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Toxin Gene and Antibiotic Resistance of Staphylococcus aureus
and Bacillus cereus Isolated from Indoor Air in Cafeteria
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ABSTRACT - In this study, toxin gene and antibiotic resistance of food poisoning strains isolated from indoor
air in the cafeteria were analyzed to prevent food poisoning. Staphylococcus aureus (16 strains) and Bacillus cereus
(37 strains) isolated from indoor air in child care center were tested. The toxin genes of S. aureus and B. cereus were
detected by PCR assay. The antimicrobial susceptibility test followed the disc diffusion method described by the Clin-
ical and Laboratory Standard Institute. The seg and sei toxin genes were detected in 11 of 16 S. aureus strains (68.6%).
The nheA and nheB toxin genes were detected in 37 B. cereus strains. In this study, a total of 12 toxin gene patterns of
B. cereus were found, among which the nhe4-nheB-nheC toxin gene was found to be the most frequent pattern. The
result of the antimicrobial susceptibility test of S. aureus revealed 93.8% and 87.5% resistance to ampicillin and pen-
icillin antibiotics, but methicillin resistance S. aureus and vancomycin resistance S. aureus were not detected. All 37
B. cereus tested in this study were resistant to ampicillin and penicillin antibiotics. Based on the result of this study, it
was judged that regular ventilation and air quality management were necessary to prevent food poisoning caused by
S. aureus and B. cereus contaminated in the indoor air of child care centers.
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Materials and Methods

Table 1. Primer sequences for the PCR of Bacillus cereus toxin genes

Aol B3=lo] - Staphylococcus aureus 165+, Bacillus
cereus 3TFE AL 2 3t B 455 Tryptic soy
broth (TSB, MBcell Ltd., Seoul, Korea)oll FE3s}o] 35°C
o 18A]7F vl YFgt & Tryptic soy agar (TSA, MBcell Ltd.,
Seoul, Korea)ol]l &4 w=wale] 35°Ce] 18A]17F vl %3l
Aol ARE-sHA

NSE TR Bl

S. aureus®} B. cereus= Nutrient agar (NA, MBcell,
Seoul, Korea)ol] =2 & 35°Col| 18A|7F vl oF3taitt. 2+2t
WMYE S aureus$t B. cereus= APl Staph (BioMerieux,
Marcy-I'Etoile, France)2} Vitek BCL (BioMerieux) cardS
o]-g3 Azl o g AjsA st &5k

E24 {HX AE PCR

S. aureusSt B. cereus®] SA F-FAA gl AES 95}
o B1E 255 #55 TSB SmLoll HESH F 35°C]
A 2442A1 7 B gttt vlSE Fd 1 mLE micro tube
o gk & YAH2]7](Smart R17, Hanil scientific, Gimpo,
Korea)ZS ©]-&3ko] 12,000 rpmolA 1087F AR S 3}
Ak FHE AEAS AAS & E4E5H/FT 1mLE 7t
S} Vortex mixer (SI-0246A, New York, NY, USA)Z <
As}ste] 12,000 rppmelA 1087F AR EAT o] 2
AE 23] WHES & HHFSHFT 1 mLE micro tubeol] 7t
3le] 99°C Heating Block (HB-96D, Daihan scientific,
Wonju, Korea)ollX] 1027F 7HE 3k 7FE € micro tube

