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Bacillus cereus Clinical Isolates : Characteristics, Enterotoxin Production and
Antimicrobial Susceptibility
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Biochemical characteristics, enterotoxin production and antimicrobial susceptibility were determined for 30
strains of Bacillus cereus isolated from stool specimens of diarrhea patients at an university hospital in
Chulabuk-do province. Positive rate for VP reaction and citrate utilization were lower, (33% and 40 %
respectively) while the rates of acid production from mannitol, arabinose, and xylose were higher (17 %, 13
% and 3 % respectively) than those obtained by other investigators. The enterotoxin gene was detected in
18 of 30 isolates (60 %) by PCR, and the toxin was detected from all of the toxin gene-positive isolates by
RPLA test. The agar dilution test showed that all isolates were resistant to penicillin G and 73 % were to
cephalothin, but all were susceptible to ciprofloxacin, clindamycin, erythromycin, fusidic acid, gentamicin,
rifampin, teracycline and vancomycin. We conclude that B. cereus isolates producing acid from mannitol,
arabinose and xylose exist, that PCR can be used to detect enterotoxin genes rapidly and accurately, and that
this organism is susceptible to various antimicrobial agents though not penicillin G and cephalothin.
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Bacillus cereuss 194 o2 ESF &, WA & o]t} (Drobniewski, 1993). B. cereusol] 93 2F =2
T SER AE #¥W T AdAe 28] ®£¥s3 ¢l3, 1950 Hauge (1955)7F Ao Bistlom, 1= 10
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d Gl A AAatet B5o] A9 glal, e
717} 1-5A1t 0.2 grom, o4, FEE F FHOE 3=
TEY AF53A7F HasEda (Public, 1972), 1 %
o yetoll A HAEUAT FEY AF5Y A9 AFS
Ao e & ag (fried rice) 5ot} o9} o] B.
cereusoll 93t AFEL TEY (emetic type)Z AL
(diarrheal type) 27FA17} e} (Kramer$} Gilbert, 1989).
o el +AlE 2 7 T o 50 %7} B.
cereusel] 2 GE & Yo} MAT e 2EL o] At
Lol ¢t He= AR YA (te Giffel -5, 1996; van
Netten 5, 1990; Wong 5, 1988). B. cereus 2] oF ut
=4 (diarrheal enterotoxin) 7} A3 4] =™,

he
e ANY 952

o] Mld& 4-37 TollA 4 & Utk Aw<l B.
cereus= FSAE AAE 4 Q3L (Christiansson 5,

1989; Griffiths, 1990; Granum 5, 1993), &gt & 7]}
714 o= AT AT (Gramum 5, 1993).
O o] Alde ofx = Aol Wol So%e AF F
oM dxje] Follr dopds 4 it (Kramer} Gilbert,
1989), ¢ O 2FS FuA1Z 4= Ao (Overcastt
Atmaram 5, 1974; Christiansson, 1993).

AEst7] A B A Adduid
(selective plating method)©] &&1x]31 )+=H| (Mossel &,
1967; Kim¥} Goepfert, 1971; Holbrook$} Andersson,
1980; Szabo 5, 1984; Meira de Vasconcellose 5, 1995),
I AL polymyxin Bell thalk WAl Z} lecithinase ¥H2-
S o] &3 Zo|t} (Holbrook®} Andersson, 1980). B.
cereus®] THEZQ MeHlAZX = Mossel & (1967)°]
7123+ mannitol-egg polymyxin (MYP) -duj |7} Q1o
o o]9]ol| = ofg] 7FA7} vk oleld o R <l F
ANA= 49 AEZ 70 Aol AQ 9t} E3) B, cereus
9] 4% 9siA= API 50 CHB 7|EE ©] &%
(Gilbert, 1989; te Giffel 5, 1996). ZL&{1} o]&{ 3}
H 71EEE 4o ¢ He Aee dF3A e
WHo R g1 dart itk ey vl A &
¥ B. cereus®] A3}5HZ Q1 Aolut Al AAdol B
¥ up glok

