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リスク評価手順の概要リスク評価手順の概要
（（FDAFDAによる腸炎ビブリオリスク評価の場合）による腸炎ビブリオリスク評価の場合）
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目的

Produce a Produce a mathematical modelmathematical model to predict to predict 
the the estimated incidenceestimated incidence of illness incurred of illness incurred 
by consumers of by consumers of raw oystersraw oysters containing containing 
pathogenic pathogenic VpVp

Provide FDA with informationProvide FDA with information that will that will 
assist the agency with the review of assist the agency with the review of 
current current programsprograms relating to regulatory relating to regulatory 
and guidance issues for and guidance issues for Vp Vp in raw in raw 
molluscan shellfish to ensure that such molluscan shellfish to ensure that such 
programs protect the public healthprograms protect the public health



範囲範囲

Assess human exposure to pathogenic Assess human exposure to pathogenic VpVp
via consumption of via consumption of raw oystersraw oysters

Determine the relationship between Determine the relationship between levelslevels
of of VpVp in raw oysters and in raw oysters and illnessillness

Estimate the number and severity of Estimate the number and severity of 
sporadic casessporadic cases of illness associated with the of illness associated with the 
level of level of VpVp consumed by consumed by healthy and healthy and 
immune compromised subpopulations immune compromised subpopulations 



範囲範囲

Evaluate the potential effectiveness of Evaluate the potential effectiveness of 
preventive and preventive and interventionintervention strategiesstrategies

Evaluate the effectiveness of FDAEvaluate the effectiveness of FDA’’s s 
previous previous guidelineguideline of no more than of no more than 
10,000 10,000 VpVp/g/g in raw oystersin raw oysters

Provide a tool to evaluate Provide a tool to evaluate criteriacriteria for for VpVp
for opening and closing shellfish waters for opening and closing shellfish waters 
for commercial harvestingfor commercial harvesting



Risk Assessment ProcessRisk Assessment Process

Hazard IdentificationHazard Identification
–– Pathogenic Pathogenic VpVp in raw molluscan shellfishin raw molluscan shellfish

Exposure AssessmentExposure Assessment
–– Determination of the likelihood of ingesting Determination of the likelihood of ingesting 

VpVp by eating raw molluscan shellfish by eating raw molluscan shellfish 
harboring the organismharboring the organism

Hazard Characterization/DoseHazard Characterization/Dose--ResponseResponse
–– Relationship of the levels of Relationship of the levels of VpVp ingested ingested 

with the frequency and magnitude of illnesswith the frequency and magnitude of illness
Risk CharacterizationRisk Characterization
–– Integration of hazard characterization and Integration of hazard characterization and 

exposure assessment to determine the risk exposure assessment to determine the risk 
of illnessof illness



Risk Assessment ApproachRisk Assessment Approach
Exposure AssessmentExposure Assessment
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仮定仮定

Pathogenesis was based on the Pathogenesis was based on the 
presence of the most characterized presence of the most characterized 
virulence factor of the organism, virulence factor of the organism, 
thermostable direct hemolysin (thermostable direct hemolysin (TDHTDH) ) 

Equal virulenceEqual virulence was assumed for all was assumed for all 
pathogenic pathogenic VpVp

All All VpVp in oysters, regardless of in oysters, regardless of 
pathogenicity, have pathogenicity, have similarsimilar growth and growth and 
survival ratessurvival rates

Lag timeLag time to growth of to growth of VpVp in oysters in oysters 
after harvest is negligibleafter harvest is negligible



仮定仮定

The The growth rategrowth rate of of VpVp in oysters is in oysters is 
approximately 1/4 of the growth rate approximately 1/4 of the growth rate 
observed in laboratory experimentationobserved in laboratory experimentation

The The growth rategrowth rate of of VpVp drops uniformly drops uniformly 
down to zero during the period of initial down to zero during the period of initial 
refrigeration following harvestrefrigeration following harvest

Oyster landings and consumption data Oyster landings and consumption data 
were used to estimate the illnesses were used to estimate the illnesses 
attributable to the region where oysters attributable to the region where oysters 
originatedoriginated



Maximum likelihood estimates (MLE) of the Beta-
Poisson, Gompertz, and Probit dose-response curves 
based on pooled data from human feeding studies of V. 
parahaemolyticus (Vp)



Uncertainty distribution of infectious dose of V. 
parahaemolyticus corresponding to 10-3 risk for Beta-
Poisson, Gompertz, and Probit dose response models



