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Abstract

Background: Infant milk powder (IMP) is a very suitable medium for the growth of micro-organisms such as Bacillus cereus. B. cereus
is a spore-producer that can survive easily during the pasteurization process to cause some health problems.
Objectives: This study was carried out to determine the antibiotic resistance pattern of B. cereus isolates producing metallo-β-
lactamase (MBL) enzymes in IMP samples.
Methods: After preparing 50 samples of IMP, they were cultured to detect the presence of B. cereus. The Kirby-Bauer method was used
to determine antibiotic susceptibility and the DDST method to phenotypically detect MBL enzymes. MBL genes blaVIM, blaSMP-1, and
blaIMP were genotypically examined in the isolates by the PCR method.
Results: Most samples of IMP had a high level of contamination with B. cereus when compared to national and international stan-
dards. The highest percentage of resistance was related to ceftazidime and oxacillin (100%) and the lowest resistance to tetracycline
(21.4%) and ciprofloxacin (26.3%). All B. cereus isolates were the producers of MBL in the DDST test. None of the isolates was positive for
the blaSPM gene. Of the other MBL genes, the blaVIM gene was seen in all isolates (100%) and the blaIMP gene in 16 isolates (84.21%).
Conclusions: Antibiotic resistance is on the rise in the study region due to the production of MBL enzymes. Among MBL-producing
isolates, the frequency of the blaVIM gene was more than that of blaIMP and blaSPM-1.
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1. Background

Infant milk powder (IMP) is a global food source for
growing infants. Nowadays, most babies are fed artifi-
cially after being fed with IMP under the age of one year.
IMP is one of the most important sources of food in the
first months of infant’s development. Given the infants’
weak immune system, the quality of IMP is of vital im-
portance. Due to non-sterility of IMP, it is a perfect envi-
ronment for the growth of microorganisms. Among the
microorganisms that can cause infections and complica-
tions such as bacteremia, meningitis, and sepsis, are Bacil-
lus cereus, Staphylococcus aureus, Clostridium perfringens, Es-
cherichia coli, and Enterobacter sakazakii (1). B. cereus is a
pathogen with an increasing trend in the contamination
of IMP. It is a Gram-positive, spore-forming, aerobic, facul-
tative anaerobic bacillus from the Bacillaceae family.

The optimum temperature for the growth of B. cereus is
between 30 and 35°C but it can grow at temperatures up to
48°C or under 7°C. D100 of the spore forms of B. cereus is 2.2

to 5.4 minutes that indicates their high resistance to heat
(2, 3). The enterotoxins of this bacterium can produce two
types of the food-poisoning syndrome: diarrhea (diarrheal
type) and nauseous type (emetic type) (4, 5). In addition
to being pathogenic, B. cereus is responsible for food de-
cay because of proteolytic, lipolysis, and amylolytic activity
(6). Several antibiotics are used to treat B. cereus infection.
However, excessive consumption of antibiotics for treating
bacterial infections has led to the generation of antibiotic-
resistant strains as one of the great problems in the medi-
cal field. This is due to the induction of antibiotic inactivat-
ing enzymes or mutations in coding genes, cell wall canals
(external membrane purines), secretion systems, or trans-
mission of plasmids among bacteria (7).

