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Abstract

Staphylococcus aureus is a prominent human pathogen that is typically found in a variety of human anatomical
positions. It is a Gram-positive, non-motile, and facultative anaerobic bacteria. A study was carried out to determine
the prevalence of and antibiotic susceptibility pattern of S. aureus isolated from milk. In Peshawar, 100 samples of cow
milk were collected from various farms and processed. S. aureus was isolated and identified by inoculation onto
Mannitol Salt Agar, gram staining and biochemical analysis. The Kirby Bauer disc diffusion method was used to assess
the isolated S. aureus strains for antibiotic susceptibility. By measuring zone sizes and interpreting the data in
accordance with predetermined standards. S. aureus prevalence was identified and its patterns of antibiotic
susceptibility were evaluated in samples of cow milk. S. aureus was found in 32 of the total 100 samples. Penicillin
showed 100% full resistance, followed by Vancomycin (81.2%), Tetracycline (78.1%), and Erythromycin (75%),
according to an antimicrobial susceptibility analysis that revealed substantial resistance trends. Contrarily, Gentamicin
(84.3%), Trimethoprim-Sulfamethoxazole (75%), Chloramphenicol (59.3%), and Cefoxitin (56.2%) showed the lowest
efficacy levels, whereas Ciprofloxacin (90%), which had the highest efficacy. In conclusion, S. aureus was detected in
32% of the 100 samples. Resistance to key antibiotics like Penicillin and Vancomycin was pronounced, highlighting the
need for improved farm hygiene. Ciprofloxacin's efficacy suggests its potential use, while overall, maintaining stringent

sanitation practices is crucial for ensuring safe dairy products.
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Introduction

Staphylococcus aureus, a Gram-positive bacterium
belonging to the Staphylococcaceae family within the
Bacillales order, is a significant microorganism that
has garnered substantial attention due to its diverse
impact on human and animal health (Cheung et al,,
2021). S. aureus is classified as a gram-positive, non-
spore forming, non-motile, and facultative anaerobic
organism (Abd El Halem and Technology, 2019). This
bacterium was first identified by German scientist
Friedrich Julius Rosebach in 1884, displays distinct
characteristics under microscopic observation,
appearing as spherical cocci that cluster together

resembling grapes (Foster, 2017).

The presence of S. aureus in various contexts, ranging
from environmental niches to the human body, holds
both beneficial and detrimental implications. While it
is recognized as normal human flora and typically
remains innocuous in healthy individuals, its
transition into the bloodstream or internal tissues can
lead to severe infections (Guo et al., 2020). Indeed, S.
aureus stands as a prominent causative agent of
numerous human infections, = encompassing
conditions such as infective endocarditis, skin and
soft tissue infections, septic arthritis, and urinary
tract infections (Abd El Halem and Technology, 2019;

Hiramatsu et al., 2014).

Milk, a nutritional staple produced by mammary
glands of mammals, holds paramount importance in
human diets. Rich in essential nutrients including
calcium, magnesium, riboflavin, and vitamins, milk
consumption is associated with several health
benefits, including the prevention of osteoporosis and
maintenance of a healthy weight (Jamali et al., 2015).
S. aureus being found in milk, however, highlights
health risks,

contamination arises from inadequate hygiene or

potential particularly ~ when
mammary gland infections (Lee et al., 2018). Due to
challenges with food safety, antibiotic resistance, and
the potential for human-to-human transmission, this
bacterium, which can cause mastitis in cattle and
goats, poses threats to both the dairy industry and the

general public's health (Macharia, 2018).

This essay explores the various aspects of S. aureus,
including both its beneficial and harmful effects on
human health. It examines the bacterium's
prevalence, the importance of the pathogen as an
opportunistic one in milk, and its effects on both
human and animal health. A serious issue facing the
entire world is a surge in antibiotic resistance in S.
aureus (Makinde et al., 2019; Umaru et al., 2013).
Due to the versatility and developing resistance
mechanisms of this bacterium, previously treatable
diseases become more difficult to treat, resulting in
more severe illness, higher healthcare expenses, and a
higher fatality rate (Pollitt et al., 2018; Rainard et al.,
2018). The increasing worry over S. aureus's
antibiotic resistance, as demonstrated by the
emergence of methicillin-resistant strains, only
emphasizes how urgent it is to comprehend and deal
with this microbiological threat (Regasa et al., 2019).
Action must be taken right away because this problem
transcends places and the context of healthcare

(Usman et al., 2016).

Materials and methods

Sample collection

Following standardized microbiological methods, a
total of 100 milk samples were obtained from diverse
farms throughout the Peshawar KP district. The
samples were transported aseptically to the
Microbiology Research Laboratory (MRL) of Abasyn

University.

