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ABSTRACT - The dose-response models are important for the quantitative microbiological risk assessment
(QMRA) because they would enable prediction of infection risk to humans from foodborne pathogens. In this study,
we performed a comprehensive literature review and meta-analysis to better quantify this association. The meta-anal-
ysis applied a final selection of 193 published papers for total 43 species foodborne disease pathogens (bacteria 26,
virus 9, and parasite 8 species) which were identified and classified based on the dose-response models related to
QMRA studies from PubMed, ScienceDirect database and internet websites during 1980-2012. The main search key-
words used the combination “food”, “foodborne disease pathogen”, “dose-response model”, and “quantitative micro-
biological risk assessment”. The appropriate dose-response models for Campylobacter jejuni, pathogenic E. coli
O157:H7 (EHEC / EPEC / ETEC), Listeria monocytogenes, Salmonella spp., Shigella spp., Staphylococcus aureus,
Vibrio parahaemolyticus, Vibrio cholera, Rota virus, and Cryptosporidium pavum were beta-poisson (a=0.15,
B=1.59, fi=10.72), beta-poisson (a=0.49, f=1.81 x 10°, fi=0.67) / beta-poisson (a=0.22, f=8.70 x 10°, fi=
0.40) / beta-poisson (a=0.18, B=8.60 x 107, fi = 0.60), exponential (= 1.18 x 107"°, fi = 0.14), beta-poisson (a =
0.11, 8= 6,097, fi=0.09), beta-poisson (a=0.21, B=1,120, fi = 0.15), exponential (»=7.64 x 10°%, fi = 1.00), beta-
poisson (a=0.17, f=1.18 x 10°, fi = 1.00), beta-poisson (a=0.25, f=16.2, fi = 0.57), exponential (»=1.73 x 1072,
fi=1.00), and exponential (»=1.73 x 1072, fi = 0.17), respectively. Therefore, these results provide the preliminary
data necessary for the development of foodborne pathogens QMRA.
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Table 1. Surveyed foodborne disease pathogens
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Group (No.)

Surveyed pathogens

Article No.

Bacillus cereus, Bacillus anthracis, Brucella, Campylobacter jejuni/coli, Clostridium botulinum,
Clostridium perfringens, E. coli O157:H7 (EHEC, STEC, VTEC, EPEC, ETEC, E. coli), Cronobacter

Bacteria (26)

sakazaki, Listeria monocytogenes, Salmonella spp. Shigella spp., Staphylococcus aureus, Vibrio
parahaemolyticus, Vibrio cholerae, Vibrio vulnificus, Yersinia enterocolitica, Francicella tularensis,

141

Hafnia albei, Mycobacterium bovis, Streptococcus spp., Plesiomonas shigelloides, Aeromonas
hydrophila, Coxiella burnetii, Clostridium difficile, Acrobacter butzleri, Acrobacter cryaerophila

Virus (9) Sapo virus

P
rotozoa (8) histolytica, Giadia, Toxoplasma, Trichinella

Adeno virus, Astro virus, Echo virus, Hepatitis A, Hepatitis E, Noro virus, Polio virus, Rota virus,

Cryptosporidium pavum, Cyclospora cayetanesis, Cysticercus taenia, Echinococcus, Entamoeba

29

23

Total

193
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Table 2. The representative dose-response models and related parameters

Model name

Function (probability)

Parameters

Exponential®

Beta-Poisson”

Weibull-Gamma®

Gompertz”

P=1-exp

~r*N

P=1-[1+N/p*

P=1-exp

—a*N"b

P =1 — exp[- exp (a + bf (N))]

r = model parameter specific for each pathogens,

N = dose (cfu)

o, = Beta distribution

N =dose (cfu)

a =model (infective) parameter
b = model (shape) parameter

N = dose (cfu)

a =model (intercept) parameter
b = model (shape) parameter

f (x) = function of dose
N = dose (cfu)

