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Bacillus cereus is one of the global causes of food poisoning. In this study, we isolated 10 strains of B. cereus from beef
pizza samples identified as the cause of food poisoning among students at two kindergartens A and B in Viethamin 2024.

Foecies identification was carried out using hiochemical tests and MALDI-TOF technology; antibiotic resistance profile was
constructed according to the M45 CLS guidelines, and examined the presence of cytK, beeT, hbl (hblA, hbIC, and hbID) and nhe
(nheA, nheB, and nheC) toxin genes among these isolated strains. The antibiotic resistance testing results showed that isolated B.
cereus strains were significantly resistant to several strong antibiotics, including penicillin (100 %), vancomycin (100 %), strepto-
mycin (90 %), tetracycline (80 %), ampicillin (70 %), and erythomycin (70 %). In addition, 100 % of B. cereus strains (10/10) in the
beef pizza sample were positive for the beeT toxin gene, 80 % of strains (8/10) were positive for the cytK toxin gene, and 60 % of
strains (6/10) were positive for the nheA and nheC toxin genes, and negative for the NRPS emetic toxin gene. Our study contributes
to the antibiotic resistance database for B. cereus associated with food poisoning in Vietnam and provides a valuable resource for

developing reference materials aimed at the rapid diagnosis of food poisoning caused by diarrhea B. cereus type.
Keywords: Bacillus cereus, food poisoning, antibiotic resistance, M45 CLS, bceT, cytK, hbl, nhe.

B. cereus is estimated to be responsible for
nearly 12 % of total food poisoning incidents
worldwide. The Centers for Disease Control
and Prevention (CDC) in the United States re-
ported that from 1998 to 2015, there were 619
food poisoning outbreaks caused by Bacillus
spp., with 7,385 illnesses, 75 serious illnesses,
and three deaths [1]. In China, a total of 419
food poisoning incidents caused by B. cereus
were recorded from 2010 to 2020, including
7,892 people poisoned, 2,786 hospitalized and
5 fatalities [2]. Vietnam has also recorded nu-
merous outbreaks involving B. cereus; for ex-
ample, in 2020, 230 people were poisoned after
eating food from a vegetarian restaurant in Da
Nang contaminated with Escherichia coli

(E. coli), Saphylococcus aureus (S aureus),
and B. cereus, while in the same year dozens of
preschool children in Can Tho were hospital-
ized after eating pho and yogurt contaminated
with B. cereus. In 2022, more than 600 students
of a school in Nha Trang were hospitalized af-
ter consuming fried chicken wings contami-
nated with Salmonella, B. cereus and E. coli,
with one fatality reported.

B. cereus is a gram-positive, rod-shaped
bacterium belonging to the Bacillaceae family
and is one of the most common food poisoning
agents. B. cereus is commonly found in soil,
water, and food, especially rice products,
processed foods and dairy'. Notably, B. cereus
is heat-resistant and produces highly drug-
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resistant spores, allowing this strain to survive
in harsh environmental conditions. B. cereus is
capable of producing toxins and causes two
main types of poisoning: emetic toxin, which
usually occurs when contaminated food is con-
sumed, and diarrheal toxin, which is produced
by the bacteria after the contaminated food has
entered the gastrointestinal tract [3].

Widespread use of antibiotics has resulted
in drug resistance in many bacterial strains,
including B. cereus, which often produces
B-lactamase enzymes that confer strong resis-
tance to B-lactam antibiotics [4]. According to
the Clinical and Laboratory Standards Institute
(CLSI) guidelines, B. cereus strains are gener-
ally susceptible to aminoglycosides, clindamy-
cin, chloramphenicol, erythromycin, and van-
comycin. However, some studies indicate that
B. cereus is resistant to tetracycline, strepto-
mycin, ciprofloxacin, cloxacillin, erythromy-
cin, and rifampicin [5].

Regarding diarrheal toxin-induced poison-
ing, B. cereus toxins associated with the diar-
rheal syndrome include non-hemolytic entero-
toxin (nhe), hemolysin BL (hbl), cytotoxin K
(cytK), and enterotoxin T (bceT)? [6-8]. How-
ever, the enterotoxic potential of bceT remains
controversial in some studies [9, 10]. For
emetic toxin-induced poisoning, the emetic
toxin gene NRPS (Non-Ribosomal Peptide
Synthetase) of B. cereus is responsible for pro-
ducing toxic peptides such as Cereulide and
isocereulides A-G. This gene functions inde-
pendently of conventional protein synthesis and
allows the bacteria to efficiently synthesize
harmful compounds that increase the virulence
of B. cereus in food poisoning cases [11].

