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Profiles of Toxin Genes and Antimicrobial Resistance of Bacillus cereus
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Twenty-three Bacillus cereus strain isolated from commercial jeotgal were investigated for 11 toxin genes and sus-
ceptibility to 25 different antimicrobials. The hemolytic enterotoxins hblA, hbIC, and hbID were detected in 13.0%,
and non-hemolytic enterotoxins nheA, nheB, and nheC were detected in 26.1%, 100%, and 100% of the isolates,
respectively. The positive rates of cytK, entFM, becT, hlyll, and ces were 73.9%, 60.9%, 26.1%, 8.7%, and 0.0%,
respectively. According to the disk diffusion susceptibility test, all of the strains studied were resistant to cefuroxime,
followed by cefoxitin (78.3%), oxacillin (78.3%), ampicillin (69.6%), penicillin G (69.6%), and amoxicillin (65.2%).
However, all the strains were susceptible to 11 other antimicrobials, including amikacin, chloramphenicol, and cip-
rofloxacin. The average minimum inhibitory concentrations of amoxicillin, ampicillin, and cefuroxime against B.
cereus were 462.9, 235.0, and 135.0 pg/mL, respectively. These results highlight the need for sanitizing commercial
jeotgal, and provide evidence to help reduce the risk of jeotgal contamination by antimicrobial-resistant bacteria.

Keywords: Antimicrobial susceptibility, Bacillus cereus, Commercial jeotgals, Minimum inhibitory concentration,
Virulence genes

M =2 2 mEn LEL B5S FUsl= S4E emetic toxin (ce-
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9 714 B B Mo 2 YA ZAE F A5
Al AE o] AlFES Fsks YAletolth(Bottone,
2010). o] 3] I3k A FE5-& 5#o] Aol A F4]sH= et A

CHlES) g Aol = A 71X Qlth(Kramer and Gillbert,
1989; Agata et al., 1995; Fagerlund et al., 2004; Ehling-Schulz
etal., 2005; Arnesen et al., 2008; Rajkovic et al., 2008; Gao et
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2 ZA151H A A A3 emetic toxino]) &J3F LEFH O & LHE ol 2J3+A 2010955 2019 7HA] 2|2 10 7F S-2]Ltatol A
oh AAFE Al S5, e A, A9, AR 5] U’ A 83 B. cereus©l] 9]t AlF5E ARLY] A S B SRl

FHOR 877 8-1647& Arolu], QAL Bgo] £ 340 717 847 1 12099 R o] ol o A% FAgE A
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toxin (Nhe) cytotoxin K (CytK), enterotoxin FM, hemolysin T WAL 9l Sixje vhe ]-—n—tﬂ-l:]—(MFDS 2020a). 5
IT (HlyIl) ¥ enterotoxin T (BeeT) 5-¢] St} vhH FEE 2 glufel AZF Ao A dul AlZe] 7)& 9 JFA 25 B.
T2 Ao L o] 8l AlEolw FHET|7E 1-5A17F A4 cereus= - H(HF A Q) W A Eolzn| AL A7 A7t
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Bacillus cereus 2] %4~

7, AUF, 28 FE 10,000 CFU/g )3} & Al&(A| =, 7%
Qe Aolgieh, At i 9 AsigAY o ol4el 7
F, /b 2218 5p) gk o2 AFHEHE - AE-S 1,000
CFU/g o]3}2] 7]20] 47 =] o] QItHMFDS, 2020b).

cherat Al R4 Bl B, cerensol g E4 447} 9 3}
A Yol et AFE A= the A ShHKim et al., 2011;
Kim et al., 2014; Jo et al., 2017; Gao et al., 2018; Yu et al.,
2020), AlEAlZol| A B. cereus®] 2.4 Aefoll ¥t A=
© AY g Agolth. A ofF, FAR, AAF U Fv]
58 AA| B dREe] A9 7hstel Ha AR AL
2 R Ao EAfoHs VA W EAREO R Haet 44
Ho] 253 1S 7HA = AR A Aot 20199 HAlE
O] S AAFES 80,328 0|0 S B M Eo A At ok
36,947 4 2,381 0 2 HA|9] 46.0% Z 2.96%°| 3=t
(KOSIS, 2020). AEF 7oA A2kl ft 712 2 742 e
B S, BERS A Y Tl 8.0% o]she] AlEel #hst
of ZEMIALO 2A 1 ghg oISt H7HE 4 Qhov], A F 53
(B. cereus= g 10,000 CFU o|3} ¥ Clostridium perfringens
+=n=5, c=2, m=100, M=1,000)°]] 43} 7|& LU & o] A4 5
o] 91L& o|CH(MFDS, 2020b). wehA] Al 3i7re] okalsg o)
HE flste] Aol 27t B. cereus®] SarAiAte
B4 W FRA Aol B AT Aee] HHe AT 8T
Fr}. o] & flote] Aldk Aol A w27t F- 23+F29] B. cereus
= W2 Safdate] B, @Al W 2 WAd &
Aol i A2 oAl =S HE st