Table 3. Dose-response models of foodborne disease pathogens

Bacteria Study Host BIOIOgl.Cal Model/Parameter Relative
end point frequency (f7)
Osiriphun et al. (2010)" Beta Poisson a=0.2298, p = 49,377 0.05
Campylobacter jejuni . %) Human Infection Beta Poisson a=0.21, B =59.95 0.11
Calistri et al. (2008) Beta Poisson a=0.145, 3 =7.589 0.72
Huertas et al. (2008)'¥ Beta Poisson a=0.487, B =1.81 x 10° 0.67
EHEC Exponential r = 1.6 x 10’ 0.17
H t al. (2000)" .
bathonen aas et al. (2000) Morbidi Beta Poisson &= 0.1008, p=1.78x 10°  0.17
a;: ‘;i?;"c pppe Teunisetal. 2004)0 Human d?;rr‘hg) Beta Poisson a=0.22, p = 8.7 x 10° 0.40
' Strachan et al. (2005)'” Beta Poisson a=0.221, B =8.11 x 10° 0.20
Loge et al. (2002)"® Beta Poisson a=0.16, B =9.98 x 10’ 0.40
ETEC " Diallo et al. (2008 Beta Poisson &= 0.18, B = 8.6 x 107 0.60
Aarnisalo et al. (2008)* Exponential r = 5.34 x 107" 0.03
Listori Chen et al. (2003)*" Exponential r = 1.76 x 107 0.03
isteria . .
. Human Infection Exponential r = 1.6 x 107 0.03
(f A lo et al. (2008)*

monocytogenes anisalo et al. (2008) Exponential r = 5.6 x 107 0.03
Pouillot et al. (2009)” Exponential r = 1.18 x 107 0.14
Bemrah et al. (2003)* Exponential r =3.97 x 10° 0.03
sul I Gonzales et al. (2012)* H Infecti Beta Poisson a=0.1324, p = 51.45 0.06
armonetiasspp- - gemrah et al. (2003)? uman - Iecton  geta Poisson a=0.33, p=139.9 0.03
Soller et al. (2010)'” Beta Poisson = 0.11, B = 6,097 0.09
Haas et al. (1999)% Beta Poisson a=0.21, =1,120 0.15
Shivell H Infecti Beta Poisson a=0.277, p =2.38 x 10° 0.05
185 SPP- Crockett et al. (1996)'" uman - Intection - gota Poisson a=4.93 x 105, =0.364  0.05
Beta Poisson a=0.28, f =237.94 0.05
Staphylococcus aureus  Shibata et al. (2012)* Human Infection Exponential r = 7.64 x 107 1.00
Vibrio parahaemolyticus FAO/WHO (2011)'? Beta Poisson «=0.17, 3 =1.18 x 10° 1.00
Vibrio chol Iwahori et al. (2010)* Human Infection Beta Poisson o= 0.495, B = 3,364 0.14
10110 choterae— Rose et al. (2008)” Beta Poisson o= 0.25, f = 16.2 0.57
Rota virus Payment et al. (1990)>” Human Infection Exponential r = 1.73 x 107 1.00
c i Ottoson et al. (2003)*® Exponential r = 0.00405 0.08
P to;f Zf;l wum Mena et al. (2004)* Human Infection Exponential r = 1.73 x 107 0.17
P Englehardt et al. (2006)"" Beta Poisson @=0.2, 3 =10 0.08
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ol ol ¥FE 7B o7 wddl(single-hit model)
staz Qlom, X F7kA JidE tEAQl &S Rde
Table 29} 7t} 839329 3 exponential model2
H BE HAAnAE] 9 AHE@)S TS 1
WX Poisson X0 WETE 7HY st REEjX B
do]m, Beta-Poisson modele P&} <37k A 7}
heterogeneity®] 3. 7 EXE Beta ¥3X0| WEt= 714
gl gH=o)zl mdolth. Weibull-Gamma model ¥4
B3 5570 FA7E JA] heterogeneity®] L I EEE
Gamma 20 MEtt= 7P shol] ThEoxl Rd2A o
W2, AL9E 2 Bl A8 e 540l AP
Gompertz E2-2 predictive microbiologyoll X o] A=
 Gompertz 2@ Logistic?} Beta-Poisson®4 < &
AlA &7 o]gd mdojt,

Aes A9 AleE A kg mdS M5k 9
3 AF= Al QlaErE #E E1 F 1418S ZARS)
ATH(Table 1). AN AF5 A At 265 5 105
(Campylobacter jejuni, Clostridium perfringens, Pathogenic

Escherichia coli, Listeria monocytogenes, Salmonella spp.,
Shigella spp., Staphylococcus aureus, Vibrio parahaemolyticus,
Vibrio cholerae, Vibrio vulnificus)e VA& 9887} #&
SHFH-E Bdo] fEEo] e ALRE ZAEN O, o]
2] YR 215E 942 Mt 165 (Bacillus cereus, Bacillus
anthracis, Brucella, Clostridium botulinum, Cronobacter
sakazaki, Yersinia enterocolitica, Hafnia albei, Mycobacterium
bovis, Streptococcus spp., Plesiomonas shigelloides, Aero-
monas hydrophila, Coxiella burnetii, Clostridium difficile,
Acrobacter butzleri, Acrobacter cryaerophila, Francicella
tularensis)S AR7MA] &g 2do] Jaz ] ¢ke A
o2 AT B, 2418 AR F Y 2ol
NIE 255 At 105 5 25(CL perfringens®, V.
vulnicus”y> @A A4 &F-HHE 2do] HAAH o nAE
daiEstel eI Qe Aoz ZAHUT.

