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Fig. 6. Sensitivity analysis of storage

.’ duration and temperature; mean

ol probability of illness per serving of raw

| horse mackerel versus input distribution
percentile. Dependence of probability of
illness upon duration and temperature
for three periods: a transportation period
(from fishing to preparation), an optional
high-temperature period (during
transportation), and a period after
preparation are shown with duration and
temperature being changed in the
assumed distribution (see Table I).
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4. DISCUSSION

Combining our estimate of the probability of ill-
ness after consuming raw horse mackerel (0.56-14) x
10~ with the consumption data that 59 of 14,240
individuals eat raw horse mackerel in a day and a
Japanese population of 1.2 x 108, we calculate the
annual number of patients infected with V. para-
haemolyticus after consuming raw horse mackerel to
be (1-20) x 10?, depending on the scenario.

The annual number of illnesses can be also
estimated from total consumption of horse mack-
erel. The annual Japanese consumption of raw horse
mackerel is 73 g x (59/14,240) x 1.2 x 10°% x 365 =

1.3 x 10'° g = 1.3 x 10* tons.!> Using the estimated
density of pathogenic V. parahaemolyticus in raw
horse mackerel “at the table” to be 0.13/g, we esti-
mate. that the total number of ingested pathogenic
V. parahaemolyticus through raw horse mackerel as
0.13/g x 1.3 x 10'° g = 1.7 x 10° per year in Japan
(the best-case scenario). Using the proportional con-
stant Py/dose in Table V, we can estimate the annual
number of illnesses as 1.7 x 10° x 6.0 x 1077 = 1.0 x
103, which is in agreement with the above estimate.

15 The amount of horse mackerel landed in Japanese fishery ports
in 2005 was about 2.5 x 10° tons. If we assume that imported
horse mackerel is cooked before consumption, about 5% of the
horse mackerel harvested around Japan is consumed raw.
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Kubota et al.®) recently estimated the propor-
tion of reported cases in all illnesses caused by food-
borne V. parahaemolyticus to be about 1/20. Combin-
ing the recent number of reported patients in Japan
(1-3) x 10°, we obtain (2-6) x 10* as the estimate
of illnesses caused by food-borne V. parahaemolyti-
cus. Although attribution to individual foods is not
demonstrated by Kubota et al., and the number of
illnesses caused by V. parahaemolyticus through con-
sumption of raw horse mackerel cannot be known,
our estimate of (1-20) x 10° illnesses per year due
to raw horse mackerel consumption'® appears to be
compatible with their estimate.

The estimate in our RA model is based on the
following assumptions: (1) a set of initial densities
of V. parahaemolyticus in horse mackerel obtained
from a single port in one season were used, (2) the
proportion of pathogenic strains was homogeneously
distributed at 1% among all V. parahaemolyticus
strains, (3) the data used in the model had been ob-
tained mainly by simulation experiments in laborato-
ries, (4) the distributions of some parameters, for ex-
ample, those given by PERT (beta distribution gen-
eralized to arbitrary range by scaling), were based on
best guesses by experts, and (5) the dose-response

16 Proportion of each scenario is required to estimate the annual
number of illnesses in Japan caused by V. parahaemolyticus in
horse mackerel, but this is unknown. Therefore, only an estimate
of illnesses for each scenario is shown.
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relatlon of the USFDA RA was used without adjust- .

ment
However, the lack of detaﬂed data on initial den-

sities, the proportion of pathogenic strains, and the

* uncertainty of the dose-response do not limit the va-

 lidity of our comparison of mitigation procedures be-
cause of the linearity of the dose-response relation at
the dose in raw horse mackerel for consumption.