ERTRTE

A8 of| ARR3E B. cereus= 20194 7Y & =AM A&
Al A o] Az ol A Rt 1252] A 9 M Sl A
ot HAAAAFAE 9 mu oA Lt 1259 A4
ZF 2459 Al Ao A Bt 237 W B4 A 5
£ 143}17] €5}t B. cereus KCCM 40935 2 NCTC 11143
TdFE AESHT Al ] A& Ielol= Escherichia
coli ATCC 259228} Staphylococcus aureus ATCC 25923 4+
£ ARSI HAaIS Al s s 54 Qg 4 A=
Sigma (St. Louis, MO, USA)AFE] A& AR8-51$ T

B. cereus®| 22| ¥ H

Al Aol A B. cereus®] 22| 9 542 theat Zol A
AlBFRTE A& 25-30 gofl 9uliEFe] phosphate buffered saline
(PBS: 140 mM NaCl, 5 mM anhydrous Na,HPO, and 1.5
mM KH,PO,; pH 7.4y 74st31 2834 788t 5 7oe o
Al 3]43}o] Brilliance Bacillus cereus agar (Oxoid, Hamp-
shire, England)ell @A el 1 mLA-Z 374-9] vijz|of 1%

A7k gl =t Al g 871

SFIL 35+ 1.0°CollA] 18AIZF vl & A ks A
A5 o, B, cereus® AT = HE H4F= o4
3L s A 9 APT 50CHB kite} API 20E kit (bioMerieux,
Marcy-I'Etoile, France)E ARE-51o] As}s 240 &2 543515
o} 884 AJE2 obiHA| 9 (Hwasung, Korea)ol| A AJAts}
+= sheep blood agar plate®]] Al &2 L3} 35+ 1.0°Cof|A]
I8AIZF B & 885 o -5 Selskqlth. w3k fAlsta o g
EA4517] 9J8to] #F= trytic soy broth (Merck, Darmstadt,
Germany)©ll 5&3Fo] 35+ 1.0°ColA] 18417t %1% vl a3l
oh Bl 1 mLE F{sto] 12,000 rppm © &2 327t 4=}
o] A& Ao Bt S5 100 L 7Fsto] @EF 5 100°C
Al 1042 7HEstal dofl 287 A] £ 12,000 rpmefl 4] 14
7+ 4] Bejsto] AFzol-g PCR (polymerase chain reaction)
assayS 9]3F template DNAZ AME-5FICH §-4%F FZ2 9
3t 2% a4E Takara (Otsu, Japan)ALe] A& ARE-s1SC
], PCR 274 B. cereus?| gyrBS %4 FHA2 3o 94°C
SEZ13] A HA 3 94°Cofl A 30%, 63°CollA] 302 Y 72°C
oA 30%E 3 T2 dlo] o] 2 303] 435}, final exten-
sionS 72°Col|l A 587+ AAls ¥ th(Park et al., 2007). PCR
2 GeneAmp PCR system 9700 (Applied Biosystems, Foster
city, CA, USA)S ARg-sto] 3851l om 5355 DNA 4H=
10 pLE 1.5% agarose geloll 27|95 & ethidium bromide
2 QA5}o] Vilber Lourmat (Bio-Paint ST4, Marne-la-Vallée,
France)Al Gel-Doc system ©. 2 DNA 52 o] .5 301514t}
B0l &7 H B. cereus= HF FE 15%7F HEE BvEH =
2| A& A 715}] cryovial storage box (Simport, Beloeil QC,
Canada)of| ‘g o] -80°Cel] Bkt A A7 of| AHg-3}GI T