In Hanoi, where traditional food prepara-
tion methods prevail, monitoring and charac-
terizing B. cereus strains linked to outbreaks is
essential to identify their origins, understand
their epidemiological traits, and develop effec-
tive preventive measures.

The aim of this study is to construct an-
tibiotic resistance profiles and detect virulence
genes of B. cereus strains isolated from beef
pizza food and related to the poisoning out-
break at two kindergartens A and B in Hanoi
in 2024.

Materials and methods. Ten strains of
B. cereus isolated from beef pizza samples
were identified as the cause of food poison-
ing in students at two kindergartens A and B.
Both preschool facilities are located in Hanoi
and share a management system, with inci-
dents occurring in 2024. Kindergarten A re-
ported 135 students monitored for gastroin-
testinal disorders, while kindergarten B had
77 students in a similar condition. All rele-
vant food samples were collected, preserved
in a freezer, and sent to the National Institute
for Food Control for testing and analysis.

I solation and identification of B. cereus
in beef pizza sample. The detection method
for B. cereus was performed according to ISO
7932:2004° (TCVN 4992:2005). Specifically,
10 g of each food sample was homogenized
in 90 mL of peptone water (Merck). A dilu-
tion series up to 10 was prepared for each
sample, and 100 pL was inoculated onto
Mannitol Egg Yolk Polymyxin Agar (MYP;
Merck) at each dilution. All plates were incu-
bated overnight at 37°C. Colonies exhibiting
typical morphology (flat, 2-3 mm diameter,
serrated edges, pinkish color, surrounded by a
clear zone) were selected for hemolysis test-
ing on blood agar and biochemical tests using
the API 50 Carbohydrate kit (bioMerieux,
France). The typical B. cereus colonies that
tested positive in biochemical tests were
stored at -80 °C. For identification, these
colonies were streaked onto Tryptone Soya
Agar (TSA; Merck), incubated for 24 hours at
37 °C, and identified using MALDI-TOF Ma-
trix-Assisted Laser Desorption lonization -
Time of Flight on the VITEK® MS system

2 AgataN., Ohta M., Arakawa Y., Mori M. The bceT gene of Bacillus cereus encodes an enterotoxic protein. Microbiology
(Reading), 1995, vol. 141, pt 4, pp. 983-988. DOI: 10.1099/13500872-141-4-983

3 ISO 7932:2004 Microbiology of food and animal feeding stuffs — Horizontal method for the enumeration of presumptive Ba-
cillus cereus — Colony-count technique at 30 degrees C, 3™ ed. 190, 2004. Available at: https://www.iso.org/standard/38219.html

(November 15, 2024).
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(BioM¢érieux SA, Marcy [I’Etoile, France).
E. coli ATCC 8739 was used as a control
strain during the run.

Evaluation of antibiotic resistance
characteristics of B. cereus in beef pizza
sample. The antibiotic resistance of B. cer-
eus strains was tested using the Kirby-Bauer
disk diffusion method®. B. cereus was grown
in 10 mL of sterile BHI medium until a cell
density equivalent to a 0.5 McFarland stan-
dard was reached, approximately 1.5 x 10°
CFU/mL. A sterile swab was used to spread
the bacterial suspension on Muller-Hinton
agar. A total of 11 types of antibiotics were
tested according to M45 CLSI, including
ampicillin  (AMP, 10 pg/disk), chloram-
phenicol (C, 30 ng/disk), ciprofloxacin (CIP,
5 pg/disk), erythromycin (ERY, 15 pg/disk),
imipenem (IPM, 10 pg/disk), meropenem
(MRP, 10 pg/disk), ofloxacin (OFX,
5 ng/disk), penicillin (PRL, 10 IU/disk),
streptomycin (S, 10 pg/disk), tetracycline
(TE, 30 pg/disk), and vancomycin (VAN,
30 pg/disk). The disks were placed evenly
on the agar surface using sterile forceps and
incubated at 37 °C for 18 hours. The antibi-
otic susceptibility results were determined
by measuring the diameter of the inhibition
zone, which is the transparent area surround-
ing the antibiotic disk.

