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ABSTRACT - This study was performed to establish the epidemiological features of a food poisoning outbreak
that occurred in the cafeteria of a company in Chungcheongnam-do Province, Korea, in October 2020, and to recom-
mend measures to prevent similar outbreaks. Twenty-one patients with acute gastroenteritis, three food handlers,
seven cooking utensils, and 12 preserved food samples were subjected to viral and bacterial analyses based on proce-
dures described in the “Manual for Detection of Foodborne Pathogens at Outbreaks”. Among 135 individuals who had
been served the meals, 21 (15.6%) showed symptoms of nausea and vomiting within an hour of consuming the food.
Bacillus cereus were isolated from 11 (52.4%) of the 21 patients, one food service employee, one item of cooking
ware, and 12 preserved food samples. In addition, we confirmed the toxin genes CER, nheA, and entF'M from the iso-
lated B. cereus strains. Pulsed-field gel electrophoresis results indicated that all of the isolated B. cereus strains were
closely related, with the exception of strains obtained from one patient and one sample of preserved food. These find-
ings provide evidence to indicate that the isolated B. cereus originated from preserved foods and an unhygienic eating
environment. This outbreak highlights that the provision of food in non-commercial food systems must be thoroughly
managed. In addition, it emphasizes the necessity for the correct and timely identification of causal pathogens for trac-
ing the cause of food poisoning outbreaks, and the need to preserve food under appropriate conditions. To prevent
similar cases of food poisoning, it is necessary to investigate cases based on an epidemiological approach and share

the findings.

Key words: Group food poisoning, Bacillus cereus, Emetic toxin

4ol Watsh 914 % A
# 27k /1% W8 5o 43 37t

2

R e
5 A= 141,056
A 560470 F 787

*Correspondence to: Junhyuk Park, Chungcheongnam-do Institute
of Health and Environment Research, 8, Hongyegongwon-ro,
Hongbuk-eup, Hongseong-gun, Chungcheongnam-do 32254, Korea
Tel: +82-41-635-6940, Fax: +82-41-635-7942

E-mail: junhyuk@korea.kr

Copyright © The Korean Society of Food Hygiene and Safety. All rights reserved. The Journal
of Food Hygiene and Safety is an Open-Access journal distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution,and reproduction in any medium,
provided the original work is properly cited.

102

o
ol
1>
=2
>
“

7 58,9197 (41.8%)°] &AL, S
7 18,8569 (13.4%)°] 2AY 5}
Sxp7E AA Q] 55.1%F Fuk o] A4S A s Th T3k

o X

o
_>i,
=
n I

Ap7F @AY st
WET oF 4.14)

Heba2S e 1ol A 5Lt
ol g Heol edo 2w wEA Ak
o] W 7hsAdo] Utk F2AelA
Al 228, AR, ZEFSAERl ¢
o= = g don, olgt KAl st
A A4S S7HRIIT
HqEel 7193, ol
, ZEFTAAL 5 ohekst

b 30
+
5

ﬁkﬂn[o
> 2 g

o

¢

o
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Materials and Methods
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dHoz dAL TE § F49 F9SES Hole &
So] TASAL HE FHRILE 124 FZoIUh Y
g golu 245 AFste TF =E3AE 1358LE 9
g T #d Aol Reke 53R 21, ©f
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7 ®2W =2A 67, & 11, BEA 12709
AFE At 2 ovbelg s HARE AAlskdoh Al
2o} A5 WA AR AFFA PR o
2t AASIATHY. 5 2 A AT 2 o
el HAE AFAste] EaE 0.1 M2 phosphate buffered
saline (PBS, Sigma-Aldrich, St Louis, MO, USA) 3 mL=
Z 412 3 Centrifuge 5804R (Eppendorf, Hamburg, Germany)
£ o]&51o] 1,650 xgollA 1087F FaEelsla, 1 s
S ANEE AMERIATE BEA AEe 7Hse B
Fsto] Hawo] Yo & APsFE 108 348t
sto] AlstufFel ARSIt 58w Hdd oA
o] 0.45pum WH S FE(Whatman Ltd, Clifton, NIJ,
USA)E ol&3ste] 1 LE oFstal, AR E 23] Al
Foll A&kt