=4 QTR BA

| ofl

B. cereus®] 115 S4 A9 HAof] ARE-St primers?] &
71X 4, 52 DNA =7] Y annealing %= 52 Table 1] U
EF %12, primers+= Bioneer (Dacjon, Korea) Alof| €] g
Astiek. A4 template DNAE 540] AL83 23} 52
St A& ARgSto] BAI5EG on, PCR 2712 94°C 57t 13]
A HA F94°CoflA] 30x & B4 9 AR A S AR
1 kb 0]AFe] $-ofli= 28-S 1 kb 0|51 7ol = 187+ A4
Skt ZE % DNA AFE-S 1.5% agarose gelof| A A7| 4%
5 ethidium bromide= G5} Vilber Lourmat (Bio-Paint
ST4)A} Gel-Doc system & & 3FQ13}4 T}

SH gad Al

71 Aol gk i-2] 2] 7H42/d-2 Becton Dickinson
(BBL Sensi-Disk, Sparks, MD, USA)A] &tA| T] 22 A
£ A5 Acar and Goldstein (1991)2] Tty AT AP S
2 AIF3T Trytic soy broth (Merck)oll Al¥ & H5
sto] 35+ 1.0°CollA] 3R X v & et AejAldeE
23] A4} %2 McFarland No. 0.58 23s}o] £7] 0.4
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mm<&] Mueller Hinton agar (Difco, Sparks, MD, USA) %3
o F& = stk of7]o] FAL FtA| Hl2aE D]
35 LOCol A 164171 voF 3 2t aAlo] ofa) HAs A%
AAe] 2718 25T Ba 2| ;o wet 7444 ol S i
7Fetict A9 &A= amikacin (30 pg), ampicillin (10 pg),
amoxicillin (25 pg), cefotaxime (30 pg), cefoxitin (30 pg), ce-
furoxime (30 pg), ceftriaxone (30 pg), cephalothin (30 pg),
cephazolin (30 pg), chloramphenicol (30 pg), ciprofloxacin
(5 ng), clindamycin (2 pg), erythromycin (15 pg), gentamicin
(10 ng), kanamycin (30 pg), nalidixic acid (30 pg), nitrofuran-
toin (100 pg), norfloxacin (10 pg), oxacillin (1 pg), penicillin
G (10 pg), rifampin (5 pg), streptomycin (10 pg), tetracycline
(30 pg), ticarcillin (75 pg), 2 vancomycin (30 pg) 5 2552
A T 225 A8t MAR indexis Y42 LrEpe
ﬂﬁxﬂ 7= Aol AREEH WA Al = Uie R A

IAHE%Q.* Kz (Minimum Inhibitory Concentration,
Ic)e| £
— /| o

Z]| RS- A5 == v|=F NCCLS (National Committee for

Table 1. Primers used in this study

Clinical Laboratory Standards, 2002)¢f| 7] %3}o] o2 =
At ¥ Mueller Hinton broth (Difco)o] 2,048 ng/
mLoj A 1 ug/mL71A] ANt 5 g dejgt +HAl1E 71t
& At 2FAIA T 2 F=O| FtAI7F M7 wiAE 2

mLA %ﬂ@'u} Trytic soy broth (Merck)ol| 4] 325} A Hj

-l01

St AlEwtl 3 ple HEste] 35+ 1.0°ColA] 16A]17F A
eFe 3 5 o heto. Ssletel 2ol
=8 24390,

Zot ¥ nEt

AT HZOIN B, cereus?l 2] 2 =X

Alg Ao A B. cereus?] 28 A=E 1elslr] 9]t
20204 7Y = =2k ZAYSAA Ao A wofA
U RokE BARALAIEAE ) ool 4 o] u
chaL PR A2 2 RS, 9803, A9A, 2
&3, 013%31 A, BT, AR, 2704, Wi ol A,
AR e A 9 7eluR) & 2459 ALE FYste] 245t
ot 1 AV A NEANA AT AR 9= AAE