Target gene Sequence (5°-3%) Products size (bp) Reference
oC GCG GAT ATT GTA AAG AAT CAA AAT GAG GT 557
nne
TTT CCA GCT ATC TTT CGC TGT ATG TAA AT
GTG CAG CAG CTG TAG GCG GT
nheB 328
ATG TTT TTC CAG CTA TCT TTC GCA AT
o ATT ACA GGG TTA TTG GTT ACA GCA GT 75
nne.
AAT CTT GCT CCA TACT CT CTT GGA TGC T
GAA ACA GGG TCT CAT ATT CT
hbiD 1,018 Seong et al.
CTG CAT CTT TAT GAA TAT CA (2008)
CCT ATC AAT ACT CTC GCA A
hbIC 695
TTT CCT TTG TTA TAC GCT GC
GCA AAA TCT ATG AAT GCC TA
hblA 884
GCA TCT GTT CGT AAT GTT TT
AAA GAA ATT AAT GGA CAA ACT CAA ACT CA
entFM 596
GTA TGT AGC TGG GCC TGT ACG T
GTA ACT TTC ATT GAT GAT CC Park et al.
cytK 505 34)
GAA TAC TAA ATA ATT GGT TTC C (2015)
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£ Al 12,000 rpmoll A 1087 LA EEstY 45
2 ZE2 8 DNAR AT S, aureus 524 F7
A= PowerChek™ Staphylococcus aureus toxin ID PCR Kit
(Kogene Biotech, Seoul, Korea)E ©]-83%15H, Polymerase
Chain Reaction (PCR) 2712 initial denaturation 94°C 2 min
T denaturation 94°C 60 sec, annealing 54°C 60 sec,
extension 72°C 120 secE 35 cycle WHE3 & final
extension 72°C SminC & A XA} AAs= Wi o}
AHSIAT. B cereus F4& A EQl Ao AlgH
PCR Z713} primer sequences= Table 1] e SIT].
PCR Wh-go] ¢h5¥ & =4 7k 8RlS 28] 1.2%
agarose geloll PCR product 5 puLE loading & 110 Vol A
6037 A719E shaith A719F A% 54 FH47 &
5 W] flE Sold M= A4 55 IRl

g T Uy

S. aureus®t B. cereus®] FAA 7443 AH-E Clinical
and Laboratory Standard Institute (CLSI)2] T]2x= Eak o]
uzt AT, AMEE A "= Oxoid
(Basingstoke, UK)2] clindamycin (DA, 2 pg), chloramphenicol
(C, 30 pg), vancomycin (Va, 30 pg), tetracycline (TE, 30 pug),
rifampin (RD, 5 pg), trimethoprim/sulfamethoxazole (SXT,
1.255 pg/23.75 pg), penicillin (P, 10 U), gentamicin (CN,

10 pg), oxacillin (OX, 1 pg), ciprofloxacin (CIP, 5 pg),
cefotetan (CTT, 30pg), cefepime (FEP, 30 pg), ampicillin
(AM, 10 pg), erythromycin (E, 15 pg), imipenem (IPM, 10 pg)
o2 AU B cereus®] FYA 754 715 A
o] lof JA| got . aureus 715 AE3F] TE3ATE.

Results and Discussion

S.aureusg} B.cereus B4 §HX}

BEAE AWF71NA B9 S aureus 16052 54
T2 A3 A= Table 20 YERSIT. 16 &7 F 11
T 5(68.6%)°1 A
Staphylococcal enterotoxin i (sei) S4 FHAA7F HEEHNL,
Staphylococcal enterotoxin a (sea), Staphylococcal enterotoxin

Staphylococcal enterotoxin g (seg)<}

b (seb), Staphylococcal enterotoxin ¢ (sec), Staphylococcal
enterotoxin d (sed), Staphylococcal enterotoxin e (see)
Staphylococcal enterotoxin h (se#), Staphylococcal enterotoxin j
(se)= BT EAZEIAT. ES5AAE A7) e
B. cereus 37 #7°] =& F2 AF A= Table 39
Uehlidoh Ad 23 16 d5(43.2%)0A hbia7t AE
H UL, hbICE 8 TdF(21.6%), hbID= 2 45-(5.4%), nheC
= 30 IF(81.1%), entFM2 18 d5(48.6%), cytK= 8 o
F(21.6%) A AEHNSH, nhed$t nheB= BE w8

Table 2. Detection of toxin genes in Staphylococcus aureus isolated from indoor-air in child care center

Toxin gene
Isolates sea seb sec sed see seg seh sei sej
S 24 - - - - - - - - -
S 27 - - - - - - - - -
S 32 - - - - - - - - -
S 36 - - - - - - - - -
S 50 - - - - - - - - -
S 69 - - - - ; +D 2) 4 )
S 70 - - - - - + - + -
S 83 - - - - - + - + -
S 89 - - - - - + - + -
S 90 - - - - - + - + -
S92 - - - - - + - + -
S 97 - - - - - + - + -
S 111 - - - - - + - + -
S 117 - - - - - + - + -
S 127 - - - - - + - + -
S 141 - - - . - + - + -
Total 0 0 0 0 0 11(68.6) 0 11(68.6) 0
Y +: Detected.

