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ABSTRACT

Burden, due to foodborne diseases, particularly Salmonella infection, is high in developing
countries like Bangladesh. This research aimed at the molecular characterization of Salmonella
spp., isolated from selected school canteen’s fast foods in Dhaka city, Bangladesh, and to evaluate
the antibiotic resistance patterns of isolated foodborne pathogens. The school cafeterias were
selected by the convenience sampling method. The samples were collected aseptically, and serial
dilutions were made. The bacterial colonies were isolated by spread plate technique using
appropriate media, and bacterial identification was carried out using gram staining and biochemical
tests such as MIU, KIA, Oxidase, and Catalase test. The strain of Salmonella spp. was confirmed
by molecular characterization employing the 16S rRNA gene sequencing method. The
susceptibility of the isolates to various antibiotics was observed by modified Kirby-Bauer disk
diffusion method. Most of the samples were found to contain an unacceptable level of a total
aerobic count, which ranged from 5.6x10° to 6.1x10" and 3.4x10* to 7.2x10’ for burger and
sandwich samples, respectively. Significant isolates from the pathogenic strains were Salmonella
spp., Shigella, Klebsiella, Proteus, E. coli, Vibrio spp., Clostridium spp., Staphylococcus spp., and
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risk for the children’s health.

others. The further molecular characterization of isolated Salmonella spp. suggests the similarity
with Salmonella enterica serovar Rissen SeqrSC0091. Most isolates were resistant against
Ampicillin (100%), Azithromycin (60.87%), Tetracycline (39.43%), Colistin (32.61%), while were
highly sensitive to Gentamycin and Chloramphenicol. The presence of multidrug-resistant
foodborne pathogens at this high level in the school cafeteria’s fast foods signifies an increased

Keywords: Foodborne diseases; fast foods; antibiotic resistance; salmonella.

1. INTRODUCTION

Foodborne diseases, an emerging public health
problem, encompass a wide range of illnesses.
An estimated 2.2 million death among which 1.9
million being children is attributed to foodborne
and waterborne diarrheal diseases annually [1].
Most of the foodborne illnesses are bacterial,
Salmonella spp., Shigella spp., Staphylococcus
aureus, and Bacillus cereus are the dominant

bacteria responsible for causing foodborne
illness [2].
In the contemporary world, antimicrobial

resistance is one of the grave warnings to global
health and lives. The phenomena of antimicrobial
resistance result in the failure or ineffectiveness
of standard treatments and the persistence of
infections, further enhancing the chance of
expanding the severity. The microorganisms are
developed to resistant strains, which naturally
occur when they make erroneous copies of
themselves or when resistant genes are
swapped in between. The rise of drug-resistant
pathogens is stimulated by the uncontrolled use
of antimicrobial drugs [3]. Multi-drug resistant
bacterial infection in Europe alone causes
around 25000 deaths and a loss of €1.5 billion
annually [4]. Over and above, there are some

causes that accelerate the expansion of
antimicrobial  resistance. Inappropriate  or
inadequate infection limiting practices,
unhygienic  environments, and unsuitable

methods of handling foods are significant causes
[6,6]. A clinical investigation in Bangladesh
revealed that >70% of infecting bacteria were
resistant to at least one of the commonly used
antibiotics [7]. Moreover, the bacterial antibiotic-
resistant gene is transferred to other bacteria,
even to other species. This further works in
disseminating resistant bacteria from a particular
area to different geographical regions [8].

There have been dramatic transitions in
population dietary patterns, particularly a
substantial increase in the consumption of ultra-
processed foods, including fast foods. Fast food

consists of pre-cooked meals kept in readiness
for a customer’s arrival. Some fast-food outlets
use mass-produced pre-prepared ingredients
such as bagged buns & condiments, frozen beef
patties, prewashed and sliced vegetables, etc.
Fast food culture is an emerging trend among the
younger generation, contributing to a large extent
to childhood obesity [9]. The shorter preparation
time and longer holding time make the food
unsafe for consumption and increase the
probability of microbial contamination.
Sometimes the leftover foods are served, which
poses a substantial risk of food poisoning.

Nowadays, most of the schools in urban areas
are facilitated with a canteen. Students spend a
great deal of time in educational institutions.
Most of these canteens serve fast foods or fried
foods such as burgers, sandwiches, vegetable
rolls, etc. Moreover, if these foods are
contaminated with pathogens, they impose a
higher health risk. Therefore, it is pivotal to
explore the extent of antibiotic resistance
patterns of these pathogenic bacteria. This study
was aimed to identify the prevalence of multi-
drug resistant pathogenic bacteria present in
foods collected from the selected canteens of
some private and public schools of Dhaka city,
Bangladesh.