21Z== 3z}l A B. cereus’t AEHW o] AFE =

B. cereusZ

T i
= B9E AARRITL B. cereus el gt A3}t
e obA Bds] s A eskal, e s
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FAAESZR] FEAME SHHA Fghor
(Granum %, 1993), Z&H| Na" & CI o]22] &7}
Hhtfjo] i, E=g} opw| it JA] F47 QhE o] MBS
I HurEds 4o & vk (Kramere} Gilbert, 1989).
E719] ileal loopoll A &1 NS A7), Hl
FAE AEZFS e, FHA & W FAK
] X% o]t} (Thompson 5, 1984 ; Beecher®} Mac-
Millan, 1990). T3t gl A8E F=4e pHeE 9]
o B aaol oeiA 43 § gEn agEs A
A A5 el E5she Al WEdd AoE A
I Ak APl E AolSle o] Al ot
= ZelA =45 A4t (Lund, 1990; Shinagawa 5,
1991; Drobniewski, 1993; Granum &, 1993). &4 BL
(hbla)o] Yeld+= AL B. cereus F54 A9 A%V}
Ha1 Qltd (Heinrichs 5, 1993). Beecher$} MacMillan
(1990)°l oJsd 834 BLLS BAEY ZFstod AlXE
HPA 7|, LYESY A MEE &3 A1ZItka stk
3 beeT Fr3AF A F=4 Sd ] AE7}F HaL Utk
At FFU 21EA hblAS} beeT FAAe] HEHS
SEA G WA Ao 27127} AFEHAS G
=4 A4 B. cereus 0 HES s AEstE

A
=

=
WS 4F 7)E AREUh B3 AgHE 274
MeMe Az OE 398 A Ao

(Christiansson, 1993; Buchanan¥} Schultz, 1994; Day 5,
1994). Bacillus 2AH3 &=49] % (BDE kit; Tecra,
Japan)2 %524 @l A9l (Beecheret Wong, 1994) 403}
41 kDag AZ3sl= Ao, T 38 7}A+= B. cereus &
=2 AY (BAH) 71E (RPLA kit; Oxoid, UK)Z &8

) 7
BLEGH] 5 LAES Soldom st otk

2
T OE 3t 7FA= B. cereuss AE3SH] siA FolA
Jl DNAS S3FA)7]= Aol

WA olm,
vancomycin, ciprofloxacin 2 gentamicindl] 7402 &
HA Aok 22y fver FAgktelA EElEE B.
cereus Tofl gk A A A3l digh Rae
=&t

2 AFA = &2; HAoll A E2]¥ B. cereus Tl
3|4 AstetA ]l At 8824 hblA F-AAE o83}
15510 AJealA 54 A4 B cereusE HEY

A9} o] Aol BEA #5Ae FESLA o

B. cereus= penicillin®} cephalosporinell
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2003\ 99 ¥ 2004 697HA] AEA S tishE Y A
AFgkx}e] ¥-S MacConkey agar, mannitol-egg yolk- poly-
myxin (MYP) agarol] HE o2 1790k A & 2R
H< loopE gAste] FEsta 37 327 740 ¥ol
37 C= 31wt vkl #2l| Al Assty &
e HalMe dAsdn)RolA &34, Mueller-Hinton
agar (Difco, Mich., USA)olA & 714 F2]3} 50 TollA
=2 o, 3% H,0,2 catalase A]&, motility-indole-
ornithine B} =] (MIO, Difco, Mich., USA)ell A ¢] 543}
indole”y4], MR-VP medium (Difco, Mich., USA)ol A
Voges-Proskauer (VP) A]&, penicillin 10 unit t=32
penicillin - 7+4, egg yolk ®BJX]olA lecithinase,
Simmon's citrate medium (Difco, Mich., USA)°l|A] citrate
o]€%, phenol red dextrose broth (Durham # =3}
Difco, Mich., USA)AlA 7}2=A84d, cystine tryptic agar
(Difco, Mich., USA)E 7|ZHIAZ AM-S ©3tE
(glucose, arabinose, mannitol, xylose)ol|A1&] AH4 A A&
9] AEZ HWHI API 50CH (Biomerieux, Lyon, France)
ZIEZ Agstdt. ®Eld dF= 15% glycerol-brain
heart infusion Bj=]o]] Yo -70 T WY&aro] RHASHHA
AH&-8H AT

B. cereus?| =X

o oo
A=4 A4 B. cereusd 572 hemolysin BL (hblA)
FrAAE

o] g3ty FHEAAHN-S (polymerase chain
reaction, PCR)¥ WHsH =4 HEWQ reversed
passive latex agglutination (RPLA kit, Oxoid)H 2.2 Al¢
3tk hblA F-34 58S 98l ol59 A F9ivt
S SolatA TFANZE F primer (Mantynen=}
Lindstrom, 1998)Z AF&-314.0.H, o] primer= A|=¥] 3]

o]
A

Table 1. The oligonucleotide sequence of primer used in this study

A} (Genotek Co, Dagjeon, Korea)oll &= sle] A 3FATH
(Table 1).