2 _: Not detected.
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Table 3. Detection of toxin genes (%) in Bacillus cereus isolated from indoor-air in child care center

Toxin gene
hblA hbiC hbID nheA nheB nheC entFM ceytK
- - - +h + + =) +

Isolates

+

O 0 O W W —
+ o+ o+

+ o+ + o+ o+ o+

+ o+ + o+ o+
'
'

+ o+ o+ o+ o+ o+ o+
' .
' \

[\S]
]
1
1
1
T S S e S T T T S S S S S N S T e T
+ o+ o+ o+

R S T T T e T e S S S S S T T S S

+ o+ o+ o+ o+
.
,

51 + + -
52 - - - + + + - ]
Total 16(43.2) 8(21.6) 2(5.4) 37(100) 37(100) 30(81.1) 18(48.6) 8(21.6)

D +: Detected.
2 _: Not detected.

dF(100%)NX AZFE AT B. cereus 37 4+ 54 & nheC 3%72 54 FAAE B{3 B cereus’t 13 4F
2} D E2 Table 49 YEMATE. nhed-nheB 2F72] = (35.1%), nheA-nheB-nheC-entFM 4% 72 H4& FAAE
& RS B53E B cereus7t 5 d(13.5%), nheA-nheB- B33t B cereus’t 2 d(5.4%), nheA-nheB-nheC-cytK 4
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Table 4. Toxin genes profile of Bacillus cereus isolated from indoor-air in child care center

Pattern Toxin gene No of strain
hblA hbIC hbID nhed nheB nheC entFM cytK (%)
! - - - + + = - - 5(13.5)
I ) - - + + + - - 13 (35.1)
11 - - - + + + + - 2(5.4)
v ) - - + + + - + 1(2.7)
v * - - + + - + - 12.7)
Vi " - - * + + + - 38.1)
VII + + - + + R 4 ) 12.7)
VIII + ) . N N . . . 3@.1)
X " * - * + + + - 4(10.8)
X " - - * + + + + 1(2.7)
Xl " - * + + + + 12.7)
X1 - " - + + + + 2(5.4)
Y +: Detected.

2 _: Not detected.

7Y 54 §FHAE B{S B cereus’t 1 dF(2.7%),
hblA-nheA-nheB-entFM 4&7°] 54 FA2E B4 B
cereus?7t 1 T(2.7%), hblA-hblC-nheA-nheB-entFM 5%
9 54 FAAE B B cereus’t 145(2.7%), hblA-
nheA-nheB-nheC-entFM 5§79 54 A& B3 B.
cereus7t 3 TF(8.1%), hblA-nheA-nheB-nheC-entFM-cytK
6572 54 FAAE B3 B cereus’t 3 TF(8.1%),
hblA-hblB-nheA-nheB-nheC-entFM 6559 4 F3AE
B3 B cereus7t 4 T5(10.8%), hblA-nheA-nheB-nheC-
entFM-cytK 6572 4 FAAE B{3 B cereus?t 1
T5(2.7%), hblA-hblB-nheA-nheB-nheC-entFM-cytK 7% 5
9 B4 FAAE BR73 B.eereus’t 1 4F(2.7%), hblA-
hbIB-hblC-nheA-nheB-nheC-entFM-cytK 8572 54 474
A5 B53 B cereus’t 2 4F(5.4%)E UENST B
cereus 542 AR HEHE F 1202 YRS Y nhed-
nheB-nheC S22 §727F 718 523 102 Jepyith