Detection of toxin genes of B. cereus in
beef pizza sample. DNA extraction method.
Ten strains of B. cereus isolated from beef
pizza samples were stored at -80 °C. They
were streaked on blood agar to capture pure
strains, cultured in BHI (Brain Heart Infusion
broth) broth, and incubated for 18-24 hours at
37 °C. Total DNA of B. cereus was isolated
according to the protocol for gram-positive
bacteria of the GeneJET Genomic DNA Puri-
fication kit (Thermofisher; C5042). The total
DNA concentration of B. cereus strains was
quantified using a nanodrop spectrophotometer
at 260 nm. The DNA solution was stored at
-20 °C until use.

PCR and multiplex PCR reactions.
Primer pairs used in this study for the detec-
tion of diarrheal and emetic toxin genes of B.
cereus strains in beef pizza samples are listed
in Table 1. PCR technique was applied for
primer pairs bceT-F/R, EM1F/R, and cytKF/R,
while the remaining primer pairs were sub-
jected to multiplex PCR.

PCR mixture (25 pL) contained 12.5 pL
of 2X PCR Master Mix (Thermo Scientific),
1 puL of forward primer (10 pmol), 1 pL of re-
verse primer (10 pmol), 3 pL of template
DNA, and 7.5 pL of deionized water. The
thermal cycling conditions for the primer pair
EMIF/EMIR were set at 95 °C for 15 min-
utes; (95 °C for 30 seconds; 60 °C for 30 sec-
onds; 72 °C for 60 seconds) for 30 cycles, fol-
lowed by 72 °C for 5 minutes and holding at
4 °C. The thermal cycling conditions for the
primer pair bceT-F/bceT-R were set at 94 °C
for 5 minutes; (94 °C for 45 seconds; 55 °C for
45 seconds; 72 °C for 2 minutes) for 30 cycles,
followed by 72 °C for 10 minutes and holding
at 4 °C. The thermal cycling conditions for the
primer pair cytKF/cytKR were set at 94 °C for
1 minute; (95 °C for 45 seconds; 54 °C for
1 minute; 72 °C for 2 minutes) for 35 cycles,
followed by 72 °C for 5 minutes, and holding
at 4 °C.

PCR mixture (25 pL) contained 12.5 pL
of 2X PCR Master Mix (Thermo Scientific),
0.5 pL of each forward primer (20 pmol),
0.5 pL of each reverse primer (20 pmol), 3 uL.
of template DNA, and 3.5 puL of deionized wa-
ter. The thermal cycling parameters for multi-
plex PCR amplification of the hblA, hblC,
hblD, nheA, nheB, and nheC genes were as
follows: 94 °C/2 min; (95 °C/15 s; 55 °C/45 s;
72 °C/2 min) x 35 cycles and 72 °C/5 min, and
holding at 4 °C. PCR products were separated
using a 1.5 % agarose gel made with 1X TAE
buffer and Redsafe dye, subjected to electro-
phoresis at 110V for 50 minutes, followed by
UV visualization, and were stored at -80 °C
for future studies.

4 Bauer A.W., Kirby W.M., Sherris J.C., Turck M. Antibiotic susceptibility testing by a standardized single disk method.

Am. J. Clin. Pathol., 1966, vol. 45, no. 4, pp. 493—496.
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Table 1
Primer pairs used for detection of toxin genes of B. cereus
Name Sequence (5'-3") Gene Size (bp) | Reference
beeT-F CGT ATC GGT CGT TCA CTC GG Enterotoxin 662 (2]
beeT-R GTT GAT TTT CCG TAG CCT GGG beeT
EMIF |GAC AAG AGA AAT TTC TAC GAG CAA GTACAAT NRPS 635 [13]
EMIR | GCA GCCTTC CAATTACTCCTT CTGCCACAGT
nheAF TAC GCT AAG GAG GGG C
nheA 499
nheAR GTT TTT ATT GCT TCA TCG GCT
nheBF CTA TCA GCA CTT ATGGCA G
nheB 769
nheBR ACT CCT AGC GGT GTT CC
nhCF CGG TAG TGA TTG CTG GG
nheC 581
nhCR CAG CATTCGTACTTG CCA A
hbIAF GTG CAG ATG TTG ATG CCG AT HbIA 154 [14]
hblAR ATG CCA CTG CCT GGA CAT A
HbICF GAT ACT AAT GTG GCA ACT GC hblC 240
HbICR TTG AGA CTG CTC GTT AGT TG
HbIDF AAT CAA GAG CTG TCA CGA AT hbiD 829
HbIDR CAC CAATTG ACC ATG CTA AT
CytKF CGA CGT CAC AAG TTG TAA CA .
Cytotoxin-K 565
cytkKR CGT GTG TAA ATA CCCCAGTT

Results and discussion. Isolation, identi-
fication, and assessment of B. cereus contami-
nation in beef pizza samples collected from
kindergartens A and B. B. cereus was found in
various dishes, with the highest concentration
in beef pizza at 6.0 - 10° CFU/g in Kindergar-
ten A and 6.8 - 10° CFU/g in Kindergarten B
(Table 2).