W EHE-A] (meta-analysis)S &% relative frequency (fi) %k
< Pty fi ghol 7P & RdS AR §HE B
dz AAs A3, C jejunic= Beta-Poisson (a=0.15, f=
759, fi=0.72) 2do] 7P AHe S B
EFSttH(Table 3). C. jejuni &F-9Fg S o] &3k 2
W fEleE A A9, AEe
7] 1.53~2.00 log cfu/serving, <715
=5 1.72 log cfu/serving, 22317] 2.69~8.00 log cfu/serving
AFAA A=l AT Aol FA AT

Pathogenic E. coli O157:H7 & FZ&¥4 W7 (Entero-
hemorrhagic E. coli; EHEC) < Beta-Poisson («=0.49, =
1.81 x 10°, fi=0.67), F=24 W7t (Enterotoxigenic E.
coli; ETEC)= Beta-Poisson (a=0.18, f=8.60 x 107, fi=
0.60), &AL A th7F (Enteropathogenic E. coli; EPEC)=

— =

Beta-Poisson (a=0.22, f=8.70 x 10°, fi=0.40) ®dlo] 7}
T ARG &9k Zd 2 YEITH(Table 3).

SUjel|X 255 WAl Bl Y& L. monocytogenes
o] 24 g3Hks- 2dS Exponential (r=1.18 x 107", fi=
0.14)2 FA = th(Table 3). &Y, L. monocytogenes®ll
gk QMRA A7 o AF5 4 AldEol His) 9
oA B A7 o]Folxl AR ZALEU=], ol
g olfre A A 9F9 S AEdH S7 AT 9
Fo = AFae] Zel=2 QAste] L. monocytogenesl| 2|
gt Aes WAFTe] F7] Wil 2R AlsHT 4
=8 L. monocytogenes?l| Wt L3l FE A A3, 319

A 49 1072~ 107%/serving 502 =2 {85
Hehlle Zez zAESd o, dubder By 49l
U dakle gigh gidelA = 107~ 107" /serving =]
@$o QElrEs YEle AR AR AT

Salmonella spp.2] 274 &%-RFg E4d-2 Beta-Poisson
(a=0.11, f=6,097, fi=0.09).2 HAF]B|(Table 3),
Soller 5(2010)0] o] RES T-gale] T 2AA A<
Al =S Hrret 23, 1.4 x 10%grilled serving A =<]
alrel e Ao FFsATH.

Shigella spp.<= Beta-Poisson («=0.21, f=1,120, fi=
0.15249e A4 §-nte Zd2 A4 th(Table 3).
2 FNA SN BdS o] 29| Shigella spp.
AaiH 7T Alele 2A Eao, 1996 Crockett 5(1996)
of ol R 5] o5t ANt R He E8 55
7 7FsAel AF 9F 13x10°~9.9 x 107/serving F =
2 FHsAT.

S. aureus®] A7 &#F-Wk$ R4S Shibata 5(2012)°l
]3] 7= exponential (r=7.64 x 1078, fi = 1.00)2d 7+o]
ZEA) 5} tH(Table 3)®.

V. parahaemolyticus®] A7 £3F-vk3 Rd L Beta-
Poisson (a=0.17, B=1.18x10°, fi=0.50), V. cholera<
Beta-Poisson (a=0.25, f=16.2, fi=0.57)2.Z A= 3T}
(Table 3). 2011'd FAO/WHO<T V. parahaemolyticus= 1.
5 FAES THOE 9F 56x10~5.6 x 10serving 73
o] AFs dsAdel v FHEAeH, o 10°
log °1’F AHAA AT5 5o AW 27l 100%F
3L FA sk,