S. aureus & 2Fo L@E] S 45 AL

3 549 5SS SAANT. S awreus7t T8
Hae et 2o w5 540 sloH, fgd] &

st o qFgAo]7] wiol] Ashr| @A 4 Do)
AL = AP, S aureus Sh FAAF HAE A seg
o} sei7t FAO HEH A= Park 5799 Raeh B A
ol A7t ARSI S aureuss segSt sei A
Al B-f3h= 74-9-7F tiF-Ee]™ Staphylococcus *d-&
3} Human staphylococcus toxin shock2] ¥<le] & 4= o)
O3 BIES QY. B cereuss EY FATFLE EY
S H|Eg slp, WA 5 AAAe de] EEste FE
o AAEE T8l AFel LAH7] ol B. cereus

o

hbIC, hbID), NHE (nheA, nheB, nheC), cytK (cytK),
entFM (emtFM) 5°] U3, 54F AF55S o=
Celullied (ces)”t AP, & AFol| AME-E B cereus 37
45 BF AAE A5AE Sy o) B3t Al
ol#gt A¥= B. cereus 178 o EFoA HAAE HAE
427F AZHJtHE HanMo] Barel A sy gk =
Woll Al E2]¥ B. cereus 75+ HBL, NHE AAHE F=
A2 F gk 7HA o]de HAE AARE Kim 5779 B
a8t YA sk ol AdE FHete] & uf ESA
A A7l SHE S aureus$t B. cereus®l| 2% 2%
5 WS detr] flete] T3 g9t 3] A &
g7t 283 Aow AGE).

S.aureus®} B.cereus PR 243

HEAA AWF7loM 29 S aureus 16 #4579 &
AA e A3 A= Table 591 YR A8
Az AM P Aol 93.8%, 87.5% WAS UERNI L,
CTT FAA ol 68.8%7F T IH o= YRy AT gt
CN, FEP, C, TE, E dAAo 27 81.2%, 62.5%, 87.5%,
81.3%, 81.2% 7+ YUePASILL, CIP, IPM, OX, RD,
DA, Va A 100% H+48S JdeEPRAT BS5A14
AUF7lelA EElE B. cereus 37 #52 FAAA A
A3 A= Table 69 YEPAAT. 23 A3 AM, P 3
YA 100%, FEP, SXT &A3Ao] 97.3% WldS el
Atk T3 CN, CIP, IPM Aol 100%, C, TE, E, DA
GAA O 2H2; 94.6%, 67.6%, 62.2%, 89.2% ZHrFAS
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Table 5. Antibiotic resistance of Staphylococcus aureus (n=16) isolated from indoor-air in child care center

Staphylococcus aureus (%)

Antimicrobial agent

Resistance Susceptibility Intermediate

Clindamycin 0 100.0 0
Chloramphenicol 12.5 87.5 0
Vancomycin 0 100.0 0

Tetracycline 12.5 81.3 6.2
Rifampin 0 100.0 0
Trimethoprim / sulfamethoxazole 0 100.0 0
Penicillin 87.5 12.5 0
Gentamicin 18.8 81.2 0
Oxacillin 0 100.0 0
Ciprofloxacin 0 100.0 0

Cefotetan 6.2 25.0 68.8

Cefepime 0 62.5 37.5
Ampicillin 93.8 6.2 0
Erythromycin 18.8 81.2 0
Imipenem 0 100.0 0

Table 6. Antibiotic resistance of Bacillus cereus (n=37) isolated from indoor-air in child care center

Antimicrobial agent

Bacillus cereus (%)

Resistance Susceptibility Intermediate
Clindamycin 0 89.2 10.8
Chloramphenicol 2.7 94.6 2.7
Tetracycline 0 67.6 324
Rifampin 86.5 5.4 8.1
Trimethoprim / sulfamethoxazole 97.3 2.7 0
Penicillin 100.0 0 0
Gentamicin 0 100.0 0
Ciprofloxacin 0 100.0 0
Cefotetan 29.7 37.9 324
Cefepime 97.3 2.7 0
Ampicillin 100.0 0 0
Erythromycin 2.7 62.2 35.1
Imipenem 0 100.0 0
ERA AT FAA ] o] 93.8%= 7HE E=A el oleist 24
AGAFE W A o] Hokak dfolel 271 A HE S awens 39 #F el AWE A AM FAA
28 AU FAR BEA R DRI T AT 71E BANE Leo B4 239 AAE T
FAA 80