o1 =
(30 CFU/g), B5=7]%1(10 CFU/g), 271330 CFU/g) & 7}

Amplicon size

Annealing

Primer Sequence (5'-3") (bp) temperature (°C) Reference

BCJH gg%’fc%p‘%ﬁ‘\c%ﬂg;g&%%% 475 63 Park et al., 2007

HbIA gtg;ggéfé;ggg?ég;%i?ﬁ; ::;.I 320 55 Hansen and Hendriksen., 2001
HbIC ggz%%¥%¢g%%gg¢g¥gx¥g 750 55 Hansen and Hendriksen., 2001
HbID gtéﬁg%ﬁ??gggg;?ég?&zg 430 55 Hansen and Hendriksen., 2001
NheA g::I;Ar(%%;%T/i\TA}GG%ﬁSET%%Aé%T-s' 500 55 Hansen and Hendriksen., 2001
NheB ggg%%ﬁﬁgé%gﬁg??g@?e’ 770 55 Hansen and Hendriksen., 2001
Nnec  5-COSTAGTGATIGCTGGGS o83 5 Hansen and Henrksen, 200
BceT g-:8?;@1??%?&;;:@%%&;313- 661 55 Hansen and Hendriksen., 2001
CytK vaniclllosEalinerrliv i 238 55 Oltuszak-Walczak and Walczak, 2013
Hly Il ggéﬁ%@ﬁﬁgﬁéﬁﬂgﬁgg 867 50 Fagerlund et al., 2004

EntFM gtﬂfmé‘é%?ﬁggfﬁggj' 1,269 60 Asano et al., 1997

Ces 5-GGTGACACATTATCATATAAGGTG-3 1,271 58 Ehling-Schulz et al., 2005

5'-GTAAGCGAACCTGTCTGTAACAACA-3'

BCJH, primers targeting Bacillus cereus; Hbl, hemolysin BL; Nhe, non hemolytic enterotoxin; BeeT, Bacillus cereus toxin; CytK, cytotoxin;

Hly, hemolysin; EntFM, enterotoxin FM; Ces, cereulide synthetase.



Bacillus cereus 2] =2~

28] A (10 CFU/g)ol| A, FaA A ZATE of| 4] Q)5 A= o
A& 27015140 CFU/g), Z2|<3(100 CFU/g) 2 7HH| 3
(10 CFU/g)°llAl B. cereus?} #Z=| ST, 235370l A A A5}
L Rzbol that B. cereus?] 71241 10,000 CFU/g o312 %=
IR AEE P o F X FUA Y Al7A 5] A2 2
A &A 3} 7he] ] A2 o2 Aol vl3l| B. cereus®] -2 =
2 A0 & et 2elE B. cereus?] 5782 7| ES AMEEE
AyskehA Al 9 484 B &, PCR assay©ll 2[5k gyrB#
Mol 24 G52 A5t th(Park et al.,, 2007). A 3F5HA] A]
HolX= B. cereus® 5= AT, gyrB #-21A12] 53] 2
QA=A -2 35t= Aol A v At 237455t o= 5
T Aol AFESHT 885 A F A BE o A 9
o B-885S Uehll= 752 T = UTHE L} v|AA).

B, cereus®| =4 MR M

Al Ao A ZERE B. cereus®] 23+l Tl 10572
enterotoxin (hblIA, hbIC, hbID, nheA, nheB, nheC, entFM,
becT, hlyll, ¥ cytK) 2 155-9] emetic toxin (ces) AR} &
1157 S4572k9] 5= PCR assay 2 24519100 12
H= Table 20]] B QT SR04 10] B 2 285
oA 8572 SAGAAE Beslel F 107 150 B
=] %It} NHE (non haemolytic enterotoxin) complex (nheA,
nheB, nheC) % 3709] nhe FAA} 555 B {3t = 64
+(26.1%)°1H, nheB2} nheC -FAAE FA] o HGdh= o5
= 239-F(100%)°] At} =3 HBL (hemolysin BL) complex
(hbIA, hbIB, hbID) % 3719] hbl AR} 55 253t o=
= 373(13.0%)°]™ U 2] 204+35(87.0%)= HBL complex
T ol FAAE BAokA] ¢ttt 65 (nheB, nheC, entFM,
becT, cytK, EM)®| 547 HAHE E4-8HL Q1= type 8°] 5+