Aes Al vlolel 2 AA &F-Rkg 2ds A4 s

4N

O o oo =

=

S|
7] 918t allE7F A £ F 298 S A A 2
AHE Al s 9 vlolH 2 9% F 5%(Adeno virus,
Echo virus, Hepatitis A virus, Noro virus, Rota virus)<
u A E QElE 7t A SRS Bdo] sdEe e A
o= AR, s A HlelE 2 4% (Astro virus,
Hepatitis E virus, Polio virus, Sapo virus)2 S| 714 &
Wk Bdo] JhtEA] oFe Ao R ZAEUTE L,
|9 Bdo] e AFE Q] vlolg i 5% T

o X gy
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1% (Rota virus)®] & %48 9 (exponential, r=1.73 x
107, fi=1.00)2b0] AA P14% s 7lolq SLE T 3]
£ Aoz 2AE0), o] wug AFE Aol volEs
Rota virus®] 274 &3-S mdl2 X433 tH(Table 3).
T3, Rota virus®] 9131 7F Abell AL AR, S84
o] el H4 5x 107 /person, YHHHOZ 10°~107Y
person ©|ZtaL FA AT

s 99 dAFEE S BY A9 2] F
BAUE A A, ZAMNY AFs A S E 8T
% 3% (Cryptosporidium pavum, Entamoeba histolytica,
Giadiaye V8= a1 7 A& §3-8kg Bdo] iy
o] A& AS=E AN, YA YASE 55 (Cyclospora
cayetanesis, Cysticercus taenia, Echinococcus, Toxoplasma,
Trichinellaye QA7FA] &#-REg Edo] /x| -2
Ao g2 ZAEJT 2y /pdd §3Rks 2d 5 3
A WAE e A e Je B C pavum
of g 3FF] &Nk Bdo|glon, fi fro] M
=& exponential R (r=1.73x 107, fi=0.17)> &4 &
ZFakg nd 2 MA % t(Table 3). =3 C. pavum 13l
B7F AH A A3, S8FM E2HTHE SHOE 25
x 107 oocysts/Le] Q@ FHRE st om, A% 9
sl A A FATHY.

d
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olsh o] §Fukg BYL o] 83t S8t Ak 2
© §Frg BUS BT ol A 2Y
HE HAY 5ol wek v e & glel, 450
2 §3urg 29S Brhsked @A Jomw, S
o, Ll

2
=

HAe® =l QMRAZF o] g Eojop &
H §FE ZdE2 S QMRA #
2 7% At Be Ege] 2 o Helrh

2 Ate 20119E SHFAER AR 7 1s e
AR 71834 (20113104) 2 20129 % 2] F0] oFF 9 A
o] & ATAA (121623 761)0ll ©Jste] o] Fojzl A
TATo|H, o]o] THAL =Y T

o
il

2 9

B A3E= A nAE 1813 7H(Quantitative microbial
risk assessment: QMRA)o| A& oz & Q Ak =] 2]
A5 #E AR 2 AR 353 T8 AFes A vy
ol tfgh &-3-1k-3-2 9 (dose-response models) ¥#H A&
T3 - Ageted Mg A §F-NS BES 24
1 AA3FATE 1980 F-E 20129714 2155 ez &
o] A& 2659 M, 959 nlolH L, 8% JAFTE

g

R

e kg 2d 8 Qv ARES AR U
NDSL (National Digital Science Library), =] PubMed,
ScienceDirect databasedl|A] & 193719 =E& FZ3lo
Attt A A2 RE A, vlolg ) U
TEE S 2l vlE SR E8oRE o
Ql3lar, f3E el E-8F 2dES WEREA (meta-analysis)
oA AME-E]3L Q)= Relative frequency (fi, JHHRIE= 3h)
£ Altete] 7P AR &F-Rkg RdE Akl
T8 2FE Yl vAEEQ] Campylobacter jejuni, patho-
genic E. coli O157:H7 (EHEC / EPEC / ETEC), Listeria
monocytogenes, Salmonella spp., Shigella spp., Staphylo-
coccus aureus, Vibrio parahaemolyticus, Vibrio cholera,
Rota virus, Cryptosporidium pavum® 27 &FHkg 24
2 beta-poisson (a=0.15, f=7.59, fi=0.72), beta-poisson
(@=0.49, f=1.81x10% fi=0.67) / beta-poisson (ax=0.22,
S=18.70 x 10°, fi=0.40) / beta-poisson (az=0.18, B=8.60 x
107, fi=0.60), exponential (r=1.18 x 107", fi=0.14), beta-
poisson (a=0.11, =6,097, fi=0.09), beta-poisson (=
0.21, f=1,120, fi=0.15), exponential (r=7.64 x 107, fi=
1.00), beta-poisson (a=0.17, B=1.18 x 10°, fi=1.00), beta-
poisson (a=0.25, f=16.2, fi=0.57), exponential (r=1.73
x 107, fi=1.00), and exponential (r=1.73 x 107, fi=0.17)

2 74zt AAEA Y. B AFoa AAlE gFukg wd)
5L g% =l QMRA #FHE A 2 Ao e =2

o] & Zlo= 7|tdt}
SRR
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