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Toxicity and antimicrobial resistance of Bacillus cereus group
from microecological preparations for animal use
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Abstract: [Background] Bacillus is commonly used in microecological preparations next to lactic acid
bacteria. However, some Bacillus spp. are not strictly regulated and pose potential safety hazards in
application. [Objective] To study the prevalence of Bacillus cereus in Bacillus microecological
preparations on sale from all over the country, and reveal the potential risks of the application of B. cereus.
[Methods] B. cereus group strains were isolated and identified from the pretreated microecological
preparations. Toxicity and antimicrobial resistance of B. cereus group strains were analyzed using
whole-genome sequence. The cytotoxicity was evaluated via Cell Counting Kit-8 assay. Antimicrobial
susceptibility was determined by broth microdilution methods. [Results] Twenty-three B. cereus group
strains were isolated from 50 microecological preparations, which are resistant to ampicillin, lincomycin
and tiamulin, and the detection rates of major virulence genes nhe, hbl, cytK, ces were 100%, 30%, 39%
and 4%, respectively. All isolates were hemolytic and showed varying degrees of toxicity to Vero cell, 9 of
which produced heat-stable toxins. [Conclusion] The widespread of toxin and resistance genes, and
apparent observations of hemolytic activity, cytotoxic, and heat-stable toxin production in B. cereus group
isolates from Bacillus microecological preparations, pose great threat to food safety and human safety. The
findings highlights need for enhanced efforts required in the surveillance of risk factors, virulence factors
and antimicrobial resistance in B. cereus from microecological preparations.

Keywords: microecological preparation, Bacillus cereus, toxicity, antimicrobial resistance
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Table 1 Antimicrobial susceptibility test ranges and breakpoints
AR g I 5 F € 5 Breakpoint (ug/mL)
Antimicrobial agent Range of control Range of test fH% R4 it 24

(ng/mL) (ng/mL) Susceptible Intermediate Resistant

R PEAR Ampicillin 0.50-2.00 0.50-256 <4.00 8 >16
JR K % Gentamicin 0.13-1.00 0.25-128 <4.00 8 >16
HEFEZ Streptomycin 0.13-1.00 0.25-128 <0.50 1-2 >4
#1452 Erythromycin 0.25-1.00 0.25-128 <0.50 1-4 >8
PYFRE Tetracycline 0.13-1.00 0.50-256 <4.00 = >8
FNFRE Tigecycline 0.03-0.25 0.25-128 <4.00 8 >16
4% % Chloramphenicol ~ 2.00-8.00 1.00-512 <8.00 = >32
NP A Ciprofloxacin 0.13-0.50 0.13-64 <4.00 - -
Ji#i# % Vancomycin 0.50-2.00 0.13—64 <1.00 2 >4
FlZsme % Linezolid 1.00—4.00 0.25-128 <4.00 - >32
k] % Lincomycin 0.06-0.25 0.13—64 <0.50 1-2 >4
ZZUPE R Tiamulin 0.50-2.00 0.25-128 <4.00 - >32
F 4@ Rifampin 0.01-0.02 0.03-16 <1.00 - >4

TE: —: CLSIRZ & 25 i fE
Note: —: The CLSI has not provided MIC breakpoint values
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MRS, BN 44%; M 16 FUKEZ)
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Wbk Rt B IE, PIUHERR > Bk IR = 4
ZFUAT R S H AT I . 23 PR BIRTP A 21 K
K B. cereus, 1%kN B. toyonensis, ' Bacillus sp.
15-1 RAEYE BIFIKF, S RER AT i )
Ui, RMESFEZEAUAT AR AN, Sk BB D
BRI 22 AR A AR 2 ) b o B AR AR
TR SRR AT RN o3 B 48 S HE b AR B 136
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Table 2 Characteristics of 23 B. cereus group isolates from commercial microecological preparations

77 i Product

% Usage

K Place of origin

SRR Tsolates

1 Feed additive for livestock Meishan, Sichuan, China B. cereus 1-1
2 Feed additive for livestock and poultry Changsha, Hunan, China B. cereus 2-1
3 Feed additive for livestock and poultry Xinxiang, Henan, China B. cereus 3-1
4 Feed additive for livestock Dagqing, Heilongjiang, China  B. cereus 4-1
5 Feed additive for poultry Xinghua, Jiangsu, China B. cereus 5-1
6 Feed additive for poultry Zhenjiang, Jiangsu, China -

7 Feed additive for swine Heze, Shandong, China =

8 Feed additive for livestock and poultry Yichun, Jiangxi, China -

9 Feed additive for poultry Yichun, Jiangxi, China -

10 Feed additive for swine Taian, Shandong, China B. cereus 10-1
11 Feed additive for livestock and poultry Taian, Shandong, China B. cereus 11-1
12 Feed additive for poultry Yichun, Jiangxi, China B. cereus 12-1
13 Feed additive for livestock Zhengzhou, Henan, China =

