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Abstract

Background and Aims: Bovine mastitis is a disease that affects dairy cows and impacts the global dairy industry. Bacillus
spp. can infect the mammary gland during lactation, intramammary treatment, or dry cow therapy. This study aimed to
isolate and identify Bacillus spp. in raw milk samples from cows with subclinical mastitis from dairy farms in Beheira,
Giza, Alexandria, and Menoufia Governorate, Egypt. We also investigated their antibiotic sensitivity and detected the
enterotoxigenic and antibiotic resistance genes.

Materials and Methods: A total of 262 milk samples (15-20 ml each) were examined microscopically, biochemically, and
phenotypically. A polymerase chain reaction was used for genotypic identification and detecting antibiotic-resistance and
enterotoxigenic genes. Antibiotic sensitivity was tested using the agar well diffusion test.

Results: Bacillus cereus was identified in 47.7% of samples. Nhe and hbID enterotoxin genes were found in 93.64% (103/110)
and 91.82% (101/110) of the samples, respectively. Tetracycline and B-lactam antibiotic-resistance genes were present in 0%
(0/110) and 98.18% (108/110), respectively, of the samples. All isolates were resistant to cefepime, cefixime, and oxacillin,
while they were susceptible to amoxicillin-clavulanic, chloramphenicol, ampicillin/sulbactam, and levofloxacin.

Conclusion: These results highlight the need to promote awareness regarding B. cereus, the most common pathogen causing
mastitis in Egyptian dairy cows. We also emphasized that antibiotic misuse during mastitis is a potential public health threat.
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Introduction

Bovine mastitis is a disease affecting dairy cows
characterized by pathological, chemical, and physical
changes in the milk-producing glandular tissues [1]. It
is a pernicious disease of great concern for the global
dairy industry, leading to decreased milk produc-
tion and rejected milk [2]. Bacillus cereus is a rod-
shaped, Gram-positive, facultative-anaerobic, and
endospore-forming pathogen that causes mastitis in
cows and severe food poisoning in humans [3]. The
spores can survive in dry and hot conditions and stay
dormant for several years. They are resistant to heat
and chemicals [4]. Soil, straw, and other fodders are
the most common contaminants in dairy farms. The
bedding used is also a potential contaminant when the
cows are housed indoors during winter. Contaminated
udders eventually result in the presence of B. cereus
in raw milk [5]. Bacillus spp. can also infect the mam-
mary gland during lactation, intramammary treatment,
or dry cow therapy. Moreover, it can be introduced
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into the mammary gland through unsterilized injec-
tions. Some Bacillus spp. can cause fatal gangrenous
mastitis. Bacillus cereus is the most common food-
borne bacteria in raw milk and dairy farm environ-
ments [6]. Bacillus cereus is a species complex with
high phenotypic and genotypic similarity [7]. The
proteins encoded by the groEL and sodA genes are
essential for bacterial cell viability, and hence, these
genes can be used for phylogenetic analysis to identify
B. cereus. The groEL gene has been investigated as a
phylogenetic marker [8]. However, genomic studies
are required to assess the genetic mechanisms and fac-
tors enabling toxin production to differentiate between
Bacillus spp. [9].

Bacillus cereus causes several diseases in humans
and animals [10]. They are the most frequently isolated
foodborne bacterial pathogens and can produce several
powerful toxins [11]. Consequently, they endanger
public health by forming spoilage enzymes and tox-
ins in dairy products, resulting in enormous economic
losses [9]. Bacillus cereus causes two types of food poi-
soning: diarrheal and emetic, which negatively affect
human health. The diarrheal type is linked to the pro-
duction of enterotoxins such as hemolysin BL (hbl) and
non-hemolytic enterotoxin (nhe) [12]. Further, tetracy-
cline-resistant genes fetA and tetB have been reported
for the 1 time in B. cereus [13]. Most B. cereus strains
are resistant to P-lactam antibiotics as they produce
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the lactamase enzyme [14]. Bacillus cereus infections
are still primarily treated using antibiotics. However,
the emergence of antibiotic-resistant B. cereus strains
due to antibiotic misuse [15] and transmission of resis-
tance genes through horizontal gene transfer [16] has
resulted in the failure of antibiotic treatments.

Therefore, understanding the antibiotic resistance
profile is crucial before treating B. cereus. Further, the
importance of B. cereus as a major cause of mastitis
among Egyptian dairy farms should be elucidated. This
study aimed to detect antibiotic-resistance and toxigenic
genes from B. cereus found in raw milk of sub-mastitic
cows from different governorates in Egypt.

Materials and Methods

Ethical approval

Ethical approval was not required for this study;
however, samples were collected as per the standard
sample collection procedure.

Study period and location

The study was conducted from January 2018 to
January 2020 at the National Research Centre in Dokki,
Egypt and Animal Reproduction Research Institute
Agriculture Research Center (ARC), Giza, Egypt.

