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Estimation of the Number of Salmonellosis Using Microbial Risk Assessment

Methodology
Choi, Eun Young - Park, Kyung Jin’
Rural Resources Development Institute, RDA, Suwon 441-853, Korea
"Korea Health Indusiry Development Institute, Seoul 156-050, Korea

ABSTRACT

The number of foodbormme salmonellosis was estimated by using microbial risk
assessment(MRA) methodology and the possibility of application was studied through
comparison with previous results. The contamination levels of Salmonella sp. were
estimated by using published domestic studies(1997~2000) and monitoring data
(1999~2001) from food-safety related institutes. Data on food consumption came from the
2001 National Health and Nutrition Survey, and dose-response models from studies in
other countries. Simulation results showed that there were 753,368 cases of salmonellosis
in Korea in 1 year, which is about 115 times that reported in previous years and lower
than the WHO’s estimation increase. From these results, microbial risk assessment is
likely to be available for estimation of the number of foodbome illnesses and
determination of the order of priority in food-safety management. Butthe verification
methods are not established and most of the data on contamination levels of foodborne
bacteria, food consumption, and dose-response relationships have not been established. In
addition, the actual conditions of circulation, storage and cooking must be studied further.
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& Fotste o] asith

AG7NA s G4 FAF =1L FAR
DA A o] 2uE B} AR HAFe
o8 A% ddATY AHE o) 83ld, 1 F
BujE 2 AFE5TEE H 83l o)FoF
(Mead et al. 1999). ©o]#3 A7 AFA|E Ediz
WHOd M= A 455 44 844 BRug
] oF 300~3508) FE=7HA] € Aol B
23k3 UTH(Yasmine 1997).

a2y olejgt 4L Aol AAE Q)
1, 53 8 vete] Asde diE AT 4
F5o] TAYL o FA FXolmz 29
142 BRIAAE 71 w5 TR FF0 3l
o] A ¢ FL& Aolg WA AR F
1998).

getA B dFadAE ol 2 EAHEE 3
Asty Fo A FHE AT PHLEA A
AE 9314 = 7Kmicrobial risk assessment
MRA) ¥PHEE o] &3l 4w i) el (salmonellosis)
BAFE FAEI, 7IE A7 FAHAe) vl
o 1 88 JHeAE dolRuA A

[}

0. 95 94

1. 35l &0l (Hazard identification)
U Axdel G #3I AFE FASHY
el A

2. '£& H7} (Exposure assessment)

AEL B8 HIAHE 2F5T9 Uingestion
leve) S FAse dARE, AFdie] o9
4=Z(contamination leve)@ 33 21Fo] HF g
(food consumption)g ©o]&-3&}o] t}S3 22 W
o2 FAs4rh

Ingestion level = Contamination level x Food

consumption

Ardatde] LS did o8 e
ARE AES A% REo] FFH(count assay)
287} obd @9 E4) {FUE vehie A4
Z|(quantal assay) AtR.Z ERRTE o3 A
A A2 REE 9 A AFAA 79 ¢
ApF(prevalence) S & 4 Ut} whetkA] o] WA
FES ugoR &1, ofrld @] EAjgod
1 2 @% ST(concentration)t= = AXIIE F
Astd EF AEF dAoire w9 L¥9sE
(contamination level)-& & & glerz g 2
& wyo g FIHct

Contamination level = Prevalence x Concentration

w3l 8o]A(variability) ¥ E-2H4 A (uncertainty)
< BAS F7] A3 4 HWEE H A A(point
estimates)7} o4 #-5 5 3L (probability distribution)
2 A Ergch

7}, 24945 (Contamination level)

A FoAMe Adndatd @A #F 8=
o] HEE ZHE F3(1997~2000)% #H 7]
DY AFE5T A B EUER(1999~2001)
A8 E o]&3ATh

(1) D4 (Prevalence)

A A Zof ik Andedel TAFEES
BESFE n, HoE AHE FESE sEin &
o sz Jvebd g ok 28y olg Ade 4
A7), AEAF T AFYH Zolrt Aol £
BAAS WEIDE ol digt Al=TFhg 3
Aot

FEHEES 3 U W 2 AHFPLE F
e Wy F, 2 A7l ol&d" A8 Zoln
o] AA| & Heell F&ol 7 FHIHE
¥ (cumulative binomial distribution)& ©]-£-3lo ¢}
g3} go] FHATHD

