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ABSTRACT - This study investigated the probability of foodborne illness caused by raw oyster consumption
contaminated with high risk Vibrio species such as V. vulnificus and V. cholerae. Eighty-eight raw oyster samples were
collected from the south coast, west coast and Seoul areas, and examined for the prevalence of high risk Vibrio species.
The growth patterns of V. vulnificus and V. cholerae in raw oysters were evaluated, and consumption frequency and
amounts for raw oyster were investigated from a Korean National Health and Nutrition Examination Survey. With the
collected data, a risk assessment simulation was conducted to estimate the probability of foodborne illness caused by
intake of raw oysters, using @RISK. Of 88 raw oysters, there were no V. vulnificus- or V. cholerae-positive samples.
Thus, initial contamination levels of Vibrio species in raw oysters were estimated by the statistical methods developed
by Vose and Sanaa, and the estimated value for the both Vibrio spp. was -3.6 Log CFU/g. In raw oyster, cell counts of
V. vulnificus and V. cholerae remained unchanged. The incidence of raw oyster consumers was 0.35%, and the appro-
priate probabilistic distribution for the consumption amounts was the exponential distribution. A risk assessment sim-
ulation model was developed with the collected data, and the probability of the foodborne illness caused by the
consumption of raw oyster was 9.08x 10" for V. vulnificus and 8.16x10™" for V. cholerae. Consumption frequency was
the first factor, influencing the probability of foodborne illness.
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Materials and Methods
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MPN-PCR assayE S¢t QAT XAt

AN V. vulnificus$t V. cholerae S BAENE ZA}
3}7] 13t MPN-PCR (most probable number-polymerase
chain reaction) assay®§-g 83t Fujdk A
AlE 25 g8 FaHoz AFH3 3 225mLe] 0.85% Ht
AlAGrE ga #Assiaith. #2804 10 mLE Al

W F3le] 2xalkaline peptone water (APW; Oxoid,
Thermo Fisher Scientific Inc., Waltham, MA, USA) 10
mL A& 379 FFsAch S Al 1 mLA F
ato] 10 mLe] A& APW A8 3709 HFataL, ol
oAl 0.1 mL® FH3le] 10 mLe] 22 APW A3 3
Mol FFstATk. T ool Aol HEE AlddS 35°C
NA 14x]7F viFSEATE WY = =2 BHYS W gk
7F ERIE A AolA wiFd S 1 mLY FHstke 12,000
rpmol| A 275t AAEE S & ASHE A At E
SHT 01 mLE ZYS A dgd e 100°coﬂ
A 10827 718399, ©]& DNA template© = AFE-3}
AT}, V. vulnificusSt V. choleraed 5148 <l g7IMES
g-8-3lo] PCRS 433+ $(Table 1), 1.5% agarose gelZ
A7195S AAste YAHe= AHE Al irE &
skt G A@H JHFE ol&ste] AFFA ] MPN
x5 EUZE V vunificust V. cholerae® 2 %=(MPN/
100 g)& ALt
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MPN-PCR assay°lA] Q@%=7} 818 A3 o] ul gkl
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Sucrose Agar (TCBS, Becton, Dickinson and Company,
Sparks, MD, USA)ol A =2 3om, o] 35°Col|A
18-24A17F v FStATE. V. vulnificust V. cholerae®t Sl
StHo 7 FARRE HEE v Ad9ste] 3% NaClo] 7t
E  Tryptic Soy Broth (TSB; Becton, Dickinson and
Company)°ll 3&3Fe] 35°CollA] 12-18A17F v Fatict. oF
A Wt FUsAl DNAS FZ3al PCR 53 3 17
5 drse.

V. vulinificus?t V. cholerae?| 22| LY

MPN-PCR assayll A A o]HA], o]9} FAlo| TCBS
agar2 SRS S o] &3 PCRAIA FA AS ¥
vulnificus®t V. cholerae?}t 2] = ATkal A4 51T

oHJufx]ofA Q] V. vulnificus?} V. cholerae 3% %% Y]l
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Table 1. Oligonucleotide sequences and PCR amplification conditions to detect high pathogenic Vibrio spp

. Oligonucleotide sequence . ) . Size
Species R R PCR amplification” conditions Reference
P (53 P (bp)
CAG CCG GAC GTC GTC CATTTT G 94°C, 5min — (94°C, 30 sec— 60°C, 30
Vibrio vulnificus ’ o ’ o 2 484 21
ATG AGT AAG CGT CCG ACG CGT sec— 72°C 30 sec) - 72°C 10 min
CAC CAA GAA GGT GAC TTT ATT GTG o in — (94° o
Vibrio cholerae 94°C, Smin — (94°C, 30 sec— 64°C, 30 304 23

GGT TTG TCG AAT TAG CTT CACC

sec— 72°C 30 sec) - 72°C 10 min

YAmplification: denaturation—annealing—extension (30 cycles).
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Fig. 1. Initial contamination level of high pathogenic Vibrio spp.
in raw oyster.