Sample collection

A total of 262 milk samples were collected asep-
tically using sterile vials from cows with subclinical
mastitis from dairy farms in Beheira, Giza, Alexandria,
and Menoufia governorates, which were suffering from
decreased milk yield, recurrent mastitis, and failure of
antibiotic treatment. The milk samples were placed
immediately in an ice container and transported to the
microbiology laboratory. The samples were collected
in compliance with the rules of the local Commission
for Ethics in Animal Experimentation and Investigation

Isolation and identification of B. cereus strains
Bacterial culture

The milk samples were cultured on Bacillus selec-
tive agar (HiMedia, India), and after 24 h—48 h of incu-
bation at 37°C, the plates were examined for bacterial
growth. The B. cereus colonies displayed a distinct tur-
quoise-peacock blue color and were surrounded with
egg yolk-like precipitate of the same diameter. The
color of the indicator dye around the colony remained
unchanged as B. cereus does not ferment mannitol.
We performed morphological and biochemical tests
on all suspected B. cereus colonies. The Gram-stained
smears were microscopically examined to identify their
cell shape, motility, and hemolysis. We also evaluated
nitrate reduction and the production of enzymes, includ-
ing catalase, oxidase, urease, and lecithinase [17].

Identification of B. cereus using HiCrome™ Bacillus
agar (HiMedia)

We observed one or more blue colonies on each
Bacillus selective agar media plate. The lecithin-pos-
itive colonies appeared as light-blue colored, large,
flat colonies with blue centers, and pink edges on

chromogenic B. cereus agar after adding Bacillus
Selective Supplement (FD324) and incubating at
30°C for 2448 h [18].

Genotypic characterization of B. cereus and associ-
ated virulence genes

Detection of the groEL gene

A polymerase chain reaction (PCR) analysis was
performed on all 125 chromogenic-positive isolates.
A single typical colony was inoculated on brain heart
infusion broth and incubated overnight at 37°C. We
investigated the potential of the groEL gene as a phy-
logenetic marker by extracting deoxyribonucleic acid
(DNA) from the broth culture using a positive refer-
ence strain (B. cereus ATCC 14579).

Detection of the virulence genes (enterotoxigenic and
antibiotic resistance genes)

A polymerase chain reaction was performed to
detect the virulence genes, including 4blD and nhe,
tetA, and beta lactam-resistant (bla) genes in the posi-
tive isolates identified using groEL.

Deoxyribonucleic acid extraction

The DNA was extracted from the samples using
the QIA amp DNA Mini kit (Qiagen, Germany,
GmbH) based on the manufacturer’s recommenda-
tions with slight modifications.

Oligonucleotide primers
The PCR primers, supplied by Metabion
(Germany), are listed in Table-1 [19-23].

Polymerase chain reaction amplification

The PCR reaction was performed using a reac-
tion mixture containing 12.5 pL. Emerald Amp Max
PCR Master Mix (Takara, Japan), 1 uL of each primer
(20 pmoL), 5.5 uL water, and 5 uL. DNA template in
a final volume of 25 uL using an Applied Biosystems
thermal cycler type 2720.

Analysis of PCR products

The PCR products were separated by running a
1.5% agarose gel (Applichem, Germany) at a 5 V/cm
gradient in 1x Tris borate ethylenediaminetetraacetic acid
buffer at room temperature. Each lane was loaded with
15 uL of the product, and the fragment sizes were deter-
mined using the Generuler 100 bp ladder (Fermentas,
Germany). The gel was photographed using a gel docu-
mentation system (Alpha Innotech, Biometra, Germany),
and the data were analyzed using computer software.

Antibiotic sensitivity test

The antibiotic susceptibility was tested using 15
disks (Oxoid, UK) containing vancomycin (VA, 30 ng),
amoxicillin-clavulanic (30 ug), chloramphenicol (C,
30 ug), cefuroxime (CXM, 30 ug), ampicillin/sulbactam
(10 pg), cefepime (FEP, 30 ng), and ciprofloxacin (CIP,
5 ug). After that, single colonies were selected and sus-
pended in 0.85% physiological saline, adjusted to 0.5
McFarland standards, and distributed on a Mueller-
Hinton agar plate. After drying, the inoculum antibiotic
disks (HiMedia) were deposited on the plate’s surface
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Table-1: Primers sequences, target genes, amplicon sizes and cycling conditions.