A1 A S Mueller-Hinton agar (Difco)oll Z3}] 37
TolA shrk vjokgt Heks S5/ 50 uLell 72171
a1 98 CollA] 2083t 7FEste] DNAS F233(th DNA
FZE9 2 W, E3F primer 2 ul, PCR &3 (deoxy-
nucleotide triphosphate, dNTP; Taq polymerase, 10 x
buffer) 4 10, 8-methoxypsoralene (MOP) 12 ul =, % 20
W= Estele] wkg- E3d (premix)S BEQITE o=
GeneAmp PCR system 9600 (Perkin-Elmer Cetus Corp.,
Norwalk, CT, USA) . & HblA1l primer %S AF&3F wk-3-
S 94 CollA 5E7F predenaturation, 94 C= 45%7t
denaturation, 65 CZ 4523} annealing, 72 Col|A] 45%3t
extension, 72 CZ 5%7F v}x]=} extensiondl= 30 cycle
o] PCRE A3kt 3 HOIA2 primerd-2 A3 1k
S 94 CollA 583+ predenaturation, 94 CZ 45%
denaturation, 65 CZ 3027t annealing, 72 CollA 60%7F
extension, 72 CE 5%&7F vFx]2} extensiondl= 30 cycle
¢ PCR& Al sttt

PCRo <]3 ZZAE 5 4= 2% agarose gel (Pro-
mega, Madision, WI, USA)9] &0 Y11 2087+ A719%
3l band7} YEAE EQ15H .

RPLAY-2 ¥A B. cereus 5% brain heart infusion
brotholl HF % 32 Toll A 6-18XA13F v Fsto] St vi%F
5t & o st FE3AE 71Ed 5=
7+e] AokS AA EE & VE microwell plateS #1813}
Ak 8709] wellS g+ == 39, 7} HA= 8 well 2&9]
a3t 252 7 welloll 25 plo] 3 H-S Hristed)
A HA welloll = H7bstA] Fokeh 2 =9 A HRjel +
¥ wellol 25 i8] HA1E AR F WA wello]
A 25 WE Fsta ZA7te] =oll F w4 3)4S 3ok
7R well7hA) W 3218}, 8HA well-S 3] At H 7}
SHATh A HA =2 ZF wellol sensitized latex 25 W=
A7y, = HA =2 ZF wellol] control latex 25 =
A7V 2 welle] Y&-Eo] & 4o|==F plates &

¢

)

=EXE

=

7}

Products size

Gene Primer Oligonucleotide sequence (bp)
HblA1-F 5-CGG GCG TTC TAG GGC ATA TTG AG-3'

HbIA HbIAL-R 5-GCG AGT AGT TTA TTA GGG ATT TTT TTC A-3 536
HblA2-F 5-GCT AAT GTA GTT TCA CCT GRA GCA AC-3'
HblA2-R 5-AAT CAT GCC ACT GCG TGG ACA TAT AA-3
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olu} micromixer2 TEUT. Plates Y, A2oA
20-24A17F v Fste] AL ol ZF wellS #2351

o,

w
oo

A

oN

44 Al

1

HAaJAEX (minimum inhibitory concentration, MIC)
Al 744 AES NCCLS oz st
(NCCLS, 2002). 3] el= cephalothin, clinda-
mycin, erythromycin, gentamicin, penicillin G, rifampin,
tetracycline, vancomycin (©]% Sigma Chemical Co., St.
Louis, Mo., USA), ciprofloxacin (Miles Pharmaceuticals
West Haven, Conn., USA) % fusidic acid (&3}eF&,
Anyang, Korea)& AH&-sH3ith A4S 18E &A=
o]l Mueller-Hinton gHduj =]l 0.25-128 pg/ml 5%
2 WEST AJFA|T-2 tryptic soy broth (TSB, Difco,
Mich., USA)ell HF3sle] 35 T, 2417 ¥l % densito-
meter=2 McFarland 0.53% Exo] BH511 o]ojX 242
1:100] H &5 3]Att) Al@AITS steers replicators
A HEsIH o, 35 C 7187 00A 18417t vl &
of #Fata, Al S s JAXNZ HA e 7
A =5 MICE #s3ith 4 A8 d=ae
£ 3}7] 938t E. coli ATCC 259229} Staphylococcus
aureus ATCC 33591S FAo| X ¥F A18S 3t

m. A 1}
1. MA} BIXjO|M 22|= B. cereus®| M3IEHA A At

AL Woll A 29 B. cereus?] 1¥ Bk & A 3}5}H3

M 12 34 5 6 7 8

Table 2. Characteristics of B. cereus isolates from diarrheal

patients
Test B. cereus* % of positive isolates
Growth at anaerobic 100 100
Growth at 5% CO» 100 100
Growth at 50 C 100 100
Catalase 100 100
Motility 97.9 100
Hemolysis 100 100
Penicillin susceptibility 0 0
Lecithinase 100 100
Indole 0 0
Voges-Proskauer 98.6 33
Citrate utilization 93.1 40
Gas from glucose 0 0
Acid from glucose 100 100
arabinose 0 13
mannitol 0 17
xylose 0 3

* From Gordon et al (1981).