ANA oe ‘FINETF+H, pe AAANEF-FIA ST+
S v gt o=0+1, p=88-0+1). ©]+= Sanaa 52| AHA=
5 o] &3 AAFel “In(1-Beta distribution)/25°] tHY
Ho] HEAHo 7 AZFANM V vulnificusSt V. cholerae®)
71 f7Ee] FAEJUY. 1 A, A=ol= V ovulnificus
9} ¥ cholerae 25 -3.6 Log CFU/gE2 Q=] J& A
o7 FAHHUTKFIg. ).

NP Vibriowt EEH

LB+29 HEE ¥V vulnificus®t V. cholerae2] 37 733k
o] FAFSHAl E1= o](data not shown), F M-S &3t
Aol bioaccumulation A Z T} Vibriot©] bioaccumulation
H 25 @73k 5 7°C, 10°C, 15°C, 20°Col] A s o
A A7tk A 82 AW Vibriod-S AFEATh 2 2
Z 7°C, 10°C, 15°CAXE Vibriodol 27| A% &
FABHE 43S AL, 20009 75 oF 10417 & =7
HE 3 HlaLste] 1 Log CFU/g A= 248157t
I S fASE AES EAt(Fig 2). A5EE )
L5(7°C, 10°C, 15°C)NA Vibriott
ol Aol A el Vibriod2] S

Ko
=

—_—

RuR

Zn

FEDANN =EFH 271 2GEFE] Vo vulnificusSt V.
cholerae®] A=l 292 = A= 7P =& FF(worst
case)¢l Aoz AGFAT wepd %7]
vulnificus®t V. choleraed] 299 =S vlZ JHgo =
A BT F e AeE WA TS AAEES @
a7t AlEdoldE ARt deiaTte] g = ALk
JA M= B HHg o] AFE A8 ¢ls)
10°C o]3tollA] =S F2lat=tl, oyt Az & e
ARE vFo] HOS o AoM= YA HE L
o] Aol oH AS & 7 ATt AFellA] IRk Al
T 7°C, 10°ColA A7 Al 7] FFET 12 Log
CFU/g 8% S7tett7t AHAp aske A3ds BloH,
15°C, 20°CAIM & 27] =Rt g S71e Aes &
215 %l th(data not shown).

B2 WXL vlE R HWHT

Z 7,1678< ez AXE 20179 FHATFI SR
AL Aol A A2 S HFFATE SEI Y 25

2 ZRIHAT. olo] wat B HHA HES 035%
(25/7167x100%)Z AALE ] o™ o] Discrete distribution
o] TR ARSI =S FFsa 93 AL
HE9] HAHFS @RISKE] SEEE 4 75o2 4
39S o 7P H-sk &5 B3 = Exponential distribution
o2 YEeGI(Fig. 3), o1& &3l AtE A= 19 3
7 AHFS 668 g0 2 et



Vibrio spp. (Log CFU/g)
+~ (=)

Vibrio spp. (Log CFU/g)
(=)

b 4
0 20 40 60 80 100 120 140 160
Time (h)
C.15°C
10

Vibrio spp. (Log CFU/g)
(=)

Vibrio spp. (Log CFU/g)

0 20 40 60 80 100 120 140
Time (h)

Risk Assessment of Vibrio in Oysters 41

0 20 40 60 80 100 120 140
Time (h)

o

20°C
10

0 10 20 30 40 50
Time (h)

Fig. 2. Bacterial populations of high pathogenic Vibrio spp. in raw oyster during storage at 7°C, 10°C, 15°C and 20°C.
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Fig. 3. Probabilistic distribution for consumption of raw oyster in
2017 analyzed by SAS®™ and @RISK.
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Table 2. Simulation model for estimating the probability of foodborne illness caused by consumption of raw oyster contaminated with

Vibrio vulnificus and Vibrio cholerae with @RISK

Input model Unit Variable Formula Reference
PRODUCT
Pathogens contamination level
Pathogenic Vibrio spp. prevalence PR =RiskBeta(1,89) for both VV" and VC? This r;zearch;
. ) CFU/g C =-In(1-PR)/25 26
Initial contamination level
Log CFU/g IC =Log(C)
CONSUMPTION
% ConFre Fixed 0.35 24
. . CF(0) =1-0.35/100 24
Daily consumption frequency
CE(1) =0.35/100 24
CF =RiskDiscrete({0,1},{CF(0),CF(1)}) 24
Daily consumption amount g Consump =RiskExpon(55.792,RiskShift(10.968),RiskTruncate(10,270)) 24
Final consumption amount g Amount =[F(CF=0,0,Consump)
DOSE-RESPONSE
Pathogenic Vibrio spp. dose CFU D =10"xAmount
P -6
" F'1xed 9.3x10 7Ifor \'AY 2729
Beta-Poisson parameters of Fixed 1.31x107 for VC
pathogenic Vibrio spp. b Fixed 1.1x10° for VV 729
Fixed 1.49x10” for VC
RISK
Probability of illness/person/day Risk =1-(1+D/B)* 27-29

YVV, V. vulnificus.
DVC, V. cholerae.
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Consumption amount Im

0.1
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0.
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0.
0.7
08

Coefficient Value

Fig. 4. Correlation coefficient values of factors, affecting the
probability of high pathogenic Vibrio spp. foodborne illness per
person per day caused by raw oyster consumption.
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