An 1mportant factor that was not included in
our model is cross-contamination through cutting
boards or via hands. When direct contamination
from the intestine of horse mackerel is adequately
controlled, cross-contamination via utensils and food
handlers should be taken into account. Contamina-
tion of other foods by V. parahaemolyticus originat-
ing in seafood such as horse mackerel is another im-
portant issue. By reviewing investigation reports of

food poisoning outbreak due to V. parahaemolyticus

in Japan from 1975 to 1999, Ogawa et al. identified
cross-contamination as the primary risk factor for V.
' parahaemolyticus food poisoning.”®)

Our model is a simplified one. For example,

growth is considered to be continuous and homo-
‘geneous, and we used the dose-response relation-
ship for mean, instead of actual dose (so-called con-
 ditional dose-response). More sophistication in the
~ model as well as collection of more data will improve
the accuracy of the risk estimation or enable us to es-
timate the distribution profile of the risk. However,
other factors such as unpredlctablhty in the spread of
new or old virulent strains, changes in eating habits,

hygienic handling from harvest to consumption, and -

the effects of chmate change are also considered to
be 1mportant :
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APPENDIX A. MODEL DESCRIPTION

Harvest '

Initial densmes of Vibrio parahaemolytzcus (V
p.) in horse mackerel (HM; surface, gills, intestine)
Oharvest are given as fixed values.

Washing Whole Fish Body at Landing (Optional)

Pph1 = a1 * Pharvest - (surface and gills).

Here Ppht is the dens1ty after washmg and aq is
the ratio after/before in Table II.

Contamlnatlon of Whole Fish from Storage Water
(Optlonal Surface and Gl“S)

The dens1ty after contamination from storage
water ppp2 is given by: -

Pph2 = pphl + az * pwater

Here, pwater is V. p. concentration ;n water, and
a is the ratlo B/Ain Table III ‘

Growth Durmg Transportatmn

The dens1ty after transportatlon of duratlon
tzmetranspm (without an opt10na1 hlgh-temperature :
perlod) is glven by

Ptransportl = Pph2 eXP(k * t lmetransport)

The dens1ty after growth in an optlonal high-
temperature period of duration timey, is given by:

Ptransportz = ptransporti'exp(k * timeny).

Here, growth rate k is given by the temperature-

- dependent mathematical model (Miles et al.) with ad-

justment factor. Temperature and duration are gen-

“erated accordmg to the assumed dlstnbutlon

Before Preparatlon ,

- Den51ty of V. p. in whole fish body before prepa-
ration is gwen by:.

ptotal = (UsurfaceS + pglllmgﬂl + pmtestme’nmtestme)/ M
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from surface area S, gill weight mgy, intestine weight
Mintestine, Weight of a fish M, and densities o gyreace,
Pgill, and Pintestine ( Ptransporz fOr surface, gill, and in-
testine).

Preparation

Density of V. p. in fillet is given by:

Poillet = bpreparation Protal

Parameters for two preparation methods
Dpreparation are given in Table IV.

Consumption

HM weight eaten during one meal m is sampled
from survey data.

Number of V. p. immediately after preparation
in HM to be eaten at a meal is given by:

Npreparationk= n * Pfllet-

Iwahori ef al.

Number of pathogenic V. p. in HM eaten at a
meal after time fimep. is given by:

]Vconsumption

= PDpathog * Npreparation exp(kxt imepc)- => doseD.

Here, ppamog is the proportion of pathogenic
strains in total V. parahaemolyticus organisms.

Probability of Illness/Eating Raw HM
(Beta-Poisson Model)

D —a
Pin=1—(1+§)

- Variables and parameters are listed in Table T
and an outline of the model is shown in Fig. 1.

When an option is. not selected, the values of
variables at the start of the next stage are the same
as their values at the end of the stage before the op-
tion; for example, pph1 = Pharvest if the option washing
whole fish body is not chosen. ; ‘

Density of total V. parahaemolyticus is limited by
the maximum value shown as “upper limit” in Table I
and hence we always computed the number of total,
instead of only pathogenic V. parahaemolyticus.