8l WAdwtel BAY st ALEA EA
=2 T »l‘jrm) B. cereus®] A 7HA 712 A
Aol Ho] AA] Lol S aureus 71T F-Lst] HHS}
ATt B. cereus FAA W A A AMI P ZAYA
% B-lactamA] A WS vER ] Kang TY9 H
9} AXBIA T S aureusl] WIS A A A3}, AM

o)A}, 3 penicillin YA Aol 87.5%=2 =A L
B, oled @ AFE Kim 599 Bash 441 24
Al WAZEeldn. A AAdew 7P A3 A W
AFL 2 methicillin resistance  Staphylococcus —aureus
(MRSA)®} vacomycin resistance Staphylococcus aureus

(VRSAY7F H?V=|3 Qi) Ado| A% S aureus 16
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45 25 oxacillin?} vancomycin®l 7HFA S UER o
MRSAS} VRSAE HAEEA eoutt.

aze

2 AFoM e ESAAE A7l B9 A o
Fo| Z4 AR Exet FAA WS FAst] BEA|
A AYFTlel ot AFs dAS AR owetal AFs
Y Al A- 85 g 71 2AEE AlEstaat &k
o} ool AulF7lelA 21| Staphylococcus aureus
165, Bacillus cereus 3775 AINFSZE AT} S
aureus$t B. cereus 54 A= PCR WHO g A=3)

Ak FAA Z4Ad A4F 2 Clinical and Laboratory
Standard Institute®] T|2= hbol we} A3 S.
aureus 16 TF 5 11 TF(68.6%)NA segs} sei 54
A7t AE=ELJY. B, cereus 37 dF ZFNAM nhedS}
nheB 54 FAA7T AEEALE. B cereus F4 A}
HEe F 1202 YEPS S Y nhed-nheB-nheC 52 7
27F 7 Fask deor Yeldth S aureus 16 4
o] A A AHE AF ampicillin?t penicillin A3 A
°ll 93.8%, 87.5% W/dS WERHRA St methicillin resistance
Staphylococcus  aureusS} vacomycin resistance  Staphylococcus
aureus= HAZEE A &JT}. B. cereus 37 52 FAA 7
A A A3 ampicillin?} penicillin A3A19] 100% W
s Ul olelg d3E Fdete] & o ESA
A AR F7)e SH9H S aureust B. cereusOl 23+ 2%
=g WS dshr] flstd F714< $r)e 3] 4
#E7t dask Zo® ATE Tt

Conflict of interests

The authors declare no potential conflict of interest.

ORCID
Do-Gyung Oh https://orcid.org/0000-0002-9753-2534
Ah-Hyeon Jo https://orcid.org/0000-0001-7189-7837

Chan-Yeong Kim
Eun-Sun Jeong
Jung-Beom Kim

https://orcid.org/0000-0003-1531-4734
https://orcid.org/0000-0003-3308-6632
https://orcid.org/0000-0002-0290-2687

References

1. Statistics Korea, (2021, October 30). Total fertility rate and
Mock fertility rate by age. Retrieved from https://kosis.kr/
statHtml/statHtml.do?orgld=101&tblld=DT 1B81A21&vw _
cd=&list_id=&scrld=&seqNo=&lang_mode=ko&obj var id
=&itm_id=&conn_path=E1&docld=0028401690&mark Type=

10.

11.

12.

13.

14.

15.

S&itmNm=%EC%A0%84%EA%B5%AD

. Kim, J.S., Kim, J.B., Prevalence and Toxin genes of food-

borne pathogens isolated from toothbrush in child care cen-
ter. J. Food Hyg. Saf., 30, 242-428 (2015).

. Lee, Y.M., The different view point of child education center

food service program between the parents and the teachers.
Kor. J. Comm. Nutri., 10, 654-667 (2005)

. Seol, HR., Park, H.S., Park, K.H., Park, A K., Ryu, K.,

Microbiological evaluation of foods and kitchen environ-
ments in childcare center and kindergarten foodservice oper-
ations. J. Korean Soc. Food Sci. Nutr., 38, 252-260 (2009).