Target Primer Amplified Primary Amplification (35 cycles) Final Reference
gene sequences segment denaturation _ _ extension
(bp) Secondal_'y Annealing Extension
denaturation
Bacillus TGCAACTGTATTA 533 94°C 94°C 55°C 72°C 72°C [19]
cereus GCACAAGCT
groEL  TACCACGAAGTTT 5 min 30s 40 s 45 s 10 min
GTTCACTACT
Nhe AAG CIGCTCTT 766 94°C 94°C 49°C 72°C 72°C [20]
CGIATTC
ITI GTT GAA ATA 5 min 30 sec 40 s 45 s 10 min
AGC TGT GG
hbID AGT TAT TGC AGC 148 94°C 94°C 56°C 72°C 72°C [21]
TAT TGG AGG
GTC CAT ATG CTT 5 min 30s 30s 30s 7 min
AGA TGC TGT GA
tetA GGCGGTCTTCT 502 94°C 94°C 58°C 72°C 72°C [22]
TCA TCA TGC
CGGCAGGCAGA 5 min 30s 40 s 45 s 10 min
GCA AGT AGA
Blab CATTGCAAGTTG 680 94°C 94°C 50°C 72°C 72°C [23]
AAG CG AAA
TGTCCCGTAA 5 min 30s 40 s 45 s 10 min
CTTCCAGCTC

hbl=hemolysin BL, nhe=Non-hemolytic enterotoxin, tetA=tetracycline-resistant gene A, Blab=Beta lactam-resistant b

and incubated overnight at 37°C. The strain was clas-
sified as susceptible (S) or resistant (R) based on the
inhibition zone’s diameter [24].

Statistical analysis

Data presented in tables as percentages were sub-
jected to an exact test using IBM-SPSS 20.0 software
(IBM Corp., NY, USA). In addition to Pearson Chi-
square, "Fisher’s Exact, Linear-by-Linear Association,
and McNemar tests were also performed.

Results and Discussion

Bacillus cereus is a Gram-positive bacteria found
in nature [25]. When present in milk, B. cereus causes
milk spoiling, which results in food poisoning in
humans [26]. It is considered one of the major causes
of mastitis in cows on dairy farms [27].

In the present study, we isolated 125 (93.2%)
B. cereus strains from cows with subclinical mastitis
based on colony morphology and biochemical tests
(Table-2). These isolates were confirmed by culturing
on chromogenic B. cereus agar media (Table-3), con-
sistent with the study by Hammad et al. [28] reporting
that B. cereus is 85% prevalent in raw milk in Egypt.
However, this prevalence rate is higher than others
reported by Meng et al. [6], Hassan et al. [29], Haughton
et al. [30], Rezende-Lago et al. [31], who found that
B. cereus were 46.6%, 59%, 50%, and 61.1% prevalent,
respectively. Conversely, other studies by Alemneh [32],
Seblewongel [33], and Gilles ef al. [34] found lower iso-
lation rates of 15.4%, 15.86%, and 15.4%, respectively.
Furthermore, Hayat ez al. [35] determined that B. cereus
is associated with subclinical mastitis in buffaloes in
swats, with a (3.27%) prevalence. In addition, Ghazali
et al. [36] identified that 23 of 78 milk samples from
subclinical mastitic goats contained B. cereus. These

Table-2: Samples from cow milk cultured on Bacillus
selective agar media.

Total number of
individual cow

Cultured on Bacillus selective agar

milk samples Positive No. Negative No.
No. % No. %
262 134 51.14* 128 48.85*

*Non-significant

Table-3: Bacillus cereus isolates confirmed by chrome
agar media.

Cultured on Bacillus
selective agar

Total no. of individual
cow milk samples

Positive Negative
No No
No. % No. %
262 134 51.14* 128 48.85%

*Non-significant. However, the percentages of positive
isolates by Bacillus selective agar media and chrome
agar media are significantly low (p = 0.014) and the
negative isolates are high (p = 0.014) compared to those
confirmed by PCR using groEL gene (Figure-3)

variations in results can be attributed to weather vari-
ations or the hygiene conditions in the farms that differ
from those observed in this study.

Polymerase chain reaction analysis is a simple,
fast, and reliable tool for effectively identifying micro-
organisms from numerous sources [37]. The groEL
gene was used to detect B. cereus [38], as its effi-
cacy has been demonstrated in previous phylogenetic
research [39]. In this study, the PCR results revealed that
110 isolates (88%) harbored the groEL gene while 15
isolates (22%) did not (Table-4). The toxin hemolysin
is a virulence factor that can potentially cause diarrhea
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and necrosis [40]. Species containing the enterotoxin
genes nhe and bl primarily cause food deterioration,
resulting in food poisoning [41]. Bacteria produce
diarrheal toxins when they multiply in the intes-
tines. At least three bacterial toxins are known to be
involved in diarrheal syndrome: /b, nhe [42], and the
genes hblA, hblC, and hblD that encode the three-com-
ponent hemolysin BL enterotoxin [43]. In this study,
the toxigenic genes (nhe and hblD) were detected in
110 B. cereus isolates, of which 103 were nhe-posi-
tive (93.64%) and 101 were hblD-positive (91.82%)
(Table-5 and Figures-1 and 2) [44]. Remarkably, nie
was identified in all isolates, while only 50.7% had
hbl genes. However, Owusu-Kwarteng et al. 7] found
that 13% (12/96) of the isolates found in the raw milk

Figure-1: Non-hemolytic enterotoxin gene at 766 bp;

lane L: 100 bp ladder, lane P: Positive Control,
Lane N: Negative control, Lanes 1-15 representative to
Bacillus cereus isolates.