/373l A= Table 294 2t 19 v Foll & T5F
FEE B AFS #7147 CO87 ¥ 50 TollA
Z2, %54, 89, lecithinase, glucosedl| A 2+ A A&
| BE 757 245 B AE2 penicillin 7+
A " 7k Aol o, arabinose2}t mannitolol| A AFAY
e A7 13%, 17%S] dFollA o, VvPet
citrate ©]-8-52 27} 33 %2} 40 %7} Aol At

9 10 1112 1314 15 M

549 bp P

Fig. 1. PCR amplification of the Bacillus cereus hblA gene segments. Lane 1-13: strains isolated from patients, lane 14:
enterotoxin-positive control, lane 15: enterotoxin-negative control, M : molecular size marker.
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40 %

60 %

Fig. 2. Proportion of isolates with enterotoxin gene-positive B.
cereus strains detected by PCR.

2. =4 MY B cereus?| S¥S 2Ist PCRE T
RPLAR{S| H|w

PCRHOZ =4 AA B. cereusd 542 H3lA
hemolysin BL (hblA) 345 71&3+ B} B. cereus 307
Z Z 187F (60%)7 %3ol%la, 1273 (40 %)=
gollem, RPLAR 23 =4 A HAAME
gt 275 BYo (Fig. 1-2, Table 3).

o]-n 1:1[0

3. B. cereus?| M| &4

NCCLS 3h 3|4 Holl SJsix Al T4 Al
A= Table 48} 201 breakpointS Z-&3}e] a4t
v} ciprofloxacin, clindamycin, erythromycin, fusidic acid,
gentamicin rifampin, tetracycline % vancomycinol|& =&
TF7 Aol o5 Al MIC509F MIC90=
fusidic acidE A|eslz Z5F 1 pg/mlolstich. SHH
cephalothin®] MICH ¢]= 8-32 pg/mlZ WAELS 73 %]
™, penicillin G&] MIC ¥$]= 8-128 pg/mlZ BE HF
7} WAS BT (Table 3).
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Table 3. Comparison of the PCR and RPLA methods for
detecting enterotoxin-producing B. cereus

Strain

Enterotoxin or the gene

detection by:

PCR

RPLA

. cereus ATCC 117
. cereus W1
. cereus W2
. cereus W3
. cereus W4
. cereus W5
. cereus W6
. cereus W7
. cereus W8
. cereus W9
. cereus W10
. cereus W11
. cereus W12
. cereus W13
. cereus J14
. cereus J15
. cereus W16
. cereus W17
. cereus W18
. cereus J19
. cereus J20
. cereus W21
. cereus J22
. cereus W23
. cereus W24
. cereus W25
. cereus W26
. cereus W27
. cereus W28
. cereus W29
. cereus W30

W 0 0 0 0 W W 0 0 W 0 W W W 0 ™0 ™ ™ W W 0 ™0 ™ W W W W W W W W

78
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wski, 1993). B. cereus
AV SEoA 54

7} citrate ©]8% A
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L
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KR
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AT (Lund, 1990; Drobnie-

Bo oA FAS WA,
Hol7] wiZe] o] Aol s}
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)2 ZQ3ith B Ao AEErE AL Gilbert 5

(1981)7e] Azels gubgow wisEH oL} VP*l?é

32 Gilbert &

(1981)°] z+7} 98.6 %



Table 4. In vitro activities of ten antimicrobial agents against
Bacillus cereus strains isolated from patients

Antimicrobial MIC (uzg/ml) %
agent Range 50 % 90 % resistant

Cephalothin 8-32 32 32 73
Ciprofloxacin <0.25 <025 <0.25 0
Clindamycin <0.25-1 0
Erythromycin <0.25 <0.25 <0.25 0
Fusidic acid 1-4 0
Gentamicin <0.25-2 0.5 1 0

Penicillin G 8->128 64 128 100
Rifampin <0.25-05 <025 <0.25 0
Tetracycline <0.25-2 1 1 0
Vancomycin <0.25-1 0.5 1 0