1) FDA/CESAN, USDA/FSIS, CDC(2001). Draft assesment of the relative risk to public health from foodbome Listeria
monocytogenes among selected categories of ready-to-eat foods. 2004. 5. 1. from http://www.foodsafety.gov/~

dms/Imrisk htmi
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| {n-s+(s+1) Fyp [2(s+1), 2(n-s)] }
pL = s/ {s + ms+1)Fy {2(n-s+1), 2s] }

T3 BEAAT Aolde Y] A8 F
AR fitting AE AR AP FELEE A
LA AT fittinge @RISK T2 1YL 0] 234
I, ¥ dAFdMe olf 7t AR2HEH BE
T8 HHBETE & F UoBE PEEE HE
ATt BEXEE 7 Aol SYPFHoZE o]F oA
o Aol 4= n 7HEH Z|ohE AFA(AF/ )l
s oS A oW Aol HAY FES
AA4se u AH-EHH, Beta@p)E UEPIT o
714 a¥ s+10]31, B n-stlo|thd wala] B o
T} Fo] BT} YAREESFE ¢1 e
$-ofl Algo] A, 3 o8 AFARE
grate] EMsle Aoz 2 A9 old4
(heterogeneity) & YERNE ol HYstonz pRE
& FHLIFHTEI or)el 71thgk Alzdo] dojd
g5 g H) - HAgS TSl fitted beta
EXE o]8%¢ 4 A=), BetaGeneral(a,B,min.,
max)Z e 4 lok(ElA 3z 2001). ok 4l
7 A 73 A - dtskgkel disiAM T B
XS Fg3lq 44 1 HEg 7T £ olE
Ho - Ao g fitted PEXLE HTHO
2 A&k

¢

o ox

o4

(2) 2935 % (Concentration)

HFoAMe) Adrdaid 2¥9FEE 54 BEX
E 7T F A& 9 MR L e 1 F
£ Fuz & we] Zimaximum likelihood estimator
; mle)o] Bth= 2] (Principle of maximum likelihood)
& o] 8-3}¢tiHaas et al. 1999; Haas et al. 1999).
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o] Y& o83y A= 4 AFET
o] £XE JPAsloL 3t} HFETY EXE
Z+e] v E A7} T Y8l (homogeneous) Y2
H(random). 2 EI I} HE Foles BEX
(Poisson distribution) & ©]-&3}¥t} ol A&7}
A o]0l Y HE) U ol 4E A 3
ZIME 71BHAZ HAW 7Hgeln AFEs
F WP oz} YH IAE A Hrhol
ME oA £XE Vel HHoE 0] 85
I QTHHaas et al. 1999a, 1999b).

metx a L] FE7F ul EEX)7E A2
¥ VoA mlAE NAAN=0 £3HE XY #FE
< o3 Zo] YEd 4 Qo

P(x =N) = (uV)N exp =YL

N!

A7loA T A|59] go] 2R MZ FY
2 48 FEEQ] A9 8L U3 2o
(=uV)

N;!

FAM AdFA%C] o8 7Hed AqE I
43 AgolEd §F EXe o|FE X(binomial
distribution)& W24 "} F, s1e] replicate”}
g A} oY WAES TN AE F
Eo] maH, nle] replicatesoll A pirle] A
replicatesE AT &E Pt o4 2ok

L=1IKuV;) M exp

n;! i ni— pi
P(Di)=m aP(l—m) " "

2z geld WA g2 vlage) )
Tol¢ ¥¥E wetn W uE oo 2ok

1;=P(1 <x< 00)=1—P(x=0)=1--exp(-4Vj)

gl BEL T 2ol Yehielt.

2) FDA/CVM(2001). The human health impact of fluoroquinolone resistant Campylobacter attributed to the consumption of
chicken. 2004, 5. 1. from http://www.fda.gov/cvm/antimicrobial/risk-asses.htm
3) USDA/FSIS(1998). Preliminary pathways and data for a risk assessment of E. coli O157:H7 in beef. 2004. 5. 1. from

http://www.fsis.usda.gov/ophs/ecolrisk/home. htm

4) FDA/CFSAN, USDA/FSIS, CDC(2001). Draft assesment of the relative risk to public health from foodbome Listeria
monocytogenes among selected categories of ready-to-eat foods. 2004. 5. 1. from http://www.foodsafety.gov/

~dms/lmrisk.htm!