It should be noted that both kindergartens
sourced beef pizza from the same supplier.
Currently, Vietnam does not have standards of
microbial limits in pizza samples. When refer-
ring to microbial limits from other countries in
the world, such as Law No. 329 of the Repub-
lic of Estonia in 2000 or the microbiological
criteria established by the National Advisory
Committee on Microbiological Standards for

Foods under the U.S. Department of Agricul-
ture, the maximum limit of B. cereus in pizza’
or ready-to-eat food [15] is 10®* CFU/g. Conse-
quently, the beef pizza consumed by students
in kindergartens A and B exceeded the permis-
sible limit by 600 times and 680 times, respec-
tively. In cases where microbiological limits
for ready-to-eat foods of the Australia-New
Zealand Food Standards Code 2022° or the
Microbiological Guide for Food in 2014 of the
Hong Kong Centre for Food Safety’ are ap-
plied, the acceptable limit for ready-to-eat
foods is 10° CFU/g. Consequently, the beef
pizza from both kindergartens exceeded the
limit by 6 and 6.8 times, respectively. In addi-
tion, the fried pork tenderloin, boiled mixed
vegetables and seafood egg noodles of

5 Governmental Regulation No. 166 of 2000 regarding validation of microbiological requirements for food groups. FAOLEX
Database, 2000. Available at: https://www.fao.org/faolex/results/details/en/c/LEX-FAOC037807/ (September 19, 2024).

® Standard 1.6.1.

Microbiological limits for food. Food Standards Australia New Zealand. Available at:

https://www.foodstandards.gov.au/business/microbiological-limits (September 19, 2024).
" Food Legislation / Guidelines. Centre for Food Safety. Available at: https://www.cfs.gov.hk/english/food_leg/food leg.html

(September 19, 2024).
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Table 2
Contamination levels of B. cereus (CFU/g) in food samples collected
from kindergartens A and B
Kindergarten A Kindergarten B

Fried pork tenderloin ND 5010

Boiled mixed vegetables ND 6.0 - 10

Seafood egg noodles ND 8.0 10

Beef pizza 6.0 -10° 6.8-10°

Note: ND, not detected.

kindergarten B (Table 2) also showed fermentation, and Esculin/Ferric citrate-

B. cereus concentrations of 5.0 - 10" CFU/g,
6.0 - 10' CFU/g and 8.0 - 10" CFU/g indicating
potential transmission of B. cereus from beef
pizza to other dishes. To better understand
the epidemiological characteristics and de-
velop effective preventive measures, B. cereus
strains isolated from beef pizza samples in
both Kindergartens A and B were evaluated
for antibiotic resistance.

The results of the hemolysis tests showed
that all isolated strains produced beta-hemolytic
zones, a characteristic feature of B. cereus
(Figure 1). The MALDI-TOF identification re-
sults of 10 colonies isolated from beef pizza
samples of kindergartens A and B showed that
all ten tested colonies achieved MS MALDI-
TOF scores greater than 2.0, allowing identifi-
cation at the species level as B. cereus (10/10;
100 %). Other biochemical characteristics of
the strains were evaluated using the API 50
CHE kit, in which 100 % (10/10) of the B. cer-
eus strains were positive for D-Ribose,
D-Glucose, D-Fructose, N-Acetylglucosamine,
Arbutin, Esculin/Ferric citrate, Salicin, D-Mal-
tose, D-Trehalose, Starch (amidon) and Glyco-
gen, 80 % (8/10) of the strains were positive for
and D-Cellobiose; 70 % (7/10) of the strains
were positive for D-Saccharose (sucrose); and
50 % (5/10) of the strains were positive for
Gentiobiose (Table 3).

These results are consistent with the data
published in Bergey's Manual of Systematic
Bacteriology. Glycerol, glycogen and starch

reducing properties confirmed in this bio-
chemical test are also the properties used to
differentiate B. cereus from closely related
Bacillussp. ® .

