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ABSTRACT

Background and Objectives: Antimicrobial resistance (AMR), particularly from methicillin-resistant Staphylococcus au-
reus (MRSA), poses a significant public health threat, exacerbated by antibiotic misuse in livestock and food production.
This study aimed to evaluate the prevalence of MRSA in traditional dairy products from Ilam, Iran, and explore the role of
prophages in enhancing bacterial virulence and resistance, assessing their implications for food safety.

Materials and Methods: Between January and April 2021, 116 dairy samples (raw milk, traditional cheese, and toof) were
collected from Ilam, Iran. Staphylococcus aureus was identified using bacteriological and molecular methods, including PCR
targeting femA, mecA, and prophage markers (SGB, SGFa, SGFb). Antibiotic susceptibility was tested via the Kirby-Bauer
method, and data were analyzed using SPSS.

Results: S. aureus was detected in 25.9% of samples (30/116), with raw milk showing the highest contamination (57.9%).
MRSA, identified by the mecA gene, was present in 6.7% of isolates, and 73.3% exhibited multidrug resistance. Prophages
were found in 13.3% of isolates, with SGB linked to p-lactam resistance (p = 0.04). High resistance to doxycycline (87%)
and tetracycline (67%) was observed.

Conclusion: The study highlights a significant presence of MRSA and multidrug-resistant S. aureus in llam’s dairy products,
with prophages contributing to the virulence of these bacteria. Enhanced hygiene and monitoring are crucial for mitigating
food safety risks.
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INTRODUCTION

Antimicrobial resistance (AMR) is a major global
health concern that has been significantly exacer-
bated by the excessive and inappropriate use of an-
tibiotics in both human medicine and livestock (1).
The widespread misuse of antimicrobial agents has
accelerated the emergence and dissemination of re-
sistant bacteria, compromising the effectiveness of
available treatment options for infections in humans

and animals alike (2). According to the World Health
Organization (WHO), AMR is currently responsible
for approximately 1.3 million deaths annually world-
wide, with projections indicating that this number
could increase to 10 million deaths per year by 2050
in the absence of effective control measures (3).

In veterinary medicine, the application of antibiot-
ics for therapeutic purposes, disease prevention, and
growth promotion in livestock plays a critical role in
the selection and maintenance of antimicrobial-resis-

“Corresponding author: Mostafa Nemati, Ph.D, Department of Microbiology, Faculty of Veterinary Sciences, llam University, llam, Iran.

Tel: +98-918141 3378 Fax: +98-8432224308

Email: m.nemati@ilam.ac.ir

Copyright © 2026 The Authors. Published by Tehran University of Medical Sciences.
(') y This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International license
@ S (Nttps://creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.

82


http://doi.org/10.18502/ijm.v18i1.20934
mailto:nemati@ilam.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/

STAPHYLOCOCCUS AUREUS IN DAIRY PRODUCTS OF ILAM

tant bacteria. These resistant strains can be trans-
mitted to humans primarily through the food chain,
direct animal contact, or environmental pathways (4,
5). Among foodborne pathogens, methicillin-resis-
tant Staphylococcus aureus (MRSA) is of particular
concern due to its association with severe infections
and its ability to persist in food production environ-
ments. MRSA has been increasingly detected in a
wide range of food products, including dairy items,
often as a result of inadequate hygiene during milk-
ing, processing, or handling (6, 7). Numerous studies
have documented the presence of MRSA in livestock
and food products, raising concerns about its poten-
tial transmission to consumers and food handlers (8,
9). These findings underscore the importance of strict
hygiene practices and effective monitoring strategies
throughout the food production chain to reduce pub-
lic health risks (10).

