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Toxin Genes and Antibiotic Resistance of Food Poisoning Bacteria Isolated
from Food Service Equipment in Childcare Centers
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ABSTRACT - This study assessed the contamination level of food poisoning bacteria on handles of food service
equipment in childcare centers to prevent food poisoning and analyzed toxin genes and antibiotic resistance of isolated
strains. The isolates used in this study were collected from 101 childcare centers in Jeollanam-do. Four strains of
Bacillus cereus and two strains of Staphylococcus aureus were isolated on the handles of food service equipment
(refrigerators and freezers). The toxin genes of B. cereus were detected as nhed, nheB, nheC, entFM, and cytK. No
toxin genes of S. aureus were detected. B. cereus showed resistance to B-lactam antibiotics, such as ampicillin and
cefepime. S. aureus also showed resistance to antibiotics such as ampicillin and cefepime. Therefore, microbial safety
and hygiene management, such as periodic sterilization of handles, should be strengthened to prevent food poisoning
caused by cross-contamination of food service equipment handles in childcare centers.
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Materials and Methods

Y T2 W A
7ol AbgE AmE A9 o

At719] &340 25 ecmx2 cmel 3= WE S T4
2 AT A HES 0.85% D AYAIF 10
mLoll ¥ § FAslele] Algdd oz ARSI,

Bacillus cereus 23] %

B. cerens 1) $9E EFAL 23] 4P,
Al LD NS Tryptic Soy Broth (TSB, MB cell, Seoul,
Korea)oll 1 mL AE3l 30°Col A 24417 vl F3F ). wl
3 3 uwjekelS Mannitol Egg Yolk Polymyxin Agar
(MYP, MB cell)ol] =alo] 30°CollA 24417 &<t wij<F
stk "g F99 lecithinaseE A3 st TESE 38
7H B2 JgS A8 ske] Nutrient Agar (NA, MB
cell)ell =2ek 5§ 30°CellA] 24717 vl sttt vl ke 3
23 A2 2 Blood Agar (BA, MB cell)dll HEate] 3
g 9] B-hemolysisE &<1gH $ Vitek 2 system (Vitek
2 Compact, BioMerieux, Marcy-I'Etoile, France)2 ©]&3}
o] B. cereuss 43I th.

Table 1. Primer sequences for Bacillus cereus toxin genes

Staphylococcus aureus 28] 574

S. aureus -2 T8 AFFAE T8t AP}
AldLH 1 mLE 10%-NaCl TSB (MB cell)ol] HZEs}
35°Coll A 2411 7F v Fstdtt. wieFet & )& Baird-
Paker Agar (BPA, MB cell)oll =23}o] 35°Coll A 2447+
i FStATE vt & £ 02 Zel Fde] 1A
A M-S Adste] NA (MB cell)o] =23 5 35°Co A,
24A17F Bttt vl e HEHS IS 2 Coagulase test

N

1=
(MB cel)& AAse] FdS ER1gH £ Vitek 2 system=
olg3sl] S aureuss T 3T

DNA XX

TSB 9 mLoll Alg €9 1 mLE HF3ke] 35°ColA 24
A1Zb vistdeh. vk Al &9 1 mLE 1.5 mL tube
of ¥F3ke] 12,000 RPMOZ 1087 94 E g st
(Smart R17, Hanil scientific, Gimpo, Korea). 94152 %
BEAe AAsIL BE5HT | mLE F7ske] 12,000
RPMOIA 10:27F A&ttt o #8S 33] whgst
o A & HA4SHFST 1| mLE 7139 heating block
(HB-96D, set, Daihan scientific, Wonju, Korea)°ll] 99°C,
1027 7FE 3kt 7FEE 1.5 mL tubeS 12,000 RPM2.

2 1097 QY F 4502 73 DNAZ AHESET.

