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Survey on contamination of Bacillus cereus and its virulence gene profiles isolated
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Abstract; Objective To survey the contamination and virulence gene profiles of B. cereus isolated from retail infant
formula in China. Methods Infant formulas were quantitatively detected for B. cereus using MPN method. Virulence
genes in relation to emetic and diarrheal toxins production harbored by B. cereus were detected by multiplex PCR. Results

Fifty-seven out of 135 infant formula samples were positive for B. cereus with the contamination rate of 42.22% and the
mean contamination level of 7. 14 MPN/g. The contamination of B. cereus in domestically produced infant formula was more
severe than those imported one. B. cereus contamination of infant formula sold online was more serious than that collected
from supermarket. A total of 24 toxigenic patterns in B. cereus were found. Most of B. cereus isolates carried nhe gene
(92.98% ) and emtFM gene (71.93% ). There were 40 (70.18% ) strains that carried both nhe and entFM genes
simultaneously. Subtyping results demonstrated that the frequency of nheA, nheB, nheC were 88.72% , 88.72% ,
49.12% , and hblA, hbIC, hbID were 24.56% , 22.81% , 17. 54% , respectively. The frequency of c¢ytK occurrence was
22.81% . There were 8 strains that carried all three subtypes of both nhe and hbl genes, which indicated that these strains
may be highly toxic. Conclusion Retail infant formulas were heavily contaminated by B. cereus. Most isolates carried one
or more virulence genes. It is recommended to broaden the monitoring for B. cereus in infant formulas. It is necessary to
make an assessment of infant dietary exposure to B. cereus in order to establish the national standard of maximal limit for

B. cereus in infant formula.
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WEAE ZE M B ( Bacillus cereus ) &=—Fh &5 =% FH M
PR MR, ) e A T R K AR &S
J i % A KRS58 (8 ~55 C)  Fid A Kl
JEH 28 ~35 C, A= R A NS ER A,
BRI B miE Y KRR
PFEOR T, 2l A TS B 2 MK 3 R 3L
N g HE0w M B F LLF A TR 2R 2 75 R
FEAE . — 2 R 5 1 JF A] RIR i 1 1 e, Rk
15 YL B B AR 2RI AT TR OK IR 2 10° cfu/g DA
P B LAY R R AL AL A L R K
(TR T TN 3 T 2y = e i e

SERE ZE AT PR REAE P A MK ik B2 3K (ETE ) A1 3 F
WaE S LG L 5 3= (HBL) AR i 1 7
Z (NHE) Al £ K(EntK) , H:fh HBL il NHE J&
SIEVEE M EEY T EMNE L GER, SXEy
BRCAMENE RN A 5 A IR BL R
(hbl) ARE MG FERFEE (nhe) JHHER FM B
(entFM) JHEER T HE (becT) FIANMITER K He A
(eytK) o Hor hbl 5 nhe 54 3 AR B SERNE 7Y
I3 5N hbIA  hbIC . hbID 5 nheA  nheB . nheC., HBL
T 25 hbIA (hbIC hbID 3 AFE K FHYE R A B #
P45 1 24 nheA .nheB .nheC 3 /P3[R k BHM: I NHE
FIEEPE R ) kMKt B R A EE ST IE N ces
FE DR, T DR e 1) PIX ik 25 28 R R B SR A ) i B
mE,

R R i B b BE A I AR R A 2
MIAF BT 2 A L IR F DL FE 3ORE
NIt 5 R | T 9 Bz ik 2 e 45 i A/ Bk % 1) 4
MOk BLVE A S SRR B 4 ok ek
BEIR AR RS AN EREE S S
HohEE, b T ARTR E LS T 2L I R 2E R
BTG YR 0, A 58 % 3% 1 T B 2R LIS 7 3L Ry
Hh R 2F T B 18 2 TS e KOE R AT R, I X
53 B TR R 2F IOFT 0 B 00 R IR A A AT IO,
FRBAETT Al v T 2L T Lo w8 28 M T P B
R ERR LR R K

1 #Rl5H%
1.1 #8
1.1 FES BARUE R R

MABTIT W1 R0k A B Do) - - B2 52 ) A 3K 66
AR 135 Oy 2L 7 LK, Horb ik CTRE & 22
Oy JE RS 113 4 (7 8 17 D) s R R FLUR 31
Oy EEC T FURY 104 13, P2t 37E A ROH N