The presence of MRSA in dairy products poses a
significant zoonotic threat, as contaminated milk and
dairy items can act as vehicles for foodborne trans-
mission. Contamination may occur through multiple
pathways, such as poor milking hygiene, colonized
livestock, infected dairy workers, and cross-contam-
ination during processing or storage (11, 12). Multi-
ple studies have reported the presence of MRSA in
raw milk and traditional dairy products, highlighting
the potential for food poisoning outbreaks and diffi-
cult-to-treat infections (13, 14). Given the zoonotic
nature of MRSA, transmission is particularly con-
cerning in settings characterized by close contact be-
tween livestock and humans, such as small-scale or
traditional dairy farms (15). Moreover, the detection
of enterotoxigenic MRSA strains in dairy products
further elevates the risk of severe foodborne illness,
emphasizing the need for stringent hygiene and sur-
veillance measures in dairy production systems (16,
17).

Previous studies have reported variable prevalence
rates of MRSA in dairy products across different re-
gions, influenced by geographic location, farming
practices, and detection methodologies. A systematic
review reported a pooled MRSA prevalence of 3.81%
in dairy farms, with higher rates observed in Asia
(4.89%) and lower rates in South America (1.33%)
(18). In Egypt, MRSA was detected in 53% of dairy
product samples, with raw milk exhibiting the high-
est contamination levels (19). In contrast, a study
conducted in Great Britain reported a relatively low
prevalence (2.15%) of mecC-positive MRSA in dairy
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farms, highlighting substantial regional differences
(20). Factors such as milking hygiene, farm man-
agement practices, and processing conditions have
been shown to significantly influence contamination
rates, with poor management associated with higher
MRSA prevalence (21). Additionally, the choice of
detection method affects reported prevalence, as mo-
lecular techniques often reveal higher MRSA rates
than conventional culture-based approaches (22).
Collectively, these findings emphasize the need for
region-specific surveillance and improved hygiene
practices in dairy production.

Beyond antimicrobial resistance, bacterial patho-
genicity is shaped by a variety of genetic elements,
among which prophages—Dbacteriophage genomes
integrated into bacterial chromosomes—play an in-
creasingly recognized role. Prophages contribute to
bacterial evolution by enhancing genetic diversity,
promoting genome plasticity, and influencing host
gene regulation. They may encode accessory genes,
including toxins, immune evasion factors, and reg-
ulatory proteins, that enhance bacterial fitness and
virulence. Evidence from diverse bacterial patho-
gens indicates that prophages can modulate disease
severity, adaptability, and survival in hostile envi-
ronments (23-26).

Prophages are also important mediators of hori-
zontal gene transfer, facilitating the dissemination of
virulence-associated traits and, in some cases, anti-
microbial resistance determinants. Classic examples
include Shiga toxin-encoding prophages in Esche-
richia coli O157, which are essential for its pathoge-
nicity (27). Although plasmids and transposons are
considered the primary vectors for antimicrobial re-
sistance genes, prophages may contribute indirectly
by promoting recombination events, altering regula-
tory networks, or co-existing with resistance deter-
minants under selective pressure (28). In S. aureus,
several well-characterized prophages carry genes in-
volved in immune evasion, host adaptation, and tox-
in production, enhancing the bacterium’s ability to
persist and cause disease in both human and animal
hosts (29). The widespread distribution of prophages
within S. aureus genomes highlights their potential
role in strain diversification and ecological success.

Despite growing interest in prophage biology, the
extent to which prophage carriage influences anti-
microbial resistance and persistence in foodborne S.
aureus remains incompletely understood, particular-
ly in traditional dairy settings where antimicrobial
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exposure and hygiene practices vary widely. Inves-
tigating prophage content alongside antimicrobial
resistance profiles may therefore provide valuable in-
sights into the genetic factors contributing to the sur-
vival and dissemination of resistant S. aureus strains
in dairy environments.

Accordingly, the present study aimed to deter-
mine the prevalence of Staphylococcus aureus, in-
cluding MRSA, in traditional dairy products from
llam, Iran, and to characterize their antimicrobial
resistance patterns. In addition, the study sought to
detect prophage sequences in the recovered isolates
and to explore their potential association with anti-
microbial resistance, thereby contributing to a better
understanding of S. aureus persistence and dissemi-
nation in dairy products.