Carbapenems are selective drugs for the treatment
of infections caused by penicillin- or cephalosporin-
resistant bacteria due to their wide range of activity
and hydrolysis stability against most β-lactamases and
metallo-β-lactamase (MBL) enzymes. Carbapenems
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include imipenem, meropenem, and ertapenem (8). Car-
bapenems can inhibit the synthesis of the bacterial cell
wall, increase the permeability of the outer membrane of
bacteria, and affect their secretion system. Resistance to
carbapenems is caused by various mechanisms of which,
the production of MBL enzymes is most notably (7-9).
Based on molecular studies, MBL belongs to the group B
Ambler and can hydrolyze a range of beta-lactams (anti-
cell wall antibiotics) including cephalosporins (third and
fifth generations). Moreover, they can create resistance
to aminoglycosides but cannot hydrolyze monobactams
(only with a beta-lactam ring) such as aztreonam. Six types
of MBL have been detected including SPM, VIM, IMP, SIM,
GIM, and AIM, the most common of which include IMP
and VIM. The encoding genes of MBL are located on class 1
integron on a plasmid with the ability to its transmission.
Sometimes, the transposable elements of the genes (trans-
poson and integron) can be part of a chromosome, making
them easily transmissible among different bacteria (9, 10).
These enzymes require a metal cofactor (often Zn). They
are not inhibited by beta-inhibitors such as sulbactam,
tazobactam, and clavulanic acid but inhibited only by
chelating agents such as ethylene diamine tetra-acetic
acid (EDTA), 2-mercapto propionic acid, sodium mercap-
toacetic acid, and dipicolinic acid. These inhibitors can
be used for the phenotypic diagnosis of MBL-producing
strains in the laboratory (11). EDTA is preferred to other
inhibitors, as it is an easily available compound and EDTA-
containing disks are suitable for use for up to 16 weeks
at -20°C. The Bar E-test is also used to identify bacterial
genera producing MBL, but with the high cost and less
repeatable results. PCR is currently used for confirmation
as a sensitive and reliable method (12).

Microbial resistance is often investigated in bacteria
isolated from clinical specimens but it has been less stud-
ied in bacteria isolated from food. This is while there is a
possibility of transferring resistance from strains in IMP to
other strains. Moreover, it is important to identify species
producing MBL.

2. Objectives

Therefore, the present study was designed to investi-
gate the antibiotic resistance profile of B. cereus strains iso-
lated from IMP to elucidate the possibility of resistance
transmission to other strains.

3. Methods

3.1. Isolation and Identification of B. cereus

First, 50 samples of IMP were prepared for microbial
evaluation. To do so, 25-g samples were collected under

sterile conditions, added to 225 mL of peptone water, and
incubated for 24 hours. The suspension was mixed well
and a portion of 0.1 mL was cultured on B. cereus selec-
tive medium (MYP Agar) plates and incubated overnight
at 37°C. Large pink colonies (non-mannitol-fermenting)
with a sedimentary halo (due to the production of lecithi-
nase) were considered as suspected colonies. To identify
the bacterium, gram staining and biochemical tests were
performed, including catalase test, growth under anaer-
obic conditions, growth at 45°C, lecithinase C test, beta-
hemolysis on blood agar with 5% sheep blood, MR-VP, mo-
bility test, susceptibility testing to penicillin 10 (IU), and in-
duction of nitrate (13).

3.2. Antibiotic Susceptibility Testing

The disc diffusion (Kirby-Bauer) method was used fol-
lowing the CLSI guidelines to evaluate the antibiotic re-
sistance profile of the isolates against ceftizoxime (30
µg), amikacin (30 µg), gentamicin (10 µg), ciprofloxacin
(30 µg), piperacillin (30 µg), ceftriaxone (30 µg), cefo-
taxime (30 µg), meropenem (10 µg), ceftazidime (30 µg),
imipenem (10 µg), clindamycin (2 µg), vancomycin (30
µg), oxacillin (1µg), ampicillin (10µg), tetracycline (30µg),
and methicillin (5µg) (14). The antibiotics were purchased
from Padtan Teb Company.

3.3. Confirmatory Test for the Production of MBL Enzyme

A phenotypic method (DDST) was used to determine
the presence of MBL enzymes. Prior to this stage, a screen-
ing test for MBL production was performed. In accordance
with the principles of CLSI, in this preliminary test, the sen-
sitivity of B. cereus isolates was measured to carbapenems
(imipenem and meropenem). An inhibition zone diam-
eter of ≤ 23 mm indicated a suspected strain producing
MBL. After this stage, a phenotypic confirmatory test was
conducted to confirm the production of MBL (15). A bacte-
rial suspension was prepared for this purpose and cultured
on the surface of Moeller-Hinton agar plates. In the next
step, antibiotic disks were placed on this medium. First,
imipenem (10 µg) and meropenem (10 µg) were impreg-
nated with EDTA at a concentration of 0.5 µL, and placed
on the plate containing Muller-Hinton medium inoculated
with the test isolate. Imipenem and meropenem discs
without EDTA were placed next to the disks impregnated
with EDTA at a distance of 20 mm apart. After 24 hours
of incubation at 37°C, the results were recorded and com-
pared. If a difference of more than 7 mm in the inhibition
zone diameter was observed between the disks with EDTA
and those without EDTA, it would be positive for the pres-
ence of MBL in the isolate (16).
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3.4. DNA Extraction