2. MATERIALS AND METHODS

2.1 Sample Collection

A total of a hundred Burgers and Sandwiches,
ten samples of each food item from five selected

school canteens were collected between
February 2019 to June 2019. All the samples
were collected under aseptic conditions

maintaining proper biosafety concerns.

2.2 Preparation of Samples

Ten grams of each sample was taken and mixed
with 90 mL peptone water. The flasks were
shaken for homogenization of the samples and
finally plugged with cotton. After adequately



mixing the sample, 1 ml of the sample solution
was pipetted and transferred into sterilized cell
culture tubes containing 9 mL of 0.1% peptone
water. After that, they were mixed thoroughly by
shaking by a vortex mixer (XH-C, Taiwan). Serial
dilutions were prepared from the
initial sample homogenate using the aseptic
technique.

2.3 Bacteriological Studies

For bacterial isolation, the spread plate method
was performed. Different culture mediums such
as Plate count agar (PCA), MacConkey agar,
Salmonella-Shigella (SS) agar, Eosin-methylene
blue (EMB) agar, Thiosulphate citrate bile salt
sucrose (TCBS) agar, Cooked meat media were
used for the isolation purpose. PCA was used to
evaluate the total viable count of the bacteria.
MacConkey agar is selective for gram-negative
enteric bacteria. SS agar was used for colony
characteristics of Salmonella, Shigella. TCBS
agar is a highly selective medium and was used
for the isolation of Vibrio spp., and Cooked meat
media was used for the growth of Listeria and
Clostridium. An estimated 50pL diluted sample
suspension from each test tubes was taken into
a sterile petri dish and incubated for 24-48 hours
at 370JC. Isolated bacterial colonies of different
types grown on these media were collected and
maintained in nutrient agar slant. The isolates
from the Cooked meat medium were stored in
nutrient agar, maintaining an anaerobic
condition. Bacterial colonies grown on agar
plates/slants were tested instantly for
morphological and cultural characteristics.

2.4 Characterization of Isolates

Colonies were observed for size, color, margin,
elevation, consistency, and opacity.
Morphological characteristics were investigated
through Grame-staining and microscopic
examination.  Cultural, morphological, and
biochemical characteristics were observed [10].
Several biochemical tests such as MIU (Motility
indole urease), KIA (Kliger iron agar), Catalase,
and Oxidase tests were carried out for the
identification of the isolated colonies.

2.5 Antibiotic Sensitivity Test

A modified disk diffusion method was performed
to see the susceptibility of the isolates to various
antibiotics such as Ampicillin, Chloramphenicol,
Gentamycin, Tetracycline, Colistin, Azithromycin,
Ciprofloxacin, and Levofloxacin. These
antibiotics had been chosen randomly. For the
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antibiotic susceptibility test, Muller-hilton agar
and Muller-hilton broth were used.

2.6 Molecular Characterization of
Salmonella spp.

PCR using universal primers for bacterial 16S
rRNA gene and invA gene was done for the
molecular  characterization of  Salmonella
isolates. The specific primers targeting the invA
region of Salmonella spp. were selected for the
molecular identification of the isolates [11]. All
the PCR tubes containing the reaction mixtures
were heated at 94 °C for 5 minutes in the thermal
cycler to ensure the denaturation of all DNA
templates. Then PCR reaction was then
continued according to the following program:
Denaturation at 94 °C for 1 minute, annealing at
55 °C for 1 minute, and extension at 72 °C for 30
seconds. These three steps were repeated
sequentially for 35 cycles with a final extension
for 7 minutes at 72 °C. After completion of the
reaction, PCR tubes were stored at -20 °C until
further analysis. For confirmation of the PCR
products of 16S rRNA, cycle sequencing was
performed using BigDye® Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystem, USA). The
extension product was purified, followed by
capillary electrophoresis using ABI Genetic
Analyzer (Applied Biosystems®, USA). Partial
sequences of desired genes obtained using
specific forward and reverse primers were
combined to full-length sequences using the
SegMan Genome Assembler [12] and were
compared to the GenBank database through the
primary local alignment search tool (BLAST) to
identify their close phylogenetic relatives [13].

3. RESULTS

The highest count of bacteria for both sandwich
and burger samples was found from the canteen
of school A, and the lowest count was found from
school C. Apart from the sandwich samples of
school C, the total bacterial loads of all other the
samples were unsatisfactory as per the
International Commission on Microbiological
Specifications for Foods [16] (Table 2).