MATERIALS AND METHODS

Study area and sampling. Between January 2021
and April 2021, a total of 116 traditional dairy prod-
uct samples were collected from local retail outlets
in llam, Iran, including raw milk (n = 38), traditional
cheese (n = 39), and toof (n = 39). To note, in Iran,
traditional dairy products such as “toof,” a fermented
dairy product prepared from dough, are widely con-
sumed and represent a potential source of foodborne
pathogens. llam was selected as the study area due
to the high consumption of traditional dairy products
and the limited availability of data regarding S. au-
reus contamination in this region.

The sample size was determined based on product
availability during the study period, logistical feasi-
bility, and consistency with previous microbiological
surveys of dairy products. An approximately equal
number of samples was collected for each product
category to enable comparative analysis among dif-
ferent dairy types. Samples were obtained using a
convenience sampling approach from multiple retail
outlets, focusing on commonly consumed, non-indus-
trially processed, and unpackaged products to reflect
typical consumer exposure.

All samples were aseptically collected, transported
to the Microbiology Laboratory of Ilam University
under cold chain conditions, and stored at 4°C until
microbiological analysis.

Bacteriological examination. Samples were seri-
ally diluted using phosphate buffer saline, and 1 mL of
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each dilution was plated on Baird-Parker agar. Plates
were incubated at 37°C for 24 hours. Colonies resem-
bling S. aureus (round, convex, black colonies with
an opaque zone) were selected for further analysis.
Isolates were identified using Gram staining and bio-
chemical tests, including catalase, coagulase, DNase,
and growth on mannitol salt agar. Isolates were stored
at -20°C in 40% glycerol.

Molecular analysis. DNA was extracted from sus-
pected S. aureus isolates following the boiling method
(30). Bacterial cultures were grown in Luria-Bertani
(LB) broth, centrifuged at 6000 g for 10 min twice,
and the pellet was resuspended in tris-EDTA (TE)
buffer. The suspension was boiled at 100°C for 5 min,
centrifuged (13000 g, 5 min), and the supernatant was
used as the DNA template.

PCR amplification targeting the femA gene was
performed to confirm the identity of S. aureus iso-
lates. The reaction mixture included 12.5 pL of Mas-
ter Mix (Amplicon, Denmark), 1 puL of each primer
(10 mM), 3 pL of template DNA, and 7.5 uL of sterile
distilled water. PCR conditions were as follows: ini-
tial denaturation at 95°C for 5 min, followed by 35
cycles of denaturation at 95°C for 30 sec, annealing
at 62°C for 30 sec, and extension at 72°C for 30 sec,
with a final extension at 72°C for 10 min. PCR prod-
ucts were electrophoresed on a 1.2% agarose gel and
visualized under ultraviolet light. The confirmed iso-
lates of S. aureus were examined for the presence of
the mecA and three prophage markers (SGB, SGFa,
SGFb). PCR conditions (annealing temperature) for
each gene were optimized according to the referenc-
es provided in Table 1. Negative controls (sterile wa-
ter) and positive controls (S. aureus ATCC 29213 for
femA and ATCC 33591" for mecA) were included in
all PCR runs.

Antibiotic susceptibility testing. Antibiotic re-
sistance patterns were determined using the Kir-
by-Bauer disk diffusion method following Clinical
and Laboratory Standards Institute (CLSI, 2022)
guidelines (34). A standardized 0.5 McFarland sus-
pension of each isolate was lawn-cultured on Muel-
ler-Hinton agar (Himedia, India).

Ten antibiotic disks representing six major classes
were applied: penicillin G (10 units), amoxicillin (20
ug), oxacillin (1 pg), cefoxitin (30 pg), doxycycline
(30 pg), tetracycline (30 ug), cefixime (5 ng), cefotax-
ime (30 pg), vancomycin (30 pg), and imipenem (10
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Table 1. List of oligonucleotide primers used in the study

Target Primer sequence (5°-3”) Amplicon Annealing Reference
gene/phage size (bp) temperature (°C)
femA AAAATCGATGGTAAAGGTTGG 450 60 (31)
AGTTCTGCACTACCGGATTTGC
mecA CGATCCATATTTACCATATCA 533 62 (32)
ATCACGCTCTTCGTTTAGTT
SGB ACTTATCCAGGTGGYGTTATTG 405 58 (33)
TGTATTTAATTTCGCCGTTAGTG
SGFa TACGGGAAAATATTCGGAAG 548 58 (33)
ATAATCCGCACCTCATTCCT
SGFb AGACACATTAAGTCGCACGATAG 147 58 (33)

TCTTCTCTGGCACGGTCTCTT

ng). After incubation at 35°C for 24 hours, inhibition
zone diameters were measured to the nearest milli-
meter according to CLSI breakpoints. Quality control
was performed weekly using S. aureus ATCC 25923.

