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1. INTRODUCTION

ABSTRACT

Food samples containing Staphylococcus aureus pose a serious
health risk. This study aimed to examine the prevalence of S. aureus
strains in various food samples sourced from Mailsi and Multan.
Many food samples including yogurt, bakery products, and raw and
cooked food were examined for S. aureus. The isolated strains were
confirmed through Mannitol agar fermentation, catalase, coagulase,
and urease tests. Hemolysis on blood agar and biofilm formation
were also assessed to determine toxin production. Antibiotic
sensitivity testing was conducted using the Kirby Bauer method on
MH agar, and multiple antibiotics were tested. Out of all samples, a
total of 50 S. aureus strains were obtained, mainly from milk and
milk-based products. Yellow colonies on mannitol salt agar
confirmed S. aureus presence, with all isolates testing positive for
coagulase, catalase, and urease. The presence of hemolysins: beta,
gamma, and alpha were revealed by hemolysis assays. Biofilm assay
results showed variation among the strains, with some categorized
as strong, moderate, or weak biofilm formers. Regarding antibiotic
sensitivity, most strains exhibited multidrug resistance, particularly
against certain antibiotics. Vancomycin showed varying
susceptibility patterns, some strains showed susceptibility and
intermediate resistance, whereas only milk samples showed
resistance. This study emphasizes the prevalence of MDR S. aureus
strains in food samples. The study underscores the significance of
antimicrobial stewardship programs and stringent food safety
measures in preventing the spread of antibiotic-resistant strains and
reducing foodborne illnesses. Further research is needed to explore
the mechanisms behind antibiotic resistance and toxin production in
S. aureus strains from food samples.

various severe diseases accompanied by
clinical presentation ranging from small skin

A dreadful pathogenic microorganism, namely
Staphylococcus aureus, lives in the skin and
nasal membranes and is responsible for many
hospital-acquired and community infections
[1]. Staphylococcus aureus is responsible for
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infections to life-threatening infections [2]. In
community settings and health institutions, S.
aureus pathogenicity has become a great threat
with the emergence of methicillin-resistant S.
aureus [3]. The colonies of methicillin-
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resistant S. aureus have been identified in food
such as milk products and raw milk [4]. In
humans, the principal ecological niche of this
bacterium is anterior nares, where it colonizes.
S. aureus colonies can only be stored at 4
degrees Celsius [5]. This bacterium is
characterized by high virulence and flexibility,
allowing it to cause infection, invasion,
persistence, and replication in various human
tissues like skin, bone, or visceral organs [6].
Staphylococcus aureus produces catalase,
which breaks down hydrogen peroxide, thus
aiding its survival in the host by protecting it
from the host’s immune system. Unlike other
Staphylococcus species, the coagulase enzyme
is produced by all isolates of S. aureus which
is a virulence factor and aids in recognizing this
bacteria [7]. Upregulated expression of various
toxins like gamma toxin, by the Agr gene, helps
S. aureus in adhesion and biofilm formation
[8]. Unhygienic practices in food processing
industries may result in food contaminated
with pathogens that impose a serious health
hazard for consumers. In many food sectors,
biofilms are a severe problem. In the food
industry, S. aureus can thrive in hostile
environments due to its ability to form biofilms
[9]. The milking equipment contaminated with
biofilm is a great source of S. aureus [10]. It
can be transferred to food from air, food
contact surfaces, and dust. It can grow at low
water activity and has also been found in salted
food. An intoxication that is reported by eating
food possessing one or more preformed toxins
is referred to as Staphylococcal food poisoning
[11]. Symptoms of acute gastroenteritis arise
in  humans when exoproteins, namely
Staphylococcal enterotoxins (SE), are ingested.
Enterotoxins are low molecular weight
proteins. SEs are pyrogenic toxin antigens
characterized by high stability, showing
resistance to more proteolytic enzymes like
trypsin or pepsin and thus retaining their
activity in the digestive tract of humans [12].
The test food may be negative for S. aureus but

positive for S. aureus enterotoxins, as
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enterotoxins are not heat sensitive, unlike S.
aureus [13]. In a primate model, Sags (super-
antigens) that cause vomiting after ingestion
are called SEs. Staphylococcal enterotoxin-like
super-antigens (SEls) are related toxins that
either lack enzymatic activity or have not been
tested [14].

In Staphylococcal food-borne diseases (SFD),
SEs are involved. As they are characterized by
super antigenic  activity, they cause
inflammation of the intestine and degranulation
of mast cells present in the intestine. In France,
the UK, and Japan, the study of cases of
Staphylococcal food diseases reported that
SEA is commonly found in patients with SFD
[15]. The current study is designed to
investigate the prevalence of S. aureus in food-
related settings and to evaluate the antibiotic
profiling of the respective\ isolates. In
Pakistan, a 38% prevalence of MRSA has been
reported in buffaloes [16]. Pakistan has seen a
dearth of scientific studies on food safety; as a
result, it is imperative to provide wholesome
literature on the subject to help clarify the
problematic area [17]. The outcomes of this
research aim to contribute to a proficient
comprehension of the pathogenesis and
epidemiology of S. aureus infections, with
implications for food safety measures and
public health interventions.

