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Abstract

ackground: The research project in Lahore, Pakistan, seeks to detect S. aureus in drinking water, raw
milk, and yogurt samples due to health concerns. S. aureus is a pathogenic bacterium with potential
risks if present in food and water sources.

Method: In this study, 300 samples of raw milk, yogurt, and drinking water were collected in Lahore. The
presence of S. aureus was determined through morphological, microscopic, and biochemical methods. The
biochemical analysis included testing for specific features of S. aureus. Disk diffusion technology was
employed to assess the antimicrobial susceptibility of the isolates, following the recommendations of the
Clinical Laboratory Standards Institute. Molecular confirmation was achieved through 16S rRNA sequence
analysis using universal and specific primers.

Results: The investigation uncovered that 6% of drinking water samples, 9% of yogurt samples and 58% of
raw milk samples were tainted with S. aureus. These findings were further validated through 16S rRNA
sequence analysis, affirming their reliability. S. aureus exhibited notable resistance rates, with 100%
resistance to penicillin and 95% resistance to erythromycin. Conversely, resistance to ciprofloxacin and
gentamicin was lower, at 10% and 5% each, indicating the potential efficacy of these antibiotics in treating S.
aureus infections.

Conclusion: The study emphasizes the risk of S. aureus infection from raw milk consumption in Lahore,
Pakistan, due to inadequate sanitary practices. It stresses the necessity of implementing stricter measures in
dairy production and water treatment to ensure public safety and reduce multidrug-resistant bacteria
prevalence. Continuous monitoring and preventive actions are vital for safeguarding public health.

Advancements in Life Sciences | www.als-journal.com | May 2024 | Volume 11 | Issue 2 368


mailto:zhassulan_888@mail.ru

Microbial Contamination and Antibiotic Resistance in Food and Water: Assessing the Threat of
Staphylococcus aureus in Lahore Metropolitan

Introduction

Staphylococcus aureus, a gram-positive bacterium, has
garnered recognition for its involvement in chronic
illness epidemics [1]. Over the course of the past
century, it has been linked to numerous hospital
outbreaks, evolving to develop resistance against
commonly used antibiotics. The precise mechanisms
driving the onset of virulent disease outbreaks remain
unclear. With its resistance to antibiotics, virulence
mediated by toxins, and ability to invade host tissues,
this microorganism presents a significant threat to
human health, potentially causing a spectrum of
diseases. S. aureus produces toxins referred to as
staphylococcus enterotoxins (SEs), which play a crucial
role in the development of various staphylococcal
infections. These infections can impact not only the
skin but also the mucous membranes, potentially
resulting in severe conditions such as toxic shock
syndrome and staphylococcal food poisoning. These
toxins can provoke inflammatory responses in affected
tissues, exacerbating symptoms and contributing to the
severity of the illness [2].

As the primary cause of foodborne illness (FBD), S.
aureus is responsible for an estimated 241,000 cases
annually in the US [3]. Factors such as misdiagnosis,
improper sample collection, and laboratory evaluation
contribute to the prevalence of staphylococcal food
poisoning (SFP) [4]. Moreover, healthcare providers'
neglect in addressing suspected FBD cases can
complicate the confirmation process in laboratories [5,
6]. Additionally, there is currently no systematic
monitoring of medical fecal specimens for the presence
of S. aureusor its associated toxins [5, 7, 8].

Various food items, including cream, milk, pastries,
butter, sausages, cheeses, salads, prepared food, egg
products, and poultry, have been linked to SFP. The
reasons for SFP occurrence can vary significantly
between countries, possibly due to differences in eating
habits. Nevertheless, contamination by human contact,
coughing, or sneezing remains a primary source of food
contamination [9]. Symptoms of staphylococcal food
poisoning (SFP) typically manifest after a short
incubation period and may include stomach pains,
nausea, vomiting, and, in rare cases, diarrhea [9]. Apart
from affecting humans, S. aureus is also pathogenic to
animals, causing various illnesses such as udder
infections in cows and infections in pigs and birds [10-
12]. The transmission of S. aureus to food can occur
through air, food contact surfaces, and dust. In certain
cases, hospitalization may be required, particularly
when toddlers, the elderly, or individuals with
disabilities are affected [12]. Among the approximately
20 different types of SEs produced by S. aureus, the sea,
seb, sec, and sed types are most commonly associated
with SFP [13]. The aim of the current study is to isolate