W ZE AT PR PR oA R AR ( ATCC 11778) 5017]
T (H9812 ) 381 Ry AR S0 8 [

112 EEESEH

UNIVERSAL Hood 1T % ¥ i H Pk WA & 4t .
PCR X, L 3K A4 F 3& [H Bio-Rad, Vitek2 4> F 3
YDA %A (L E A P BLIR ), CLASS 11 B2 AU A=
Y4z 4= (26 [H LABCONCO) , HL F K P (k& .
0.01 g), = VKA, HIREEF248, B0, 4l
KA, IR TETR A

GEPEE R ZK (BPW) B R K &2 PR 35 o
(TSB) ZHHHZE B OBl #R3E (BHA) | H 87 8
BB 2R TR R Bl B AR A (MY P) Y0 3 Jb st it AR
Y AR FRA ], Vitek2 BCL TEST KIT %52 % (¥
AWIHEHL5) 100 bp DNA Ladder(MD109) .2 x Tag
PCR MaterMix ( KT201-02) ¥J0 [ Jb 50 K AR A AL A BR
o5, BT PCR 51401 R e 5 28 m) 5 B
1.2 ik
1.2.1  SEFEZFROAT R A 2 e

2 [ E 20 A 22 5 BT T ( BAM) rp B A 26 i
FFER 55 K T BEZ (MPN ) A 7 751 %ot LA
VAT RGN, BD TG FREL 50 ¢ FLA T AT 450 ml
BPW 48 PREHATT 1 ~2 min BEFUN5C 215
J& , FH BPW #1710 f5 & 50F R B0~ (1072 1077
3 ANFRRERE AURE A SIAS 1 ml, 43 LR T 10 ml /Y
ISR R G 2R R R, B — W R HER 3
P9, (30+1)CHiF 48 h i, AEMARKR
B IR v B — 20 5 3% R0 £ R T MYP S A,
(30 1) CH;F% 24 h JF AT 3L R AAE LA S
1.2.2 BREZEHOFT P 19 %5 2

MEEAS MYP AR 53 BRI S A A 28 AT
HEELTH 7%, 55 AP 2] BHA e, (30 +1)C &MU T
Ki3% 24 h s PR TE TR K & 10 min )5,
HEATAN TR L K 21 DNA AR B2 B, 1 PCR 5 v X i
FEZEMAT B B R AR S PR 6 TN groEL 647 % 5%E . PCR
AR 295 °C TS PE 3 min, 95 °C A8k 30 s,
56 CiR:k 30 s,72 C LA 30 5,30 MEHIE,72 C
10 min, groEL b T UiF51 % ¥ 5143 514 . AGCTAT
GATTCGTGAAGGT Al AAGTAATAACGCCGTCGT, 9~
W B R/ Ry 236 bp'?, W RE ZF AT B (ATCC
11778) ST 1B (H9812) 435l i A PCR i 5 1) FH
R S %o R R

XA groEL SEHF FHPERIE ] Vitek 2 4 H 3l
PSS E G AT AL S, B A A S S A/ B
AR/ D32 4 28 MOFT DR 2L A DA PR P — 2 AR R AR
USRI 1 BT RE 2R 45 il AR R A R A i 1 o
BER G IS4 R [T 1 28 ) A e 2 AT A
1.2.3  WREZEMOFT B 75 0 2 R

X S 7 B DA O I R 2 B AT T Y TR AR R ) 22
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PCR J7 63047 10 /N3 7 2 R (R0, AR 4 4 44 A
BeR/INKE 10 RS L 532 5 4 A4 hbIA/hbIC/
hblD .nheA/nheB .nheC/entFM/bceT cytK LI} ces, 5|
W)y 50 By 36 5 Be R /N LR LR 1147 PCR
995 C T E 3 min, 95 C 721 30 5,60 CiE
K 30 8,72 CHEAH 40 5,30 MEFF,72 C 10 min,
[ A AL 2R AT T ( ATCC 11778 ) HCAy BHE % B
YOI (H9812) Sy B PE X R