2. METHODS

2.1 Sample Collection

Food samples were collected from different
areas of Mailsi and Multan (Table 01). Total 60
samples were collected from street food,
butchers, bakeries, and milk shops. Solid
samples (including Pholky, Bakar Khani,
Chicken, Fries, Pizza, and Potato Kebabs) were
crushed and packed in sterile polythene bags
whereas liquid samples were kept in sterile
tubes. All food samples were kept in the
refrigerator at 4 degrees Celsius. Sampling was
done under aseptic conditions, ensuring the use
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of sterilized equipment
contamination risks.

and minimizing

Table 1. Details of food samples collected and processed from different regions of Southern Punjab

Sample number Sample name

1 Cheese halwa
2 Pholky

10 Bakar Khani
10 Chicken

6 Fries

15 Pizza

5 Potato Kebabs
1 Dahi bhalay
5 Shawarma 1
5 Shawarma 2

—_
[«

Yogurt samples
Milk samples

W

2.2 Sample Processing

All equipment was cleaned and sterilized
before use to prevent contamination. Solid food
samples were crushed into tiny pieces with the
help of a sterile mortar and pestle. Using
analytical balance, samples were weighed to
determine the same size and quantity. Liquid
and semisolid food items were homogenized
using a vortex. Sample processing was done
carefully to avoid contamination. Sample
processing was conducted carefully and under
aseptic conditions to minimize the risk of
contamination.

2.3 Enrichment of Sample

Sterile-buffered peptone water was used to
facilitate the growth and enrichment of
microbes in the samples. For liquid samples,
10ml was added to 90ml of sterile buffered
peptone water in a flask, whereas the same
procedure was followed for solid samples. The
homogeneous suspension was prepared by
using a vortex. Subsequently, food samples
were incubated in a shaking incubator at 37
degrees Celsius and 160 rpm for 24 hours [18].
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Location Sample type
Chungi No. 6 Multan Cooked
Gardezi market Multan Cooked, solid
Multan Baked, solid
Multan Raw, solid

Gardezi market Multan
Pappa gino’s Multan

Fried, solid
Baked, solid

Multan Fried, solid
Mailsi Cooked
Mailsi Cooked
Multan Cooked
Mailsi Viscous
Mailsi Raw, liquid

2.4 Isolation and Biochemical
Characterization of Staphylococcus
aureus

After enrichment, dilutions were made, with
each homogenous mixture diluted to 10°
dilutions. 0.1 ml of suspension from the last
dilution was plated on the mannitol salt agar
and plates were incubated at 37 degrees
Celsius, for 24 hrs. After incubation, yellow
colonies exhibiting characteristic features of S.
aureus were observed. For further analysis,
pure colonies were obtained by re-streaking on
mannitol salt agar [19]. Gram staining was
done to reveal cell morphology [20]. For
biochemical characterization, catalase,
coagulase, urease, and motility tests were
performed [21].

2.5 Evaluation of Toxin Production

For evaluation of toxin production two tests
were performed i.e. blood agar hemolysis and
biofilm evaluation assay. To assess the
presence of hemolysin, isolated strains were
streaked onto the blood agar. The plates were
then incubated at 37 degrees Celsius for 48



hours. Following incubation, the plates were
observed for hemolysis, indicated by the
presence of alpha or beta hemolysis around
streaked isolates [22].

For the analysis of biofilm formation,
trypticase soy broth was used as a nutrient-rich
medium to support bacterial growth and
biofilm formation under sterile conditions. The
biofilm formation method reported by Chen,
Xie, Lou, Cheng, Liu, Zheng, Zheng and Wang
[23] was executed. Inoculation of 108 CFU/ml
was given in TSB and tubes were incubated for
24, 48 and 72 hours at 37 degrees Celsius, in
replicates. After 24, 48, and 72 hours, tubes
were removed from the incubator, and the
content of the tubes was discarded and
followed by the washing of biofilms with
phosphate-buffered saline (PBS) and allowed
to air dry at room temperature. Subsequently,
0.1% Crystal violet solution was used for
staining of biofilm for 15 minutes, then tubes
were rinsed, and the biofilm was fixed with
33% glacial acetic acid for 10% [24]. The
absorbance was taken at 490nm.

2.6 Antimicrobial Susceptibility Testing

The Kirby-Bauer method was used to analyze
the antibiotic sensitivity of the strains. Muller
Hinton agar was used for this method [25].
Bacterial suspension was prepared by
inoculating the bacteria in saline. After
incubation at 37 degrees Celsius for 24 hours,
optical density was measured by using the 0.5
McFarland turbidity standards. Subsequently,
the test suspension was spread homogeneously
onto the Muller Hinton agar plates using a
sterile swab. Four different antibiotics
vancomycin  (30pg), erythromycin(15ug),
ampicillin ((10pg), and cefotaxime (30pg)
were placed on the petri plate at equal
distances. The plates were then incubated at 37
degrees Celsius for 24 hours. After incubation,
the plates were observed, and the zone of
inhibition was measured in millimeters
according to the guidelines outlined in the
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Clinical and Laboratory Standards Institute
(CLSI, 2012) guidelines.

