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ABSTRACT - Recently, it is continuously rising to concern about the health risk being induced
by microorganisms in food such as Escherichia coli O157:H7 and Listeria monocytogenes. Various
organizations and regulatory agencies including U.S.EPA, US.DA and FAO/WHO are preparing
the methodology building to apply microbial quantitative risk assessment to risk-based food
safety program. Microbial risks are primarily the result of single exposure and its health impacts
are immediate and serious. Therefore, the methodology of risk assessment differs from that of
chemical risk assessment. Microbial quantitative risk assessment consists of four steps; hazard
identification, exposure assessment, dose-response assessment and risk characterization. Hazard
identification is accomplished by observing and defining the types of adverse health effects in
humans associated with exposure to foodborne agents. Epidemiological evidence which links the
various disease with the particular exposure route is an important component of this identifica-
tion. Exposure assessment includes the quantification of microbial exposure regarding the
dynamics of microbial growth in food processing, transport, packaging and specific time-tempera-
ture conditions at various points from animal production to consumption. Dose-response assess-
ment is the process characterizing dose-response correlation between microbial exposure and
disease incidence. Unlike chemical carcinogens, the dose-response assessment for microbial
pathogens has not focused on animal models for extrapolation to humans. Risk characterization
links the exposure assessment and dose-response assessment and involve uncertainty analysis.
The methodology of microbial dose-response assessment is classified as nonthreshold and thresh-
old approach. The nonthreshold model have assumption that one organism is capable of produc-
ing an infection if it arrives at an appropriate site and organism have independence. Recently,
the Exponential, Beta-poission, Gompertz, and Gamma-weibull models are using as nonthreshold
model. The Log-normal and Log-logistic models are using as threshold model. The threshold has
the assumption that a toxicant is produce by interaction of organisms. In this study, it was
reviewed detailed process including risk value using model parameter and microbial exposure
dose. Also this study suggested model application methodology in field of exposure assessment
using assumed food microbial data(NaCl, water activity, temperature, pH, etc.) and the commer-
cially used Food MicroModel®. We recognized that human volunteer data to the healthy man are
preferred rather than epidemiological data for obtaining exact dose-response data. But, the for-
eign agencies are studying the characterization of correlation between human and animal. For
the comparison of differences to the population sensitivity; it must be executed domestic study
such as the establishment of dose-response data to the Korean volunteer by each microbial and
microbial exposure assessment in food.
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Table 1. Acute and chronic outcome associated with microbial infections.

. . Acute Disease Chronic Disease
Microorganism
Outcomes Outcomes
Campylobacter Diarrhea Gullain-Barre's syndrome
E.coli O157:H7 Diarrhea Hemolytic uremic syndrome
Helicobacter Gastritis Ulcers and stomach cancer

Salmonella, Shigella, & Yersinia  Diarthea

Reactive arthritis

Coxsackievirus B h .
respiratory disease

Encephalitis, aseptic meningitis, diarrhea,

Myocarditis, reactive insulin-dependent-diabetes

Giardia Diarrthea

Failure to thrive, lactose intolerance, chronic joint pain

Toxoplama

Newborn syndrome, hearing and visual loss

Mental retardation, dementia, seizures

Table 2. Cases, severity, and mortality associated with
Salmonella in the U.S.

Items Salmonella E.coli
Annual number of cases 2,000,000 200,000
Annual number of deaths 2,000 400
% Foodborne 96.0 25.0
Mortality ratio(%) 0.1 0.2%
Severity ratio(%)** 4.1 12.7
% Associated with reactive arthritis 23 NA
mortality ratio nursing homes 38 11.8*%

*E.coli O157:H7

**Hospitalized cases/Total cases during outbreaks
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Table 3. Microorganisms and their principal food seurces associated with food contamination and illness

Microorganism

Food source

Salmonella

Raw meat and poultry, raw mik, eggs

Clostridium perfringens

Meats, poultry, dried foods, herbs, spices, vegetables

Bacillus cereus and other Bacillus spp.

Cold foods(handled during preperation), dairy products, meat and meat products, especially if
prepared from raw milk

Escherichia coli

Cereals, dried foods, dairy products, meat and meat products, herbs, spices

Vibrio paraheamolyticus Many raw foods

Yershinia enterocolitica

Raw and cooked fish, shellfish, and other seafoods

Campylobacter jejuni

Raw poultry, meat, raw or inadquately heat treated milk, untreated water

Listeria monocytogenes

Meat, poultry, dairy products, vegetables, shellfish

Viruses Raw shellfish, cold foods prepared by infected food handlers
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Fig. 1. The prediction of timely growth rate to the E.coli
0157:H7 using Food MicroModel®.
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Table 4. Threshold and nonthreshold models applied in
microbial,

Table 5. Best fit dose-response parameters for various
microorganism induced from human feeding studies.

Classification Model Equation Microorganism Best model Model parameters
Exponenitial ~ P=l1—exp(—1N) . - o=0.1705
Threshold Beta-poisson  P=1—(1+N/f)- @ E.coli beta-poisson B=161x 106
Gompertz P=exp(—exp(-B(t-M))) Salmonella exponential v¥=0.00752
Log-normal P_:l_i exp(—ZYZ)dx Pi=1—(1+N/f3)™ (beta-poission model)
Non-Threshold 2n Models

Log-logistic  p=1/(1+exp(~B(1-M)))

Dose-Response Data ]
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Response

[Plotting of Dose-Response Datal
]

l Finding of Best-Fitting Curve
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!
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1 a2 B
i
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Fig. 2. The process for dose-response modeling

B : 2("-1) N,
N, : 3ol 50% FFE wel nE F)

sl &Y

A=At = =2 =28 Ao} g3
SH7te] AAE Tt BlrES AR Aol
Aalle AAAYL Ecolit} Salmonellas |2 So] A9
s M= = =

CEYXRS BEA -HEFTIA EASE Ecolist
Salmonella®) CFU(Colony Forming Unit) 2 33k &
SFNGHIIE B 2EE HAEIS $E3 fElx
g Altele FHolt. AFF ¥ Ecoli®} Salmonella
9] CFU #& 1, 10, 10022 7148 W, E.coli% Salm-
onella®] human feeding studyE ENE dojzl £33
ARE E83lq EEF nAESaEd nE duNd9sE
Hrgh(E 58 883 £ 65 22 4948 ¥& 5+ ¥
1=

E.colix= beta-poisson model(a=0.1705, B=1.61X10%,
Salmonella’= exponential model(y=0.00752)°] 7Fg A3t
2dZ g5y Yot

TEE 29 parameters &3] $A4E SF R
T ot A

Ecoli: Pi = 1 ~ (1+N/B)™*
E.coli : Pi=1-(1+N/8 ) “=1-(1+N/(1.6)X 10%)™*""*

Pi=1—exp(—rN) (exponcntial model)
Pi : probability of infection
@, f3, v: parameters defining dose-response curves
N=exposure(CFU)

Table 6. Infection probability induced by risk charac-
terization using exposure data and dose-response
parameter(assumed value).

Microorganism Risk of Infection*
Exposure(CFU) Salmonella E.coli
1 7.5 X107 1.0 X 10°
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100 5.3 X10! 1.0 X10°
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Table 7. Adverse health effects associated with risks from
exposure to Salmonella(exposure : 1 colony forming unit)

Estimated
Value
Probability of infection Pi=1-exp(—0.00752X1) 7.5X107
Ps=Pi X severity ratio

Item Incidence Probability

Probability of severity _75%107x004] 31X 10*
Probability of mortality P‘“j) ‘SXX“I“(;?;‘(Y) oo 75x10"
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