F 1 IERR AT B RE ) SRR B | 5 5 B B =
Table 1

Primers and amplicons of virulence genes of B. cereus

2 H#HR
2.1 B LEC 7 FLA A 2F BT TR G etk
Gyt

ARG T T 66 A S AT 135 43521
B 7 FUA A ZE AT TR A5 Y I O, TR A i AR
A T ENEE R AR R LI Lk, 4
T 57 Dy R I ZE AT IR, R R 60 42.22% 15 4%
K5 3 ~ 1 100 MPN/g, 5 4 7K % 4 {5 N
7.14 MPN/g., 57 1y 45 5 A 2 AT 181 15 % 1 R v
78 1375 e K <3 MPN/g, 45 4395 YL /K E7E 3 ~

e SIEHI(5'3") =YK/ bp 10 MPN/ gy BN, 11 /347F 11 ~100 MPN/g(7 /i /+F
RbIA-R TGATCCTAATACTTCTTCTAGACGCTT
By Yugle S I, Sy I
RbIC-F  CCTATCAATACTCTCGCAACACCAAT 56 HIT5HICRIA 1000 MPN/ g, it 25 [EOCH: . 2EBE
hbIC-R  TTTTCTTGATTCGTCATAGCCATTTCT - B 31 B LEC 7 =F2U0 A 20 B e 2 AT B TS
;LZD-F AGAchgécgé\cACIECAAAGGGéAACTAT 436 Y VYN 64, 52% (20/31) . T 104 3B LE 7 4
WID-R TGATTAGCACGATCTGCTTTCATACTT . .
T S S YL 2R S R A D=
whedF ATTACAGOGTTATTOGTTACAGCAGT o FLRTE LR 35. 58% (37/104) ,1&5?$?L7b’j Y5 e
nheA-R AATCTTGCTCCATACTCTCTTGGATGCT R EFHGHFEX(P<0.05), FIBHIE5YKFE
nheB-F  GTGCAGCAGCTGTAGGCGGT 18 BT 10 MPN/g WA 8 1), 2ESLR 4 0y, W 2,
nheB-R  ATGTTTTTCCAGCTATCTTTCGCAAT - A
SFIEEL 72 R 3 T 2L 0 R o 1 e B 225 B 55 1
nheC-F  GCGGATATTGTAAAGAATCAAAATGAGGT 5 B A A ‘}Lj% F i F Ao S 45 R f:ilir ﬁ B
nheC-R TTTCCAGCTATCTTTCGCTGTATGTAAAT B, B e LB J7 2L o I AR 2E AT B S g R
entFM-F CAAAGACTTCGTAACAAAAGGTGGT 200 (48. 67% )zt Tt 11 7= i P R A9 TS 44 %6.(9. 09% )
entFM-R TGTTTACTCCGCCTTTTACAAACTT L 45 2 1 e + ] 4
beeT-F AGCTTGGAGCGGAGCAGACTATGT 701 ﬁﬁﬁﬁfr%’f‘ X (P < 9"05> - I M_I\ KA IE]?;%
beeT-R  GTATTTCTTTCCCGCTTGCCTTTT T R IR 25 R b o, B A
WKF COACGTCACAAGTTGTAACA o SR Hh 8 L7 L R 2 T 7 9 2
eytk-R CGTGTGTAAATACCCAGTT VE Yk TS AN
i = 1125 47.73% F18. 01 MPN/¢g, H:
ces-F GCATTTCGTGAAGCAGAGGT &{}7* k$ﬂ§‘m ’ n\jjj?kjn & &
cessR CCCTTTATCCCCTTCGATGT 699 UM b i 3 B A A 5 (38.89% ,5. 31 MPN/g) ,
2 TEEILEC T FLAR Hh AR ZE AT TR 5 YR
Table 2 Prevalence and contamination level of B. cereus in retail infant formulas in China
_ WERE 2 AT BT VS Y K404/ (MPN/g) VGYOKSEYIE 155K 8
Vax: FLB R 52 %
Zeil L Rt/ <3 3~10 11~50 51~100 >1000  /(MPN/g) /(MPN/g)
. 147 35.58(37/104) 67 33 2 1 1 5.96 3~1100
Y e
PRHEE 247 64.52(20/31) 11 12 5 3 0 9.99 3-~93
. HEO 9.09(2/22) 20 2 0 0 0 3.60 3.60
S i
R EShis 48.67(55/113) 58 43 7 4 1 7.32 3~1100
T 9.09(1/11) 10 1 0 0 0 3.60 3.60
RAEHD S 9L T R 38.89(14/36) 22 13 0 1 0 5.31 3~75
M 2B sEE 47.73(42/88) 46 31 7 3 1 8.01 3 ~1100
0~100 K 0 (0/1) 1 0 0 0 0 0 0
A 0~64H 44. 86(48/107) 59 38 5 4 1 7.57 3~1100
= o
BRFRE 0~124A 21.43(3/14) 11 3 0 0 0 3.39 3 ~3.60
6~121H 46.15(6/13) 7 4 2 0 0 6.50 3.60 ~15
B 7 66.67(22/33) 11 13 5 3 1 12.59 3~1100
LEy/AIN 51.85(14/27) 13 11 2 1 0 7.07 3.60 ~75
FEHLA ¢ 1IFS 41.67(5/12) 7 5 0 0 0 3.35 3~3.60
Wi 40.00(2/5) 3 2 0 0 0 5.16 3.60 ~7. 40
I 7R 37.50(3/8) 5 3 0 0 0 6.73 3.20 ~9. 60