AR 2 A WA 873

F21.7%)E 7V =2 N s Ui, 3579 54742
(nheB, nheC, cytK)E H-G35}11 Q= type 27} 4+5+(17.4%)
2 thZolqlth. 545 Bj-8-2 nheB (100%), nheC
(100%), cytK (73.9%), entFM (60.9%), nheA (26.1%), becT
(26.1%), hbIA (13.0%), hbIC (13.0%), hbID (13.0%), hlyll
(8.7%), X T&E GHRKces)= BE w04 HEE A U9k
o} Ao Al Aol A {23t B. cereus 2] 8
£ 34 A = nheB, nheC, cytK, Y entFMQl 7122 ol g]
ot A2At Fo A E2%t B. cereusel 4] HBL complex
2} NHE complex S48 2k=45.0%2} 93.0%7F HE5 %S
™, cytK, entFM, becT, hlyll, ¥ cesB =43 A = 22+ 73.0,
96.0, 75.0, 54.0, ¥ 5.0%E H-53 At Afol= =4
TR Hfgoll A ol 5 H Y tHGao et al., 2018). S4]-3H
oAl Z 20| A Hel|3) B. cereus 2631FE A O 2 EASH
A= E43 A3}, NHE complex (nheA, nheB, nheC) 5 37}
nhe AR REE BHQ5E 5= 89.7%, nheA T G5t
F7L0.8%%.2.1, HBL complex (hbIA, hbIB, hbID) % 37)
hbl A HE5 HR33t 5= 66.5%, 1-27] -84 7H4
W= 21.7% B ol {ARE H{SHA] 952 o= 11.0%,
=4 entFM, cytK, becT, 2 1+ E4 CER AR HE82
100, 100, 43.0, ¥ 50.2%°] ¥ th= A2 IHKim et al., 2014)
o Bl Lt Al Aol A E2|3t B. cereus 9] H4x 4
A Bg AT Aol7} Bhe Ao BIuch Eat, o)
&=l 2 B. cereus®] 8 =47 AH= nheA%t
entFMS{EHE 7o et al., 2017) 2 E7ATH 5709 A4 3
78 el el B. cereusol|l A 71 HIWISHA AEHw Samd4
L nheA (100%), entFM (100%), hbIA, C, D (66.5%), 2 EM
(21.0%)°] A==tk 2ot o] 7} QA TH(Kim et al.,
2011). o] 3+ A3}e] 2}o]+= B. cereus?] £2| ¢, £a] A|7] &

Table 2. Toxigenic patterns of Bacillus cereus strains isolated from commercial jeotgal

Toxigenic  No. of Enterotoxin Emetic toxin
type strains  ppjA hbiC hblD ~ nheA  nheB  nheC entFM  becT  hiyll cytK ces
1 2 -1 - - - +2 + - - - - -
2 4 - - - - + + - - - + -
3 2 - - - - + + + - - - -
4 3 - - - - + + + - - + -
5 1 - - - + + + - - - + -
6 2 - - - + + + + - - + -
7 1 - - - - + + + + - + -
8 5 - - - - + + + + - + -
9 2 + + + + + + - - + - -
10 1 + + + + + + + - - + -
Detection rate (%) 13.0 13.0 13.0 26.1 100 100 60.9 26.1 8.7 73.9 0.0

I, negative. 2+, positive. hbl, hemolysin BL; nhe, non hemolytic enterotoxin; entFM, enterotoxin FM; bceT, Bacillus cereus toxin; hly,

hemolysin; cytK, cytotoxin; ces, cereulide synthetase.
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Al Ao A 2Rt B. cereus®] 23+t5 O ® 25%
Alefl Hiet e BA4S Haasiii o S48t
Z 3= Table 30 UER ST 2552 3tAl 5 145
dAloll= 239 AR B R AolA WS vE
W 1, amikacin, chloramphenicol, 2 ciprofloxacin 5 4
WA 1159 FatAlols A/dS vehdislth Wideol &
L. gtAl= cefuroxime (100%), cefoxitin (78.3%), oxacillin
(78.3%), ampicillin (69.6%), penicillin G (69.6%), amoxicil-
lin (65.2%), ticarcillin (65.2%), cefotaxime (47.8%), ceftri-
axone (47.8%), cephazolin (43.5%), streptomycin (39.1%),
nalidixic acid (30.4%), cephalothin (26.1%), ¥ kanamycin
(8.7%) <=~ ek EAU T S SL ABAFRS ol A 2272005
B. cereus®| g3 A|of| et A B-lactamA| F+ A 21 ampi-