9} 931% o FHES B vk, ARE B 7
Z} 33 %2} 40 %= vl 9kt SHA, arabinose, mannitol
2 xylose &EA] A A Aol A= Gilbert 5 (1981)2
BF 5402 Hiustgou 2 AFoMe 7+ 13 %,

17% 2 3%7} AL B AA3AA B HE 75

Folle tA& Zol7t oS & F AU
B. cereus”} A s FAS) EAERE F=4 (A}
54, o|€4A), 8854 I (cereolysin 1, o]EA &8

3

&), €854 1T (HWEH 88L), 454 (TER 54,
W& A3), phospholipase C (lecithinase), 3AF=4> (necrotic
toxin), AAIAEL Fo] LHFTH (Turnbull, 1981;
Drobniewski, 1993).

B. cereus= AFAAlol de] EExEJ 7F AlFol
A &3] HEE By oplEt A T FEECIUY W
AME FeH7] dZo] AF5Y AT E A
& AR @) AFEY TS HESHE FAEA O
A Zg&o] Fotof o, T2 FolA B. cereustt
o] 10%g ©1% AEHE Aol BFzolt). &4 ¥y =
7l FEEOIY AAbdA 10%10%g o)) el 7
FHE= 497 gt 28u FEE Y Al 9
2802 AMEE7] wiel AEo] dHe= AF:
zt AA A R B. cereus o] FYI HE

, AgteA Ads Hole AT TR 3l

AlZto] Wol AQE7] Wid FAFHAE
el

J=24 A4 B. cereusd] HES 9IS 2l&3sta
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Y, Mantynen®} Lindstrom (1998)¢]
RPLA 71E®o] 23t A=4 A B. cereus?] FAE

cereus 7 ¥4k o}z, B. mycoides, B. pasteurii,
smithii, B. thuringensis & T2 Bacillus TFA= £
31 At} (Mantyneng} Lindstrom, 1998). ©]&{3} &9
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sequence® F=4 AATTE AEs= PCRES
Holth, 18y RPLAYS A5
Hl PCRYF & Ao]7} §
HoAskA "o}, A3 s}

3T =
PCR¥ X} & }

B> F ook

oz Jpr
ol
o)

ol

1—_8_ }\]7]—2. A0

15 U=s -

e rr R

B. cereusell tgt Al 744
Wise (2002)= A1&3+ 5757} ciprofloxacinell 74,
penicillinell W4, tetracyclinedll= 2d++= 254, 195
WA, 2aF= Bl wEt Zfolrt lvkal &kglem,
Turnbull 5 (2004)2 B. cereus 6779|A] penicillin,
ampicillin, cephalosporin 2 trimethoprimel] 17 (1.5 %)
7F W=,
chloramphenicol, tetracycline, vancomycin
glycosided] =5 7ZH-AS R skl 3HH Kemmerly
9} Pankey (1993)-> B. cereusell ©Jg+ A/ 7 X159
ciprofloxacinS Al &0 2 AlMg3ltta Huslge) &
Aol A B. cereus 3075 % penicillinz} cephalothine]]
= 42 100%, 73 %7} WS REou, ciprofloxacin,
clindamycin,

A&l A Andrews2}

1

L

clindamycin, ciprofloxacin, erythromycin,

h=d}
=X

amino-

L

erythromycin, fusidic acid, gentamicin,

rifampin, teracycline ¥ vancomycinol= ZAS Ho
Q=] & Hueke & ol glTh
V. 4 =
A5 A dighgd dargkatel A £2]H B. cereus 30
ol v Astska A%, AEAa4E 2 A A
ol B AFelA v 2 AHRE ATk
1. Ashehs Age VPR3t citrate ©]-8-5°] 33 %,



40 %= UFAE]
AYAQ FFE BT

R

17%, 13% % 3 %7}

2 xylose=

Mzb}, B AFMe zHzt

cereus 30% Z 187 (60 %)7} ¥A4S E 43, RPLA
el o3t AE4 HEAPE LT Btk

3. A A A1ZAA penicillin G} cephalothin
& 77 100%, 73%S FF7F WAL AR
ciprofloxacin, clindamycin, erythromycin, fusidic acid,
gentamicin, rifampin, teracycline ¥ vancomycinoll= =&
TF7F /ol ik

o] AHE EAMIRH HASA A EE= B
cereus = -9l mannitol, arabinose % xylose && A

AHE st #FE BEE 4 AdYer, PCRHSZ
A&t Aee A a4 ARFE HEE e,
penicillin G} cephalothin ©]£]e] &tAdl WA 5
T EEhe 428 4t

B0
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