Table-4: Bacillus cereus isolates positive on chrome agar
confirmed by PCR using groEL gene.

Total number of positive Positive Negative
isolates on chrome agar number by number by
confirmed by PCR PCR using PCR using

groEL gene groEL gene
No. % No. %
125 110 88* 15 12*

*None significant. The difference between the percentage
of isolated Bacillus cereus on Bacillus selective agar media
[Table-2], chrome agar media [Table-3] and confirmed

by PCR using groEL gene [Table-4] are not significantly
different compared to non-isolated ones. PCR: Polymerase
chain reaction

Table-5: Virulence genes detected in B. cerues isolates.

and other dairy products of farm-raised cattle had all
three hemolytic 4b/ complex enterotoxin genes (hblA,
hblC, and hbID), whereas 25% had no hbl gene, and
63% had one or more of the three 45/ genes. Moreover,
they showed that 14% (13/96) had only one nhe gene,
60% (57/96) had all three nhe genes (nheA, nheB, and
nheC), and 8% had no nhe genes. In addition, Meng et
al. [6] showed that 12.77% and 8.51% of B. cereus iso-
lates obtained from farm environments and raw milk
harbored the hb/ACD and nheABC genes, respectively.
The high percentage of toxigenic genes indicates the
importance of detecting virulence factors to under-
stand the involvement of the production of various
toxins and enzymes.

Bacillus cereus is a global health threat as they are
extremely resistant and have genetic mechanisms for
responding to various environmental conditions. The
antibiogram pattern against several commonly used anti-
biotics showed 100% resistance to FEP and cefixime
(CFM). However, they are 100% sensitive to amoxicil-
lin, C, ampicillin, and levofloxacin (LE), followed by
CIP (93.6%), azithromycin (AZM) (90.9%), getamicin
(88.2%), CXM (79.1%), VA and cefaclor (CF) (68.2%),
tetracycline (TE) (54.5%), and amikacin (AK) (20.9%)
(Table-6 and Figure-3). Our results were consistent with
Owusu-Kwarteng et al. [7], who reported that B. cereus
was susceptible to C (99%) and CIP (100%). The results
by Sadashiv and Kaliwal ef al. [45] showed that B. cereus
was resistant to ampicillin (50.67%), C (6.33%), and
AZM (5.42%). Furthermore, B. cereus showed 54.75%,
51.13%, 12.21%, 17.64%, and 7.69% resistance to CFM,
CF, gentamicin (GEN), AK, and TE, respectively, which
contradicted our findings. Moreover, similar results were
detected regarding CIP (4.07%) and VA. According to
Rosovitz et al. [46], B. cereus is susceptible to VA, and
most strains are sensitive to C, CIP, erythromycin, and
GEN. Few B. cereus strains are moderately sensitive
to clindamycin and TE [47]. Tetracycline resistance
was observed in 45.5% (50/110) of B. cereus isolates,
significantly higher than that reported by Whong and
Kwaga [48], who showed that 6.7% of B. cereus iso-
lates were TE-resistant. These results indicate the impor-
tance of effectively selecting specific antibiotics to treat
antibiotic-resistant B. cereus strains in dairy farms.

Pearson Chi-square, Likelihood Ratio, Fisher’s
Exact Test, and Linear-by-Linear Association
(p < 0.0001), Goodman and Kruskal tau, and

Total number of B. cereus isolates confirmed by PCR

Virulence genes

Enterotoxin gene bla gene tetA gene
hbID nhe
No. % No. % No. % No. %
110 101 91.82* 103 93.64* 108 98.18* 0 0

*Significant at p < 0.001. The percentages of enterotoxin hb/D and nhe genes and bla gene are higher (p < 0.001,
p = 0.046) than tetA gene identified by PCR using Lambda and Somers’d exact tests [Table-3]. B. cereus=Bacillus
cereus, PCR: Polymerase chain reaction, hb/=hemolysin BL, nhe=Non-hemolytic enterotoxin, tetA=tetracycline-resistant

gene A, Bla=Beta lactam-resistant

Veterinary World, EISSN: 2231-0916

891



Available at www.veterinaryworld.org/Vol.16/May-2023/1.pdf

Somers’d (p < 0.0001) indicated a significant differ-
ence between resistance and sensitivity to different
antibiotics (Table-6). All symmetric measures of the
exact test (Phi, Cramer’s V, Contingency Coefficient,
Kendall’s tau-b, Kendall’s tau-c, Gamma, Spearman
Correlation, and Pearson’s R) showed significant
(p < 0.0001) with fair (k = —0.153) and significant
(p =0.0001) measure of agreement (Kappa).

