Molecular Methods for Detecting Escherichia coli O157:H7: Contributions to Food Safety Monitoring
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Abstract:
Statement of the Problem: Throughout the food supply chain, from farm production to consumption, key factors such as microbial, chemical, personal, and environmental hygiene are critical. Any failure to meet established standards compromises food safety, posing health risks, particularly to vulnerable populations such as children and the immunocompromised. To address these risks, global organizations, including FAO, UNEP, WOAH, and WHO, have jointly developed the 2022-2026 "One Health" action plan, emphasizing the connection between human, animal, and environmental health. Among the threats to food safety, E. coli O157:H7 and other Shiga toxin-producing E. coli (STEC) are significant, transmitted through contaminated food and water, leading to severe infections like hemorrhagic colitis and hemolytic uremic syndrome. 
Methodology: This study, aligned with the "One Health" approach, developed and validated three molecular methods, conventional PCR, qPCR, and PCR-ELISA, for detecting STEC O157:H7 in ground and raw beef. Using the AOAC International guidelines, the study targeted the stx1, stx2, and rfbE genes. Parameters such as sensitivity (LOD/LOQ), selectivity (inclusivity/exclusivity), and robustness were validated, using beef samples spiked with varying concentrations of E. coli O157:H7. The experiments were randomized, using 275 g samples, and replicated twice. 
Findings: The limit of detection (LOD) for conventional PCR was 10⁻³ ng µL-1, and the limit of quantification (LOQ) was 10⁻² ng µL-1; for qPCR, the LOD was 10⁻⁴ ng µL-1 and the LOQ was 10⁻³ ng µL-1. In the case of PCR-ELISA, targeting the stx2 gene, the LOD was 2.2 x 10⁻³ ng µL-1, and the LOQ was 2.8 x 10⁻³ ng µL-1. The Selectivity and reproducibility tests for all PCR methods showed 100 % success. All methods were able to detect E. coli O157:H7 in samples down to 4 CFU/g. 
Conclusion & Significance: PCR-based methods offer an alternative to traditional GS techniques, significantly reducing detection time and cross-contamination risks. Despite higher initial costs, their efficiency and precision make them a valuable long-term investment for food safety systems. These tools hold great promise for enhancing global food safety standards.
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