The boiling method was used to extract DNA. First,
fresh colonies were extracted from a culture medium con-
taining pure B. cereus, suspended in 100µL of sterile deion-
ized or distilled water, and boiled for 15 minutes at 100°C.
Then, it was centrifuged at 10000 rpm for 10 minutes. The
supernatant containing the bacterial DNA was used for PCR
and the precipitate was set aside. A biophotometer (USA,
Bio-Rad) was used to confirm the degree of DNA purity in
the extracted specimen.

3.5. PCR

The PCR method was used to study the frequency of
MBL genes blaVIM, blaSMP-1, and blaIMP in the phenotypi-
cally positive isolates. A B. cereus strain producing MBL was
used as a positive control. The specific primers are listed in
Table 1. The primers were designed and provided by a man-
ufacturer (Arka Teb Ruham).

Table 1. Primers Used for MBL Genes Detection

Primer Name Sequence (5’ to 3’) Size (bp)

IMP (F) ACCGCAGCAGAGTCTTTGCC
578

IMP (R) ACAACCAGTTTTGCCTTACC

VIM (F) AGTGGTGAGTATCCGACA
836

VIM (R) ATGAAAGTGCGTGGAGAC

SPM-1 (F) GCGTTTTGTTTGTTGCTC
786

SPM-1 (R) TTGGGGATGTGAGACTAC

Amplification was done in the following thermal cy-
cling conditions: 5 minutes at 95°C and 30 cycles of am-
plification consisting of 30 seconds at 95°C, 30 seconds at
49°C, and 1 minute at 72°C, followed by a final extension for
5 minutes at 72°C. The amplified products were analyzed
after electrophoresis on a 1% agarose gel. A B. cereus strain
carrying blaVIM was used as control.

The data were presented by descriptive statistics such
as means and percentages. They were analyzed using SPSS
software (V. 20 SPSS) by the chi-square test at a significance
level of 0.05.

4. Results

4.1. Isolation and Identification of B. cereus

In this study, 50 IMP samples were examined for the
presence of B. cereus of which, 19 were contaminated with
B. cereus. Of these, seven samples (36.84%) had more than
100 CFU/g, six contained 10 - 100 CFU/g, and the remaining
six samples showed less than 10 CFU/g of B. cereus.

4.2. Antibiotic Susceptibility Testing

Antibiotic susceptibility of the isolates was tested
against various antibiotics, the results of which are given
in Table 2.

Table 2. Resistance Pattern of B. cereus Isolates from IMP Samplesa

Antibiotics Susceptible Intermediate Resistant

Imipenem 0 3 (15.8) 16 (84.2)

Ciprofloxacin 13 (68.4) 1 (5.3) 5 (26.3)

Gentamicin 12 (63.2) 0 7 (36.8)

Cefotaxime 0 2 (10.5) 17 (89.5)

Ceftazidime 0 0 19 (100)

Ceftizoxime 0 3 (15.8) 16 (84.2)

Piperacillin 0 1 (5.3) 18 (94.7)

Clindamycin 2 (10.5) 2 (10.5) 15 (78.9)

Vancomycin 11 (57.9) 1 (5.3) 7 (36.8)

Oxacillin 0 0 19 (100)

Ampicillin 0 1 (5.3) 18 (94.7)

Tetracycline 11 (57.9) 4 (21.1) 4 (21.1)

Methicillin 0 1 (5.3) 18 (94.7)

aValues are expressed as No. (%).

The isolates from IMP samples had the highest percent-
age of resistance to ceftazidime and oxacillin (100%) and
the least resistance to tetracycline (21.4%) and ciprofloxacin
(26.3%). Moreover, 16 samples (84.2%) were resistant to car-
bapenem.

4.3. Preliminary Test Results for the Production of MBL

If an isolate showed a inhibition zone diameter of ≤
23 mm against imipenem, it was considered a suspected
strain of MBL producer. Therefore, three intermediate re-
sistant isolates and 16 resistant isolates to imipenem were
suspected to produce MBL.