3. Results

During this study, 50 strains of Staphylococcus
aureus were isolated from different food
samples obtained from various sources (Table
02). The samples were spread on mannitol salt
agar, and the appearance of yellow colonies
and change in media coloration indicated S.
aureus colonies (Figure 01). Notably,
numerous colonies were observed in the milk
bottle purchased from Multan, suggesting a
potential  source  of  high  bacterial
contamination. In contrast, food samples from
Mailsi City such as shawarma, dahi bhalay,
tomato chutney, and green raita tested negative
for Staphylococcus aureus. Similarly, samples
from Multan, including pizza, fries, potato
kebab, cheese halwa, pholky, khoya, and
yogurt showed no growth of Staphylococcus
aureus. All isolated strains exhibited yellow
colonies, confirming their identity as
Staphylococcus aureus. Furthermore, all the
isolated strains appeared gram positive and
cocci in shape on gram staining. Additionally,
the isolated strains tested positive for
coagulase, catalase, and urease tests, further
supporting their identification as
Staphylococcus aureus. The Hemolysis assay
was performed on the S. aureus strains isolated
from different food samples (Figure 02).
Strains isolated from Mailsi yogurt exhibited
alpha hemolysis characterized by a light
greenish color and incomplete breakage of red
blood cells. Strains isolated from yogurt
samples from other locations revealed a clear
zone as red blood cells were completely lysed.
There was no clear zone in the case of isolates
from chicken, indicating gamma hemolysis. 50
percent of isolates were beta hemolytic, 30
percent were alpha hemolytic and 20 percent
were gamma hemolytic.
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Biofilm experiments of isolated S. aureus
strains were carried out to assess their biofilm-
forming capabilities.

Table 2. Isolation and identification of S. aureus from different samples

Sample Location Sample name Number of colonies quber O.f
observed colonies purified
1 Multan Cheese halwa No growth -
2 Multan Pholky No growth -
3 Multan Bakar Khani 10 2
4 Multan Chicken 20 6
5 Multan Fries No growth -
6 Multan Pizza No growth -
7 Multan Potato Kebab No growth -
8 Multan Milk 12 6
9 Mailsi Dahi Bhalay No growth -
10 Mailsi colony Shawarma No growth -
chowk
11 Mailsi food street Shawarma No growth -
12 Mailsi Raw Milk 12 7
13 Mailsi Green raita No growth -
14 Mailsi Tomato No growth
chutney
15 Mailsi Yogurt 6 3
16 Mailsi Chicken 10 3
17 Multan 6 No. Milk 4 2
18 Multan 6 No. Chicken 4 5
19 Multan 6 No. Milk bottle Too numerous to 10
count

20 Multan 6 No. Khoya No strain -
21 Multan 6 No. Yogurt 7 5
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chicken:

chi
Figure 2. A and B show gamma hemolysis. In C, both strains show alpha hemolysis. In D, strain 2 indicates
beta hemolysis and strain 1 exhibited alpha hemolysis
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Figure 3. From the yogurt sample, isolate Y3 is a weak biofilm former whereas Y4 is a moderate biofilm
former. In Figure B, the strain isolated from the milk bottle shows strong biofilm formation and the second
tube shows weak biofilm by an isolate from chicken. In C, the first tube showed weak biofilm of strain
isolated from Mailsi milk and the other two showed moderate biofilm of strains isolated from Multan milk
and chicken, respectively

1 U1 Volume 2 Issue 2, Fall 2024
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Yogurt samples showed a predominance of
moderate and weak biofilm production,
whereas bacteria isolated from Mailsi milk
produced weak biofilm, as shown in Figure 3.
On the other hand, isolates of chicken samples
in Multan showed moderate biofilm formation,
whereas strains from the milk bottle purchased
in Multan showed significant biofilm
formation. These differences in the biofilm
formation patterns highlighted the bacterial
potential for pathogenicity. Noteworthy is the
prevalence of strong biofilm formers in
samples from the Multan milk bottle,
suggesting potential sources or conditions
contributing to this phenomenon.

3.1 Antibiotic Susceptibility Test

The antibiotic susceptibility test was performed
using four antibiotics: vancomycin, ampicillin,
erythromycin, and amoxicillin (Table 03). All
S. aureus isolated from food samples were
found resistant to amoxicillin and ampicillin
(Figure 04). Only one strain, designated as
Yma and isolated from Mailsi yogurt, showed
susceptibility to erythromycin, while other
strains exhibited resistance. Variable results
were observed while testing the antimicrobial
effect of vancomycin, with four strains
showing resistance and seven isolated strains
showing  susceptibility. These findings
indicated that the isolated S. aureus strains
were multidrug-resistant and highly virulent.