Sample collection and transportation

In order to ensure the quality milk samples were
collected from cows using aseptic procedures. For the
collecting process, a disposable plastic container with
a tightly sealed lid was used to maintain sterility.
Strict hygienic precautions were taken before milking,
including complete hand washing and the use of
sterile milking gloves. To reduce the possibility of
infection, alcohol swabs were used to disinfect the
cows' teat ends. After collection samples were
transported in ice box to the Microbiology Research

Laboratory (MRL) at Abasyn University aseptically.
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Sample processing
Upon arrival at the laboratory, the collected milk
samples were subjected to processing. Aseptic
techniques were maintained throughout the
procedure. Each sample was streaked onto Mannitol
Salt Agar (MSA) using a

Subsequently, the samples were incubated aerobically

sterile wire loop.

at 37°C for a period of 18 to 24 hours.

Growth observation and identification

After the designated incubation period, the plates
were carefully examined for the presence of growth.
Colonies showing characteristics indicative of S.
aureus were further processed for bacteriological

identification.

Bacteriological identification

Gram staining, along with a battery of biochemical
tests, was performed for the precise identification of
S. aureus. These tests collectively provided key
insights into the bacterium's characteristics, aiding in

accurate differentiation and confirmation.

Antibiotic susceptibility testing

Antibiotic Susceptibility Testing (AST) was conducted
on S. aureus strains isolated from milk samples.
Adhering to the 2020 guidelines by the Clinical and
Laboratory Standards Institute (CLSI), our study
focused solely on investigating the antibiotic
susceptibility patterns of Staphylococcus aureus. To
achieve this, we employed the Kirby-Bauer disk
diffusion method on Mueller-Hinton agar (MHA),
using carefully selected antibiotics: Vancomycin,
Tetracycline, = Chloramphenicol, = Trimethoprim-
Sulfamethoxazole, Cefoxitin, Ciprofloxacin, Penicillin,
Gentamicin, and Erythromycin shown in the table 1.
This approach helped us better understand how these
antibiotics interacted with the Staphylococcus aureus

bacteria.

Results

The study involved the collection of 100 cow milk
samples from various farms in the Peshawar district.
These samples were expeditiously transported to the
Microbiology Research Laboratory (MRL) at Abasyn

University Peshawar, within a period of two hours,

while maintaining a controlled temperature using ice
bags. The

accomplished through a combination of cultural

identification of the samples was
characteristics, biochemical tests, and Gram staining
techniques. Among the collected samples, growth
indicative of S. aureus was observed in 32 instances,
while the remaining samples exhibited no evidence of

S. aureus growth (Fig. 1).

m Growth = No Growth

Fig. 1. Prevalence of S. aureus isolated from Milk

samples

Isolation and identification of Staphylococcus aureus
from milk samples

Through a thorough series of microbiological and
biochemical assays, Staphylococcus aureus was
isolated and identified from milk samples. Incubation
at 37°C for 24 hours after inoculation onto Mannitol
Salt Agar (MSA) produced noticeable yellow colonies
that were consistent with S. aureus. The unique
arrangement of Gram-positive cocci, with cells
forming clusters resembling grapes, was subsequently
verified by Gram staining. When a colony was
introduced to a catalase reagent, bubbles formed,
indicating that S. aureus was catalase positive. The
coagulase test, wherein colonies were added to
plasma-containing tubes, resulted in clot formation,
confirming S. aureus as coagulase positive. These
results collectively underscore the successful
identification of Staphylococcus aureus in milk
samples, highlighting the significance of employing a
multi-faceted approach to ensure accurate detection

within intricate matrices like milk.

Antibiogram analysis of Staphylococcus aureus
isolated from milk samples
The analysis of Staphylococcus aureus antibiogram in

this study revealed concerning resistance rates, with
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Penicillin, Tetracycline, and Erythromycin showing
100%, 68.7%, and 75% resistance, respectively,

against Staphylococcus aureus isolated from milk

samples (Fig. 2).

Fig. 2. Multi drug resistant strains of S. aureus on
MHA isolated from milk
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Fig. 3. Antibacterial susceptibility pattern of

Staphylococcus aureus

However, Ciprofloxacin demonstrated notable
efficacy at 90.6%, followed by Gentamicin (84.3%),
Trimethoprim-Sulfamethoxazole and Vancomycin
(both 81.2%). Chloramphenicol exhibited moderate
effectiveness (62.2%), while Cefoxitin displayed lower
efficacy at 59.3%. These findings highlight critical
patterns of antibiotic resistance and emphasize the
potential of Ciprofloxacin and other select antibiotics
for effective treatment against Staphylococcus aureus
infections in the study region. Efforts to combat rising

antibiotic resistance remain imperative (Fig. 3).