Based on these findings, suspected B. cereus
infections should be clinically treated with VA or LE
rather than broad-spectrum cephalosporins and pen-
icillin. Furthermore, we found that several B. cereus
isolates were multidrug-resistant, implying that raw
milk infected with B. cereus is a major concern [49].
We agree with Chen et al. [50], who discovered that VA
should be the drug of choice for B. cereus infections.

The molecular examination of the antibiot-
ic-resistant genes bla and tetA revealed that despite
the absence of the fet4 gene (Table-5 and Figure-4),
45.5% (50/110) of B. cereus isolates displayed TE
resistance phenotypically. Our results agree with
Agers et al. [51], who found that phenotypically three
isolates showed TE resistance despite the lack of tet4,
tetB, or tetC. This might be due to the presence of
other TE resistance genes, for example, tetM and
tetL, or other gene mutations. When a bacterial cell
becomes resistant, it can swiftly transmit the antibiotic
resistance genes to numerous species [52], transfer-
ring TE resistance genes [53].

Bacillus cereus isolated from milk and dairy
products were mostly resistant to 3-lactam antibiot-
ics. Bacillus species contain genes encoding [-lact-
amase [50], making most B. cereus isolates resistant to
[B-lactam antibiotics. Furthermore, it shows resistance to
third-generation cephalosporins. Molecular examination

Table-6: The antibiotic sensitivity tests used for
Bacillus cereus isolates.

Antibiotic discs Sensitive Resistance
No. % No. %o
VA 30 ug 75 68.2 35 31.8
AMC 30 ug 110 100 0 0
C 30 ug 110 100 0 0
CXM 30 ug 87 79.1 23 20.9
A/S 10 ug 110 100 0 0
FEP 30 ug 0 0 110 100
CIP 5 ug 103 93.6 7 6.4
CF 30 ug 75 68.2 35 31.8
CFM30 ug 0 0 110 100
AK 30 ug 23 20.9 87 79.1
GEN 10 ug 97 88.2 13 11.8
OX 1 ug 0 0 110 100
LE 5 ug 110 100 0 0
TE 30 ug 60 54.5 50 45.5
Azm 15 ug 100 90.9 10 9.1

VA=Vancomycin, AMC=Amoxicillin clavulanic,
C=Chloramphenicol, CXM=Cefuroxime, A/S=Ampicillin/
Sulbactam, FEP=Cefepime, CIP=Ciprofloxacin,
CF=Cefaclor, CFM=Cefixime, AK=Amikacin,
GEN=Gentamicin, OX=0xacillin, LE=Levofloxacin,
TE=Tetracycline, AZM=Azithromycin

showed that 98.18% (108/110) of the identified carried
the bla gene (Table-5 and Figure-5), consistent with the

Figure-2: Hemolysin BL D gene at 148 bp; lane L: 100 bp
ladder, lane P: Positive control, Lane N: Negative control,
Lanes 1-15 representative to Bacillus cereus isolates.
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Figure-3: Percentages of antibiotic resistance and sensitivity
for isolated bacteria.

Figure-4: Tetracycline-resistant A gene at 502 bp;
lane L: 100 bp ladder, lane P: Positive control, Lane N:
Negative control, Lanes 1-15 representative to Bacillus
cereus isolates.
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Figure-5: Beta lactam-resistant gene at 680 bp;
lane L: 100 bp ladder, lane P: Positive control,
Lane N: Negative control, Lanes 1-15 representative to
Bacillus cereus isolates.

results by Abd El-Tawab et al. [54], who detected the
bla gene in all obtained isolates (100%).

Conclusion

The B. cereus strains isolated from subclinical
bovine mastitis cases showed high rates of resistance
to most tested antibiotics due to the presence of several
antibiotic-resistant and virulence genes (hb/D and nhe).
This suggested the emergence of multidrug resistance
among these isolates in Egypt, which makes it necessary
for milk producers and conventional dairy processors to
follow strict sanitary and manufacturing practices to
avoid contamination and subsequent disease outbreaks
caused by B. cereus. Furthermore, it is crucial to deter-
mine the antibiotic resistance profile of B. cereus to
identify treatment regimens and raise awareness for B.
cereus as one of the most important causes of mastitis.

Authors’ Contributions

All authors participated in the study design. RHE
and NEA: Sample collection. RHE, NEA, and ESI:
Isolation and identification of isolates. RHE, NEA,
and ESI: Antibiogram profile, and molecular char-
acterization of B. cereus. RHE and ESI: Molecular
characterization of antibiotic-resistance genes and vir-
ulence genes. RHE and NEA: Data analysis. NEA and
ESI: Drafted the manuscript. All authors have read,
reviewed, and approved the final manuscript.