Table 3. Antibiotic susceptibility profiling of S. aureus isolated from food samples

Strains Vancomycin Ampicillin Erythromycin Amoxicillin
SYi S R R R
SMyoti R R R R
YB Intermediate R R R
CM; S R R R
Cm Intermediate R R R
Cmu Intermediate R R R
Yma S R S R
Mma Intermediate R R R
Mmb6 Intermediate R R R
Mm Intermediate R R R
MB R R R R
Yma2 S R R R
YB3 S R R R
Mool R R R R
Mbo2 R R R R
Cma4 Intermediate R R R
Chm?7 S R R R
YB3 S R R R
Mm?2 Intermediate R R R

*R=resistance and S=sensitive
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Figures 4. Antibiotic susceptibility testing of S. aureus isolates from food samples

4. DISCUSSION

The emergence of antibiotic-resistant S. aureus
strains in food samples presents a significant
public health concern. In the current study,
investigated the antibiotic susceptibility
patterns of S. aureus isolated from various food
sources and evaluated their potential virulence
factors. Findings revealed various valuable
insights into the prevalence of antibiotic
resistance and the virulence potential of these
foodborne pathogens. By testing the different
food samples, food hygiene was assessed.
Street products showed no growth of S. aureus.
Raw food samples like yogurt, milk, and
chicken were positive for S. aureus isolates. S.
aureus was accompanied by a high degree of
virulence and is considered the most virulent
pathogen. A total of 50 S. aureus strains were
isolated on mannitol salt agar, which is a
selective media for S. aureus. The appearance
of yellow colonies and the change in the color
of the media was an interpretation of positive
results. All isolated strains were tested positive

"I O I TSF JOURNAL OF BIOLOGY
B OR  Volume 2 Issue 2, Fall 2024

for catalase, coagulase, and urease test. Results
indicated a high prevalence of multidrug-
resistant S. aureus strains among the isolates
tested. The rise of multidrug resistance poses
challenges to the efficient treatment of S.
aureus-related illnesses and emphasizes the
urgent need for alternative therapeutic
approaches [26].

In this study, 50 strains were evaluated for
hemolysin production. 3 types of hemolysins
were observed, and results indicated that 50
percent of isolates were beta-hemolytic, 30
percent were alpha-hemolytic, and 20 percent
were gamma hemolytic. These varied
hemolysis patterns suggested variations in the
strain’s potential to rupture red blood cells,
which may indicate differences in virulence
among the strains [27]. Previous studies have
shown that most S. aureus strains isolated from
buffalo milk were delta hemolysin producers
[28]. While alpha and beta hemolysis was
observed by S. aureus strains of human origin.
It has been reported that coagulase-positive



isolates from animal origin exhibited beta
hemolysis [29]. Hemolysins play an important
role in increasing the virulence of bacteria.
Hemolysin production by S. aureus can make
it resistant [30].

Many virulent factors play a crucial role in the
pathogenesis of this bacteria allowing it to
colonize and persist within the host cell.
Several exotoxins are secreted by these
bacteria in which a group of polypeptides
(gamma hemolysin, alpha hemolysin and
phenol soluble modulins) is also included,
which can destruct the plasma membrane of the
host cell. The hemolytic activity of S. aureus
results in the lysis of red blood cells [31]. Alpha
hemolysins are also effective against
mammalian cells like human red blood cells
and can be neurotoxic to humans. A two-
component toxin namely gamma toxin is a
constituent of 6 different proteins and is
actively involved in the breakdown of red
blood cells. A low molecular weight toxin
namely alpha toxin has the ability to cause lysis
of many cell types [32]. A non-pore-forming
toxin namely beta toxin is a sphingomyelinase
and is involved in hemolysis. Beta toxin is
related to the DNase 1 superfamily and there
might be a possibility that it causes cleavage of
DNA [33].

It has been observed that biofilm formed by
microbes is responsible for 80 percent
contamination of food. S. aureus is a well-
known food-borne pathogen and can form
biofilm efficiently, thus is responsible for
severe food poisoning and contamination of
food processing equipment [34]. Biofilm is a
defense system utilized by bacteria to survive
in harsh conditions and to make community of
cells surrounded by EPS (extracellular
polymeric substances). Extracellular DNA
(eDNA) is present in biofilm and is considered
a crucial component. eDNA enhances the
adhesion capacity of bacteria [35]. S. aureus
can form biofilm on both living and non-living
surfaces. Strains that form biofilm are
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characterized by higher resistance to antibiotics
than those who do mnot form [36].
Contamination level of food surfaces with S.
aureus reveals that the hygienic standard of
food industries should be improved and
livestock should be handled in a better way.
Foods get contaminated due to the biofilm
formation and this all happen due to
inappropriate use of cleaning agent against
bacterial cells forming biofilm [37]. Biofilm
associated protein is crucial for the initial
adherence of S. aureus and for its biofilm
formation [38]. In this study, the Crystal violet
staining method was used to test for biofilm
formation. The appearance of the ring in the
bottom of the tube was an indication of a
positive result. Thick ring formation means that
the strain exhibits strong biofilm formation.
Thin ring formation indicates weak to
moderate biofilm formation. Strong biofilm
formation was observed by isolates obtained
from milk bottles and weak biofilm formation
by chicken isolates. Whereas moderate biofilm
formation was observed from strains isolated
from yogurt. The high tendency for biofilm
formation revealed the virulence of strains. The
stronger the biofilm formation, the more
infectious the strain is [39]. One study revealed
that methicillin resistant S. aureus from milk
sources exhibited high potency for biofilm
formation [40].