T NP A O R U R SRR, > 5 Gy B948 6, [ P FGA 12 /48 6 FRA AR i B 95 KPR T 3. 60 MPN/ g, TR 3 F 7= 4 173 A £ e

T 57 0 BEELBEUD T 135 1y
FETT B 09 22 LTC 7 FLoky i T I T e R TG ge
IKEEAR, 53590 9. 09% A1 3.6 MPN/g, 1% il [ )5

W B L BC 7 R oh IR ZE BT B TS e R
(47.73% F01 38. 89% ) izt sy THETI (9. 09% ) , =54
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Giit#E L(P<0.05), %2,

HRFE R AR TP bR A s 11438 7 A7 0 B B AR
WFFE TR B LG 7 LB R i 38 B ATl 4 SR
AR B, 05 0 ~ 100 K 0 ~6 1~ H 6 ~12 7~ H
fo~124H, HobLifto ~6 4~ HZILE AR
J5 LA A 2 MR B TS YR RS YK P s, 4
W 44. 86% 1 7. 57 MPN/g, Hitk it 6 ~ 12 4~ H
BULE FH A BC 7 FLKS (46.15% ,6.5 MPN/g) , A Itk
METE B 9% AT (0 A 8 B BTG, B 25 AT B8 1R T
YL FNG YLK TR, N5 A 7 T GRNBUR W 4
IR, R 2,

ANTRL 7 i B2 L E 5 3R v A 2 LT D A
RS AERFER N 5 LA ERYE G B =32 L
B 77 FLR % B 14 15 Y R RS Y K-S, 4300 ok
66. 67% F1 12. 59 MPN/g, Hk b R IPT.(51.85%
7.07 MPN/g) , AP 5 4L 32858 15 19 44 1y ik A 1L AR
(41.67% ,3.35 MPN/g) HTiT.(40% ,5.16 MPN/g)
4 (37.5% ,6.37 MPN/g) P58 LIy 5Lk,
A 13 7 A S DR AL R R A, L BH A A Y G
KL T 3.6 MPN/g, 455 W 2,

2.2 BEREZERFT B B LEC 5 FLR o) B AR BE S SE A
G IR

22358 135 0 BELBC 7 FLR A i rh AL A3
tH 57 ARIESAE ZE AT ZERIN Y 5 IR S R ) 5k
FH, Lh nheA F nheB (45 R i , Y98 88. 72%
HKH entFM F1 nheC , #5445 3 43 551 A 71.93% I
49.12% , 3 DV INLE BL 5& P #EH R 5004 hblA
24.56% hbIC 22.81% I hblD 17. 54% ,cytK HHE77

R 22.81% . MEVGHEEF I 57 R AR I 1
beeT(7.02% ) , ANAT 2 ¥R (3. 51% ) W HEZEHEAT B 85
Hr BRI R BE S I ces, HARIMLEE 3,
23 WL DR ORI 4 B bR R Y
At B
Table 3 Virulence genes harbored by B. cereus isolated

from infant formulas

B ot B iR/ %
hblA 14 24.56
hblC 13 22.81
hblD 10 17.54
nheA 50 87.72
nheB 50 87.72
nheC 28 49.12
entFM 41 71.93
beeT 4 7.02
cytK 13 22.81
ces 2 3.51
hblA + hblC + hblD 10 17.54
nheA + nheB + nheC 29 50. 88
hblA/C/D + nheA/B/C 8 14. 04