=2 g3 AY

B. cereus SRR 212t S4FFA) primer (nheA,
nheB, nheC, hblA, hbIC, hbID, entFM, cytK primer)s A&
ste] A S SEATE (Table 1). nhed, nheB, nheC, hblA, hblC,
hbID, entFM2] PCR WH-Z7L2 95°C, 30 sec—>(95°C, 30 sec
—60°C, 1 min—72°C 1 min) 35 cycle—>72°C, 5 min®| i,
cytKe] PCR WHg-Z74& 95°C, 1 min—>(95°C, 60 sec—>48°C,
60 sec—72°C, 60 sec) 30 cycle—72°C, 7 min®]T}'¥2) §
aureus =2AFAX PCRE] 73-%- Staphylococcus aureus toxin
ID detection kit (Kogenebiotech, Seoul, Korea)ES A}-4-3}
of A&t PCR ¥H-3-& 95°C, 10 min — (95°C, 30 sec
—58°C, 30 sec—>72°C, 30 sec) 32 cycle—>72°C, 10 min &

Target gene Sequence (5°-3%) Products size (bp) Reference

nhed  ATT ACA GGG TTA TTG GTT ACA GCA GT AAT CTT GCT CCA TACT CT CTTGGATGC T 475

nheB GTA CAG CAG CTG TAG GCG GT ATG TTT TTC CAG CTA TCT TTC GCA AT 328 18)
nheC  GCG GAT ATT GTA AAG AAT CAA AAT GAG GT TTT CCA GCT ATC TTT CGC TGT ATGTAA A 557

hblA GCA AAA TCT ATG AAT GCC TA GCA TCT GTT CGT AAT GTTTT 884

hbIC CCT ATC AAT ACT CTC GCA ATTT CCT TTG TTA TAC GCT GC 695 19)
hbID GAA ACA GGG TCT CAT ATT CT CTG CAT CTT TAT GAA TAT CA 1,018
entFM  AAA GAA ATT AAT GGA CAA ACT CAA ACT CA GTA TGT AGC TGG GCC TGT ACG T 596 20)

cytk GTA ACT TTC ATT GAT GAT CC GAA TAC TAA ATA ATT GGT TTC C 505 21)
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oF FASIA Y. B cereusSt S. aureus®] 53 FAHA
S #lsl7] $18ked 2% agarose gel (SeaKem® LE
Agarose, LONZA, Basel, Switzerland)®]l PCR product
5 uL loadingdled 220 VOlA 3047+ 719 % 3HAtt.

oPgH) Py Y

o] A el AP vaa e R 4
39 0. E2l455 Mueller Hinton agar (MHA, MB
cell, Seoul, Korea)oll 35°CollA] 24A17¢ v k&l ich. B
3k & 3 colonyE 3] 3 mL Mueller Hinton Broth
(MHB, MB cell)oll &38l] 35°CollA 24A17F vl a9 Tt
HlFE 92 McFarland No. 0.5 (BioMerieux)®] &%=
Z743% T MHA (MB cel)oll Ea¥ AES o83t +
5ot =gkt

AHEE A Y23 FFE ampicillin (AM, 10 pg),
cefepime (FEP, 30 pg), cefotetan (CTT, 30 pg), ciprofloxacin
(CIP, 5 pg), chloramphenicol (C, 30 pg), clindamycin (DA,
2 ng), erythromycin (E, 15 pg), gentamicin (CN, 10 pg),
imipenem (IPM, 10 pg), oxacillin (OX, 1 pg), penicillin
(P, 10 U), rifampicin (RD, 5 pg), tetracycline (TE, 30 pg),
trimethoprim/sulfamethoxazole (SXT, 1.255 pg)/23.75 pg)
olt}, FAA T2 A EHo] AES] LHAY T
35°Coll A 24A17F vl 3T, B. cereus®] A 244
o] 735 A WA 71Ee] A= YA kot S. aureus
o] 71L& A &3t 7479 (Susceptibility, S), &7
(Intermediate, 1) ¥ WXd(Resistance, R)2.2 ¥4 3} T}.

Results and Discussion
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Table 2. Detection of food poisoning bacteria on handle of food service equipment in child care center

Food poisoning bacteria

Food service equipment

Bacillus cereus (detection rate)

Staphylococcus aureus (detection rate)

Refrigerator (n=101) 2 (2.0%) 2 (2.0%)
Freezer (n=101) 2 (2.0%) NDV
Ultraviolet sterilizer (n=101) ND ND
Total (n=303) 4 (1.3%) 2 (0.7%)

DND: not detected.
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Table 3. Detection of toxin genes in Bacillus cereus isolated from handle of food service equipment in child care center

Toxin gene"
Isolates
nheAd nheB nheC hblA hblC hblD entFM cytK
RD 5 + + + + + - + +
RD 8 + + + + + - + +
FC 16 + + + - - - + +
FD 20 + + + + + - + +
Detection rate (%) 100 100 100 75 75 0 100 100
D +: detected, -: not detected.
Table 4. Detection of toxin genes in Staphylococcus aureus isolated from handle of food service equipment in child care center
Toxin gene"
Isolates
sea seb sec sed see seg seh sei
RB 14 - - - - - - - -
Detection rate (%) 0 0 0 0 0 0 0 0

D +: detected, -: not detected.