of
N 32 o

—_—

oY

ot

cillin (100.0%), penicillin G (100.0%), oxacillin (94.9%), ce-
fazolin (78.2%), 2! H] B-lactam7| & YA rifampicin (58.0%)
ol Al /do] =dth= AXHKim et al,, 2011) 9 #2405t 5
FrollA &2t B. cereus®| gtAoll thgt W/d-> ampicillin
(99.0%), penicillin G (99.0%), cefoxitin (95.0%), ¥ cephalo-
thin (69.0%) 59| B-lactam7| F=t A4 A&l Eqth=
Z7HGao et al., 2018)°] H|B A= GF(F L E 07 Q1 E]
oL H| B-lactam 7| 3ot A H T} B-lactamA| -t Al of A ThA]
2 YL ke Ak YA5FT) B. cereus”} B-lactam
Al FtAloll W&ol &2 o]f= B-lactamA| F+AIE =3l
Sh= B-lactamase S AY4ts}7] TiEQl A 0= wekE ot E3k A
Aol AREE 230l gt Al WA Aol et A=
Table 40 L ATk <A A S 150014 125714
chergt 29ko] WA oS YetaL gl=dl cefuroximeof| Wt
YAS UYeElllE 5= 29(8.7%)2 multiple antimicro-
bial resistance (MAR) index+= 0.04% 13- Wetct. Cefurox-

Table 3. Antimicrobial susceptibility and resistance of Bacillus cereus isolated from commercial jeotgal

Disc content

No. of isolates

Antimicrobials

(Mg) Resistant Intermediate Susceptible
Amikacin (AK) 30 0 0 23
Amoxicillin (AML) 25 15 3 5
Ampicillin (AMP) 10 16 0 7
Cefotaxime (CTX) 30 1 0 12
Cefoxitin (FOX) 30 18 0 5
Cefuroxime (CXM) 30 23 0 0
Ceftriaxone (CRO) 30 1 0 12
Cephalothin (KF) 30 6 0 17
Cephazolin (KZ) 30 10 2 1
Chloramphenicol (C) 30 0 0 23
Ciprofloxacin (CIP) 5 0 0 23
Clindamycin (CC) 2 0 0 23
Erythromycin (E) 15 0 0 23
Gentamicin (GN) 10 0 0 23
Kanamycin (K) 30 2 9 12
Nalidixic acid (NA) 30 7 0 16
Nitrofurantoin (F) 100 0 0 23
Norfloxacin (NOR) 10 0 0 23
Oxacillin (OX) 1 18 0 5
Penicillin G (P) 10 16 2 5
Rifampicin (RD) 5 0 0 23
Streptomycin (S) 10 14 0
Tetracycline (TE) 30 0 23
Ticarcillin (TIC) 75 15 1 7
Vancomycin (VA) 30 0 0 23




Bacillus cereus 2] =2~

ime®} cefiriaxone 3 = cefuroxime®} kanamycin =3},
%2359 FetAlel Wie Uetlle o< 1+ % 290
MAR index+=0.08°] %] t}. Cefiriaxone-cefotaxime-cefuroxime-
cefoxitin-oxacillin-penicillin G2] 6Z2] FHtAJo] HAl-S e}

© o 1etgolH, 759 At WAe U= o5
= 29, 89| At Aol WS Uetdls o= 5, 9%
O gt Aol Wds Uetdis o= 13-, 1052 <Al
WS Uetl= #5537, 115 Aol WidE et

© e 29t 91258 Al WAe UEtlE o
= 432 oebE AT Amoxicillin-ampicillin-cefuroxime-
cefoxitin-nalidixic acid-oxacillin-penicillin G-ticarcillin®] 8%
9] gtA| 2% % amoxicillin-ampicillin-ceftriaxone-cefotax-
ime-cefuroxime-cefoxitin-cephalothin-cephazolin-oxacillin-
penicillin G-streptomycin-ticarcillin®] 1252] A 23]
38 44 A Hol 7V ET 52 Zgo)9lon, MAR
index+= 247} 0.32 2 0.48%2 YElytT AA 0 &2 239453 5
Sebo] 2% of5te] g Aol LA Zic vk Lol 185
FE 24 6% olAh) Aol A 2 glrks el o
AU o] A7 di g o= shetEnh & Aol ARg-St
Az 22 233 B. cereus®] +tA| W/d ool vl thekgt
offroll thalixl= g&s] Ast7]= ol ¢t dapxle= &
ek 4= Q= 7he 2 R Rt Alm 9] Apolof Qlral sk T