AMIFFEIL S R 24 FehliAt 2 AT o o ) BE R 5
Bk, Hih 92.98% (53/57) H Wik A 4 AT 7 5
nhe 3EH [ 70. 18% (40/57 ) B BERE 25 B AT B [v] B #5747
nhe F entFM 3£ [H ;50. 88% (29/57 ) F M AE 27 O AT 1
[T nheA .nheB F nheC ;17. 54% (10/57 ) HYMERE
ZEMIAT R RIS hbIA  hbIC T hbID ., BEHERE nhe 3
ANFER I A hbl 3 DFEOA 8 #k, i 14. 04%
(8/57) o B ces FEDIAN, 1 PRUSAE ZF B AT BRI #5407 BT A7
PRI RE S B R B bR . 3 bR (5. 26% ) AL ZF MY
FFRAE A A0 5 ) 368 BAR 3R 4,

K4 BULBCTTFURY PO RE ZE MR TR 23 B AR AN [ 35 DR R B T B D v B9 23 A
Table 4 Patterns of virulence genes of B. cereus isolated from infant formulas
PR hblA hbiC hblD nheA nheB nheC entFM beeT cytK ces BB R %
1 - - - + + - + - - - 19.30(11/57)
11 + + + + - - 17.54(10/57)
11 + + + - - + - 7.02(4/57)
v + + _ - - - 5.26(3/57)
\Y% - - - + + + - - - - 5.26(3/57)
VI - - - + + + + - + - 5.26(3/57)
VIl - - - - - - - - 5.26(3/57)
VIII + + + + + - + - 3.51(2/57)
IX _ - _ - + - - - - - 3.51(2/57)
X _ - — + - - + - - - 3.51(2/57)
X1 - - - + + - + - - + 1.75(1/57)
XII + + + + + + + - - + 1.75(1/57)
X111 + + + + + + + - - 1.75(1/57)
XIV + + - + + + - - + - 1.75(1/57)
XV + + + + + - + + + - 1.75(1/57)
XVI + + + + + - + - + - 1.75(1/57)
XVII + + - + + + + + - - 1.75(1/57)
XVIIT + + - + + + + - - - 1.75(1/57)
XIX + - - + + - + - - 1.75(1/57)
XX - - - + - + + - - - 1.75(1/57)
XXI - - - - + - + - - - 1.75(1/57)
XXII - - - - - - + - - - 1.75(1/57)
XXIIL - - - + + + + + - 1.75(1/57)
XXIV - - - + + + + + - 1.75(1/57)
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3 it DR St e , A 5] 92. 98% (53/57) , 3% 5 SCHik 4R i

YL FH A R G R K H R, BRI A
/U5 110 0 R 2 LT 1A BB 8 o R i R i A S
SCHkARE M B LAES BIEETE Y 2 500 cfu/g A
160 cfu/g WEHEZE BFF R A9 22 L EC 77 LA J5 vl 51k
BEE , ML, KA AP~ [(n=5,c=0,m =
100 cfu/g(ml) ] JNEK[n=10,c=1,m =100 cfu/g
(ml) ,M =10 000 cfu/g(ml) ] 435 & T2 LB H
LS v I A 2 AT B ) BR b o, TR [ H A
Tet il B LBE 5 6 i v 5 RE 2 M A 1R S G Y A G
FRifE, B ARIERE ZF B AT B B0 T AR X 55, Ho5 g
IKFEE 10° cfu/g A 25 EABR G RAER , A4 F
AU A TR L O FL R B A R AR
15 G R (48, 67% ) , H 2 L5 184k 22 LB
J7 7R SO L) 26 0, BRIk BRI 2 T R 22
JLnT e R {E R fE 5, A b BT T B L Ty 2L K
HAEE AR 2 T B 1) B AR oA