. Seol, SM., Lee, T.S., Shim, M.S., Jang, G.C., Spatial

inequality of the distribution of daycare centers and consid-
eration of countermeasures : The case of daycare centers in
Jeollanam-do. J. Korean Ass. Regional Geo., 21, 716-727
(2015).

. Statistics Korea, (2021, October 30). Current status of child-

care children by age. Retrieved from https://kosis.kr/statis-
ticsList/statisticsListIndex.do?menuld=M_ 01 01&vwcd=M
T ZTITLE&parmTabld=M 01 01&outLink=Y &entrType=
#content-group

. Statistics Korea, (2021, november 9). Current status of work-

place daycare centers. Retrieved from https://kosis.kr/statis-
ticsList/statisticsListIndex.do?menuld=M 01 01&vwcd=M
T ZTITLE&parmTabld=M 01 01&outLink=Y &entrType=
#content-group

. Kang, J.Y., Park, E.J., Lee, H.C., Park, M.J., Oh, D.G,, Kim,

C.Y.,, Jeong, E.S., Lee, Y.J., Kim J.B., Evaluation of microbi-
ological safety of knives and cutting boards in child care cen-
ters. Korean J. Food & Nutr., 33, 702-709 (2020).

. Hong, S.H., The microbiological assessment and identifica-

tion of food utensils and food service facilities in school. J.
Food Hyg. Saf., 29, 189-194 (2014).

Ministry of Food and Drug Safety, (2021, October 30). Food
poisoning statistics(By cause facility/year). Retrieved from
https://www.foodsafetykorea.go.kr/portal/healthyfoodlife/food
PoisoningStat.do?menu_no=4425&menu_grp=MENU_NEW02
Ministry of Food and Drug Safety, (2021, October 30). More
than 1,000 cases of poor hygiene were detected at kindergar-
tens and daycare centers nationwide. Retrieved from https://
www.foodsafetykorea.go.kr/portal/board/boardDetail.do?m
enu_no=2859&bbs_no=bbs082&ntctxt no=1087197&menu
_grp=MENU_NEWO05

Busan Metropolitancity, (2021, October 30). Group food
poisoning at daycare centers in Busan... “The reason is Sal-
monella”. https://www.busan.go.kr/nbtnewsBU/1442763
Yoon, M.H., Kim, J.B., Oh, H.S., Prevalence of microbiolog-
ical contamination on water purifiers at lunchroom in child
care center. Korean J. Food Cook. Sci., 28, 599-604 (2012).
Kim, J.G, Park, J.Y., Kim, J.S., A study on the sanitary con-
dition of kitchens in food court/cafeterias - An observation
on seasonal variations. J. Environ. Health Sci., 38, 118-127
(2012).

Ryu, J.U., A study on the measurement and evaluation of
IAQ in school classroom. MA thesis, Chungju University,



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Toxin Gene and Antibiotic Resistance of Food-Borne Pathogens 527

Chungju, Korea (2008).

Kim, J.B., Kim J.C., Toxin gene profiles and toxin produc-
tion ability of food-borne pathogens isolated from indoor air
from lunchrooms at child care centers. J. Environ. Health
Sci., 38, 510-519 (2012).

Kim, Y.H., Jun, S.Y., Ryu, K., Lee, Y.K., Microbiological
quality and safety during delivery of food ingredients sup-
plied to elementary schools : Vegetables and processed food.
Korean J. Food Preserv., 17, 586-594 (2010).

Gil, H.K., Microbiological analysis of foods in cafeteria
during preparation steps. MA thesis, Korea University,
Seoul, Korea (2015).

Han, J.S., Lee, Y.E., Employees' sanitation practice level and
sanitation knowledge at school foodservice operations in
Chungbuk province. Korean journal of human ecology, 20,
637-649 (2011).

Hong, W.S., Yim, J.M., Evaluation of foodservice employ-
ees' sanitary performance and sanitary education in middle
and high schools in Seoul. J. Korean Diet. Assoc., 15, 113-
127 (2009).

Kim, J.B., Kim J.C., Antibiotic resistance of food-borne
pathogens isolated from an indoor environment of a lunch-
room in a child care center. J. Environ. Health Sci., 38, 415-
423 (2012).