Antibiotic resistance can be transmitted
through food, and this happens due to the
presence of antibiotic residues in food and
resistant food pathogens. Most of the
commonly used antibiotics are ineffective on
Staphylococcus — aureus because of an
exopolysaccharide barrier which is produced
by this bacteria within the micro abscesses thus
limiting the activity of drugs [41].Most S.
aureus strains were resistant to ampicillin,
amoxicillin, and erythromycin in the current
study indicating that they were multidrug
resistant. All isolated strains exhibited
resistance against ampicillin and amoxicillin.
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Only a few strains from the milk bottle were
resistant to vancomycin whereas a few strains
were susceptible and some showed
intermediate resistance to vancomycin. In a
previous study, all test strains were resistant to
methicillin but were found sensitive to
vancomycin [42].

Overall, the study highlights the consequence
of continued surveillance and monitoring of
virulence factors and antibiotic resistance in
foodborne pathogens to inform public health
interventions and mitigate the risk of
foodborne illnesses. Future research efforts
should focus on elucidating the mechanisms
underlying antibiotic resistance and virulence
in S. aureus strains isolated from food samples,
as well as developing alternative strategies for
the control and management of foodborne
infections.

5. CONCLUSION

In conclusion, this study emphasizes the
alarming prevalence of multidrug-resistant S.
aureus strains in several food sources,
especially from raw foods. So, consumption of
raw foods should be avoided as it is a health
risk. During baking, hygienic protocols are not
properly followed leading to contamination of
bakery products. The presence of S. aureus in
food can cause food poisoning. There should
be proper hygienic control in food industries.
Surface sterilization and personnel hygiene of
industry workers should be regularly
monitored. Food should be cooked properly.
Resistance to common antibiotics like
ampicillin and amoxicillin was widespread
among the isolates, emphasizing the
determination  for alternative treatment
strategies. Variability in susceptibility patterns
to other antibiotics was also observed,
emphasizing the need for continuous
monitoring of antibiotic resistance trends in
foodborne  pathogens. Furthermore, the
presence  of  diverse  biofilm-forming
capabilities and hemolytic activity among the
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isolates emphasizes the complexity of
microbial virulence. Strengthening food safety
measures and antimicrobial stewardship
programs are crucial to mitigate the spread of
antibiotic-resistant strains and reduce the risk
of foodborne illnesses. Future research should
focus on wunderstanding the underlying
mechanisms of antibiotic resistance and
virulence in S. aureus strains from food
samples, facilitating the development of
effective interventions to safeguard public
health.

REFERENCES
1. Barua S. ANTIMICROBIAL
RESISTANCE PATTERN OF

BACTERIA  ASSOCIATED WITH
RESPIRATORY TRACT INFECTION
IN GOATS. dspace.cvasu.ac.bd.
Published June 1, 2021. Accessed 2024.
http://dspace.cvasu.ac.bd/jspui/handle/12
3456789/1006

2. Rasheed NA, Hussein NR. Prevalence of
Nasal Carriage Rate and Antimicrobial
Susceptibility Testing of Staphylococcus
aureus Strains Isolated From Syrian
Students in Kurdistan, Iraq. Middle East
Journal of Rehabilitation and Health
Studies. 2020;7(3).
https://doi.org/10.5812/mejrh.103394

3. Ahmad-Mansour N, Loubet P, Pouget C,
et al. Staphylococcus aureus Toxins: An
Update on Their Pathogenic Properties
and Potential Treatments. Toxins.
2021;13(10):677.
https://doi.org/10.3390/toxins13100677

4. Titouche Y, Houali K, Ruiz-Ripa L, et al.
Enterotoxin genes and antimicrobial
resistance in Staphylococcus aureus
isolated from food products in Algeria.
Journal  of Applied  Microbiology.
2020;129(4):1043-1052.
https://doi.org/10.1111/jam.14665



http://dspace.cvasu.ac.bd/jspui/handle/123456789/1006
http://dspace.cvasu.ac.bd/jspui/handle/123456789/1006
https://doi.org/10.5812/mejrh.103394
https://doi.org/10.3390/toxins13100677
https://doi.org/10.1111/jam.14665

11.

Mrochen DM, Fernandes de Oliveira LM,
Raafat D, Holtfreter S. Staphylococcus
aureus Host Tropism and Its Implications

for Murine Infection Models.
International  Journal of Molecular
Sciences. 2020;21(19):7061.

https://doi.org/10.3390/ijms21197061

Sohail MU, Mashood F, Oberbach A,
Chennakkandathil S, Schmidt F. The role
of pathogens in diabetes pathogenesis and
the potential of immunoproteomics as a
diagnostic and prognostic tool. Frontiers
in Microbiology. 2022;13.
https://doi.org/10.3389/fmicb.2022.10423
62

Cheung GYC, Bae JS, Otto M.
Pathogenicity = and  virulence  of
Staphylococcus aureus. Virulence.