Antibiotic resistance profile of B. cereus
strains isolated from beef pizza samples. All
strains were susceptible (n = 10; 100 %) to
meropenem and exhibited high sensitivity to
ciprofloxacin (n = 9; 90 %). The results also
indicated an average resistance rate of B. cer-
eus to ofloxacin (n = 6; 60 %) and chloram-
phenicol (n = 7; 70 %). B. cereus strains iso-
lated from pizza samples had absolute resis-
tance rates to penicillin (n = 10; 100 %) and
vancomycin (N = 10; 100 %); they also showed
high resistance rates to streptomycin

(n=9; 90 %), tetracycline (n = §; 80 %), am-
picillin (n=7; 70 %) and erythromycin (n=7;
70 %); and moderate resistance rates to
imipenem (N = 6; 60 %) (Figure 2).

Figure 1. Hemolytic test results of 10 B. cereus strains
isolated from beef pizza samples. 1-10: B. cereus
strains isolated

8 Bergey’s Manual of Systematic Bacteriology. Volume One: The Archaea and the Deeply Branching and Phototrophic
Bacteria, 2nd ed. In: D.R. Boone, R.W. Castenholz, G.M. Garrity eds. NY, Springer Publ., 2001, 722 p.
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Table 3
Percentage of B. cereus strains (n = 10) positive for tests in the API 50 CH kit
No. Test Conc. (mg) % | No. Test Conc. (mg) | %
0 Negative control 0 25 | Esculin/ Ferric citrate | 1.16/0.152 | 100
1 Glycerol 1.64 100 | 26 Salicin 1.04 100
2 Erythritol 1.44 0 27 D-Cellobiose 1.32 80
3 D-Arabinose 1.4 0 28 D-Maltose 1.4 100
4 L-Arabinose 1.4 0 29 D-Lactose 14 0
5 D-Ribose 1.4 100 | 30 D-Melibiose 1.32 0
6 D-Xylose 1.4 0 31 D-Saccharose 1.32 70
7 L-Xylose 14 0 | 32 D-Trehalose 1.32 100
8 D-Adonitol 1.36 0 33 Inulin 1.28 0
9 | Methyl-B-D-xylopyranoside 1.28 0 | 34 D-Melezitose 1.32 0
10 D-Galactose 14 0 35 D-Raffinose 1.56 0
11 D-Glucose 1.56 100 | 36 Starch 1.28 100
12 D-Fructose 1.4 100 | 37 Glycogen 1.28 100
13 D-Mannose 14 0 | 38 Xylitol 1.4 0
14 L-Sorbose 14 0 39 Gentiobiose 0.5 50
15 L-Rhamnose 1.36 0 | 40 D-Turanose 1.32 0
16 Dulcitol 1.36 0 | 41 D-Lyxose 1.4 0
17 Inositol 1.4 0 | 42 D-Tagatose 14 0
18 D-Mannitol 1.36 0 43 D-Fucose 1.28 0
19 D-Sorbitol 1.36 0 | 44 L-Fucose 1.28 0
20 Methyl-0-D-mannopyranoside 1.28 0 | 45 D-Arabitol 14 0
21 | Methyl-a-D-glucopyranoside 1.28 0 | 46 L-Arabitol 14 0
22 N-Acetylglucosamine 1.28 100 | 47 Potassium gluconate 1.84 0
23 Amygdalin 1.08 0 | 48 lfe ‘;;agslsl;‘g:jte 2.12 0
24 Arbutin 1.08 100 | 49 Potassium 5- 1.8 0
ketogluconate
100%
90% I I I I I I I I I I I
80%
70%
60%
50%
40%
30%
20%
10%
e & > & &
_.\\V\ .\&\\ ) & & 3 N +,.§> .‘pc. a
% Y‘@Q \\Q\Q @‘é&b ~\r§&o %\&Q@ @6@@ ‘\e:d;}a C',&@K\o 0\‘\@ \o@‘@;\
c:Q

®Nhay ®Trung gian ®Khang

Figure 2. Antibiotic profile of B. cereusbased on inhibition zone diameter (mm); (brown) resistant, (orange)
intermediate, (red) susceptible