Subject Incubation Diarrhea Maximum Body V.p. Isolated
No. Dilution Period (h) (Times) Temperature (°C) from Feces
1 10,000 19 2 36.7 Yes
2 10,000 0 36.8 " No
3 1,000 24 2 36.8 Yes
‘5‘ 1’288 2; i ggi N Table Al Human Feeding Trial Data
. [0 .
from Takikawa(??)
6 300 0 362 Yes rom fakikawa
7 100 13 6 371 Yes
8 100 0 36.9 No
9 10 0 36.9 No
10 1 13 1 368 Yes
11 1 3.5 17 38.1 Yes

Notes: Strain obtained from a patient in the Yokohama National Hospital, who contracted
vibriosis from food in the hospital. Diluted bacterial suspension of broth culture was given to

volunteers.
Number of Number of Probability Number of = Probability

Dose (cfu) Subjects . Illnesses of Illness Infections  of Infection

. . 1) : . . . " ’
Aiso & f‘;UJIWaI'a Strain obtained from Mie outbreak patient Table A2. Human Feeding Trial Data

1x 10 4 4 1 4 1 .

from Aiso and Fujiwara, and Sanyal and

Sanyal & Sen@? Kanagawa-positive strain obtained through Sakazaki Sen

200 4 0 0 0 0

2 x 10° . 4 0 0 1 0.25
©3x107 4 2 0.5 2 0.5
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' Table A3 Human F eedmg Trial Data Used by the USFDA
. Risk Assessment(8 , ‘

. Number of Number of Probability
Dose (cfu) Subjects Illnesses: «of Ilness
Data from Sanyal & Sen® cited in USFDA appendix

2200 .. 4. - =0 0

2x10° 4 o0

3x107 2 2 S
Data from Taklkawa(zo) cited in USFDA appendix '

1% 105 2 1 05

1x 107 4 2 k 0.5
Data used by USFDA

200 ) 4 0

1% 10° 4 0

1x 105" 2 1

1x107 6 4

1x 107 4 4

APPENDIX B. HUMAN FEEDING TRIAL
DATA

Tables Ai—A4 show data frorn reported human

feeding trials, including those,used by the USFDA

Table A4 Human Feeding Trial Data Used in Our

Parameter Fitting.
~ Dose  Numberof Numberof -
Dilution (cfu). - Subjects Illnesses ‘Reference

bP1: 1llness = single episode of diarrhea and detection of V. p 1n

feces L
200 -4 0 Sanyal & Sen
: 2 x 10° 4 0 Sanyal & Sen
10,000 1'x 10° 2 1 Takikawa
1,000 1'% 10° 2 1 Takikawa
300 333 x10° 2 0 Takikawa
100 1% 107 2 1 © Takikawa
10 1x 108 1 -0 Takikawa = -
3% 107 4 2 Sanyal & Sen
1x 10° 6 6 " Takikawa;
Aiso. &
. Fujiwara
bP3: illness = more than three episodes of diarrhea
S 200 4 0 Sanyal & Sen
S 2x100 4 0 ‘Sanyal & Sen
10,000 1 x 10° 2 0 Takikawa
1,000 1x 108 2 0 ,Takxkawa
300 . 333 x108 2 0 Takikawa
- 100 1 x 107 2. 1 - Takikawa
10 1 x108 - 1 0 . Takikawa -
: 7 3x107 0 4 2 'Sanyal&Sen
1x10% - 6 5 Takikawa;
: Aiso &
Fujiwara

 Notes: Takikawa,® Aiso & Fujiwara,®) Sanyal & Sen.??) -

RA for raw oysters, and those used in our determ1—
nation of parameters
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MR RROREWERERNEB G

F EEEMNZTOREBICKY, URIHAMICBIEFME NS Listeria maoncytogenes DEEM SEHHE /=

LOP fEDF
LOP
PO-1 PO-2 PO-3 FSO [Log (Probability
[Log (CFU/g)] [Log (CFU/g)] | [Log (CFU/g)] | [Log (CFU/g)] of a case of
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