5) FDA/CFSAN(2001). Draft risk assessment on the public health impact of Vibrio parahaemolyticus in raw Molluscan
shelifish. 2004. 5. 1. from http:/fwww.foodriskclearinghouse.umd.edujvibrio.htm
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A .
L=Hﬁ[l—exp(—#vi)] e

[exp(—pVlm—»

o] B5& HuZ ¥ uo gL vjRsly oY
Wel e TR Pok wek RE AR ol
FY3A AHEEAE S ot 2ol Yehl
ojAm, M2 & R AME A9 o8
=2 IYESOLVER, MATLAB)S o|&3dle 78
4~ QTtH(Charles N. Haas et al., 1999).

1 —_—
Ly == 1222

AEANMY v BE Aile AEFHN oA
B Agyel 93] 25g9] ARE AHEIIEE Ho
Jon, FAE ABANME giRE olE HI)n
Atk a2y AMEE Azl %ol thE AFol
UAY 25g0] obd HHE A Fo tisfre 25g&
AR oz JHgEN T, el ZE AR
gl 99 A& ol8dy LH9FEEE FAHIA
=3

2 Q¥ w9 AHF7HS LR(likelihood ratio ; A)
& o]&3tdth LRolF ARrpdel L)}
gdzbde 50N uLLYZEE Aol
o7l AR 1 A8V} e T 3
e 2t RHolx, yPside Ag &
BAge Zeds Aotk AFWHLE 2 InAvt
AHE 190 X grEoh 22 mo Wy} 2873t
o] =r(Charles N. Haas et al. 1999), ©]S Excel-&
o] g-3led pg FHoj - HAgE FIATH

L= ni!

I pi ! (ni—-pi)! [1* EXD(—l‘v)] i

[exp(—pu W] ¥

1 ;
H_m-‘(—r—:_,—_p—lj‘_ [1-exp(— e, VII®

[exp(— ttme i VII™ 7P
—2InA=25[V(e— pme Xn; —Pi) = p;
1—exp(—uV)

In l_ex?(—l‘mlg.iv)]

2dsxd YEiHe FNSEFA X (mle)S}

A - F&23E T3tk wetA] H 2l(min. max.)

9} WY Yolre mler} FHE & JE H5

Atgo] 7}53l triangular ¥ E- Triangular(min.,

mle, max)2 LlER) o] 83302732 2000).

LA=

. AF 433 (Food consumption)

AFE AT Ag2E 2001 FAAFFERAL
£ o3 E, T LEFEL Yehle A
271 RE g AEH S ZrsvIRte A
AHA AES FHo2 Yeh 3, 3 AL
5 Gk e AEFE 12Er] H3t
o, ZALE A FANANY THFE 1 HFol F3e
AEFY FHoZ HEIHAY. a8 AFE5
F8 9 AF2g AL Bl o|RojA i,
TASE FRAZGGERA] B2 £/ Q)
) goug FFo) TFAACL

AE AFE=E 99 WFEY R E E
Z2A4 yetdoer shed, BT olddle off
bEd kel gleng 3] gow HEAZ
F e Xoles BEE o) &3¥Th Fol& BE
€ oJH F7tely Akl leo] BgEHo R Yo
U APSS A slge wet JeEl RS o AL
£He BXg, Jad §£23) Y3 mEd
240) 72 Jeld 4 glen, Poisson(M)E o}
By ojAtHel5S 1991). gutEo s xp¢ioA
dobe 23 7he EAY dRELS AWEE
o ALAZ 4 loBg AE HIYE ZFE
EE o)&3d Uehle o) shssieh a8y
AMEEE Yehy] A e HEF tEo ¥
FHx7t EAsob stedl, @ A5dE AAH
o] x| goma FolE EIXE o] &3t

3. R85 ZX (Hazard characterization)
28 JEelMe ok A A Bt
el B2 A7) olFoixA o} SF-NkE B
Aol WANE APt FEC s a7 2
Je A9 itk dgxzA AR B EA
o YHAHE o= AT ZAPL Hol Jgeou,
AP FEFL =& Yside HdE o7
£ QT B =EF gsiMe AL o) Fo
A7 gk ety Fule] A5 FAAME o
7V5E Ao] gleng oA AFHAZ &F
-5+S ¥ d(dose-response model)-2 o83 th.