From the above results, meropenem and
ciprofloxacin demonstrated promising antibac-
terial activity against the B. cereus strains in
the study. In contrast to M45 CLSI guidelines,
which indicate B. cereus is typically resistant

to penicillin but often susceptible to vancomy-
cin and macrolides, our study found that
B. cereus strains from beef pizza samples ex-
hibited 100 % resistance to vancomycin and
70 % resistance to erythromycin. Abdelaziz
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et al. (2024) examined the antibiotic resistance
patterns of B. cereus strains in food in Japan
and reported high levels of resistance to van-
comycin [16], which is similar to our study.
Nakayama (2021) showed that B. cereus
strains isolated from chicken in Ho Chi Minh
City were resistant to ampicillin, ciproflox-
acin, and tetracycline [17], while B. cereus
strains analyzed in this study were sensitive to
ciprofloxacin and had resistance rates to am-
picillin and tetracycline. When comparing the
antibiotic resistance profiles of 10 B. cereus
strains isolated from beef pizza samples in the
kindergarten poisoning case with B. cereus
strains circulating globally, our results were
similar to those of Algammal et al. (2022).
B. cereus strains circulating in Egypt were sus-
ceptible to meropemen and exhibited resis-
tance to several antibacterial agents such as
erythromycin, streptomycin and tetracycline
[18], similar to B. cereus strains in this study.
Further investigations at the DNA level re-
garding virulence and antibiotic resistance
genes are necessary to thoroughly explore the
epidemiological characteristics and implement
preventive measures against B. cereus in beef
pizza samples.

Presence of toxin genes of B. cereus in
beef pizza sample. Ten strains of B. cereusiso-
lated from beef pizza samples involved in the
poisoning incidents at kindergartens A and B
in Hanoi were analyzed for emetic (NRPS)
and diarrheal (hblA, hblC, hbID, nheA, nheB,
nheC, bceT and cytK) toxin gene using PCR
(NRPS, bceT and cytK) and multiplex PCR
(hblA, hblC, hbID, nheA, nheB, and nheC).
The electrophoresis results (Figures 3—-5) indi-
cate that 100 % of the B. cereus strains (10/10)
from the beef pizza sample were positive for
the bceT gene, 80 % of the strains (8/10) were
positive for the cytK gene and 60 % of the
strains (6/10) were positive for the nheA and
nheC genes. Additionally, 100 % of the strains
in this study (10/10) were negative for NRPS
gene (electrophoresis image not included in
this paper).

Our findings are consistent with other
studies in the world. In Iraq, B.M.S. Saeed et
al. (2021) reported a very low detection rate of

104

the emetic toxin gene in all food samples, ap-
proximately 7.69 %, indicating a low preva-
lence of emetic B. cereus strains in foods [14].
N. Jessberger et al. (2021) [19] and M. Bag-
cioglu et al. (2019) [20] also reported that
emetic B. cereus type was less commonly
found in food compared to diarrheal type. Our
study contributes to the database of B. cereus
strains circulating in Vietnam; moreover, the
B. cereus strains carrying the diarrheal toxin
gene identified in this research provide mate-
rial for developing a reference material to sup-
port rapid and accurate food poisoning diag-
nostics.

™M 1 2 3 4 s 6 7 8

9 10 () ()

Figure 3. PCR product electrophoresis of bceT toxin
gene. 1-10: bceT positive (662bp). M: DNA ladder
50bp; (+): Positive control; (-): Negative control

M I 2 3 4 5 6 7 3 9 10 )

1000 bp —

60D bP e — 565 bp

Figure 4. PCR product electrophoresis image of cytK toxin.
1, 6: Negative; 2-5 and 7-10: cytK positive (565bp). M: DNA
ladder 50bp; (-): Negative control

M 1 2 3 4 5 6 7 3 9 mn (-1

Figure 5. Electrophoresis images of multiplex PCR
products of the hbl (hblA, hblC, and hblD) and nhe
(nheA, nheB, and nheC) toxin genes: 1-4: Negative;
5-10: nhA and nhC positive (581bp, 499bp). M: DNA
ladder 50bp; (-): Negative control