pathogenic S. aureus from drinking water and various
food samples in the Pakistani metropolis of Lahore.
The findings from this research may aid policymakers
in implementing safety measures and establishing
regulations to prevent water and foodborne infections.
Additionally, the study could contribute to managing
the spread of harmful illnesses caused by the
consumption of water, unpasteurized milk, and its
derivatives.

Methods

Collection of Specimens

Between February 2018 and January 2019, a total of 300
samples of food and drinking water were procured from
various districts of Lahore, including north, east, west,
and south Lahore. Among these, 75 samples were
specifically obtained, comprising 25 each of drinking
water, yogurt, and raw milk sourced from both tap
water and dairy milk shops in each locality. All samples
were meticulously collected in sterilized containers and
promptly transferred to the laboratory in an icebox.
Within 24 hours of collection, the samples underwent
initial examination and were subsequently refrigerated
for further analysis. The entire research endeavor took
place within the research facilities of the University of
the Punjab.

Preparation and Dilution of Samples

To process the samples, gradual dilutions were
performed under sterile conditions within a laminar
airflow hood. Each sample was meticulously labeled,
and initial stock solutions were created by combining
one milliliter of each sample with nine milliliters of
peptone water. Subsequent dilutions were executed to
achieve dilution factors of 10*-5. From these diluted
solutions, 0.1 milliliter of each sample was spread
evenly onto nutrient agar plates. These plates were
subsequently incubated at 37 degrees Celsius for a
duration of 24 hours.

Isolation and Identification of S. aureus

S. aureus was isolated using a selective medium known
as mannitol salt agar (MSA). After streaking MSA from
a nutrient plate containing S. aureus colonies, it was
cultured at 37 degrees Celsius for 40 hours. After the
isolation of bacterial strains on MSA, morphological,
microscopic (gram staining), and biochemical assays
(catalase, coagulase, oxidase, indole, urease, mannitol)
Sambrook and Russell (2001) guidelines were followed
to identify and characterize the strains [14].

Microscopic Identification of S. aureus by Gram
Staining

Gram staining was performed to create a smear from
the isolated culture on a clean glass slide. After adding
a single drop of water on the glass slide, pure culture
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bacteria of S. aureus were introduced and gently mixed.
The smear was then air-dried or fixed with a hot flame.
The slide was sequentially rinsed with crystal violet,
gram iodine, decolorizing agent, and safranin. After
air-drying, the gram-stained slide was examined under
a 100X lens with oil immersion.

Biochemical Tests for S. aureusIdentification

A range of biochemical assays were carried out to
validate the existence of S. aureus. In the Catalase test,
3% H0: was applied to a slide, followed by the
introduction of 10 pl of overnight culture derived from
a single colony extracted from the agar plate. The
Oxidase test employed filter paper saturated with a 1%
solution of tetramethyl-p-phenylenediamine
dihydrochloride as the reagent. Additionally,
coagulase, urease, indole, and mannitol tests were
executed using tailored culture media and specific
incubation parameters.

Evaluation of Antimicrobial Sensitivity

The antimicrobial susceptibility of the isolates was
evaluated wusing disk diffusion technology, in
accordance with the guidelines outlined by the Clinical
Laboratory Standards Institute [5]. The antimicrobial
agents assessed comprised gentamicin, amoxicillin,
tetracycline, penicillin, erythromycin, and
ciprofloxacin. The zones of inhibition, measured in
millimeters, were assessed twice and categorized as
either resistant or susceptible following CLSI
recommendations.

Molecular Identification and Sequence Analysis

DNA extraction was carried out utilizing the GeneJET
Genomic DNA purification kit from Thermo Scientific,
adhering to the provided guidelines. The concentration
of eluted DNA was assessed using UV-
spectrophotometry at 260 nm. Polymerase chain
reaction (PCR) was employed with both universal and
specific primers to amplify the 16STRNA gene (Table 1),
followed by visualization of the amplified products
through gel electrophoresis on a 1% agarose gel.
Subsequently, the PCR products underwent
sequencing, and sequence homology was determined
utilizing BLASTn.