4.4. Phenotypic Confirmatory Test Results for the Production of
MBL

The DDST method was used to identify the presence of
MBL enzymes. It showed that all the B. cereus isolates were
the producers of MBL enzymes. As Table 3 shows, three
(15.78%) intermediate resistant isolates and 16 (84.21%) re-
sistant isolates to imipenem were the producers of MBL by
the DDST phenotypic method. Thus, all of the B. cereus iso-
lates resistant to imipenem in the disk diffusion method
were confirmed as MBL producers in DDST.
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Table 3. The Frequency of MBL Producers in Imipenem-Resistant Isolates in the Disk
Diffusion Method

Antibiotic Susceptibility MBL Producera

Intermediate resistant to impenem 3 (78.15)

Resistant to imipenem 16 (21.84)

Total 19 (100)

aValues are expressed as No. (%).

4.5. PCR Test Results

In this study, B. cereus isolates were examined for the
presence of genes blaVIM, blaSPM, and blaIMP by the PCR
molecular method. In this study, the blaSPM gene was de-
tected in none of the isolates. Of the other MBL genes,
the blaVIM gene was observed in all the isolates (100%)
and the blaIMP gene in 16 isolates (84.21%). The results of
the electrophoresis of the PCR product for the metallo-β-
lactamase genes are shown in Figure 1.

Table 4 shows that all imipenem-resistant isolates (16
isolates) possessed the blaIMP gene. The blaIMp gene was
not found in intermediate resistant isolates. There was a
statistically significant relationship between blaIMP pres-
ence and resistance to imipenem (P < 0.005).

5. Discussion

B. cereus can cause food poisoning and its spores are
scattered widely in nature. The results of this study showed

Figure 1. Gel electrophoresis of the PCR product for the blaVIM gene; Lane 4, DNA
ladder; Lanes 1, 2, 3, PCR product for the blaVIM gene (836 bp); Lane 5, positive con-
trol; Lane 6, negative control.

Table 4. The Frequency Distribution of blaIMP Gene Based on Imipenem Resistance
in B. cereus Isolatesa

blaIMP-
Negative

blaIMP-
Positive

P Value

Intermediate resistant to imipenem 3 (100) 0 (0)
0.001

Resistant to imipenem 0 (0) 16 (100)

aValues are expressed as No. (%).

that out of 50 IMP samples, six samples were contaminated
with less than 10 CFU/g, six samples with 10 - 100 CFU/g, and
seven samples with more than 100 CFU/g from B. cereus. B.
cereus is authorized in most foods as 102 - 103 CFU/g and the
national standards limit its presence in IMP as 102 CFU/g.
Because the microbial flora is not complete in the baby’s
intestine, it is possible that B. cereus is reproduced due to
different climatic conditions and improper maintenance
of the IMP, so the further remedy is needed to amend this
difficulty. According to similar studies in Iran, B. cereus is
the most bacterial isolate from IMP. In the current study,
in general, 50 samples were examined, 19 of which were
contaminated with B. cereus. Rahimi Fard et al. in Isfa-
han found that 42% of infants’ food samples were contam-
inated with B. cereus (17). Rahimi Fard et al. in another
study of 60 samples of IMP tested for B. cereus contamina-
tion showed that 15 samples were over the authorized lim-
its (18). Similar results have been achieved in other coun-
tries. Reyes et al. by evaluating 56 samples of IMP and rice-
based diets found that 35 (62.5%) samples were contami-
nated with B. cereus (19). Deeb et al. in Egypt showed that
the rate of contamination with B. cereus was 56.9% in milk
powder (20). Di pinto et al. identified 11 out of 60 sam-
ples contaminated with Bacillus spp., with B. cereus being
detected in 5 out of 11 positive samples (21). Logan in 2012
found B. cereus to be one of the agents producing toxins
in food leading to diarrhea and vomiting (22). The differ-
ences in the formulas, the quality of raw milk, the season
of production, sampling method, and procedure of con-
ducting experiments are the factors involved in the level of
contamination, which may have led to differences in the re-
sults of various studies. B. cereus spores can easily contami-
nate milk from unhealthy dairy and create biofilms in milk
pasteurization facilities in the dairy industry. Moreover, its
heat-resistant spores can remain in the heat-treated milk.