Conclusion. The study isolated 10 strains
of B. cereus from beef pizza samples identified
as the cause of poisoning among students at two
kindergartens A and B, revealing B. cereus con-
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centrations exceeding permissible limits set by
current global regulations, specifically 6.0 - 10’
CFU/g at Kindergarten A and 6.8 - 10° CFU/g
at Kindergarten B. Among the 11 antibiotics
used to evaluate the antibiotic resistance of
isolated strains, B. cereus exhibited absolute
resistance (100 %) to penicillin and vancomy-
cin, high resistance rates to streptomycin
(90 %), tetracycline (80 %), ampicillin (70 %)
and erythromycin (70 %); moderate resistance
to imipenem (60 %) and were susceptible to
meropenem (100 %) and ciprofloxacin (90 %).
Furthermore, 100 % of B. cereus strains
(10/10) in the beef pizza sample were positive
for bceT gene, 80 % of the strains (8/10) were

positive for cytK gene and 60 % of the strains
(6/10) were positive for nheA and nheC genes
indicating that these B. cereus strains belong to
the diarrhea-causing type. B. cereus remains a
major pathogenic threat due to its rapid evolu-
tion, virulence genes, and antibiotic resistance,
making continuous monitoring of the genetic
profile and antibiotic resistance of circulating
strains in Vietnam crucial for disease preven-
tion and response.

Funding. The authors express their deepest grati-
tude for financial support provided by the National In-
stitute for Food Control, Vietnam.

Competing interests. The authors declare no
competing interests.

References

1. McDowell R.H., Sands E.M., Friedman H. Bacillus Cereus. SatPearls. Treasure Island (FL), Stat-
Pearls Publ., 2024. Available at: http://www.ncbi.nlm.nih.gov/books/NBK459121/ (September 19, 2024).

2. Duan S., Yu Y., Guo Y., Lu D., Li N., Liu Z., Liang J., Jiang Y. [et al.]. Epidemiological
Evaluation of Bacillus cereus-Induced Foodborne Outbreaks — China, 2010-2020. China CDC WKy,
2023, vol. 5, no. 33, pp. 737-741. DOI: 10.46234/ccdcw2023.140

3. Bottone E.J. Bacillus cereus, a Volatile Human Pathogen. Clin. Microbiol. Rev., 2010, vol. 23,

no. 2, pp. 382-398. DOI: 10.1128/CMR.00073-09

4. Etikala A., Thamburaj S., Johnson A.M., Sarma C., Mummaleti G., Kalakandan S.K. Incidence,
toxin gene profile, antibiotic resistance and antibacterial activity of Allium parvum and Allium cepa ex-
tracts on Bacillus cereus isolated from fermented millet-based food. LWT, 2022, vol. 160, no. 11,

pp. 113314. DOI: 10.1016/j.1wt.2022.113314

5. Jensen L.B., Baloda S., Boye M., Aarestrup F.M. Antimicrobial resistance among Pseudomonas
spp. and the Bacillus cereus group isolated from Danish agricultural soil. Environ. Int., 2001, vol. 26,
no. 7-8, pp. 581-587. DOI: 10.1016/s0160-4120(01)00045-9

6. Dietrich R., Jessberger N., Ehling-Schulz M., Mértlbauer E., Granum P.E. The Food Poisoning
Toxins of Bacillus cereus. Toxins (Basel), 2021, vol. 13, no. 2, pp. 98. DOI: 10.3390/toxins13020098

7. Ramm F., Stech M., Zemella A., Frentzel H., Kubick S. The Pore-Forming Hemolysin BL En-
terotoxin from Bacillus cereus: Subunit Interactions in Cell-Free Systems. Toxins (Basel), 2021, vol. 13,

no. 11, pp. 807. DOI: 10.3390/toxins13110807

8. Zhao Y., Sun L. Bacillus cereus cytotoxin K triggers gasdermin D-dependent pyroptosis. Cell
Death Discov., 2022, vol. 8, no. 1, pp. 305. DOI: 10.1038/s41420-022-01091-5

9. Choma C., Granum P.E. The enterotoxin T (BcET) from Bacillus cereus can probably not contrib-
ute to food poisoning. FEMS Micraobiol. Lett., 2002, vol. 217, no. 1, pp. 115-119. DOI: 10.1111/j.1574-

6968.2002.tb11464.x

10. Hansen B.M., Heiby P.E., Jensen G.B., Hendriksen N.B. The Bacillus cereus bceT enterotoxin
sequence reappraised. FEMS Microbiol. Lett., 2003, vol. 223, no. 1, pp. 21-24. DOI: 10.1016/S0378-

1097(03)00249-0

11. Marxen S., Stark T.D., Riitschle A., Liicking G., Frenzel E., Scherer S., Ehling-Schulz M.,
Hofmann T. Depsipeptide Intermediates Interrogate Proposed Biosynthesis of Cereulide, the Emetic
Toxin of Bacillus cereus. ci. Rep., 2015, vol. 5, pp. 10637. DOI: 10.1038/srep10637