= 00 o

k rlo
Mool dlo

ol offl
ox od

MFE M= A8 9

AeE M AE < 748 2 AEA e
AR AF5 dJAZRA Rl wsiY, EA4 3 4
5 Alet3t vlo]#] 2 35 Table 1914 YR AT Al
WS 18 A2l¥ AIEE tryptic soy broth (TSB, Oxoid,
Basingstoke, England)oll Y3 35°Col| A 24717t 59t S+
3ta, L % DNAE FE3Ith Al sigd 1 mLe
Centrifuge 5418R (Eppendorf)E ©]-&3} 5,500 xgollA] 1
F AR, A A S AlASAL PBS 1 mL ¥ &
zH HolFlom, o] AL 33 WHESHITh 2§ 500 pL
o] Wi FFHFE F7rete], BH3 F Thermomixer
(Eppendorf)E ©]-&-3}e] 100°Cel| A 1027 71E &ttt 7
¥ % Centrifuge 5418RoA 5,500 xg2] £E=2 187+

o

=

AR s, A5dS Fste] DNA FP02 ARSI
zk A e Al SolAQl fazE T3k AL
2 AAE FHeH, AF5 Mg PowerChek™ 20

Pathogen Multiplex Real-time PCR Kit (Kogene Biotech,
Seoul, Korea)E ©]-&3l3t}. ZH2te] DNA 5 ulLE 7] E9

Table 1. Bacteria and viruses causing food poisoning tested in this study

Pathogens

Bacillus cereus, Campylobacter jejuni, Campylobacter coli, Clostridium perfringens, Clostridium botulinum,
Listeria monocytogenes, pathogenic Escherichia Coli [Enteropathogenic E. coli (EPEC), Enterohemorrhagic E. coli (EHEC),

Bacteria Enterotoxigenic E. coli (ETEC), Enteroaggregative E. coli (EAEC), Enteroinvasive E coli (EIEC)], Salmonella spp.,
Shigella spp., Staphylococcus aureus, Vibrio parahaemolyticus, Vibrio cholerae, Vibrio vulnificus,
Yersinia enterocolitica
Viruses Astrovirus, Enteric Adenovirus, Hepatitis A virus, Hepatitis E virus, Norovirus, Rotavirus, Sapovirus
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718} QuantStudio 5 real-time PCR (Thermo Fisher
Scientific, Cleveland, OH, USA)oll M ®3&}22 95CollA 10
E Z719H8-3} 95°C 15%, 55°C 30%E 403] WHEste] 7+
Al RS AR SEednh fdxte] 5% 2
A7t 2a8 FAEAL, GAFEo] 020173 A Aol A
A A8 35 threshold cycle (Crolst Lull Yoz HA s}
Aot PPz ATE M2 V. 255 Al AlEH
AAE AsE Ao dHufAE o] &t ddyeS

wesaw, YseE A8 ol SIS,

MEES jojzi F}

2S5 vlolg s A 91 9 AFvil S
YA A5 AJAZARH ] mgop . A2 d 2
A S Nextractor NX48 (Genolution, Seoul, Korea)S A3}
of wlolgi kS FE3I3TE. Hlol2] X 3Ake-PowerChek ™
Adeno/Astro/Rotavirus Multiplex Real-time PCR Kit (Kogene
Biotech), PowerChek™ Norovirus GI/GII Multiplex Real-time
PCR kit (Kogene Biotech), PowerChek™ Hepatitis A Virus
Real-time PCR Kit (Kogene Biotech), PowerChek™
Hepatitis E Virus Real-time PCR Kit (Kogene Biotech),
PowerChek™ Sapovirus/Astrovirus Multiplex Real-time PCR
Kit (Kogene Biotech)g ©|&3t] AAMSIALE 54 nf
olgf2 ;A 5 pLE 71E F7bgk ¥, QuantStudio 5
real-time PCROlIA 50°C 30% 1315 &3 AL w85
F3Y3SIL, 95°C 108 13] 43 & 95°C 15%9} 55°C 1&
< 458] whEste] whEklh. AIghe] 0.2015L, A|lEA
oM AT Crgt 36018t W o= ATt