Statistical Analysis

The assessment of data was conducted using SPSS
software version 21.0. Descriptive statistical methods,
including frequency and percentage analysis, were
employed to evaluate the occurrence of S. aureus in
both water and food samples.

Gene Primer Sequence (5" — 3") Annealing PCR
temp (°C) product
size
FG5'- 70.8 1350 bp
CAGGCCTAACACATGCAAGTC-
Universal | 3)
16SrRNA | primers R(5"- 70.7
GGGCGGCGTGTACAAGGC-3")
F(5"-CCGCCTGGGGAGTACG- 70.1 240 bp
Specific 3%)
primers R(5'- 69.1
AAGGGTTGCGCTCGTTGC-3")
“Amplified DNA fragments were visualized on an agarose gel using gel electrophoresis
confirming the presence of S. aureus through distinct band patterns corresponding to its
genetic signature”

Table 1: Molecular identification of S. aureus using polymerase
chain reaction (PCR) targeting specific genetic markers.

Results

Frequency Analysis of S. aureus Infection in Food and
Water Specimens

The investigation into the occurrence of S. aureus in
water and food samples collected across various regions
of Lahore employed seven distinct diagnostic
methodologies (Table 2). On nutrient agar plates,
colonies of S. aureus displayed a characteristic smooth,
rounded, and shiny morphology. The employment of
mannitol salt agar (MSA) as a selective medium aided
in the detection of S. aureus, evidenced by the
development of circular, yellow colonies.

Gram Staining and Biochemical Tests

The gram staining method was utilized to differentiate
between the gram-positive (G*) and gram-negative (G")
characteristics of S. aureus. Among the 300 samples
analyzed, 6 from drinking water, 62 from raw milk and
11 from yogurt were identified as gram-positive.
Furthermore, the catalase activity of S. aureus, which
facilitates the decomposition of hydrogen peroxide
(H202) into water and oxygen, was evaluated to
ascertain its aerobic nature. Among the 100 samples
tested in each group, 8 from drinking water, 55 from
raw milk and 8 from yogurt exhibited catalase
positivity, evidenced by the formation of oxygen gas
bubbles upon the addition of H:O: to a test tube
containing the S. aureus infected solution.

Oxidase Test

To identify the presence of the cytochrome oxidase
enzyme, an oxidase test was conducted. Results
revealed a lack of oxidase production by S. aureus, with
95 from drinking water, 41 samples from raw milk and
94 from yogurt testing positive for the bacterium.

Coagulase Activity

Coagulase activity was assessed to identify S. aureus-
positive samples. Among the tested samples, 2 from
drinking water, 54 from raw milk and 9 from yogurt
exhibited positive coagulase activity, evident through
the clotting phenomenon observed in test tubes.
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Test variables Drinking water % Raw milk % Yogurt % Infection status
Gram staining 6 6% 62 62% 11 11% S. aureus +ve
94 94% 38 38% 89 89% S. aureus -ve
100 100% 100 100% 100 100% Total
Catalase 8 8% 55 55% 8 8% S. aureus +ve
92 92% 45 45% 92 92% S. aureus -ve
100 100% 100 100% 100 100% Total
Oxidase 96 96% 41 41% 94 94% S. aureus +ve
4 4% 59 59% 6 6% S. aureus -ve
100 100% 100 100% 100 100% Total
Coagulase 2 2% 54 54% 9 9% S. aureus +ve
98 98% 46 46% 91 91% S. aureus -ve
100 100% 100 100% 100 100% Total
Urease 6 6% 62 62% 12 12% S. aureus +ve
94 94% 38 38% 88 88% S. aureus -ve
100 100% 100 100% 100 100% Total
Indol 93 93% 41 41% 92 92% S. aureus +ve
7 7% 59 59% 8 8% S. aureus -ve
100 100% 100 100% 100 100% Total
Mannitol 9 9% 55 55% 9 9% S. aureus +ve
91 91% 45 45% 91 91% S. aureus -ve
100 100% 100 100% 100 100% Total
Overall prevalence of S. aureus 6 6% 58 58% 9 9% S. aureus +ve
(Average) 94 94% 42 42% 91 91% S. aureus -ve
100% 100 100% 100 100% 100 Total