14 Feed additive for livestock and poultry Zhengzhou, Henan, China B. cereus 14-1, B. cereus 14-2
15 Feed additive for poultry Zhengzhou, Henan, China Bacillus sp. 15-1
16 Feed additive for livestock and poultry Zhengzhou, Henan, China B. toyonensis 16-1
17 Feed additive for livestock and poultry Tianjin, China B. cereus 17-1
18 Feed additive for livestock and poultry Taizhou, Jiangsu, China =

19 Feed additive for poultry Taizhou, Jiangsu, China =

20 Feed additive for livestock and poultry Taizhou, Jiangsu, China =

21 Feed additive for livestock Taizhou, Jiangsu, China =

22 Feed additive for livestock and poultry Xinyu, Jiangxi, China =

23 Feed additive for poultry Hangzhou, Zhejiang, China -

24 Feed additive for poultry Zhengzhou, Henan, China B. cereus 24-1
25 Feed additive for livestock and poultry Zhengzhou, Henan, China -

26 Feed additive for poultry Nanchang, Jiangxi, China =

27 Feed additive for livestock and poultry Luoyang, Henan, China =

28 Feed additive for livestock and poultry Luoyang, Henan, China B. cereus 28-1
29 Feed additive for livestock and poultry Luoyang, Henan, China =

30 Feed additive for livestock and poultry Chengdu, Sichuan, China =

31 Feed additive for swine Chongging, China -

32 Feed additive for livestock and poultry Zhengzhou, Henan, China -

33 Feed additive for livestock and poultry Beijing, China -

34 Feed additive for poultry Beijing, China =

35 Water purification for aquaculture Beijing, China =

36 Water purification for aquaculture Changzhou, Jiangsu, China =

37 Water purification for aquaculture Zhengzhou, Henan, China =

38 Water purification for aquaculture Zhengzhou, Henan, China B. cereus 38-1
39 Water purification for aquaculture Zhengzhou, Henan, China B. cereus 39-1
40 Water purification for aquaculture Zhengzhou, Henan, China B. cereus 40-1
41 Water purification for aquaculture Xinyu, Jiangxi, China -

42 Aquatic feed additive Zhengzhou, Henan, China B. cereus 42-1
43 Water purification for aquaculture Hangzhou, Zhejiang, China =

44 Water purification for aquaculture Nanjing, Jiangsu, China =

45 Water purification for aquaculture Nanjing, Jiangsu, China B. cereus 45-1
46 Aquatic feed additive Zhoushan, Zhejiang, China B. cereus 46-1
47 Water purification for aquaculture Taiwan, China B. cereus 47-1
48 Aquatic feed additive Nanning, Guangxi, China B. cereus 48-1
49 Water purification for aquaculture Zhengzhou, Henan, China -

50 Water purification for aquaculture Zhengzhou, Henan, China =

T — RO AR AT

Note: —: B. cereus isn’t isolated from the corresponding product
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Figure 2 Virulence genes profile of B. cereus group
isolates

2% 100% (23/23)5 7 BRr B5bk & A W LPE N #5
ZIEH bl (hbIC. hbID. hbld), HHZHEH 30.4%
(7/23); I 9 BROFEE A MR K HCER
cytK2, KRN 39.1% (9/23); HH B. cereus 4-1
AP 3 3R I A ces, [RIIPHFA 17 DR R RIREL
PP R RIS OCIER . T o B k45T 9 ak
LI EmEE S35, Hp B, cereus 3-1 5 46-1 #E47
NS ERZ, WAL T 22 DE i
o ARFFEAGE, 0 hivll 315K S RE 25 1
T T B AT AT A8 R SO P RE 2R AT U0 AT
H 5 HRITESRE B. cereus 3-1, 24-1, 38-1, 46-1 5
47-1 #6257 hiyIl 3 S BRI, TR AT REH A ™
HEE M LERE,

Gy BEARALE B ST A R S A R R A
5K 5 . 18Y nhe, hbl, cytK; 1154
nhe. cytK. ces; NI B nhe. hbl; IV B nhe .
cvtK; V B nhe, V RIBEMR S HRZ, H 43.5%;
HYCh 15 1V BIERE, 729005 17.4%.