Case Series Statistics (CDC data)Case Series Statistics (CDC data)

107 oyster107 oyster--related culturerelated culture--confirmed confirmed V. V. 
parahaemolyticusparahaemolyticus cases (sporadiccases (sporadic-- and outbreakand outbreak--
related) occurring during 1997 and 1998 in the related) occurring during 1997 and 1998 in the 
Gulf Coast States :Gulf Coast States :

•• 5 septicemia5 septicemia
•• 1 death1 death
•• Of cases with available information:Of cases with available information:

23 of 79 (29%) cases occurred in individuals with 23 of 79 (29%) cases occurred in individuals with 
underlying chronic conditions underlying chronic conditions 
27 of 90 (30%) gastroenteritis cases were 27 of 90 (30%) gastroenteritis cases were 
hospitalizedhospitalized
3 of 4 (75%) septicemia cases had an underlying 3 of 4 (75%) septicemia cases had an underlying 
chronic conditionchronic condition



リスク評価結果の内容リスク評価結果の内容
（（FDAFDAによる腸炎ビブリオリスク評価の場合）による腸炎ビブリオリスク評価の場合）

季節、産地海域ごとの散発事例患者数の季節、産地海域ごとの散発事例患者数の
発生推定数発生推定数

感度分析（どの要因が結果に大きく影響し感度分析（どの要因が結果に大きく影響し
ているか）ているか）

対策効果の推定（基準値の違いも含む）対策効果の推定（基準値の違いも含む）

不確実性分析不確実性分析

用量反応評価における回帰モデルの違い用量反応評価における回帰モデルの違い
の分析の分析

リスク評価結果の検証リスク評価結果の検証



Sporadic Illnesses predicted by the Sporadic Illnesses predicted by the 
V. parahaemolyticusV. parahaemolyticus Risk Risk 

AssessmentAssessment
Region/
Season Fall Winter Spring Summer

Gulf 
Coast

400 1,200 3,00025

Mid-
Atlantic

ND ND 10 12

15 50ND NDPacific 
NW

30ND 12NDAtlantic 
NE

ND - Not determinable



Distribution of probable number of cases of V. 
parahaemolyticus-associated cases of septicemia 
occurring per year (all seasons and regions)



感度分析
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可能な対策の効果の比較可能な対策の効果の比較
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収獲段階における総収獲段階における総 Vp/g Vp/g 規制値に規制値に

よる効果よる効果
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リスク評価モデルの検証リスク評価モデルの検証

小売店での汚染実態調査データ小売店での汚染実態調査データ

vsvs モデルによる予測データモデルによる予測データ
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Enterobacter sakazakii and other 
microorganisms in powdered 

infant formula

FAO/WHOFAO/WHO
MRA Series No. 6MRA Series No. 6



リスク評価の目的：
以下の４つの質問に対して回答すること

What are the factors that contribute to the microbial food 
safety risks associated with powdered infant formula and 
what is their relative importance?
What are potential interventions that could mitigate 
these risks, and what is the relative efficacy of those 
interventions?
What key scientific knowledge and/or data are needed to 
reduce the uncertainty associated with the estimates of 
risks and the estimates of the relative effectiveness of 
identified risk control options?
What are potential consequences associated with the 
identified risk control options if implemented?



乳児用粉ミルクの製造工程（模式図）



リスク評価モデルの流れ図

PIF: Powdered Infant 
Formula 

PE: Contamination from 
the preparation 
environment 

PC: Contamination from 
the infant formula 

TTC: Time to consumption

E. SakazakiiとS. entericaを対象



専門家会議報告における
シンプルなリスク評価

特定の仮定条件におけるシンプルモデルを用いた
“what-if” シナリオ

以下のシナリオにおける以下のシナリオにおける相対リスク相対リスクを算出を算出（（E. Sakazakii）

シナリオ１：粉ミルクの汚染頻度の違いシナリオ１：粉ミルクの汚染頻度の違い

シナリオ２：調乳後ミルク消費までの時間シナリオ２：調乳後ミルク消費までの時間

シナリオ３：調乳後のミルクの環境からの汚染の頻度シナリオ３：調乳後のミルクの環境からの汚染の頻度

シナリオ４：乳児の感受性の差異シナリオ４：乳児の感受性の差異

シナリオ５：調乳後処理（高温湯での調乳、再加熱など）シナリオ５：調乳後処理（高温湯での調乳、再加熱など）

シナリオ６：複数のシナリオの組み合わせシナリオ６：複数のシナリオの組み合わせ
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