B. cereus®] S QXX AL

B2 E B cereus®] =4 AR AAE 98 ddHE
S Melatel TSBO| Wil 35°CollA] 24X 7F 5t Sul ok
% DNAZ FZ319th. DNA F&& gl | mLE
&ke] Centrifuge 5418RE ©]-83t 5500 xg= 17 €
B3I, AEde A ASL PBS | mL ¥ 5 2 4
oFAtt o] AL 33] WSk, 500 ple] BvdE S
F45 F715ld ThermomixersS ©]-&3F] 100°ColA] 10
B7F 7FESS Y 7FE = Centrifuge 5418RO1A 5,500 xG
2 307 94lEEsta, 45dS DNA 3O = A8}
o] Hid SolHd FA2 FHS AT 548 A

512 PowerChek™ Bacillus cereus Toxin ID Real-time
PCR Kit (Kogene Biotech)E ©] &3} tHe®, EAH B
cereus®] S24 §-AA= enterotoxin T (BceT), emetic toxin
(cereulide, CER), hemolysin BL C (4bIC), non-hemolytic
enterotoxin (nhed), cytotoxin K (cytK), enterotoxin FM
(emtFM)©lth. %% DNA 5 pLS 7|E0] H7}sto
QuantStudio 5 real-time PCROl| &2}tsl3l 50°Col A 28,
95°CelA 102 7+ Z7I8kE ¥, 95°C 15328} 60°C 1it<

403] RHESl 54 {FHAE AAZRORE SEET S
ZH §HA7F 2o adZ2 FAEI, X Fe] 0.2Y
o A zAbell A AAEE Cr 3k 35018 A W) PO ATk
skAtk

LT EATHIR MY UH

E2 % B. cereus= B. thuringiensis2} 16s tDNA 7]

Mol FALET}Y ol ZFS At A (insecticidal crystal
protein) 474 AFES AAIBIATE 2 v oA HEF A<l
Hers A 3ke] Oxoid Nutrient Agar (Oxoid)ol] HE3l2
30°COllA] 24A17F vl 2-3Y F7t wjegste] 25
Saud S AU MYE B cereus= 0.5%
basic fuchsin solution® 2 AAsFd x1,00081%A4 EVOS XL
Core Imaging System (Thermo Fisher Scientific)®.2 25}
now, REmavhidoe] YA Be A Il
B. cereus?] M7 Hl MI 195 (PFGE, Pulse Field Gel
Electerophoresis)
< wEE B cereus 21 479 A AdAAE
313t7] 98] PFGE 34 A& 418 AA s,
Aol wieFet Eelra=2) Fehe AMFSH] cell suspension
TE buffer [100 mM Tris (Bioneer, Daejeon, Korea),
100 mM EDTA (Bioneer)]oll @E3le] €% 20%= 25
Atk o dEN 200 uL9t 1.2% Seakem Gold Agarose
(Lonza, Walkersville, MD, USA)E &322 &35l plug
mold (Bio-Rad, Hercules, CA, USA)E ©]&3}4 plugs
A 2FsFA k. Cell Lysis Buffer [50 mM Tris (Bioneer,
Daejeon, Korea), 50 mM EDTA (Bioneer), 1% sodium
lauroylsarcosine (Sigma-Aldrich)] 1.5 mL®l| Proteinase K
(Sigma-Aldrich) & 50 pL %22 & plugE L, 55°C
oA 24| 7F WS AlFTE Plug wash TE buffer
[10 mM Tris (Bioneer), 1 mM EDTA (Bioneer)] &2 53]
M2 % Smal A|¥ta A (Roche diagnostics GmbH,
Mannheim, Germany)E plug Z#H3 40 unitS ¥ 37°C
F2FxolA 2447 wgsilth. 471952 CHEF
Mapper® XA Pulsed Field Electrophoresis System (Bio-
Rad)E AME3t¥orm, =4S 6 Volt, 5.3 sec initial
switching time, 34.9 sec final switching time ~Z2]3 11°C
oA 30A17F A719%E ¥ SYBR® Gold Nucleic Acid Gel
Stain (Invitrogen, Carlsbad, CA, USA)Z 30%7F 44 3
Gel Doc system (Bio-Rad)ollX] 233} th.
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Results
AstxA A}
20204 109 23U (F) TAHHE &A Jagaaolx +
E 5 349 A9 4L Holx s Bttt &