Statistical analysis. Data were analyzed using
SPSS software (version 19.0). Descriptive statistics
were used to summarize the results, including fre-
quencies and percentages for the prevalence of resis-
tance genes and antibiotic resistance patterns.

RESULTS

Isolation of S. aureus. A total of 116 dairy samples
were analyzed, comprising raw milk (n = 38), tradition-
al cheese (n = 39), and toof (n = 39). Among these, S.
aureus was detected in 30 samples (25.9%) using cul-
ture-based methods and biochemical tests. The isolates
were distributed as follows: 22 (57.9%) from raw milk,
3 (7.7%) from traditional cheese, and 5 (12.8%) from
toof. These findings indicate that raw milk had the high-
est contamination rate, followed by toof and traditional
cheese. The distribution of S. aureus-positive samples
across different dairy products is detailed in Table 2.

Virulence and resistance genes. The femA gene, a
species-specific marker for S. aureus, was detected
in all 30 (100%) isolates (Fig. 1). Among the 30 S.
aureus isolates, 2 (6.7%) carried the mecA gene, in-
dicating methicillin resistance (MRSA) (Fig. 2). The
presence of mecA highlights the potential for these
isolates to cause difficult-to-treat infections, particu-
larly in immunocompromised individuals.

http://ijm.tums.ac.ir

Prophage carriage and potential for horizontal
gene transfer. Prophage-associated genetic sequenc-
es were detected in a subset of S. aureus isolates using
PCR targeting conserved bacteriophage genes. Using
genomic DNA as the amplification template, mark-
ers corresponding to the SGB prophage group were
detected in 6.7% (2/30) of isolates, while SGFa and
SGFb prophage markers were each identified in 3.3%
(1/30) of isolates (Figs. 3A-C).

Antibiotic susceptibility profiling. Antimicrobial
susceptibility testing revealed high resistance rates
among S. aureus isolates, notably to doxycycline
(87%) and tetracycline (67%). In contrast, low resis-
tance was observed to imipenem (3%) and cefazolin
(5.6%). Intermediate susceptibility was common
for several B-lactam antibiotics, including cefazolin
(80%) and oxacillin (50%).

Multidrug resistance (MDR), defined as resistance to
three or more antimicrobial classes, was identified in
73.3% (22/30) of the isolates (Table 3).

Association between prophage presence and anti-
biotic resistance. The relationship between prophage
carriage and antimicrobial resistance was evaluated
using the chi-square () test or Fisher’s exact test, as
appropriate. Isolates harboring prophage sequences
exhibited higher resistance rates to tetracyclines and
cephalosporins compared with prophage-negative
isolates; however, these differences were not statis-
tically significant (P > 0.05). No statistically signif-
icant association was observed between prophage
presence and methicillin resistance or multidrug resis-
tance status.
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Table 2. Distribution of S. aureus isolates in dairy products

Dairy Product Number of Samples

Number of S. aureus isolates

Percentage of S. aureus isolates

Raw milk 38
Traditional cheese 39
Toof 38
Total 116

22 57.9%
3 7.7%
5 12.8%

30 25.9%

A 1

2234 567 8 9S00 12213

Fig. 1. Agarose gel electrophoresis of femA gene PCR prod-
ucts.

Lanes: A) DNA size marker (100 bp ladder); 1) Negative
control; 2) S. aureus (ATCC 29213); 3-13) PCR products
from S. aureus isolates.

2234 b B 7 89S0k 12213

Fig. 2. Agarose gel electrophoresis of mecA gene PCR prod-
ucts.