The current study also determined the frequency of
antibiotic resistance in the isolates producing MBL from
IMP samples. The results of antibiotic susceptibility testing
showed that 16 (84.2%) isolates were resistant to imipenem.
It was also found that 81.2% of the imipenem-resistant iso-
lates were sensitive to ciprofloxacin. Ciprofloxacin is the
most effective antibiotic in the treatment of bacteria and
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the rate of resistance to this antibiotic was less than the
rate to other antibiotics.

To perform its catalytic activity, MBL needs a metal
co-factor (ZU), which is inhibited by EDTA and thiol com-
pounds. In this study, EDTA was used to identify MBL-
producing strains (23). The results of the DDST pheno-
typic method for the detection of MBL in this study showed
that all intermediate resistant and resistant strains to
imipenem were MBL producers. In this study, B. cereus
isolates were examined for the presence of genes blaVIM,
blaIMP, and blaSPM-1 by the PCR molecular method.
blaSPM-1 was seen in none of the isolates. Among the other
MBL genes, the blaVIM gene was observed in all isolates
(100%) and the blaIMP gene in 84.21% of the isolates.

In 2018, Torkar and Bedenic examined the sensitivity
and antimicrobial properties of MBLs in environmental
and clinical isolates of B. cereus. All strains were sensitive
to imipenem and 98.5% to meropenem. The blaVIM gene
was identified in 21.2% of the isolates (15). The results of the
study by Ghazaei in 2018 on Bacillus subtilis isolated from
raw milk and cheese samples showed that 25 (52.52%) iso-
lates from raw milk and 16 (44.43%) isolates from cheese
samples produced MBL by the phenotypic method (16).

The research results showed that the rate of antibiotic
resistance in bacteria producing beta-lactamases has in-
creased significantly, which creates serious limitations to
use different antibiotics. Bacillus is able to produce spores
resistant to temperature. It often enters milk through dif-
ferent processing stages. Therefore, it is very important
to identify bacilli producing beta-lactamases, as transmit-
ting these microorganisms through the milk and dairy
products may create resistance to antibiotics. In recent
years, many epidemics have been reported with the organ-
isms producing broad-spectrum beta-lactamases all over
the world. Khosravi in Ahvaz in 2007 performed E-test and
PCR on 100 isolates of Pseudomonas aeruginosa and showed
that eight (19.51%) out of 41 strains resistant to imipenem
were the producers of MBL and carrier of the blaVIM gene
(24).

In a study by Pena et al. in Portugal, only 26 isolates
(19.4%) of 40 positive isolates of P. aeruginosa identified by
the DDST method were confirmed with PCR to possess the
blaVIM gene (25). Yusefi et al. in 2010 performed DDST on
the isolates from the northwest of Iran and only 37.5% of
the 139 strains had MBLs. Of these, 23.1% were positive in
PCR; 18 isolates carried blaVIM and 6 isolates carried blaIMP
(26). In a study by Cheng et al. in China in 2008, it was ob-
served that the class 1 integron gene was present in 43.5% of
the VIM strains and in one IMP-positive isolate (27). There
are differences in our study and other studies, which can be
due to other resistant mechanisms to MBLs, differences in
geographical regions and sample types, and multiple/high

resistance of isolates to antibiotics.

5.1. Conclusions

This study showed that antibiotic resistance is increas-
ing. Food contamination with bacteria resistant to antibi-
otics will increase the transmission of antibiotic resistance
to the intestinal bacterial flora of consumers, which needs
to be considered more as a risk factor. There is clinical im-
portance for MBL production as it generates multiple resis-
tance to medication used in treating infections of B. cereus.
Therefore, modifying antibiotic therapy regimens is essen-
tial to reduce the prevalence of MBL genes, especially in re-
cent years that microbial resistance has been on the rise
in most species of bacteria. As B. cereus is an important
contaminant of IMP, it is necessary to pay special attention
to quality control of imported IMP, exact supervision on
production units, and applying good manufacture prac-
tice (GMP) and hazard analysis and critical control point
(HACCP).
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