gk Eolu 5218 AFshs ¥ =EAE 13582 o
% 3 Aojol Fishs F5 A 21822 15.6%, 3
FTAHEIE 108 239 122190 524 A3 $ 1117 o]
Ulell 2o ddE Abe A 21% T 18H oz FA| 9
85.8%= X}A| 31 TH(Table 2). §5/3AF 219 thet 2 =
e WA FESOH, dAL 23t B 58 Fuks)
ATk 2199 FAF F 1798(81.0%)014 2] Mo wjaA-e
S o, TEE 3 AR 159(71.4%)°] AtK Table 3).

Bt @

NFES N2 Y BlojRA Bt

TS84 2183 FA 39, 271 5 SAHA 7
7, 23 nEa 76 dekel AEE A 1853 4]
2% vlolelz 750 U@ AAE AAST. 4FS v
ol¥AE AZHA Uk, AFE A AAEAY 24
A 11, ZEFAAE 19, Zrh 1703 BEd 81 RHA
g, wo)sl B, SUEDAS, 3 20ARA,
o2 o], wUEZF)NA B cereus’t HE = ATH(Fig.
D). THE #Fe LE5a9uE YPAES Fal B
thuringiensis2} T-5-3}3L, real time PCRZ B. cereus®] &
o] S B2l th(Fig. 2, Table 4).

B. cereus 4Z 9 52 9MX B
B2 H B cereus 217F2] =4 AR AE43, BE
2l 2109 229 vYETL=NA B, cereus TFONA beeT,

Table 2. Distribution of onset time of clinical symptoms among
total 21 patients

<30 min <1 hour >1 hour

No. of

patients (%) 419

14(66.7) 3(14.3)

Table 3. Distribution of clinical symptoms among total 21 patients
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hbIC, cytK, nheA, entFM S4f3A7F &S o] &
ALlet Y] 20T = 5L CER, nhed, entFM
E42FHA7 AEE UK Table 4).

Ba|% B. cereus PFGE M

HEXoA AZH B. cereusSt F53A 2 FALRFA A
E8H B cereus®| FATAE A5 $15te] PFGEE
ANBE R, 2 A3 F-54A 19 (Patient-11)2F B2 |
7 (Preserved food-8)2 A|&Je E2lE RE #3292 43
AR Atol U X8k thFig. 3). B66S16.0673 2] B.
cereus TB1T7F £ AT H Fact AFoZ Ay
o, §54AF 19 (Patient-11)014 #2]E B66S16.066% 3}
9] AL 74.7%°1UTE B4 17 (Preserved food-8)
oAl E2]H B66S16.068% 2] 4532 68.5%= e
o, o7|A HAFE A FHR A E(B66S16.066,
B66S16.067, B66S16.068) 8-> =ul2] PFGE t]o|EH]

Am_plification Plot

B. cereus(groEL)

ARnNn
2

2 4 6 & w® 12 w4 8 18 2 2 24 26 B N BV U B B ©

Cycle

Fig. 1. Real-time PCR result for positive samples of B. cereus.