2021;12(1):547-5609.
https://doi.org/10.1080/21505594.2021.1
878688

Taj Z, Chattopadhyay I. Staphylococcus
aureus Virulence Factors and Biofilm
Components: Synthesis, Structure,
Function and Inhibitors. ESKAPE
Pathogens Springer, Singapore. Published
online  January 1, 2024:227-270.
https://doi.org/10.1007/978-981-99-8799-
38

Olanbiwoninu AA, Popoola BM. Biofilms
and their impact on the food industry.
Saudi Journal of Biological Sciences.
2023;30(2):103523
https://doi.org/10.1016/].s1bs.2022.10352
3.

Vargova M, Zigo F, Vyrostkova J,
Farkasova Z, Rehan IF. Biofilm-
Producing Ability of Staphylococcus
aureus Obtained from Surfaces and Milk
of Mastitic Cows. Veterinary Sciences.
2023;10(6):386.
https://doi.org/10.3390/vetsci10060386

IO T TSF JOURNAL OF BIOLOGY
B OB Volume 2 Issue 2, Fall 2024

12.

13.

14.

15.

16.

17.

Siddique et al. | 17

Wageh Sobhy Darwish, Waleed Rizk El-
Ghareeb, Alsayeqgh AF, Eldin A.
Foodborne intoxications and
toxicoinfections in the Middle East.
Elsevier eBooks. Published online January
1, 2022:109-141.
https://doi.org/10.1016/b978-0-12-
822417-5.00001-5

Habiba Zaffar, Nawaz I, Nisar N, Bibi
Saima Zeb, Zafar M, Khurshid G. An
Overview of Bacterial Toxigenesis and a
Potential Biological Weapon in Warfare.
IntechOpen eBooks. Published online
March 13, 2024.
https://doi.org/10.5772/intechopen.11405
4

Li Q, Dou L, Zhang Y, et al. A
comprehensive review on the detection of
Staphylococcus aureus enterotoxins in
food samples. Comprehensive Reviews in
Food Science and Food Safety.
2024;23(1):e13264.

https://doi.org/10.1111/1541-4337.13264

Abdurrahman G, Schmiedeke F, Bachert
C, Broker BM, Holtfreter S. Allergy—A
New Role for T Cell Superantigens of
Staphylococcus aureus? Toxins.
2020;12(3):176.
https://doi.org/10.3390/toxins12030176

Shahid M, Khurshid M, Mehmood MA,
Malik S, Manzoor I, Muhammad S.
Climate Change and Ecosystems. In: CRC
Press; 2022:14.
https://doi.org/10.1201/9781003286400

[jaz M, Javed MU, Ahmed A, Rasheed H,
Shah SFA, Ali M. Evidence-based
identification and characterization of
methicillin-resistant
Staphylococcusaureus  isolated  from
subclinical mastitis in dairy buffaloes of
Pakistan. PubMed. 2023;24(3):215-226.
https://doi.org/10.22099/1jvr.2023.46970.
6755



https://doi.org/10.3390/ijms21197061
https://doi.org/10.3390/ijms21197061
https://doi.org/10.3389/fmicb.2022.1042362
https://doi.org/10.3389/fmicb.2022.1042362
https://doi.org/10.1080/21505594.2021.1878688
https://doi.org/10.1080/21505594.2021.1878688
https://doi.org/10.1007/978-981-99-8799-3_8
https://doi.org/10.1007/978-981-99-8799-3_8
https://doi.org/10.1016/j.sjbs.2022.103523.
https://doi.org/10.1016/j.sjbs.2022.103523.
https://doi.org/10.3390/vetsci10060386
https://doi.org/10.1016/b978-0-12-822417-5.00001-5
https://doi.org/10.1016/b978-0-12-822417-5.00001-5
https://doi.org/10.5772/intechopen.114054
https://doi.org/10.5772/intechopen.114054
https://doi.org/10.1111/1541-4337.13264
https://doi.org/10.3390/toxins12030176
https://doi.org/10.1201/9781003286400
https://doi.org/10.22099/ijvr.2023.46970.6755
https://doi.org/10.22099/ijvr.2023.46970.6755

18 | Characterization and Prevalence of Antibiotic Resistance

18.

19.

20.

21.

22.

23.

24.