Table 2: Prevalence of S. aureus in drinking water, raw milk and yogurt samples by percentage and frequency analysis through various
biochemical tests. This table illustrates the prevalence of S. aureus in drinking water, raw milk and yogurt samples. Each data point
represents the percentage of samples containing S. aureus obtained from various sources. The data provide insight into the microbial

contamination levels in these food and beverage items highlighting potential health risk associated with their consumption.

Urease Activity

S. aureus was characterized by measuring urease
activity, an enzyme that converts urea into ammonia
and carbon dioxide. Results indicated that 6 from
drinking water, 12 samples from raw milk and 39 from
yogurt tested positive for S. aureus.

Indole Test and Mannitol Fermentation

For S. aureus detection, the indole test and mannitol
fermentation were conducted. The indole test revealed
negativity in 90 drinking water samples, 41 raw milk
samples and 92 yogurt samples. Conversely, S. aureus
demonstrated mannitol fermentation, leading to a
color change in the phenol red medium from red to
yellow. This was observed in 9 drinking water, 55 raw
milk and 9 yogurt samples.

Overall Infection and Molecular Identification

The prevalence of S. aureus infection across the
collected samples was determined through an
amalgamation of biochemical tests, revealing rates of
6% in drinking water, 58% in raw milk and 9% in yogurt
out of the total 300 samples (Table 2). These findings
were substantiated by conducting partial sequence
analysis of the 16SrRNA. Among the 73 isolates
identified, one particular isolate (G17) exhibiting
positive cultural, morphological, and biochemical
characteristics for S. aureus underwent 16SrRNA partial
sequencing, with subsequent extraction of its genomic
DNA (Fig. 1). The sequence of isolate G17 displayed a
99.52% similarity to known S. aureus sequences using
specific primers, and a 96% similarity with universal
primers (Fig. 2).

aphylococcus
aureus C

aphylococcus
aureus A Ladder

lz
aureus B

4 3 2 1

Figure 1: Gel electrophoresis results. Lane 1 displays a 1kb DNA
ladder, while lanes 2, 3, and 4 exhibit bands representing
genomic DNA isolated from S. aureus.

1350 bp

240 bp

Figure 2: Gel electrophoresis results. Lane M (Marker) displays a
1kb DNA Iladder. Lanes 1 and 2 depict bands of 240bp,
representing the 16SrRNA gene before and after gene clean-up,
respectively, using specific primers. Similarly, lanes 3 and 4
illustrate bands of 1350bp, showing unpurified and purified
16SrRNA amplified positive controls with universal primers,
respectively.
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Antibiotic Resistance Pattern

The study further elucidated diverse patterns of
resistance to six antibiotics. Examination of the
antibiogram revealed the highest levels of resistance to
penicillin (100%), followed by erythromycin (95%),
amoxicillin (82%), and tetracycline (52%). In contrast,
the least resistance was observed against ciprofloxacin
(10%) and gentamicin (5%) (Table 3).

Antibiotic Sensitive % Resistant %
Gentamicin 95 5
Amoxicillin 18 82
Tetracycline 48 52
Penicillin 0 100
Erythromycin 5 95
Ciprofloxacin 90 10

Table 3: Antimicrobial susceptibility profile of 73 S. aureus
positive specimens.

Discussion

Milk is a vital source of nutrition, and ensuring its
safety is crucial for public health. If cows and buffaloes
have mastitis, a condition where the udder is inflamed,
it can lead to contamination of milk with a large
quantity of gram-positive bacteria. To prevent this,
milk is often sterilized in the udder before consumption
[16]. However, food items, including milk, can also
serve as a breeding ground for microorganisms, leading
to food spoilage and potential foodborne diseases [17].

