 6.79% 13.3% 25% 3.3%
. i . . . . . - 50% red
7. Effect of processing on reliably eliminates no effect reliably eliminates reliably eliminates o reduces
hazard no effect
8. Post processing 0% 13% no 0% 4%
contamination rate (%)
11 controlled 11 controlled
9. Post processing control well controtie controlled controlled controlled el controtie
controlled controlled
10. Increase required to
cause infection/intoxi- 1->3x10 10*— 107(10°)  1(?) > 10°(10")  1(?) = 107(107) 1(2) > 10*(10%

cation (per 100 g)

11. Effects of preparation  reliably eliminates 99% eliminates reliably eliminates

fi i 1t
before eating on no effect 50% eliminates no effect no effect
hazard
99% eliminates : reliably eliminates:
42 0
Risk ranking 0 0
0, 1 1 .
50% eliminates: no effect: 0

51

99% eliminates
50% eliminates

no effect
1 99% eliminates: 30
we 50% eliminates: 40
controlled
no effect: 42
99% eliminates: 30
controlled 50% eliminates: 40

no effect: 44

YRisk ranking range: low < 25, medium 26-40, high > 40.
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Table 5. (Continued) Risk ranking for the combination of major pathogens and livestock or livestock products using a Risk Ranger

. . Cl. perfiingens Cl. perfiingens Salmonella

Risk Ranger question fraw pork /ham and sausage fpoultry Salmonellalegg
1. Hazard severity minor minor mild mild
2. Population susceptibility general general general general
3. Frequency of consumption weekly weekly weekly other (134/year)
4. Proportion consuming (%) 100% 100% 100% 100%
5. Total population 51,081,507 51,081,507 51,087,507 51,087,507
6. Proportion of raw product o o o egg 0%

contaminated (%) 2.2% 0.3% 31.6% liquid egg 0%

50% reduces

no effect

7. Effect of processing on
hazard

8. Post processing 4%
contamination rate (%) °

9. Post processing control well controlled
controlled

10. Increase required to
cause infection/intoxi-

cation (per 100 g)

1(?) > 10%(10%)

. 99% eliminates
11. Effects of preparation

before eating on hazard 50% reduces

99% eliminates: 30
well
controlled 50% reduces: 40

Risk ranking 99% eliminates: 33

controlled

not
50% reduces: 43 controlled

reliably eliminates

99% eliminates
50% reduces
no effect
99% eliminates: 22
controlled 50% reduces: 31 egg

99% eliminates: 25

50% reduces 99% eliminates

egg 0.04%
0.56% 47.4% -
0 ? liquid egg 0.08%
11

controlled controlled well controlled

not controlled
1.5 10’

3 s 3 7 7

10°— 10(10°) 6.7 % 10% 1> 10107

99% eliminates
50% reduces
no effect
99% eliminates: 0
50% reduces: 10
no effect: 12
99% eliminates: 0
50% reduces: 34 50% reduces: 38 liquid egg  50% reduces: 0
no effect: 36 no effect: 0

99% eliminates

50% reduces

99% eliminates:

29
no effect: 33

YRisk ranking range: low < 25, medium 26-40, high > 40.
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Table 6. Classification of risk group for the combination of pathogen and livestock or livestock products

Risk Pathogen / Potentially Hazardous Reason for Selection
Group" livestock or livestock product Epidemiological Study Expert Opinion Risk Ranger

Salmonella spp./Egg & Egg product Ist 2nd Insu fﬁciencl}?:)hf’nlli):itoring data

I Campylobacter spp. /Meat (Chicken) 3rd Ist 4th

. . 4,5th Ist, 5th
Pathogenic £. coli/Meat, Processed 2nd Processed ground meat, Ground meat, Processed ground
ground meat
Meat meat
Clostridium perfringens /Meat, Sausage 4th 7, 11th 6,7, 9th
and Ham Cooked meat product Meat, Sausage and Ham Meat (Beef), Meat (Pork),
Sausage and Ham

I Staphylococcus aureus /Meat, Sausage Sth 10, 13th 2nd
and Ham Cooked meat product Meat, Sausage and Ham Meat (Pork),
Salmonella spp. /Meat 6th 8th
Enterobacter sakazakii / Modified milk 3rd
powder
Listeria monocytogenes /Meat, Sausage 9th 3rd
and Ham
Norovirus / Cooked meat product Sth
Shigella spp. /Meat 7th

I Staphylococcus aureus/Egg product, Milk
Listeria monocytogenes/Egg products, 15th
Milk, Cheese Cheese
Bacillus cereus/ Cooked meat product, 7th 14th
Milk formulas Cooked meat product Milk formulas

YI: high risk group, II: medium risk group, III: low risk group
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