Analysis of the isolates’ antibiotic susceptibility
pattern showed that 100% of the isolates were
resistant against at least one antibiotic, 52%
were resistant against two antibiotics, 26% were
against three antibiotics, and 22% were resistant
against more than three antibiotics. Our studies
revealed that the Salmonella spp., E. coli
Pseudomonas, Proteus, Vibrio, and other
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isolates were highly resistant to various antimicrobials could be two of the leading causes
antimicrobial ~ agents. Improper  hygienic  for the prevalence of these pathogenic resistance
standards  and indiscriminate use of strains (Fig. 1).

Table 1. Selected primer’s sequence for this study

Target Primers Sequence(5'— 3') Amplicon Annealing Reference
gene Size (bp) Temperature
(£C)

invA 139F GTGAAATTATCGCCACGTCGGGCAA 284 53 Rahn et

al., [14]

141R TCATCGCACCGTCAAAGGAACC

16S 27F AGAGTTTGATCMTGGCTCAG 900 55 Lane et al.
rRNA [15]

1492R  CCGTCAATTCMTTTRAGTTT

Table 2. Total count of viable bacteria found in sandwich samples from different school
canteens using PCA

Sample Type of school Name of school Mean Total count* (CFU/g) Remark
School A 7.23x10" Unsatisfactory
Public School B 5.64x10° Unsatisfactory
Sandwich School C 3.41x10* Acceptable
School D 5.62x10° Unsatisfactory
Private School E 7.17x10° Unsatisfactory
School A 6.12x10’ Unsatisfactory
Public School B 1.53x10° Unsatisfactory
Burger School C 5.67x10° Unsatisfactory
School D 1.33x10° Unsatisfactory
Private School E 8.64x10° Unsatisfactory

Note: According to International Commission on Microbiological Specifications for Foods,
<10* = Good, <10° = Acceptable, 210° = Unsatisfactory
*Average count of 10 samples from each school.
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Fig. 1. Diagrammatic presentation of the antibiotic resistance pattern of the isolates
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Fig. 2. Agarose gel electrophoresis (on 1% agarose gel) of (left) 16S rRNA gene profile (right)
invA gene profile
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Fig. 3. Phylogenetic tree of 16S rRNA gene sequences of Salmonella isolates and close relative
reference isolates retrieved from the database

The Multiple Antibiotic Resistance Index of the
41 Gram-negative isolates was calculated to see
the isolate’s ability to resist the antibiotics used in
the study (Table 3).

Based on biochemical characterization, two
isolates coded as S2 and S4 from the
presumptive identified Salmonella group were
selected for the 16S rRNA gene sequencing.
PCR product of each isolate was selected for
sequence analysis using respective primers (Fig.
2).

Table 3. Multiple Antibiotic Resistance Index
of isolated bacteria

Bacterial spp. MAR %
Salmonella 62.5

E. coli 75
Klebsiella 50
Proteus 375
Vibrio 375
Pseudomonas 25
Shigella 25
Aeromonas 375

Yersinia 37.5




The Phylogenetic tree was constructed in
MEGA7 software using the Neighbor-Joining
algorithm, and that was found to be similar
(98.44%) with Salmonella enterica serovar
Rissen SeqrSC0091 (Fig. 3).

4. DISCUSSION

The result of the current study indicates
unsatisfactory microbial load in the school
canteen’s food, which can be pernicious to the
student's health due to the presence of
potentially pathogenic strain.

The fast-food samples were maintained at the
same condition as purchased. So, the count
represented what the school children were
consuming. All the samples were coded to
ensure blinding. Sandwiches and burgers
contained fresh salad items and mayonnaise as
well as were moist inside; these somewhat
explain the presence of bacteria in those items.
Fresh-cut vegetables or minimally processed
ready-to-eat salad samples were highly
contaminated with coliforms, E. coli, Bacillus
cereus, and Staphylococcus aureus in several
studies [17,18]. The presence of E.coli,
Klebsiella, Staphylococcus in the food samples
from school canteens might be because of using
these kinds of fresh vegetable products.