HAAA Zol|A o]Folz &F-RkE B
d tE A7 ALY} TEE o)§3t 43



¥ 2 A5 g9Fgx4te] de) vimsdlte] 3
}“ BAoz olfojHy. EF Wl
W, Abre] 387 7] Wil olE 2
#3ted A7} o]FolA L UrHLevin 1996).
BF A Btole ERistool), FE2
Z P (gastrointestinal tract)ol| A 2] AF=
AES 7IESE2 3o, W(symptomatic
infection)§ 79 0|9l EHA 7Hd(asymptomatic
infection)7} A = EF3}T Uk WHL IwtFHo 2
AAL #4872 FA A Y(acute gastroenteritis)
FAE 71 P on, Az dAPdA viE
o2 g FAE W Ut Abde) disiHE o}
AR Bag A7 A9rt gioh whebA o 7jelA
= AF7A Ardgldel] sl dATHei 24
FollA Rose et al.(1995)%] Zd& o83 ch

-

=2
A e

Hoon di g& ol r°1'
o o

“1""

Table 1. Dose-response model of Salmonella sp.”

Biological

Bacteria Host . Model / Parameter
end point
Salmonella Infection Exponential
sp. r = 0.00752
TPd) = 1—€"

™ Rose et al.(1995)

4. ?lsilz Z% (Risk characterization)

3 23 QAN F3E &S & Algel
370l A 7 A =(iskE vEbd Aol
o olZE Azt el s F dmde
SRF2 ST A T A Az HF
= dsizms videl A3 1d ¢ A&HoE
=Edte RS rjsiEg, 9d kZd A%
AN=2RE ASHA =Fd AT A= 2
&3k

drldle T 7HA Wie] sbedd, A HA
e 4 syt AEHe= ojfo|d B¢ 4
2 fdizme ME 5PHoR AEdte o
128 T2 Aok &, 4 A=l 4% 37t
FFE PIAA EL2 vAA & Ao s o|F
X Ade] HEH, 9FE 7AA € #E
2 o oE Hszel AdME TS TA B

N

D4E Ay Yot YyeE

0|38 dzdE ey FY )

A 8 &9 o433 complement)S ©]-§st] T
& 4 Atte Aeolth wahA ztzke] YA EE R
2t &9, 187t A& =& 4T F 9
3= R g3} 2ol Yeld 4 QUTH(Haas et al.
1999).

R=1-TI(1—-Ry)

T WA "L ¥ 99 (noncarcinogenic) 38}
B0 2 AHEEHE o Z, 2479 sfiert
AsHoz 350 Agavke o 7|2E T
otk 2, Zze] Y= Ro} 167 2HE o)
SRS FAA g5 ¥ A= RE YERHA
"ok Ao|thHaas et al. 1999).

R = f(Sm R)

Ty seteas ge 43SEe 99 A
A8 o) FAslo] 9 WA uche Haie
APl SRRz el AFL VXA 9
22 ogrldas N WA BHe stk =
@ BAAA PIAE AR HIINE ASH
=& A A HA W] o]&o] FAH
I YeHAA T 1998).

gAY A7 AEE YEl=®R)7E 2R Y
og7]ell =W F<T-4(total population number)E
g3t AN AT PSS 43S WA
B tes o] 2R T FA74
g a7 x=&Ws olgd AE7H BRE
1999'd3} 2000:d9] dtolmz, FAH A5E
olgstedl  1999d9] 46,616,677 2000149
47,008,111 2] ohgk&el 27¥gkel 47,000,000
& o] &3t

E = R x Total population number

5. A|28|0|M (Simulation)

olde] AT WHE TN AEHM =Y
< Figl3t 2tk AEHode FEEXE YE
3 Z} W4E @RISK 4.5(Palisade Corp. 2002)
2ayg o) &3te Yt

o] Z2IagdX AR 75T EEFE(sampling)
Hele 27127 Aok AR = Monte Carlo
sampling©. 2, BFEETTXE 2] & (random) o