Clinical symptoms

diarrhea abdominal pain nausea chilling vomit fever
No. of patients (%) 5(23.8) 6(28.6) 17(81.0) 1(4.8) 15(71.4) 0(0.0)
(A)

(B) s

Fig. 2. Comparison of microscopy for B. cereus (A) and B. thuringiensis (B). In B. thuringiensis (B), it was confirmed that insect toxin was produced.
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Table 4. Detection and distribution of food-borne pathogens in patients and environment samples

No. of Bacillus cereus . .
Sample type samples Positive (%) Toxin genes of detection
Patients 21 11(52.4) CER, nheA, entFM
Food service employees 3 1(33.3) CER, nheA, entFM
Food water and swabs in environment 7 1(14.3) CER, nhed, entFM
Preserved food 12 8(66.7) 7(CER, nhed, entF'M)

1(bceT, nblC, cytK, nhed, entFM)

Dice (Opt:1.50%) (Tol 1.5%-1.5%) (H>0.0% S>0.0%) [0.0%-100.0%]

PFGE-Smal PFGE-Smal

g g g &
CER, entFM, nheA 2020 B66516.067 Preserved food-1
CER, entFM, nheA 2020 B66S16.067 Preserved food-2
CER, entFM, nheA 2020 B66S16.067 Preserved food-3
CER, entFM, nheA 2020 B66516.067 Preserved food-4
CER, entFM, nheA 2020 B66S16.067 Preserved food-5
CER, entFM, nheA 2020 B66S16.067 Preserved food-6
CER, entFM, nheA 2020 B66S16.067 Preserved food-7
CER, entFM, nheA 2020 B66S16.067 Cookware-1
CER, entFM, nheA 2020 B66S16.067 Cookware-2
CER, entFM, nheA 2020 B66516.067 Patient-1
CER, entFM, nheA 2020 B66S16.067 Patient-2
CER, entFM, nheA 2020 B66S16.067 Patient-3
CER, entFM, nheA 2020 B66516.067 Patient-4
CER, entFM, nheA 2020 B66516.067 Patient-5
CER, entFM, nheA 2020 B66516.067 Patient-6
CER, entFM, nheA 2020 B66S16.067 Patient-7
CER, entFM, nheA 2020 B66S16.067 Patient-8

CER, entFM, nheA 2020 B66S16.067 Patient-9

7 = LN | CER, entFM, nheA 2020 B66516.067 Patient-10
o L mm CER, entFM, nheA 2020 B66S16.066  Patient-11
] becT, hbIC, cytK, entFM, nheA 2020 B66S16.068 Preserved food-8

Fig. 3. Result of pulsed field gel electrophoresis for Bacillus cereus strains isolated in this food poisoning.

©]22l PulseNetKorea DB 2Ql A3 A5o2 gRld f & ul¢ =80 558 ol Ao Wk B&st <
ol A th(Fig. 3). A EAo] of .
B AT F5dA 1983, ZeSAR 19,
Discussion zg 7|7 2713} BE2 879X B. cereus’t AZER O

w
2} B. cereusdl &3t JHAFHOZ ARHAT. 54

2 AT 20209 108 T SAHHEW ka2 Aok 2k 217 5 18] 1AIZF ol F/do] vErdel ot 7]
B. cereusll ol3f HAT A FHol| gk AFEA R A A Haio) o) AFEe] HAE Zow dAdkdr)
T BN A EHE o 8 F A 2R FE S0l RS A
d g Sk 20199 A o g F5E A9 BE F5oM HEEH 54 4%
LA o] AEEL 443%°1UT. JFEFA A A CER, nhed, entFMOIJT}. B. cereus®] S43FL Hf =
AEE9] 86.7%E ANHoE H& FXE e =H, Aol wet A rEF o FiEn AAE
ol FebEA A YA sk A5 F54A i+t 2> (enterotoxin)oll &g FHO R S-S 7 8-16417F
Rol7] wFo|tp). 2yt HlwA =2 AU A of AL EE, dF B, IS HolH, Al 54
Z5 % B3 i Aol A u 9¢l o) HARZE hbIC, nhed, cytK, entFM, beeT 50| AT, +E
AZENeH, BEX oG A HAA &= A 2 cereulideth= 2H2 HElo| = T oJ3) 7]1EH, &
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A R Jok 255 Al tiste] 2455 A
A F249 1358 F 218 (15.6%)0014 241& AFHS F 1
AIZE ool FE miAAZH FE F4E AT fF
AAF 219 T 11783, 2ESARE 198, 287]5 2103 B
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3 Jo Aemo= wdsdn. 9 2119 #5E
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AL, ol #F7F 7RI Y= H4 F3A= CER, nhed,
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