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Abstract

Food-borne diseases remain a major public health concern worldwide, causing significant
morbidity, mortality, and economic losses. Traditional microbiological methods used for
pathogen detection often require extensive laboratory procedures and may fail to identify
emerging or unculturable microorganisms. Recent advances in genomic technologies,
particularly metagenomics and Whole Genome Sequencing (WGS), have revolutionized food
safety monitoring and public health protection. These technologies enable comprehensive
identification, characterization, and tracking of food-borne pathogens with greater accuracy
and speed. This article explores the applications of metagenomics and WGS in risk assessment,

surveillance, outbreak investigation, and public health protection.

Introduction

Food-borne pathogens such as Salmonella, Escherichia coli O157:H7, Listeria monocytogenes,
and Campylobacter are responsible for millions of infections annually. Conventional
diagnostic approaches rely on culturing techniques that are often time-consuming and limited
in detecting mixed microbial populations. Metagenomics and Whole Genome Sequencing have
emerged as powerful molecular tools that provide detailed genetic information about pathogens
present in food products, environmental samples, and clinical specimens (Forbes et al., 2017).
Metagenomics involves the direct sequencing of genetic material recovered from
environmental samples without the need for microbial culture. Whole Genome Sequencing, on
the other hand, determines the complete DNA sequence of a pathogen, enabling high-resolution

analysis of its genetic characteristics (Rantsiou et al., 2018).
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Role in Food-Borne Pathogen Surveillance

Metagenomics allows researchers to identify entire microbial communities present in food
systems. This approach helps detect known pathogens, emerging microorganisms, and
antimicrobial resistance genes simultaneously. The technology is particularly valuable in
monitoring food processing environments where multiple microbial species coexist.

Whole Genome Sequencing has transformed pathogen surveillance by enabling precise
identification of strains and genetic relationships among isolates. Public health agencies
worldwide now use WGS databases to compare pathogen genomes and identify outbreak
sources rapidly. This has significantly improved food safety management and regulatory

decision-making (Allard et al., 2016).

Applications in Risk Assessment

Risk assessment requires accurate information regarding pathogen prevalence, virulence, and
transmission pathways. Metagenomics provides comprehensive microbial profiling that assists
in evaluating contamination risks throughout the food supply chain.

WGS contributes to risk assessment by identifying virulence factors, antimicrobial resistance
genes, and genetic markers associated with pathogenicity. Such information helps authorities
prioritize interventions and develop evidence-based food safety policies. Furthermore,
genomic data support predictive modeling for assessing potential outbreak risks and disease

severity (Jagadeesan et al., 2019).

Outbreak Investigation and Public Health Protection

One of the most significant contributions of WGS is its application in outbreak investigations.
During food-borne disease outbreaks, WGS can rapidly establish genetic links between clinical
isolates and contaminated food products. This capability facilitates quicker source
identification and implementation of control measures.

Metagenomic sequencing also enhances outbreak investigations by detecting pathogens
directly from samples, even when traditional culture methods fail. Combined use of
metagenomics and WGS strengthens public health response systems and reduces outbreak
duration. The integration of genomic surveillance networks has improved international

collaboration in managing food-borne disease threats (Franz et al., 2016).
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Applications of genomic technologies in food safety
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Figure: Illustrative contribution of metagenomics and WGS across major food safety functions.

Sources- Forbes -2017, Rantsiou -2018, Allard -2016, Jagadeesan -2019.

Challenges and Future Perspectives

Despite their advantages, metagenomics and WGS face challenges related to data analysis,
standardization, bioinformatics infrastructure, and cost. Large volumes of sequencing data
require sophisticated computational tools and skilled personnel. Additionally, harmonized
protocols are necessary to ensure consistency across laboratories.

Future developments in sequencing technologies are expected to reduce costs and improve
accessibility. Artificial intelligence and machine learning techniques may further enhance
genomic data interpretation, supporting real-time pathogen detection and risk prediction. These
innovations will strengthen food safety systems and contribute to global public health

protection.

Conclusion

Metagenomics and Whole Genome Sequencing have become indispensable tools in modern
food safety management. Their ability to detect, characterize, and track food-borne pathogens
provides significant advantages over traditional microbiological methods. By improving
surveillance, risk assessment, and outbreak response, these technologies contribute
substantially to public health protection. Continued investment in genomic infrastructure,
bioinformatics pipelines, and international collaboration will maximize their operational

benefits and support safer global food systems.

20| Page




International Journal of Innovative Research in Science and Engineering
Volume 11, Issue 07, 2025

WWw.ijirse.com

ISSN: 2454-9665

References

1.

10.

Allard, M. W., Strain, E., Melka, D., et al. (2016). Practical value of food pathogen
traceability through WGS.

Forbes, J. D., Knox, N. C., Ronholm, J., et al. (2017). Metagenomics: The next culture-
independent game changer.

Franz, E., Gras, L. M., & Dallman, T. (2016). Significance of WGS for food safety. Current
Opinion in Food Science,

Jagadeesan, B., Gerner-Smidt, P., Allard, M. W, et al. (2019). The use of WGS for food
safety and public health.

Rantsiou, K., Kathariou, S., Winkler, A., et al. (2018). Next-generation sequencing in food
microbiology.

Hanning, 1., Johnson, M., & Ricke, S. (2018). Emerging technologies in pathogen
detection.

Ronholm, J., Nasheri, N., Petronella, N., & Pagotto, F. (2016). Navigating microbiological
food safety using genomic tools.

Goodwin, S., McPherson, J., & McCombie, W. (2016). Coming of age: Ten years of next-
generation sequencing.

Didelot, X., Bowden, R., Wilson, D., et al. (2018). Transforming clinical microbiology with
bacterial genome sequencing.

Quainoo, S., Coolen, J., van Hijum, S., et al. (2017). Whole-genome sequencing in

infectious disease surveillance.

21|Page