6) A%, 2004. 5. 1. from hitp://fwww.nso.go.kr/cgi-bin/sws_777pop.cgi
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P (Prevalence)
: Fitted Beta

C (Concentration : org./g)
: Triangular

4

Cp (Contamination level

F (Food consumption

Y

torg. [ @) : g/person/day)
=P x C : Poisson
y Y
Cr (Ingestion level : org./person/day)
=Cp xF
R = [—g00"52C

R (Risk : /person/day)

365 days

Total population number(47,000,000)

E (Number of cases : [year)
= [1= T =SR] x 47,000,000

Fig. 1. Simulation model
EBES FE3E AYHY Wolth 72 ¥
7 & u ol &HY, 53] g7t f#Foz
+X(highly skewed) 734 of¢ e FE&
= 289 A # Ut T ouA wHe
Latin Hypercube sampling© 2, Monte Carlo sampling
e g GEEXE TYUFHA vl 21 Fol
A A RES doFer FEEEE, o F&
ANPgog wEn FY3A g X mgE
F Atk

=
T
=L XN
=

MY rfe
- &2 e

HEE 1] 3] 8] Sx(iterations)= 20,0001,  generator
seedt random WS AMEEt HFFHQ Al g
o4 ATz o g3HITh

I 25 2=

8l &l (Hazard identification)
drdel 2o didt Aa2e B Aol
o] &g diolEle) AJY71ZH 1998\ R-E 20007}

welr of7]ellA= Latin Hypercube sampling, o] AZEE Wl A (Table 2)E o]&3 Yt
Table 2. The number of salmonellosis”
1998 1999 2000 Average
Outbreak Case Outbreak Case Qutbreak Case Outbreak Case
119 4,577 174 7,764 104 7,269 397 6,537

7) 2 EeoleFEtAA. 2004. 5. 1. from http:f/www.kfda.go.kr/main/servicel.htm
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B 1d B d4Rde AFs dHdTE Fo] @9l O AR YA EL Table 49} 2
3977011, HA BAGFE 6,537HO2 UElRTH on, §F % 2 AFIAM LA5F0.08545)
o] F7F ¢ 1 AF0.05832)K T} FA JEFRT

2. =& I} (Exposure assessment) 1}, £9% X% (Concentration)
7h, WY 4F (Prevalence) g%z g A Table 59 2t} d3}
HAFEE FR3e o o]&€ dolHet # BAEZET vl E FF 2L 2 AFdAY
d &3 281 o]2RE Altd HAFEY H 249%5(0.00033 orgfe)7t =8 W I AE

&3 2 - &1gtgle] tig Al Table 33 Zow, (0.00018 org/g)Et} EA YehtT)
AgE 7% §74 st o)& sFsEtach
o|ZRE LAFES Golry] 3 fitted PE

Table 3. Data sets used to estimate the prevalence of Salmonelia sp.

Food No. Sample Positive ~ Lower limit(p) Fraction (p) Upper limit(p.) Reference
category
1 7 0 0.00000 0.00000 0.40962 A3 &, 1997
2 1,221 1 0.00002 0.00082 0.00455 A]g*
3 670 0 0.00000 0.00000 0.00549 B
4 5 0 0.00000 0.00000 0.52182 o) A *
5 13 1 0.00195 0.07692 0.36030 25
Cereals P

& products 6 59 0 0.00000 0.00000 0.06061 g
7 16 0 0.00000 0.00000 0.20591 B
8 9 0 0.00000 0.00000 0.33627 A
9 90 0 0.00000 0.00000 0.04016 A|
10 249 11 0.02226 0.04418 0.07767 HEx
11 676 0 0.00000 0.00000 0.00544 7+
1 16 1 0.00158 0.06250 0.30232 B3 % 5, 2000
2 18,767 151 0.00682 0.00805 0.00943 TYE
3 77 0 0.00000 0.00000 0.04678 AR T Y
4 637 2 0.00038 0.00314 0.01130 Ag*
5 7 0 0.00000 0.00000 0.40962 B

Meat 6 12 0 0.00000 0.00000 0.26465 t_H?ﬂ*

& products 7 7 0 0.00000 0.00000 0.40962 %_‘y%*
8 6 2 0.04327 0.33333 0.77722 b
9 89 0 0.00000 0.00000 0.04060 BH5*
10 14 2 0.01779 0.14286 0.42813 A
11 47 0 0.00000 0.00000 0.07549 A =+
12 305 3 0.00203 0.00984 0.02847 Ay
13 19 0 0.00000 0.00000 0.17647 7+

* B AE AT-9(1999-2000)

Table 4. Parameters for fitted Beta distributions and prevalence of Salmonella sp.