23 BERERIESHBMBIHENE

21 RS ZEIRAT B 4 B PR R IR W 3Rk A B4tk
W HEE R A, 1 B. cereus 15-1 #EAFVE M
BRSIEEMEmEER, (HYAFKIE; B cereus
16-1 #5470 L W d R L REA R IR . 23 BRI
ZEROFT PR AR S0 12 R 35 S B0 AN T R R 1) 3 i e
Hrpf 9 BRIEFE ZFF AT B R AR AL PS5 B A

VI, 10 BH X S B R AEAE TS Y B W s RS
A B BE R ORI R PR B AR . 8 Bk
W AE 2 AT TR 23 BS R T P B R X Vero 4t M gk
RTFRUERR BT ™ A= A0 M BRI, AN W) B Pk 0 2
BN A M AN R R R, I STk A S
Frr B m AL WREESEA G, A, AN
T ¥y B i R R A0 EFH P2 S ) B. cereus 28-1 43 5
PRAT P 85 3R W40 M s dRe ik, 20 AR HERRIY 2 A%
(3% 3)

24 HHEAMERAERIETIER

W 23 BREEHE ZF A 20 B R T 13 Rt
ARV BURAE(E 3), Frfy WA 2R AT R 2
FURTUMR ., MATERRSRPHERX 3 K49, XF
BMHER., KKER. BER. RNDAE. FIR
MRl . R R AR R B O R, AT 1 Bk
TR BIR BN U R | R L LR M2,
TS 2554 4.3%.

FIT A BEAE ZE AT TR 20 B iR 2R 3 R 2y
L, G BB 25 5L bla2 . BERE R
I fosB RIS 58 & 1 U7+t 85 2 T 2 Ok IR AR
vand. B WIS 253K bla2 323K B NIEREZE
K%M Bla KIGEHFERRIE, KA 26K
PUEZR, A bla2 JERW 73 BIRRA 22 bR, #E47%
N 95.6%; WEEERINLEEN fosB 7" A il AL A 7
ity 5 B R E S A TP R R R R TE , TR 2
FUFF B 2 BRI HE AT fosBIEN, #5417 K0 100%;
T BRI 2L vand BELU RSN FT AR S
BT R R AR AT, A SRR 2R A T 0
WRISHE A SE R R R T 2 SE N vand, #;
WARN 100%. FEREAT IR R M 2N vand
vanRSHAXYZ, A 43 B ik A% vanRSYZ
—NEC AL, D vand SE R R A% 0
vanHAX, HH 14 B4 vanRZ, 7 BR4E
vanR, 2 #R$EAT vanRSYZ,
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Table 3 Distribution of toxin genes and cytotoxicity of B. cereus group isolates

SRR R R IR RE R R IR Ve I 2 ° i B ©
Isolates Genotype and phenotype of enterotoxin® Hemolysis rate (%) Hemolysis rate® (%) Cytotoxicity®
nhe/Nhe hbl/Hbl

1-1 +/+ = 68 65 140.15

2-1 +/+ = 62 0 91.08

3-1 +/+ +/+ 78 67 45.52

4-1 +/+ = 76 68 64.26

5-1 +/+ = 59 0 47.34

10-1 +/+ = 61 0 97.98

11-1 +/+ = 72 69 175.56
12-1 +/+ +/+ 75 0 107.83
14-1 +/+ = 88 10 40.25

14-2 +/+ = 79 0 49.20

15-1 +/— H= 49 0 34.90

16-1 +/+ +/— 55 0 60.72

17-1 +/+ = 56 0 82.86

24-1 +/+ = 65 52 141.64
28-1 +/+ = 50 0 209.35
38-1 +/+ +/+ 57 0 72.54

39-1 +/+ = 63 0 62.39

40-1 +/+ = 66 0 61.96

42-1 +/+ = 51 0 157.68
45-1 +/+ = 64 58 172.49
46-1 +/+ +/+ 64 49 116.61
47-1 +/+ +/+ 55 52 124.50
48-1 +/+ = 68 0 87.20
Tee tr REIEATHIN A R L BN R R B IR R, S, B C ERAIREMR; 0 Ak BEst

TRRMRAEE, U B. cereus ATCC 14579 ICso T HRMBATECH 112.4
Note: *: Whether the corresponding enterotoxin gene is carried or whether the corresponding enterotoxin is expressed normally, + means
positive, — means negative; . Hemolysis rate of toxin after heat treatment; °: Toxin dilution fold when the cells are half lethal, such as B.

cereus ATCC 14579, the toxin dilution fold is 112.4

B. cereus 1-1 #5447 PUIR R AMNHERIE A et (45)
Al VAR R 2, 29880 32 pg/mL; Bacillus
sp. 15-1 ¥ @85 R LS B REIE car, FRIHA
TRIMMARA, EUER 32 pg/mL. HIMT 5 b
Iy BRI LR R 25 ] mphL, 2 #ROr B R
WEZEMAREN lsaB, N FABTRE. KN
RIS, MUEMIH- RIS, AR 7 KW
%, H 1 B BRI B 5 mphL 5 IsaB.
3 w54