Lanes: A) DNA size marker (100 bp ladder); 1) Negative
control; 2) S. aureus (ATCC 33591T); 3-13) PCR products
from S. aureus isolates.

Table 3. Antibiotic resistance profiles of S. aureus isolates

A 12 3456 78 91011121314 151617 18 19

A 12 3456 78 910111213 14 1516 17 18 19

A 1234567 8 910111213 14 1516 17 18 19

C

Fig. 3. Agarose gel electrophoresis of prophage markers
PCR products.

A: Lanes: A) DNA size marker (100 bp ladder); 1) Negative
control; 2) S. aureus (ATCC 33591T); 3-19) PCR products
from S. aureus isolates (SGB, 405 bp).

B: Lanes: A) DNA size marker (100 bp ladder); 1) Negative
control; 2) S. aureus (ATCC 33591T); 3-19) PCR products
from S. aureus isolates (SGFa, 548 bp).

C: Lanes: A) DNA size marker (100 bp ladder); 1) Negative
control; 2) S. aureus (ATCC 33591T); 3-19) PCR products
from S. aureus isolates (SGFb, 147 bp).

Family Antibiotic Resistant (%) Intermediate (%) Sensitive (%)
Penicillins Penicillin G 16 47 37
Cephalosporins Cefazolin 5.6 80 135
Cefotaxime 43 24 33
Cefixime 57 37 6
Carbapenems Imipenem 3 3 94
Glycopeptides Vancomycin 13 53 34
Piperacillins Amoxicillin 10 37 53
Oxacillin 13 50 37
Tetracyclines Tetracycline 67 30 3
Doxycycline 87 6.5 6.5
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DISCUSSION

This study aimed to assess the prevalence of S. au-
reus, particularly MRSA, in traditional dairy prod-
ucts—raw milk, traditional cheese, and toof—from
llam, Iran, and to investigate the potential role of
prophages in bacterial virulence, especially regard-
ing their contribution to antibiotic resistance. Over-
all, S. aureus was detected in 25.9% of samples,
with raw milk showing the highest contamination
rate (57.9%), followed by toof (12.8%) and tradition-
al cheese (7.7%). These findings align with previous
reports indicating that raw milk is more frequently
contaminated than processed dairy products due to
limited heat treatment and handling practices (12).

MRSA was identified in 6.7% of isolates, all car-
rying the mecA gene, a key determinant of methicil-
lin resistance. The presence of MRSA in traditional
dairy products poses a significant public health con-
cern, as consuming contaminated products may fa-
cilitate the community spread of resistant strains and
complicate infection treatment (35, 36). Additionally,
the possibility of zoonotic transmission of antibiotic
resistance genes from livestock to humans highlights
the need for vigilant monitoring and strict hygiene
practices in dairy production and handling (16).

Comparative analyses with other studies reveal
notable regional differences in MRSA prevalence.
A systematic review reported a pooled prevalence
of 3.81% globally in dairy farms, with Asia-specific
rates at 4.89% (18). The higher prevalence observed
in llam may reflect local farming practices, hygiene
standards, and patterns of antibiotic use, which differ
from those in other regions (11, 13). In Egypt, MRSA
prevalence in dairy products has ranged widely from
3% to 53%, influenced by product type and local
handling procedures (19, 37). Similarly, studies have
documented contamination on the hands of dairy
workers, indicating additional potential transmission
routes (38). In contrast, research from northwestern
Italy reported only a 2% prevalence of MRSA in
bulk tank milk from goat farms, demonstrating con-
siderable variability across regions and production
systems (39). These differences highlight the impor-
tance of local interventions and ongoing monitoring
to reduce foodborne MRSA transmission (40, 41).