Food a of B of
category fraction fraction
Cereals & products 0.09710 0.28104 0.00546 0.21130 0.05832
Meat & products 0.11697 0.34054 0.01108 0.30196 0.08545

Mean of p Mean of p, Prevalence
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Table 5. Parameters for triangular distributions and concentrations of Salmonella sp.

" Lower limit [T Upper limit  Concentration
Food cate; Sampl Positi
gory ple ostve (org./g) (org./g) (org/g) (org./g)
Cereals & products 3,015 13 0.00010 0.00017 0.00028 0.00018
Meat & products 20,031 161 0.00028 0.00032 0.00038 0.00033

t}, 2443 (Contamination level)

A4 F(prevalence) 7t 2 %5 T (concentration)
ERH ANE 2YFEE Table 63 2T w4
FE - 2955 VAR &7 2 2 AF
A9l 2 F4F(280E-05 org/g)ol SFH R I A
F(LO7E05 org/gyith A YElsten, HdAH
9 2 94F2 3.87E05 org /gl JERIT)

Table 6. Contamination levels of Salmonelia sp.

Food category Contamination levels (org./g)
Cereals & products 1.07E-05
Meat & products 2.80E-05
Total 3.87E-05

2}, & AFF (Ingestion level)

2001 FUAZG YA wE IR 1AF
Add AFE HAHFL F7F ¢ 2 AFo] 3105,
&5 2 1 AZo] 91.7go.2 e

9 94=F(contamination level)Z} 2)3Z 432 a¥(food
consumption) 2. 2 2 €] Aitg T AHFE Table
73 2ok BAFLFE - LEFE - LAFES 29
AE AT B& IF 2 2 AF000334
org/personjday)e] &/ # 2 AF(0.00258 org/
person/day) L0} &7 VEhon], AAAA & A
# e 0.00592 org/person/day 2 tERSETH

Table 7. Ingestion levels of Salmonelia sp.

Ingestion levels
Food category

3. 86l AA (Hazard characterization)

o 4d# ek(ingestion level)ol] Rose et al. (1995)
9] Rd& o] &3 8| S (risk)= Table 83 Zt}.
o A% flaniAlz 35 9 1 AF
(2.51E-05/person/day)©] &7 2 1 A|F(1.94E-05/
person/day) 2¢} A Vebgow, WA A3
S 4.45E-05/person/day 2 }E}RETE

Table 8. Risk of Saimonella sp.

Food category Risk (/person/day)
Cereals & products 2.51E-05
Meat & products 1.94E-05
Total 4.45E-05

4. 2|50% Z™ (Risk characterization)

A E(iskl] e T FAFE FAHF 2
7= Table 99} 2ot iz} vpVhA2 £7
2 O AF@24,663yean)o] SF ¢ 1 AF
(328,705/yean L} ¥ JElGon], AAHo2
T 1de 24 Jhed 8 753368 oR
el o] & 19982 E 20003741 8] o}
gholl A AR Atmde AFE DA e
(Table 2)¢} vlws} BA FF <oF 11541dS &
2 9l=d), o)& WHOS FAul$ 300-3508.Th
e ¥e gFo|th ®3 Fgure 2, 39 F7H9 &
Folire) LA @560 g AlEdH ol AAE
Jehlok B, 5% 95% A7 9 3y
A5 FEFEE 5o JeERY UL

Table 9. The number of salmonellosis

(org /person/day) Food category __ Number of salmonellosis (/year)
Cereals & products 0.00334 Cereals & products 424,663
Meat & products 0.00258 Meat & products 328,705
Total 0.00592 Total 753,368
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Figure 2. The number of salmonellosis in cereals & products
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Figure 3. The number of salmonellosis in meat & products
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1. 43S weiol ojaa

A4 vI4E Ja4 Wrke 247 93 e
P9 53 NFAMY Y 425 dsl A
wHoz oj2olAw o, AFE WA B
% 2Rele ol89x A Wk wetd o) W
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