=
il Aol CHE B cereus?| ZIAYRAMESE 573

WS UEh= 1459] FatAloll thet B. cereus®] 225

—

A9 A 875

A== =45 A= Table 5of el 91 th. Amoxicillin
o WS Yetd= 15752 MIC= 32-1,024 pg/mL (Bt
462.9 pg/mL)olm ==of T MIC 2tol= & Holw, thA|
2 3% WS UEta )Iglek e vreble v A] 8
TFY MICE=<1-16 ng/mL 52 2 =4 = i th Ampicillin
o] WAS UetlE= 169+52 MICE 16-512 pg/mL 52
2 5t MICs= 235.0 pg/mLolH, H4dE el 7at5
S MICE <1-8 pg/mL =0 2 S E k. 1t A WA
S UER= cefotaxime2] -t MICE= 32.0 pg/mLo| ™, 184
Zeof| A AL e = cefoxitin®] B MIC:= 146.0 pg/mL
o|qith BE FFollA WAS YER = cefuroximes 32-256
pg/mL M= SA =] 9] o0 i MICE 135.0 pg/mLo| it
1150l A] WAS YER = ceftriaxone2 32-128 pg/mL ¥
7 A= on, A MICE 43.6 ng/mLo]gith. Cepha-
lothin, cephazolin, kanamycin, nalidixic acid, ¥ streptomycin
ol Y-S YeERY = 522 Wt MICE 37.3, 41.6, 32.0, 32.0,
2 16.0 pg/mLz SH AL E3, 183704 WS et
Y= oxacillin® 32-128 pg/mL H$jo|w, HF MICE 101.3
ngmLE 24 9lon], 744 #50] MICE <1 pg/mL o]
SFTE. 16at=ofl Al W/d-& Urehl= penicillin Gof| thgt Wi/
2 16-1,024 pg/mL HHZ HF MIC= 332.0 pg/mLE =74
glom, 74 w52 MICE <1-8 pg/mL <=50] Qi) 15
o)A YAS el ticarcillino]l Higt A& 256-512
pg/mL HZ Hat MIC= 341.3 pg/mLZ S = o, 7+
3 59 MIC:= <1-64 pg/mL 20| e}, 234 02 A]

Table 4. Antimicrobial resistance patterns and multiple antimicrobial resistance (MAR) indices of Bacillus cereus isolated from commercial

jeotgal

Antimicrobial resistant pattern No. of resistant strains MAR index
CXM 2 0.04
CXM-CRO 1 0.08
CXM-K 2 0.08
CRO-CTX-CXM-FOX-OX-P 1 0.24
CRO-CTX-CXM-FOX-KZ-OX-S 1 0.28
AML-AMP-CXM-FOX-NA-OX-TIC 1 0.28
AML-AMP-CXM-FOX-NA-OX-P-TIC 4 0.32
AMP-CRO-CTX-CXM-FOX-OX-P-S 1 0.32
AML-AMP-CXM-FOX-NA-OX-P-S-TIC 1 0.36
AML-AMP-CTX-CXM-FOX-KZ-OX-P-S-TIC 1 0.40
AML-AMP-CXM-FOX-KZ-NA-OX-P-S-TIC 1 0.40
AML-AMP-CRO-CTX-CXM-FOX-KZ-OX-P-TIC 1 0.40
AML-AMP-CRO-CTX-CXM-FOX-KF-KZ-OX-P-TIC 2 0.44
AML-AMP-CRO-CTX-CXM-FOX-KF-KZ-OX-P-S-TIC 4 0.48

Total

23

AML, amoxicillin; AMP, ampicillin; CRO, ceftriaxone; CTX, cefotaxime; CXM, cefuroxime; FOX, cefoxitin; K, kanamycin; KF, cephalo-
thin; KZ, cephazolin; NA, nalidixic acid; OX, oxacillin; P, penicillin G; S, streptomycin; TIC, ticarcillin.
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Table 5. Minimum inhibitory concentration of Bacillus cereus isolated from commercial jeotgal