Clinical and Laboratory Standards Institute, (2021, October
30). CLSI M100-ED29:2019 Performance Standards for
Antimicrobial Susceptibility Testing, 29th Edition. Retrieved
from http://em100.edaptivedocs.net/GetDoc.aspx?doc=CLSIM
100ED29:2019&sbssok=CLSI M100 ED29:2019 TABLE 2A
Kim, S.R., Cha, M.H., Chung, D.H., Shim, W.B., Profiles of
toxin genes and antibiotic susceptibility of staphylococcus
aureus isolated from perilla leaf cultivation area. J. Food
Hyg. Saf., 30, 51-58 (2015).

Park, C., Seong, C.N., The correlation between roxin geno-
type and antibiotic resistance in methicillin resistant staphy-
lococcus aureus isolated from clinical specimen of intensive
care unit. Korean J. Clin. Lab. Sci., 48, 202-209 (2016).
Cho, Y.S,, Lee, J.Y., Lee, M.K., Shin, D.B., Kim, D.H., Park,
K.M., Prevalence and characterization of Staphylococcus
aureus pathogenic factors isolated from various foods in

26.

27.

28.

29.

30.

31.

32.

33.

34.

Korea. Korean J. Food Sci. Technol., 43, 648-654 (2011).
Kim, T.S., Kim, M.J., Kang, Y.M., Oh, GN., Choi, S.Y., Oh,
M.S., Yang, Y.S., Seo, J.M., Ryu, M.G, Kim, E.S., Ha, D.R.,
Cho, B.S., Molecular characterization and toxin profile of
Bacillus cereus strains isolated from ready-to-eat foods.
Korean J. Food Sci. Technol., 46, 334-340 (2014).

Park, S.H., Gwon, W.G,, Lee, LS., Kim, E.J., Hwang, S.J.,
Koo, H.S., Na, Y.R., Kim, B.J,, Park, E.H., Lee, M.O., Dis-
tribution and toxin gene characteristic of Bacillus cereus iso-
lated from foods in Busan. J. Food Hyg. Saf., 35, 219-224
(2020).

Han, M.K., A study of toxin characterization and genetic
relationship between Bacillus cereus strains isolated in
Korea. MA thesis, Chung-Ang University, Seoul, Koera
(2014).

Kim, J.B., Kim, J.M., Kim, S.Y., Kim, J.H., Park, Y.B., Choi,
N.J., Oh, D.H., Comparison of enterotoxin production and
phenotypic characteristics between emetic and enterotoxic
Bacillus cereus. J. Food Prot., 73, 1219-1224 (2010).

Park, J.G.,, Antibiotic susceptibility patterns of Staphylococ-
cus aureus and MRSA isolated from the nasal cavity of kin-
dergartners. MA thesis, Catholic University of Pusan, Busan,
Korea (2007).

Lee, M.S., Han, H.S., Jung, J.S., Identification of bacterial
strains adhered to human scalp hair and antimicrobial sus-
ceptibility. Korean J. Microbiol., 41. 47-52 (2005).

Kim, J.S., Lee, J.H., Kim, J.H., Choi, J.M., Kim, S.R., Ha,
S.D., Kim, K.S., Lee, K.H., Kim, M.G.,, Kim, K.Y., Kim,
C.H., Chung, D.H., Characteristics of Enterotoxigenic genes
and Antibiotic Susceptibility of Staphylococcus aureus Iso-
lated from Tomato Farms in Western Gyeongnam. Korean J.
Food Sci. Technol., 38, 295-303 (2006).

Seong, S.J., Lim, J.S., Lee, K.G,, Lee, S.J., Hong, K.W,,
Toxin Gene Profiling of Bacillus cereus Food Isolates by
PCR. J. Korean Soc. App!l. Biol. Chem., 51, 263-268 (2008).
Park, K.M., Kim, H.J., Jeong, M.C., Koo, M.S., Occurrence
of Toxigenic Bacillus cereus and Bacillus thuringiensis in
Doenjang, a Korean Fermented Soybean Paste. J. Food
Prot., 79, 605-612 (2016).