Acknowledgments

This work was supported by a grant
(No. 12020232) from the National Research Center,
Egypt. The authors extend their appreciation to the
National Research Center, Egypt, as well as to the
whole team of the Mastitis and Neonatal Diseases
Department, Animal Reproduction Research Institute,
Agriculture Research Centre, Egypt.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Mukhamadieva, N., Julanov, M., Zainettinova, D.,
Stefanik, V., Nurzhumanova, Z., Mukataev, A. and
Suychinov, A. (2022) Prevalence, diagnosis and improv-
ing the effectiveness of therapy of mastitis in cows of dairy
farms in East Kazakhstan. Vet. Sci., 9(8): 398.

2. Mohanty, N.N., Das, P, Pany, S.S., Sarangi, L.N.,
Ranabijuli, S. and Panda, H.K. (2013) Isolation and anti-
biogram of Staphylococcus, Streptococcus and Escherichia
coli isolates from clinical and subclinical cases of bovine
mastitis. Vet. World, 6(10): 739-743.

3. Swartz, T. (2016) Bacillus spp. A Practical Summary for
Controlling Mastitis Dairy Specialist. Virginia Cooperative
Extension, United States.

4. Henriques, A.O. and Moran, C.P. Jr. (2007) Structure,
assembly, and function of the spore surface layers. Annu.
Rev. Microbiol., 61: 555-588.

S. Bennett, R.W. and Belay, N. (2001) Bacillus cereus.
In: Downes, F.P. and Ito, K., editors. Microbiological
Examination of Foods. American Public Health Association,
Washington, DC, p311-316.

6. Meng, L., Zhang, R., Dong, L., Hu, H., Liu, H., Zheng, N.,
Wang, J. and Cheng, J. (2022) Characterization and spoil-
age potential of Bacillus cereus isolated from farm environ-
ment and raw milk. Front. Microbiol., 13: 940611.

7. Owusu-Kwarteng, J., Wuni, A., Akabanda, F.,
Tano-Debrah, K. and Jespersen, L. (2017) Prevalence, vir-
ulence factor genes and antibiotic-resistance of Bacillus
cereus Sensu lato isolated from dairy farms and traditional
dairy products. BMC Microbiol., 17(1): 65.

8. Chang, Y.H., Shangkuan, Y.H., Lin, H.C. and Liu, H.W.
(2003) PCR assay of the groEL gene for detection and dif-
ferentiation of Bacillus cereus group cells. Appl. Environ.
Microbiol., 69(8): 4502—4510.

9. Rossi, G.AM., Aguilar, C.E.G., Silva, H.O. and
Centola, A.M. (2018) Bacillus cereus group: Genetic
aspects related to food safety and dairy processing. Arg.
Inst. Biol., 85(¢0232017): 1-7.

10. Baldwin, V.M. (2020) You can’t B. cereus-a review of
Bacillus cereus strains that cause anthrax-like disease.
Front. Microbiol., 11: 1731.

11.  Amesen, L.P.S., Fagerlund, A. and Granum, P.E. (2008)
From soil to gut: Bacillus cereus and its food poisoning tox-
ins. FEMS Microbiol. Rev., 32(4): 579-606.

12.  Jessberger, N., Dietrich, R., Granum, P.E. and
Mirtlbauer, E.) 2020) The Bacillus cereus food infection as
multifactorial process. Toxins (Basel), 12(11): 701.

13. Rather, M.A., Aulakh, R.S., Munshi, ZH,
Hussain, S.A., Shah, S.A., Kashoo, Z.A., Ali, U,
Showkat, S. and Wani, N.(2015) Antibiogram and detec-
tion of tetracycline resistance genes (fet4, tetB) of Bacillus
cereus from foods of animal origin. J. Res., 17(2): 99—-105.

14.  Zinathi, L. (2015) Isolation and Molecular Characterization
of Bacillus cereus from Cow’s Raw Milk. University of Fort
Hare, South Africa.

15. Barbosa, T.M. and Levy, S.B. (2000) The impact of antibi-
otic use on resistance development and persistence. Drug
Resist. Updat., 3(5): 303-311.

16. Zhai, Z., Cui, C., Li, X., Yan, J., Sun, E., Wang, C., Guo, H.
and Hao, Y. (2023) Prevalence, antimicrobial susceptibility,
and antibiotic-resistance gene transfer of Bacillus strains
isolated from pasteurized milk. J. Dairy Sci., 106(1): 75-83.

17.  Aryal, S. (2022) Biochemical Test and Identification of
Bacillus cereus. Available from: https://www.microbiol.
info.com. Retrieved on 09-08-2022.