(ng/mL)
Antimicrobials <1 1 2 4 8 16 32 64 128 256 512 1,024
-~ 5 1 2 1 3 10 1
Amoxicillin 54 70 4.3%) (8.7%) (4.3%) (13.0%) (43.5%) (4.3%)
Ampicillin S o 10 1o 10 10 ° 0 20 ° 9
(21.7%) (4.3%) (4.3%) (4.3%) (4.3%) (26.1%) (8.7%) (26.1%)
, 12 11
Cefotaxime (52.2%) (47.8%)
y 5 2 6 3 7
Cefoxitin (21.7%) (8.7%) (26.1%) (13.0%) (30.4%)
, 5 6 4 8
Cefuroxime (21.7%) (26.1%) (17.4%) (34.8%)
, 12 9 1 1
Ceftriaxone (52.2%) (39.1%) (4.3%) (4.3%)
, 5 6 6 5 1
Cephalothin 51" 707 (26.1%) (26.1%) (21.7%) (4.3%)
, 5 1 5 2 7 3
Cephazolin 51 707 4.3%) (21.7%) (8.7%) (30.4%) (13.0%)
, 5 7 9 2
Kanamycin (21.7%) (30.4%) (39.1%) (8.7%)
A 1 14 1 7
Nalidixic acid (4.3%) (60.9%) (4.3%) (30.4%)
N 5 1 6 11
Oxacillin (21.7%) (4.3%) (26.1%) (47.8%)
o 5 2 2 7 3 1 3
Penicilin G 51 701 (8.7%) (8.7%) (30.4%) (13.0%) (4.3%) (13.0%)
_ 14 9
Streptomycin (60.9%) (39.1%)
. 2 3 2 ! 10 >
Ticarcillin (8.7%) (13.0%) (8.7%) (4.3%) (43.5%) (21.7%)

I R zbol| A E-2|3t 237339] B. cereus= amoxicillin, ticarcil-
lin, penicillin G, ampicillin, cefoxitin, ¥ cefuroxime 5-2] &t
Al A= MIC7} 100.0 pg/mL 014302 o2 -2
WA streptomycin, kanamycin, nalidixic acid, cefotaxime, 2
cephalothin 5-2] &t-A o] g MIC+= 40.0 pg/mL o] 3} A
Aoz vhe 7oz SQlElrth(Table 5). Y4 2 Al5ollA
223t B. cereus®] WA gatAlof o gt MIC= ampicillin (48-
256.0 ng/mL), gentamicin (0.19-1.5 pg/mL), penicillin (4.6-
18.75 pg/mL), Vancomycin (1.5-16.0 pg/mL), clindamycin
(0.125-1.0 pg/mL), ¥ erythromycin (0.047-4.0 pg/mL)°] %

= A 3K(Torkar and Seme, 2009) % & HuljFo A 2|3t B.
cereus®] U3 Aol tgt MIC+= ampicillin (4->128.0 pg/
mL), clindamycin (0.125-1.0 pg/mL), gentamicin (0.125-1.0
pg/mL), levofloxacin (<0.125-32.0 pg/mL), ¥ vancomycin
(0.5-2.0 pg/mL)°]| A th= A1 (Horii et al., 2011)2}= z}o]7}
S5ick 71 ol B AR A IS A8l 37

ghubd 719 & Aif= WA wjx] 7} obd 1A vjAE o]&

& Eresto] <2 0.2 S7alsly] uo] ZajolA Aol

AQlckar Tt ek Al A o] oA HIFE flshe] chekst
Az A 7Poﬂ/\1 A& ol Al+t2l B. cereus 23455 £2|5}
04 A A A Aol s =S A, =8 Ha

*X]-— nheB, nheC, cytK, Y entFM?3] 71 2.3 3kl &t}
E3F cefuroxime S Z33E 1452 gt Aol WA LrEhH,
amoxicillin, ticarcillin, penicillin G, 2 ampicillin 5-2] &4
o thafjAl= =2 MICE Ueti= A 02 ER1E] g, whetA
Al A7) QPR SRS %’4511*1% o] AR A=,
S 3 Bl 5ol 85%, B. cereusE £33 HAA Al I
Hpo| e A 0] L0 WU = F @ sfrhal ke

Ab AL

o] =t 20179 AR (ST Yoz =dA
o] A ede wol =3 713L TAFIY(RF-2017R1IDIA
3B03034975).
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