Antimicrobial resistance profiling showed high re-
sistance rates to tetracycline (67%) and doxycycline
(87%)), reflecting their extensive use in livestock for
growth promotion and disease prevention. Multidrug
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resistance was found in 73.3% of isolates, in line with
previous reports of high MDR prevalence in S. aureus
from dairy products. Although prophage-positive
isolates tended to show higher resistance frequen-
cies, statistical analysis using chi-square and Fish-
er’s exact tests revealed no significant link between
prophage carriage and antimicrobial resistance (P >
0.05). This suggests that prophages may contribute
indirectly to bacterial adaptation and fitness rather
than acting as primary carriers of resistance genes,
with plasmids, transposons, and selective antibiotic
pressure playing more direct roles in resistance de-
velopment.

Prophages, especially SGB and ¢Sa3 groups, are
known to play vital roles in S. aureus virulence.
¢Sa3 prophages encode immune evasion genes and
can disrupt the B-hemolysin (hlb) gene, enhancing
bacterial survival in host environments (42, 43). SGB
prophages were identified in several isolates showing
higher B-lactam resistance, although the link was not
statistically significant. The observed trend may re-
flect indirect mechanisms such as co-selection under
antibiotic pressure, promotion of genetic plasticity,
or co-localization with resistance genes on mobile
elements like SCCmec (28). These findings support
previous research showing that prophages can indi-
rectly influence antimicrobial resistance by facilitat-
ing horizontal gene transfer, recombination, and ge-
nomic diversity, ultimately boosting bacterial fitness
in foodborne environments (44).

The high prevalence of MDR and tetracycline resis-
tance highlights the selective pressure from routine
antibiotic use in local dairy farms. While prophages
are not direct carriers of resistance genes in this
study, they may support the persistence of resistant
strains by promoting genetic diversity and adaptabil-
ity. This underscores the need for integrated strate-
gies that address both antimicrobial use and mobile
genetic elements involved in bacterial survival with-
in food production systems.

This study’s results emphasize the importance of
strict food safety measures in traditional dairy pro-
duction. Implementing enhanced hygiene practices
during milking, handling, and processing—espe-
cially for raw milk—is vital to reduce contamina-
tion risks. Establishing continuous surveillance pro-
grams to monitor antimicrobial resistance trends and
emerging issues is crucial for timely public health
responses (45-47). These strategies align with global
One Health goals, stressing the interconnectedness
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of human, animal, and environmental health, and
support sustainable agricultural practices and food
security in regions where traditional dairy consump-
tion is common (48, 49).

Several limitations should be considered when in-
terpreting these findings. Although 116 dairy sam-
ples were collected, only 30 S. aureus isolates were
available for detailed antimicrobial resistance and
prophage analysis, possibly limiting statistical power
and the ability to find significant associations. The
cross-sectional design prevents assessment of season-
al or temporal trends, and focusing on a single region
may limit the applicability of findings to other areas
with different farming and antibiotic use practices.
PCR-based detection methods might have missed
low-abundance or highly divergent prophages, and
the absence of whole-genome sequencing limited de-
tailed characterization of prophage-encoded genes.
Despite the collection period being in 2021, the re-
sults remain relevant, as resistance patterns to com-
monly used antibiotics continue to persist in the re-
gion, providing a snapshot of ongoing antimicrobial
pressures in traditional dairy systems.

Future research should prioritize longitudinal
studies to track seasonal and temporal variations in
contamination and resistance patterns. Expanding
geographic sampling to include multiple regions
would enhance generalizability and allow compar-
ative analyses. Applying whole-genome sequencing
could offer a more comprehensive understanding of
prophage diversity and associated virulence and resis-
tance genes, clarifying their evolutionary roles. Ad-
ditionally, examining how specific production prac-
tices influence contamination and resistance rates
could help develop targeted interventions, while
combining microbiological and epidemiological data
would strengthen public health strategies to mitigate
risks from foodborne pathogens.

CONCLUSION

The detection of methicillin-resistant and multi-
drug-resistant S. aureus in traditional dairy products
highlights the importance of routine microbiological
surveillance, particularly for raw milk. The observed
resistance patterns support the need for targeted an-
timicrobial monitoring programs in dairy production
systems. These findings may assist regulatory au-
thorities in refining food safety monitoring strategies
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and inform public health policies aimed at reducing
the risk of foodborne transmission of resistant S. au-
reus.
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