A AR B AR R B, HA
BB YIS, v ARG shWrsedn A4, H
TR A 0] TR AR A B RRAR NS S VT

e AN S TR AL, R M R 2 T AR A R A K
J& o ABETENCHERG 50 13 & 25 AT R A Il A 25 5
FAAETE R A PR R B A SERE | T R
EREAMTERS, ML RS A 2 0iE ,
725 D A BT ) 5 B T3 AR R, s 2 25
350 A 7 A2 AT R T SR
AR A R AE [ A A AR . ShW) SR 55 7 T
WAz R, SRR AR BT A 2R AT R AR A
RAFR 2, BEVE ARSI IR .
e, WA ZR AT IR AN R AR B AR R R AT,
A TR RPN s 2R B, T A4ESF 3 )  aE f
e (] S Y 2490 T — b S O T
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Figure 3 Phenotypical and genetic profiles of
antimicrobial resistance in B. cereus group isolates

TF: AR: M25; ARGs: T2

Note: AR: Antimicrobial resistance; ARGs: Antimicrobial
resistance genes

AIGEA e+ K R A EOR T R LD MOl
NG TFAEHE, R anESEmT. s, i
FEREE S R 2 BT5 g o v s e A
I AR A PR 2R, 2003—2007 4E31R], 1 060 2
AT EIRE TP R 121 R B A 2R
FFEshE, & 11.4%, E 3 60, s
WIERE DGR A A, KRN EYhEEHANZ
ML, SRTEAE 2R FUAT R HLA (R 2808 EOUAM T RE
A AT . AR AR P e 2 AP
ASHFFEIN 50 43 T B B A A5 00 ™ i O 16 43
BT 23 PRESFEZEARAT IR, A 43 BRI S BUAN [
R B (R I 5 A I R 1 R R 4 3 DR 200
FE Aoy AR RE S I RRAE , & BT SRR ZE AT
PR SRR T O ek LA BRI LN, T ELE 4
i B/ — Pl A R 95.7%00 4 BARBEIE
FikmerE, H B. cereus 28-1 BN B2l
PRIERER) 2 f5 . AREERIN & L 2R 2018 4F
RATMHE T E , HERRIE N A D aen 5
FILR AR RE IR 2R A W A&, e, Eakpr
A7 S FE ZE AR TR A B AR B R FF S R . A,
B. cereus 4-1 #Ei7 8 #E RN ces, HIELNFE

Y5 pBCE4810 J5rki b 4 Ent 7 2 5 FRAH Uik
99.9%, [RIBHHENT nhe 5 cyek2 JEN, HEIRIE, K
ZHEE R nhe FEIH, XBUARRE T B0t
TR A B RIR i 55 18 VS Y R 2 A 252 ot
BERMETT T AR e, REIN 52 IR R R M PR A 2R
HEKEER; B, Sot s = e sim Tl &M
H W IE DA G o, BRI — Bt [a]
PAEAER . ABFSE K BRSOt 8 bk B. cereus 4-1
G, A 8 MBI IRE TR, HENIL AR
i 8 2 A AR A IR 2 R P, Mk, g
IR b ) A BN BERE AR 2 2R 3 R 7 A 1 B
PR, A AR TP AR X — 2 RS B R R
FEFAM RS — BRI

23 FRUEAE ZEFRAT B 43 B bk 0 25 W v 45 2R
55 Y AT 25 LA T 24 ) SRR 5 SR AL
S3 B0 23 ARZFFUFF RN 20N P AR . AR R R AR
WIRR AT, MNLLHR IR GEE R 2
KA 4.3%. AT R VI EZF AT B X ARAT i
KRR 2, XFEEH ATP Zi& & AN
SBI ERE ZE AT T ATt R A ) A ML 7 A T
251k, LA AH S IE A IREA ZF AT TR 5 A B2
AT B A AR (LA P P 8 2 Tt 2 e S ke 24t
FF TR 75t HAG ARAT e 28 R ARt 25 VAT 5 i — 20
E9E . 95.6%1Y 7 BRI 1A B N IERL S /K A il
BRI, XCRECT MR AT IR X R R R Wit
25, FFEJC TR B AT ZE A TR X 2R P AR
Mt 251508, B. cereus 1-1 4845 T tet (45)PUFFE A1
HESEFE N, X 9k iz 2 IR S Z R4 i 1
B. cereus 9 BB tet (45)FILEE 15 99.85%), T 5
ZAEFE, B. cereus 1-1 435 A DY) RIE R4
AW, B. cereus 91 4B M LRI A fLLE 2]
H, XN FAT 25 AE WA ZF A TR I Y i 24
PER SO AT RET V2 A6, i — DB W] A7
i 25 7% Bl Ve T 1) 4 2B ZF AT BN AT Tk
AR, HAG Y B 2 i XU, RIS
S0 b B A A R AR
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