ASBIFFEAE XS BEALL I 2 AT 17 BH A4 R PR A ff A
A FEH S PCR 7k XS E 28 MAT 0 D R A S P
groEL SHATHI I , 45 grokL 1K B, BV AT 6 DA 15
R TR RS, AT AP S A A, dkinmat A=
AR B — DRI, I8 2 b e (HRR TRV 8 |
PR SR ) W B L 25 AT R R0 2= 4 2R AT 18T
HORZFMOFT B STk | Bre RS 2 AT o A 4
W . i H BT E EAR 7k IE A groEL BEA
Yk —4 A T R S RO A DU EAR Y
BAETT RN groEL KR BRI

ARFFTLE I o, BLES T 4 7Lk 5 2R L s
FEZE MR P (75 Y Al 0 45 5 SR 0B s Qe SR Lk A
FLA A LW RE ZE R B IS YK T
10 MPN/ gHAE i B0t o B v TR . ARURCREE
BLBC T EFUB A 7= T R 2 FREPE b X, A =
FHHMES 22557 U M 5 28 4 WA B 1 R
s 0PSB T E LR AR e B WA . oAk, B
L LBCT7 LA v A 25 AT B e At 1 S
P = i R T P A L, ST 2R B R
B 5 W 4 ) EE B 07 5 G P A 7 it o 0
sk B Oh 25 B BB

WA ZE BT BT 0 B0 1 5 LA 1 7 3
FEAE & BL AR e E A # R K 76
NS AU ZE AT R b b R R BRI R
BL 5 hblA hbIC hbID 3 FEPR 3T Ik it A
BATEE AR NP % 7 R 75 2 nheA . nheB .nheC
3 AN AT IR Rk i dEE R, AR
BEIIEAEZE AT B T 3 MRS AT A 5 S L
Hb  HADI A —Fh sk Z A EE T 3L Forh DL nhe 5

BJLT- JT A W5 R 28 AT 181 35 465 1 nhe 1 45 3 —
53 RRIET nhe JERIBEREHAT 29 FRIRIRHEHF
nheA .nheB Fl nheC 3% 3 3R, & W 4388 21 (1) Fir AT s
FEZERMIFT R TP 50. 88% (29/57) Y RIREAENS &A% AEYA
MR R RBEIEDIRE, REHEHT nhe 3 FEH [H]
A SHEHT hbl 3 ANSERIA 8 Bk, R AnR E ik 8 #k
SRR ZERAT B TS Y A 7= i S0 R AR T RE AR R,
57 BREEHREZERIFT R TP AR 2 R (3. 51% ) 455 ces FEIH
X 24(8.29% ) HEAIIT (0% ) (s A —F 5
Y FAKIZE B L 5 FLRY 52 SRR 2R B 15 e
Ay, TS YL B SO BB ) 1, TR
PR LEC 7 FLR b AR 25 AT B 1 W IS e LA
IR FER T e B LIC 5 7Ly R A 2 A B T e A
R P 2R 2R VAN, TR E 2 LR 7 3Lk
WA ZE BT R ) PR bR R AR B
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Analysis on contamination of aflatoxin B, in food and oil in Guangzhou from 2009 to 2013
ZHANG Wei-wei, HE Jie-yi, LI Ying-yue, YU Chao, LIN Xiao-hua, LIANG Bo-heng
(Guangzhou Municipal Center for Disease Control and Prevention, Guangdong Guangzhou 510440, China)

Abstract; Objective To investigate the contamination of aflatoxin B, in food and oil in Guangzhou, and provide the
basic data of dietary intakes of aflatoxin B, for food safety assessment. Methods The samples of seven kinds of food
including rice, wheat flour, peanut and corn oil, peanut, corn flour, fried food and soybean from ten regions were collected
randomly from farmer’s markets, supermarkets, wholesale markets, and catering units. The national standard detection
method for aflatoxin B, (ELISA) was taken to detect the content of aflatoxin B,. Results 260 samples were detected
aflatoxin B, and the detection rate was 31.71% , and the farmer’s markets had the highest detection rate. The detection
range was 0. 025 ~ 39.300 pg/kg, with the mean value of 2. 675 pg/kg and the median of 2.5 pg/kg. The overall
qualified rate was 98. 66% . Conclusion The overall level of aflatoxin B, contamination in market food was low, but some

foods such as vegetable oils ( peanut, corn) should be more concerned.

Key words: Aflatoxin B, ; contamination; peanut; corn; rice; wheat flour; vegetable oil; food contaminants; food safety
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