12. Ehling-Schulz M., Fricker M., Scherer S. Identification of emetic toxin producing Bacillus cer-
eus strains by a novel molecular assay. FEMS Microbiol. Lett., 2004, vol. 232, no. 2, pp. 189-195. DOI:

10.1016/S0378-1097(04)00066-7

13. Co so dir 1jéu nhiém vu KHCN - Dénh gia khfl nang phat hién truc tiép gen doc td cua Bacillu§
Cereus trong mot sO thuc pham c¢6 nguodn goc tir gao bang ky thuat Multiplex PCR. BO KHOA HOC VA

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308

105



Pham Ngoc Ha, Ninh Thi Hanh, Vu Khanh Van, Tran Le Minh, Nguyen Thanh Trung

CONG NGHE HE THONG THONG TIN KHOA HOC VA CONG NGHE. Available at: https:/
sti.vista.gov.vn/tw/Pages/tai-lieu-khcn.aspx?ItemID=199450& Type CSDL=TAILIEUKHCN&Keyword=
&searchlnFields... (October 08, 2024) (in Vietnamese).

14. Saeed B.M.S., Abbas B.A., Al-Jadaan S.A.N. Detection of Bacillus cereus genes responsible for
diarrheal and emetic toxins. J. Phys. Conf. Ser., 2021, vol. 1879, no. 2, pp. 022034. DOI: 10.1088/1742-
6596/1879/2/022034

15. National Advisory Committee On Microbiological Criteria For Foods. Response to Questions
Posed by the Department of Defense Regarding Microbiological Criteria as Indicators of Process Control
or Insanitary Conditions. J. Food Prot., 2018, vol. 81, no. 1, pp. 115-141. DOI: 10.4315/0362-
028X.JFP-17-294

16. Abdelaziz M.N.S., Zayda M.G., Maung A.T., El-Telbany M., Mohammadi T.N., Lwin S.Z.C.,
Linn K.Z., Wang C. [et al.]. Genetic Characterization, Antibiotic Resistance, and Virulence Genes Profil-
ing of Bacillus cereus Strains from Various Foods in Japan. Antibiotics (Basel), 2024, vol. 13, no. 8,
pp- 774. DOI: 10.3390/antibiotics 13080774

17. Nakayama T., Yamaguchi T., Jinnai M., Yamamoto S., Li H.T., Ngo P.T., Tran D.N.M.,
Nguyen O.T.H. [et al.]. Untargeted Phylogenetic Group III of Multi-drug-Resistant Bacillus cereus Iso-
lated Using Fraser Medium from Retail Chickens in Ho Chi Minh City. Curr. Microbiol., 2021, vol. 78,
no. &, pp. 3115-3123. DOI: 10.1007/s00284-021-02562-1

18. Algammal A.M., Alfifi K.J., Mabrok M., Alatawy M., Abdel-Moneam D.A., Alghamdi S.,
Azab M.M., Ibrahim R.A. [et al.]. Newly Emerging MDR B. cereus in Mugil seheli as the First Report
Commonly Harbor nhe, hbl, cytK, and pc-plc Virulence Genes and blal, bla2, tetA, and ermA Resistance
Genes. Infect. Drug Resist., 2022, vol. 15, pp. 2167-2185. DOI: 10.2147/IDR.S365254

19. Jessberger N., Dietrich R., Granum P.E., Mirtlbauer E. The Bacillus cereus Food Infection as
Multifactorial Process. Toxins, 2020, vol. 12, no. 11, pp. 701. DOI: 10.3390/toxins12110701

20. Bagcioglu M., Fricker M., Johler S., Ehling-Schulz M. Detection and Identification of Ba-
cillus cereus, Bacillus cytotoxicus, Bacillus thuringiensis, Bacillus mycoides and Bacillus weihen-
stephanensis via Machine Learning Based FTIR Spectroscopy. Front. Microbiol., 2019, vol. 10.
DOI: 10.3389/fmicb.2019.00902

Pham Ngoc Ha, Ninh Thi Hanh, Vu Khanh Van, Tran Le Minh, Nguyen Thanh Trung. Isolation and
characterization of Bacillus cereus strains isolated from a beef pizza food poisoning incident in Hanoi.
Health Risk Analysis, 2025, no. 2, pp. 98-106. DOI: 10.21668/health.risk/2025.2.08.eng

Received: 03.12.2024
Approved: 25.04.2025
Accepted for publication: 14.06.2025

106 Health Risk Analysis. 2025. no. 2