Veterinary World, EISSN: 2231-0916

893



Available at www.veterinaryworld.org/Vol.16/May-2023/1.pdf

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Fuchs, E., Raab, C., Brugger, K., Ehling-Schulz, M.,
Wagner, M. and Stessl, B. (2022) Performance testing of
Bacillus cereus chromogenic agar media for improved
detection in milk and other food samples. Foods, 11(3): 288.
Das, S. and Lalitha, K.V. (2013) Isolation and molecular
characterisation of atypical enterotoxigenic Bacillus cereus
with negative Voges-Proskauer reaction from Indian white
shrimp Fenneropenaeus indicus (H. Milne Edwards, 1837).
Indian J. Fish, 60(4): 113-117.

Ehling-Schulz, M., Guinebretiere, M.H., Monthan, A.,
Berge, O., Fricker, M. and Svensson, B. (2006) Toxin gene
profiling of enterotoxic and emetic Bacillus cereus. FEMS
Microbiol. Lett., 260(2): 232-240.

Wehrle, E., Didier, A., Moravek, M., Dietrich, R. and
Martlbauer, E. (2010) Detection of Bacillus cereus with

37.

38.

39.

and Ariffin, S.Z. (2022) Molecular detection and anti-
biogram of Bacillus cereus isolated from a dairy goat with
mastitis in Malaysia. Int. J. Infect. Dis., 116(321): S63—-S64.
Unban, K., Kochasee, P., Shetty, K. and Khanongnuch, C.
(2020) Tannin-tolerant and extracellular tannase producing
Bacillus isolated from traditional fermented tea leaves and
their probiotic functional properties. Foods, 9(4): 490.
Manzano, M., Cristina, C., Mgdrala, D., Antoni, C. and
Comi, G. (2003) Optimization of DNA extraction to detect
Bacillus cereus from food using a PCR technique-short
communication. Pol. J. Food Nutr. Sci., 53(2S): S69-S71.
Viale, A.M., Arakaki, A.K., Soncini, F.C. and Ferreyra, R.G.
(1994) Evolutionary relationships among eubacterial
groups as inferred from GroEL (chaperonin) sequence com-
parisons. Int. J. Syst. Bacteriol., 44(3): 527-533.