B gA #EEH FAE AF 5 53 H5SE
ko] BIWHSIT®. B, cereust= ALY A= LTEY
AFTES US4 3on dAE AEE 54L5AA =

hblA, hbIC, hbID, nheA, nheB, nheC, cytK, entF'M So| H
IHI Yo 54F AFE FAANEE ces/b HALEHIAL
AT, B AFoA EZ|E B cereus 471 T 37AAM=
hbID H2f7d242 A9 d A SafdArE 2% 4
Z5 3t} o]y gt A= BEAIA frof AR FolA &
2l¥ B. cereus’t hbICDA, nheABC, entFM, cytK 7=}
£ R{3I v B9 B cereus 178 45 5l
A A s AEEJTe BaUP0 fAFE

wEhx ofFoly F4AAH] &FolollA EEE B. cereuse
AN AFES WA F o B cereusell 93 AT
= WAL dstr] 98] 18R vE das Ze = dAd

o oM ST =
ojdolx F2]AdH] &FoloA B B cereus} S.
v

aureus®] YA 7 AFA I = Table 591 YERASITH
B. cereus®] YA 7473 7]Fo] AR o] UA] Kol S
aureus®] FAA 4 7S A L8t AT,
B. cereus®] FAYA A AEA3 E, CN A
100% 7<rA4S YeRllZ AM, FEP, CTT, OX, P, SXT
% B-lactamZl A 100% WS HERHASITE. olfgt
A= B. cereus’t AM, FEP 5 B-lactam7] &AJAJol Ul
S Yepdite 71& Bael AASATHEY. CIP (75%),
C (50%), DA (25%), TE (50%) Aol 7445 et
U, 27 WAL CIP (25%), C (50%), DA (75%), TE

(50%)2 YERITE. 2 9 IPM FAAE 754 75%,
WA 25%<= JERAS RD A= 244 50%, 53¢
WA 50%S eI

S. aureus®] A 74 A A3} FEP, CTT, CIP, DA,
RD, TE, SXT &AAel 100% #+8<S YERIIL AM, P
FAA A 100% WS YEFHAT 2 ¢ C (50%), E
(50%), CN (50%) &A8A 7H-dS YeERAAL A
WAL C (50%), E (50%), CN (50%)S YERASITE OX
WA= 50% A, 50% 3 WS eI o]
et A3 2580 S8 EeE S aureus
Foll diall AWA S APs A%, 5 EFollA
AM, P A WS vERH Bael gk Ay,

A AARCR 7 1A A W33 methicillin-
resistant Staphylococcus aureus (MRSA)7} 1961 H 31|
AT, Methicillin® S, aureus 7+ X501 AFEE Ao
methicilling 722 71221 oxacillin®] 19903t % 7l
o] S aureus SAAAE AFRE I QTP Wt methicillin
EE oxacillind] WAIS! S awreuss =5 MRSAZHE 9F
ZAZ ARRE QY. S, aureus 452 OX YA WA
AAAF, 2 #4F BT OX FAA ] 7 WA A4
< UEllo] MRSAE= AEHA sttt ofdoly] 244
Exbolol A EHE S aureuss OX FAYA O] kA s
o2 AeEy, BR8AE F28AA el S aureus
T 75%7F OX dAAle] WS YeEllATh= Baet
o] 5009 9] v|74S Ao g A3 A 459 o
ol Al MRSA7F A& H UAthe HiP397}F glo] o]do]
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Table 5. Antibiotic resistance of Bacillus cereus and Staphylococcus aureus isolated from handle of food service equipment in child care

center
Antimicrobial Bacillus cereus Staphylococcus aureus
agent RD 5 RD 8 FC 16 FD 20 RB 14 RD 5
Ampicillin R" R R R R R
Cefepime R R R R S S
Cefotetan R R R R S S
Ciprofloxacin I S S S S S
Chloramphenicol I S I S R S
Clindamycin I S I I S S
Erythromycin S S S S S R
Gentamycin S S S S S R
Imipenem R S S S S S
Oxacillin R R R R I S
Penicillin R R R R R R
Rifampin R R R I S S
Tetracycline I S I S S S
Trimethoprim/sulfamethoxazole R R R R S S
DR: resistance, S: susceptibility, I: intermediate.
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