Discussion

Staphylococcus aureus is commonly found as a
commensal bacterium on the skin, within the nasal
cavity, mucous membranes, pharynx, armpits, groin,
and various other regions of the human body.
Typically, it does not induce infections in healthy

individuals. However, if it gains entry into the

bloodstream or internal tissues, it can lead to severe
infections. Notably, S. aureus ranks among the
primary causative agents of bacterial infections in
humans, encompassing a wide array of conditions
such as osteomyelitis, septic arthritis, infections
related to prosthetic devices, pulmonary infections
(including pneumonia and empyema), meningitis,
gastroenteritis, toxic shock syndrome, and urinary

tract infections.

Staphylococcus aureus is an opportunistic bacterium
frequently found in milk, thriving due to milk's
bacteriological suitability. Contamination of milk can
stem from mammary gland infections, suboptimal
hygiene practices during milk handling, and human-
associated transmission via nasal colonization by S.

aureus.

In this study, the culture analysis of 100 samples
revealed that (32%) were positive for S. aureus, while
(68%) tested negative. These findings align with the
prevalence rates reported in prior research. For
instance, in a study conducted by (Halem et al,
2019) in Alexandria, the prevalence of S. aureus in
raw milk and dairy products was noted as 22.5%.
Similarly, (Agban and Ahmed, 2013) detected S.
aureus in 28% of raw milk samples collected from
rural areas in Assiut governorate, corroborating our

results.

Discrepancies in prevalence rates across regions are
evident. For instance, the study by (Mansour et al,
2017) reported a lower S. aureus prevalence of 16.3%
in raw milk samples from Cairo, Giza, and Kafr El-
Sheikh governorates. This variation could be linked to
disparities in farm development and agricultural
practices, possibly influenced by more advanced

techniques in that country.

In contrast to (Salem et al., 2016), who found 12.6%
prevalence in Alexandria, our study revealed a higher
S. aureus prevalence in milk samples (32%). This
elevated contamination could stem from unhygienic
milking and handling

practices, potentially

compromising milk quality.
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The lack of proper training for milk handlers may
contribute to this higher prevalence. This highlights
the need for improved hygiene measures and training
to mitigate contamination risks and ensure dairy

product safety.

In contrast to (Usman et al., 2016) reporting 42.6%
and 66.7% vancomycin resistance in Kaduna and
Zaria, our study yielded different results. This
divergence could arise from potential contamination
of milk with vancomycin-resistant S. aureus from
human sources. Notably, our study's high penicillin
resistance echoes (Billa et al., 2014) in India, where a
100% resistance rate was observed. The notable
prevalence of tetracycline and penicillin resistance
may stem from their extensive use in dairy farm
infection management. These variations highlight the
intricate relationship between resistance, location,
and agricultural practices, underscoring the need for
robust surveillance and management strategies to
counter antimicrobial resistance and ensure effective

treatment options.

Machria (2016) reported susceptibility of all S. aureus

isolates to  Ciprofloxacin, Gentamicin, and
Vancomycin, in contrast to our study where
resistance to Penicillin (56%) and Tetracycline (22%)
was observed. This discrepancy could arise from
antibiotic misuse or unrestricted access. S. aureus, a
common inhabitant of the respiratory tract and skin,
poses significant challenges due to prevalent

antibiotic resistance, particularly MRSA.

Conclusion

In conclusion, our study highlights the persistent
prevalence of S. aureus contamination in cow milk
within regional dairy farms. The concerning presence
of multi-drug resistant isolates emphasizes the urgent
need to address this challenge. The potential spread
of antibiotic-resistant S. aureus poses risks to
animals, caregivers, processors, and the wider
population. Identifying hygiene deficiencies among
milk handlers and the environment underscores the
necessity  for measures.

stringent  mitigation

Enhancing hygiene practices, promoting judicious

antibiotic use, and adopting comprehensive
approaches are crucial to ensure both dairy product

quality and public health.

Recommendations

Dissemination of information regarding the health
risks associated with consuming contaminated raw
milk is crucial. Public awareness campaigns should be
conducted to discourage the consumption of

untreated or inadequately treated raw milk.

Rigorous personal hygiene practices for milkers and
proper hygiene maintenance for animals are
imperative. Additionally, enhancing and sustaining
the overall sanitary conditions of dairy farms are

essential steps to prevent contamination.

Regular monitoring of antimicrobial susceptibility in
pathogenic bacteria among animals is advised. This
proactive approach can aid in early detection of
emerging antibiotic resistance patterns and inform

appropriate interventions.

Further research should be undertaken to explore the

impacts and dynamics of genetic antibiotic
determinants in S. aureus. Investigating these aspects
can provide insights into the mechanisms underlying
antibiotic resistance and guide effective control

strategies
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