enteropathogenic potential by multiplex real-time PCR 40. McDowell, R.H., Sands, E.M. and Friedman, H. (2022)
based on SYBR Green I. Mol. Cell. Probes, 24(3): 124-130. Bacillus cereus. In: StatPearls. StatPearls Publishing,
Rather, M.A., Aulakh, R.S., Gill, J.P.S., Mir, A.Q. and National Library of Medicine, Treasure Island, FL.
Hassan, M.N. (2012) Detection and sequencing of plas- 41.  Guinebretiere, M.H., Thompson, F.L., Sorokin, A.,
mid-encoded tetracycline resistance determinants (tet4 and Normand, P., Dawyndt, P., Ehling-Schulz, M., Svensson, B.,
tetB) from foodborne Bacillus cereus isolates. Asian Pac. J. Sanchis, V., Nguyen-The, C., Heyndrickx, M. and
Trop. Med., 5(9): 709-712. De Vos, P. (2008) Ecological diversification in the Bacillus
Chen, Y., Tenover, F.C. and Koehler, T.M. (2004) B-lactamase cereus group. Environ. Microbiol., 10(4): 851-865.
gene expression in a penicillin-resistant Bacillus anthracis 42. Ehling-Schulz, M., Fricker, M. and Scherer, S. (2004)
strain. Antimicrob. Agents Chemother., 48(12): 4873-4877. Bacillus cereus, the causative agent of an emetic type of
CLSI. (2022) Performance Standards for Antimicrobial foodborne illness. Mol. Nutr. Food Res., 48(7): 479-487.
Susceptibility Testing. CLSI Supplement M100. 32" ed. 43.  Fricker, M., Misselhausser, U., Busch, U., Scheres, S. and
Clinical and Laboratory Standards Institute, United States. Ehling-Schulz, M. (2007) Diagnostic real-time PCR assays
Esmkhani, M. and Shams, S. (2022) Cutaneous infection due for the detection of emetic food-borne Bacillus cereus
to Bacillus cereus: A case report. BMC Infect. Dis., 22(1): 393. strains in foods and recent foodborne outbreaks. Appl.
Ehling-Schulz, M., Lereclus, D. and Koehler, T.M. (2019) Environ. Microbiol., 73(6): 1892—1898.
The Bacillus cereus group: Bacillus species with pathogenic 44. Schmid, PJ., Maitz, S. and Kittinger C. (2021) Bacillus
potential. Microbiol. Spectr., 7(3): 32. cereus in packaging material: Molecular and phenotypical
Oliver, S.P., Jayarao, B.M. and Almedia, R.A. (2005) diversity revealed. Front. Microbiol., 12: 698974.
Foodborne pathogens in milk and the dairy environment: 45.  Sadashiv, S.O. and Kaliwal, B.B. (2014) Antibiotic resis-
Food safety and public health implications. Foodborne tance of Staphylococcus aureus and Coagulase-Negative
Pathog. Dis., 2(2): 115-129. Staphylococci (CNS) isolated from Bovine mastitis in the
Hammad, A.M., Eltahan, A., Khalifa, E., Abbas, N.H. region of north Karnataka. India. World J. Pharm. Res.,
and Shimamoto, T. (2021) Toxigenic potential of Bacillus 3(1): 571-586.
cereus strains isolated from retail dairy products in Egypt. 46. Rosovitz, M, Voskuil, M. and Chambliss, G. (1998) Bacillus
Foodborne Pathog. Dis., 18(9): 655-660. Systematic Bacteriology. Arnold Press, London, p709—720.
Hassan, G.M., Meshref, A.S., Ashmawy, M.A. and Afify, S.L. 47. Murray, P.R., Barron, E.J., Jorgensen, J.H., Landry, M.L.
(2010) Studies on enterotoxigenic Bacillus cereus in raw and Pfaller, M.A. (2007) Manual of Clinical Microbiology.
milk and some dairy products. J. Food Saf., 30(3): 569-583. 9" ed. ASM Press, Washington, DC.
Haughton, P., Garvey, M. and Rowan, N.J. (2010) Emergence 48. Whong, C.M.Z. and Kwaga, J. (2007) Antibiograms of
of Bacillus cereus dominant organism in Irish retailed pow- Bacillus cereus isolates from some Nigerian foods. Niger:
dered infant formulae (PIF) when reconstituted and stored Food J.,25(1): 178-183.
under abuse conditions. J. Food Saf., 30(4): 814-831. 49.  Yu, S., Yu, P, Wang, J., Li, C., Guo, H., Liu, C., Kong, L.,
Rezende-Lago, N.C.M., Rossi, O.D. Jr., Vidal, A.M.C. Yu, L., Wu, S., Lei, T., Chen, M., Zeng, H., Pang, R., Zhang, Y.,
and Amaral, L.A. (2007) Occurrence of Bacillus cereus in Wei, X., Zhang, J., Wu, Q. and Ding, Y. (2020) A study on
whole milk and enterotoxigenic potential of isolated strains. prevalence and characterization of Bacillus cereus V in ready-
Arq. Bras. Med. Vet. Zootech., 59(6): 1563—1569. to-eat foods in China. Front. Microbiol., 15(10): 3043.
Alemneh, K. (2012) A Study on Prevalence of Bacillus cereus 50.  Chen, Y., Succi, J., Tenover, F.C. and Koehler, T.M. (2003)
and its Associated Risk on Bovine Raw Milk at Debre Zeit, B-Lactamase genes of the penicillin-susceptible Bacillus
Ethiopia. Msc Thesis, Addis Ababa University, Ethiopia. anthracis Sterne strain. J. Bacteriol., 185(3): 823-830.
Seblewongel, A. (2013) A Study on Prevalence, Public 51.  Agers, Y., Jense, L.B., Giskov, M. and Roberts, M.C. (2002)
Health Significance and the Associated Risk Factors of The identification of a tetracycline resistance gene tet(M),
Bacillus cereus on Bovine Raw Milk in Alage Dairy Farm, on a Tn961-like transposon, in the Bacillus cereus group.
Ethiopia. M.Sc. Thesis, Addis Ababa University, Ethiopia. FEMS Microbiol. Lett., 214(2): 251-256.
Gilles, F., Paul, B., Robert, H., Julie, P. and Madeleine, F. 52.  Raghunath, D. (2008) Emerging antibiotic resistance in bacte-
(2002) Bacterial contamination of colostrum fed to newborn ria with special reference to India. J. Biosci., 33(4): 593-603.
calves in Quebec dairy herds. Can. Vet. J., 43(7): 523-527. 53.  Roberts, M.C., Levy, S.B. and Miller, R.V. (1989) Gene
Hayat, S., Hassan, M.F., F Hayat, H., Khan, T., Ali, S., Transfer in the Urogenital and Respiratory Tract. McGraw-
Hussain, M.A., Babar, A. and Rahim, N. (2020) A study Hill Book Co., New York.
on the prevalence and associated microorganisms of sub- 54. Abd El-Tawab, A.A., Elhofy, F., Shawky, N.A. and El
clinical mastitis in buffaloes at swat, Khyber Pakhtunkhwa. Morsy, D. (2020) Molecular detection of antibiotic-resistant
Biomed. J. Sci. Tech. Res., 32(2): 24836-24839. bla gene in B. cereus isolated from meat products. Benha
Ghazali, M.F., Sukiman, M.Z., Chai, M.H., Mohamad, N.M. Vet. Med. J., 38(2): 152—-155.

soskoskoskeoskeskoskosk

Veterinary World, EISSN: 2231-0916

894