The significance of identifying foodborne pathogens
cannot be emphasized enough, as it plays a pivotal role
in devising effective strategies for their eradication. In
our investigation, we employed a blend of biochemical,
cultural, and 16SrRNA sequence analysis techniques to
detect these pathogens [18, 19]. We collected a total of
300 samples of drinking water, yogurt, and milk from
various locations across Lahore. Our findings revealed
that 6% of drinking water specimens, 58% of raw milk
specimens and 9% of yogurt specimens tested positive
for S. aureus.

Access to clean water is paramount for public health
[31]. In Pakistan, water resources suffice to meet the
drinking needs of seventy-nine percent of the
population, with a significant portion sourced from
groundwater [32]. Nevertheless, our investigation
uncovered the presence of S. aureus in drinking water,
consistent with findings from studies conducted in
Karachi [33, 34] and other global regions such as
Nigeria, where 10.8% of staphylococci were detected in
drinking water [35]. Furthermore, notably higher
proportions of predominant staphylococcal species
(68.75%) have been documented in India's Uttarakhand
region [36], alongside reports of S. aureus occurrence in
drinking water in Andhra Pradesh [37].

These findings align with prior research indicating
the presence of pathogens in raw milk [20-22]. The
elevated prevalence of S. aureus in raw milk compared
to earlier studies [23, 24] may be attributed to

suboptimal hygiene practices during milk processing,
contamination from unclean teats, and the utilization
of unpasteurized milk transport equipment, all of
which contribute to S. aureus contamination.

In terms of yogurt, the current overall prevalence of
S. aureus stands at 9%, aligning with earlier
observations [25-28]. However, there have been
instances of higher S. aureus prevalence, reaching
percentages of 40% and 61.70% in food products,
respectively [29, 30]. This variability may stem from
differences in diagnostic methodologies and
geographic factors influencing the assessment of S.
aureus prevalence in raw milk and its derivatives.

The sequencing outcomes of the §. aureusisolate G17
exhibited varying identity percentages when analyzed
with 16S rRNA-specific and universal primers. Notably,
the specific primer demonstrated a higher identity
(99.52%), whereas the universal primer displayed a
slightly lower identity (96%) to the known genomes of
S. aureus strains, in line with previous research
findings [38]. These primers have been successfully
utilized in past studies for the identification of S.
aureus isolates from food samples based on their 16S
rRNA genes [39].

Additionally, the investigation evaluated the
antibiotic resistance profiles of S. aureus isolates. The
results correspond with findings from other published
studies, indicating susceptibility to ciprofloxacin,
gentamicin, and amoxicillin, alongside resistance to
erythromycin and penicillin [24, 40, 23]. Nonetheless,
Thaker et al, documented differing antibiotic
resistance patterns concerning tetracycline [40], while
Begum et al, observed distinct resistance patterns
against ampicillin [41].

Foodborne pathogens, including S. aureus, present a
formidable challenge to global public health initiatives.
Our study has furnished valuable insights into the
prevalence of S. aureus in diverse food and water
samples from Lahore. Results indicate that 6% of
drinking water samples, 58% of raw milk samples and
9% of yogurt samples tested positive for S. aureus. The
heightened occurrence of S. aureus in raw milk may
stem from inadequate hygiene practices during
processing, storage, and handling of unpasteurized
milk, underscoring the critical need for stringent
hygiene measures across the milk supply chain to
ensure consumer safety. Furthermore, our findings
suggest that multidrug-resistant S. aureus strains
isolated from drinking water could potentially transmit
their resistance traits to other gastrointestinal bacteria
in consumers, potentially prolonging treatment
duration and elevating mortality rates in case of
bacterial contamination. Investigating pathogen
presence in unpasteurized milk, dairy products, and
drinking water remains crucial for assessing product
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safety and devising innovative processing techniques.
Continuous surveillance and monitoring of foodborne
pathogens like S. aureus are indispensable for
protecting public health and averting potential
foodborne illness outbreaks.

In summary, our study underscores the imperative of
addressing foodborne pathogens in food and water
supplies. By implementing effective measures to
prevent contamination and bolster safety protocols, we
can mitigate the risks posed by S. aureus and other
foodborne pathogens, thereby safeguarding public
health and well-being.
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