Rauf M, Khan AW, Farid MS, et al.
Pakistan  food  safety  challenges.
International Journal of Biosciences | 1JB
[ 2020;17(2):17-28.
http://dx.doi.org/10.12692/ijb/17.2.17-28

Zhao J, Lin Y, Wang C, et al. Biocontrol
of Salmonella Typhimurium in milk,
lettuce, raw pork meat and ready-to-eat
steamed-chicken breast by using a novel
bacteriophage with broad host range.
International ~ Journal of  Food
Microbiology. 2023;402:110295-110295.
https://doi.org/10.1016/j.ijfoodmicro.202
3.110295

Rathakrishnan D, Gopalan AK. Isolation
and characterization of halophilic isolates
from Indian salterns and their screening
for production of hydrolytic enzymes.
Environmental Challenges.
2022;6:100426.
https://doi.org/10.1016/j.envc.2021.10042
6

Tripathi N, Sapra A. Gram Staining.
europepme.org. Published 2020.
https://europepme.org/article/NBK/nbk56
2156

Bano SA, Hayat M, Samreen T, Asif M,
Habiba U, Uzair B. Detection of
Pathogenic  Bacteria ~ Staphylococcus
aureus and Salmonella sp. from Raw Milk
Samples of Different Cities of Pakistan.
Natural Science. 2020;12(5):295-306.
https://doi.org/10.4236/ns.2020.125026

Aygiil A, Serbetg¢i T. The antibacterial and
antivirulent potential of Hypericum
lydium against Staphylococcus aureus:
Inhibition of growth, biofilm formation,
and hemolytic activity. European Journal
of Integrative Medicine. 2020;35:101061.
https://doi.org/10.1016/j.eujim.2020.1010
61

Chen Q, Xie S, Lou X, et al. Biofilm
formation and prevalence of adhesion

IO TSF JOURNAL OF BIOLOGY
B OR  Volume 2 Issue 2, Fall 2024

25.

26.

27.

28.

29.

30.

genes among Staphylococcus aureus
isolates from different food sources.
MicrobiologyOpen. 2020;9:e946.
doi:https://doi.org/10.1002/mbo3.946

Dassanayake RP, Falkenberg SM, Stasko
JA, Shircliff AL, Lippolis JD, Briggs RE.
Identification of a reliable fixative solution
to preserve the complex architecture of
bacterial biofilms for scanning electron
microscopy evaluation. Mukherjee A, ed.
PLOS  ONE. 2020;15(5):e0233973.
https://doi.org/10.1371/journal.pone.0233
973

Yao H, Liu J, Jiang X, Chen F, Lu X,
Zhang J. Analysis of the Clinical Effect of
Combined Drug Susceptibility to Guide
Medication for Carbapenem-Resistant
Klebsiella pneumoniae Patients Based on
the Kirby—Bauer Disk Diffusion Method.
Infection  and  Drug  Resistance.
2021;Volume 14:79-87.
doi:https://doi.org/10.2147/idr.s282386

Mba IE, Nweze EI. Nanoparticles as
therapeutic options for treating multidrug-
resistant bacteria: research progress,
challenges, and prospects. World Journal
of Microbiology and Biotechnology.
2021;37(6).
https://doi.org/10.1007/s11274-021-
03070-x

Ashraf A, Faria T. A study of prevalence
and  antimicrobial  resistance  and
pathogenic activity of bacteria in the air of
certain areas of Dhaka city. Handlenet.
Published online 2022. 18126012

Colelli G, Normanno G. Methicillin
Resistant Staphylococcus aureus (MRSA)
in raw buffalo milk and its fate along the
human gastrointestinal tract: an in vitro
study. University of Foggia. Published
online 2020.

L.A. Devriese, Daya Nzuambe, Godard C.
Identification and characterization of


http://dx.doi.org/10.12692/ijb/17.2.17-28
https://doi.org/10.1016/j.ijfoodmicro.2023.110295
https://doi.org/10.1016/j.ijfoodmicro.2023.110295
https://doi.org/10.1016/j.envc.2021.100426
https://doi.org/10.1016/j.envc.2021.100426
https://europepmc.org/article/NBK/nbk562156
https://europepmc.org/article/NBK/nbk562156
https://doi.org/10.4236/ns.2020.125026
https://doi.org/10.1016/j.eujim.2020.101061
https://doi.org/10.1016/j.eujim.2020.101061
doi:https://doi.org/10.1002/mbo3.946
https://doi.org/10.1371/journal.pone.0233973
https://doi.org/10.1371/journal.pone.0233973
doi:https://doi.org/10.2147/idr.s282386
https://doi.org/10.1007/s11274-021-03070-x
https://doi.org/10.1007/s11274-021-03070-x

31.

32.

33.

34.

35.

36.

staphylococci  isolated  from  cats.
Veterinary Microbiology. 1984;9(3):279-
285. https://doi.org/10.1016/0378-
1135(84)90045-2

Alireza Dehnad, Hossein M, Rahbarnia L,
Behrooz Naghili, Parvaneh Saffarian.
Detection of hemolysine genes in
methicillin-resistant S. aureus isolates
obtained from a healthy population in
north-west of Iran. Gene Reports.
2020;21:100874-100874.
https://doi.org/10.1016/j.genrep.2020.100
874

Zainulabdeen SMS, Dakl AA. "Review
Article Pathogenicity and virulence factors
in Staphylococcus aureus. Muthanna
Journal of Pure Science. 2021;8(1):109-
119.
https://doi.org/10.52113/2/08.01.2021/10
9-119

