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Abstract

Staphylococcus aureus is a ubiquitous, opportunistic bacterium that both spoils food and causes staphylococcal
food poisoning through preformed enterotoxins. This review summarizes its prevalence in foods, mechanisms
that allow survival and toxinogenesis (including biofilm formation), clinical importance of enterotoxins,
detection methods, and practical control strategies in food production and handling. Key research gaps and
future directions are highlighted.

1. Introduction

Staphylococcus aureus colonizes humans and animals and frequently contaminates food via handlers, raw
materials, or equipment. In foods it can grow to high numbers and — crucially — produce heat-stable
enterotoxins that cause rapid-onset vomiting and diarrhea after ingestion. Control of S. aureus in the food chain
remains a priority for food safety and public health.

2. Prevalence and epidemiology in foods

Surveillance and meta-analyses show S. aureus is commonly isolated from animal-derived foods, with
particularly high incidence reported in meats, dairy products, and ready-to-eat items. Prevalence varies by
region, food type, and handling practices but remains a consistent source of both spoilage and foodborne
outbreaks.

3. Mechanisms enabling spoilage and persistence
3.1 Growth in foods and toxin production

S. aureus can grow in a wide range of temperatures, water activities and salt concentrations found in many
food matrices; when it reaches sufficient cell densities it may express enterotoxin genes and secrete preformed
toxins into the food. The enterotoxins themselves are notably resistant to heat and some food processing
conditions, meaning that killing the bacteria does not necessarily render the food safe if toxins were already
present.
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3.2 Biofilms and environmental persistence

On food-contact surfaces and within processing environments, S. aureus forms biofilms that protect cells from
sanitizers and environmental stress. Biofilm-associated cells are harder to remove and can act as persistent
reservoirs that periodically contaminate products. This ability significantly complicates sanitation and
contamination-prevention programs.

4. Staphylococcal enterotoxins — clinical and food-safety importance

Staphylococcal enterotoxins (SEs: SEA, SEB, SEC, etc., and newer types) are superantigenic proteins that
cause emesis and gastrointestinal symptoms at low doses. Because SEs are heat-stable and resistant to many
proteolytic conditions, their presence in food is the primary cause of rapid-onset staphylococcal food poisoning
even when bacteria have been eliminated by cooking. Monitoring for toxin presence (not only bacterial counts)
is therefore critical in risk assessment.

5. Detection and characterization methods

Traditional culture and enumeration on selective media remain widely used for S. aureus isolation, but modern
diagnostics include PCR-based detection of toxin genes, immunoassays for enterotoxin proteins, and next-
generation sequencing for strain typing and source attribution. Advances continue in rapid point-of-need assays
and molecular workflows that improve sensitivity and speed for both bacteria and toxin detection.

6. Control strategies in the food chain
6.1 Good practices, HACCP and process controls

Prevention focuses on preventing contamination (personal hygiene, control of raw materials), preventing
growth (time—temperature controls, water activity and pH), and preventing toxin formation (rapid cooling,
avoiding temperature abuse). Hazard Analysis and Critical Control Point (HACCP) and preventive controls
frameworks remain central to managing risk.

6.2 Sanitation and anti-biofilm measures

Because biofilms protect S. aureus, sanitation programs should target biofilm removal (mechanical cleaning,
alternating sanitizers, validated contact times). Monitoring of food-contact surfaces and targeted cleaning of
hotspots reduces the chance of recurring contamination.

6.3 Emerging and complementary approaches

Research shows promise for biopreservatives (e.g., lactic acid bacteria or bacteriocins), bacteriophage
applications, and tailored hurdle technologies (combining mild heat, pressure, and preservative strategies) to
reduce both bacterial loads and toxinogenesis in certain products. However, efficacy is matrix-dependent and
must be validated for each product and process.
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7. Antimicrobial resistance (AMR) considerations

Foodborne S. aureus isolates sometimes carry antimicrobial resistance genes (including MRSA in some
studies). While AMR affects clinical treatment more than food poisoning per se, resistant strains in the food
chain raise concerns about dissemination of resistance genes and complicate control in animal production and
processing environments. Routine surveillance and prudent antimicrobial use in agriculture are recommended.

8 Conclusions

S. aureus remains a persistent spoilage organism and an important cause of foodborne illness because of robust
survival mechanisms (biofilms) and heat-stable enterotoxins. Integrated control—good hygiene, validated
process controls, targeted sanitation, robust detection (including toxin assays), and ongoing surveillance—are
required to minimize both spoilage and public-health
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