As per the CDC statistics, about 1.2 million
illnesses, 23,000 hospitalizations, and 450
deaths each year in the USA are attributed to
Salmonella alone [19]. WHO estimated that
diarrheal and invasive infections of all foodborne
diseases due to non-typhoidal S. enterica
infections resulted in the highest-burden causing
4.07 million DALYs, and food is the source for
about 1 million of these illnesses [1].Salmonella
spp., the most notorious group for causing
typhoid, paratyphoid, and foodborne toxicity, was
found at an alarming number in this study. Both
the samples contained a high amount of these
pathogenic bacteria. Salmonella spp. were found
in meat-based fast foods in a similar study in
Lebanon [20]. These bacteria are generally
transmitted to humans by  consuming
contaminated food of animal origin, mainly meat,
poultry, eggs, and milk. As both the fast-food
samples contained ground or whole poultry meat,
the sandwich sample also had egg, which could
be the most probable route of transmitting this
pathogenic species into the children’s stomach.
The most important sources of Clostridium spp.
are meat and meat products. A study found a
47% incidence of Clostridium perfringenes in
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ground beef [21]. It can also be found in poultry
as both of the food samples contained minced
poultry meat. Presence of Clostridium spp.
indicates an unhygienic environment or lack of
proper processing of raw flesh. Despite having
similarities in components between burger and
sandwich samples, the sandwich samples
contain varied and more numbers of bacteria.
This could be attributed to fried and moist minced
meat in burger and sandwich samples,
respectively. No significant statistical difference
was found between the burger and sandwich
samples.

The present study results also showed a very
high level of Vibrio spp. A similar study was also
found as high as 6x10° CFU/g of V. cholerae in
fast food items in Dhaka city of Bangladesh [22].
The V. cholerae genome readily changes, with
extensive genetic recombination through lateral
gene ftransfer, resulting in termed shifts and drifts
in the genome sequence [23]. This genetic
plasticity is reflected in the observation of
multiple genetically distinct V. cholera strains,
which also showed multiple drug resistance.
Multidrug-resistant Vibrio spp. was isolated from
most of the samples.

Our studies revealed that the Salmonella spp., E.
coli, Pseudomonas, Proteus, Vibrio, and other

isolates were highly resistant to various
antimicrobial ~ agents. Improper  hygienic
standards and indiscriminate use of

antimicrobials could be two of the primary causes
for the prevalence of these pathogenic resistance
strains [24]. The study also showed that 100% of
the isolated organisms were resistant to at least
one antibiotic, Ampicillin. Multi-drug resistant
Salmonella spp. and Vibrio spp. have been found
in poultry in various studies in Bangladesh. In
this study, we have found E. coli, Vibrio spp.,
Salmonella spp., and Proteus spp. to be resistant
against Ampicillin, Azithromycin, Colistin, and
Tetracycline mainly. A similar study shows that
almost 80% of samples were tested for
Salmonella spp. isolates were resistant to at
least one of the tested antimicrobials [20]. In the
same study, Salmonella spp. were least resistant
to Cefotaxime (25.9%) and with moderate
susceptibility of 57.1% against both Cefuroxime
and Gentamicin, but in our study, the Salmonella
spp. showed no resistance against Gentamicin
but 100% resistance against Ampicillin,
Azithromycin, and Colistin.

Ciprofloxacin is a third-generation antibiotic. E.
coli, Vibrio spp., Proteus spp.,and Salmonella



spp. were found to be resistant to these
antibiotics. The MRI percentage of the individual
species ranged from 25% for Shigella,
Pseudomonas, for Salmonella 67.33%, and was
highest for E. coli (75%). Colistin is considered to
be the last resort against several species of
multiple drug-resistant bacteria [25]. The present
study found several bacteria, including
Salmonella spp., to be resistant against colistin.
Some of the isolated E. coli was resistant, and a
Proteus spp. was found to be intermediately
resistant against levofloxacin. Proteus spp. are
notorious for causing urinary tract infections, and
also levofloxacin is used to cure this problem
[26]. Horizontal transfer of these resistances to
unrelated species is assumed to worsen the
situation.

There are several limitations of this current study.
The sample size of the study was relatively
small. This study should have been done with
more samples and throughout the supply chain,
particularly in every critical control point of
production level to consumer level for finding the
source of contamination.

5. CONCLUSION

The result of drug resistance profiling implies that
Bangladesh’s antibiotic usage pattern is not
entirely safe and may impart a significant threat
to our lives. In Bangladesh, a regular monitoring
system for assessing foodborne illness is
unavailable, limiting our knowledge of the actual
situation prevailing here. Although numerous
studies have been carried out to determine the
prevalence of bacterial contamination in street
foods, comprehensive studies to comprehend the
critical control points causing  microbial
contamination in school canteen foods are
scanty. More research should be done, and data
should be published systematically regularly.
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