Singh G, Yadav M, Ghosh C, Rathore JS.
Bacterial toxin-antitoxin modules:
classification, functions, and association
with persistence. Current Research in
Microbial  Sciences.  2021;2:100047.
https://doi.org/10.1016/j.crmicr.2021.100

047

Garcia Gonzalez J, Hernandez FlJ.
Nuclease  activity: an  exploitable
biomarker in bacterial infections. Expert
Review of Molecular  Diagnostics.
2022;22(3):265-294.
https://doi.org/10.1080/14737159.2022.2
049249

Silva-de-Jesus AC, Ferrari RG,
Panzenhagen P, Conte-Junior CA.
Staphylococcus aureus biofilm: the role in

disseminating antimicrobial resistance
over the meat chain. Microbiology
(Reading,  England).  2022;168(10).

https://doi.org/10.1099/mic.0.001245

Campoccia D, Montanaro L, Arciola CR.
Extracellular DNA (eDNA). A Major

IO T TSF JOURNAL OF BIOLOGY
B OB Volume 2 Issue 2, Fall 2024

37.

38.

39.

40.

41.

Siddique et al. | 19

Ubiquitous Element of the Bacterial
Biofilm  Architecture.  International
Journal  of  Molecular  Sciences.
2021;22(16):9100.
https://doi.org/10.3390/ijms22169100

Tahaei SAS, Stajer A, Barrak I, Ostorhazi
E, Szab6 D, Gajdics M. Correlation
Between Biofilm-Formation and the
Antibiotic ~ Resistant ~ Phenotype in
Staphylococcus  aureus Isolates: A
Laboratory-Based Study in Hungary and a
Review of the Literature. ProQuest.
2021;14:1155-1168.
https://doi.org/10.2147/IDR.S303992

Abebe GM. The Role of Bacterial Biofilm
in Antibiotic Resistance and Food
Contamination. International Journal of
Microbiology. 2020;2020:1-10.
https://doi.org/10.1155/2020/1705814

Bissong MEA, Ateba CN. Genotypic and
Phenotypic  Evaluation of Biofilm
Production and Antimicrobial Resistance
in Staphylococcus aureus Isolated from
Milk, North West Province, South Africa.
Antibiotics. 2020;9(4):156.
https://doi.org/10.3390/antibiotics904015
6

Machado TS, Pinheiro FR, Andre LSP, et
al. Virulence Factors Found in Nasal
Colonization and Infection of Methicillin-
Resistant Staphylococcus aureus (MRSA)
Isolates and Their Ability to Form a
Biofilm. Toxins. 2021;13(1):14.
https://doi.org/10.3390/toxins13010014

Angelopoulou A, Field D, Pérez-Ibarreche
M, Warda AK, Hill C, Ross RP.
Vancomycin and nisin A are effective
against biofilms of multi-drug resistant
Staphylococcus aureus isolates from
human milk. PLoS ONE.
2020;15(5):¢0233284.
https://doi.org/10.1371/journal.pone.0233
284



https://doi.org/10.1016/0378-1135(84)90045-2
https://doi.org/10.1016/0378-1135(84)90045-2
https://doi.org/10.1016/j.genrep.2020.100874
https://doi.org/10.1016/j.genrep.2020.100874
https://doi.org/10.52113/2/08.01.2021/109-119
https://doi.org/10.52113/2/08.01.2021/109-119
https://doi.org/10.1016/j.crmicr.2021.100047
https://doi.org/10.1016/j.crmicr.2021.100047
https://doi.org/10.1080/14737159.2022.2049249
https://doi.org/10.1080/14737159.2022.2049249
https://doi.org/10.1099/mic.0.001245
https://doi.org/10.3390/ijms22169100
https://doi.org/10.2147/IDR.S303992
https://doi.org/10.1155/2020/1705814
https://doi.org/10.3390/antibiotics9040156
https://doi.org/10.3390/antibiotics9040156
https://doi.org/10.3390/toxins13010014
https://doi.org/10.1371/journal.pone.0233284
https://doi.org/10.1371/journal.pone.0233284

20 | Characterization and Prevalence of Antibiotic Resistance

42. Xu Q, Hu X, Wang Y. Alternatives to
Conventional Antibiotic Therapy:
Potential ~Therapeutic ~ Strategies of
Combating Antimicrobial-Resistance and
Biofilm-Related Infections. Molecular
Biotechnology. 2021;63(12):1103-1124.
https://doi.org/10.1007/s12033-021-
00371-2

43. Jin'Y, Yu X, Zhang S, et al. Comparative
Analysis of Virulence and Toxin
Expression of Vancomycin-Intermediate

and Vancomycin-Sensitive
Staphylococcus aureus Strains. Frontiers
in Microbiology. 2020;11.

https://doi.org/10.3389/fmicb.2020.59694
2

IO TSF JOURNAL OF BIOLOGY
B OR  Volume 2 Issue 2, Fall 2024


https://doi.org/10.1007/s12033-021-00371-2
https://doi.org/10.1007/s12033-021-00371-2
https://doi.org/10.3389/fmicb.2020.596942
https://doi.org/10.3389/fmicb.2020.596942

