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The rapid detection and containment of healthcare-associated infections (HCAIs) is critical in preventing and controlling infectious disease outbreaks within healthcare settings. Whole genome sequencing (WGS) has emerged as a powerful tool for tracking the transmission dynamics of pathogens and when used alongside traditional epidemiological methods it can better inform our understanding of the pathogen origin, pathway and extent of transmission. Additionally, WGS can aid in identifying previously unrecognized reservoirs of infection, allowing for more effective control strategies and targeted interventions. This article describes the incorporation of WGS into infectious disease management in Wales and explores it in the context of COVID-19 and Clostridioides difficile. We also describe the developments made to the workforce in Wales to enable the expansion of WGS and reflect on the resources, infrastructure and training frameworks still required.
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1 Introduction

Whole genome sequencing (WGS) of pathogens allows tracking of mutations across populations, enabling mapping of isolate relatedness and supporting detailed understanding of disease spread. Identifying differences in genomics sequence or variant trends over time also allows better understanding of pathogen transmission dynamics across populations. With contextual data, we can then consider strain and sequence diversity in an environment to better understand pathogen origin, incidence, and risk factors, potentially improving outbreak control (1). We describe and discuss the incorporation of WGS into infectious disease management in healthcare settings in Wales, and adaptations to the workforce that have allowed this. Wales is a country within the United Kingdom with ~3.2 million inhabitants and an area of 21,218 square kilometers (2). Management and strategic development of health and social care services sits with the Welsh parliament (Senedd) and Welsh Government. The centralized public health agency [Public Health Wales (PHW)], created by Welsh Government, operates most of Wales' microbiological diagnostic laboratories. Epidemiology and laboratories are brought together in a single organization, allowing a joined-up genomics strategy which ensures equitable coverage and service delivery across the country.



2 COVID-19

In the two first years of the SARS-CoV-2 pandemic (Apr 20–Apr 22), over 800,000 COVID-19 patients were admitted to UK hospitals (3). The COVID-19 pandemic exacerbated specific healthcare-associated infections (HCAIs) (4–6) challenges, presenting unique logistic issues due to its wide clinical disease spectrum and inconsistent control measures, most without a current evidence base (7). HCAIs continue to cause considerable burdens of illness and mortality in vulnerable populations, even when community infection prevalence is lower (8, 9). Swift HCAI detection and management are crucial to prevent onward transmission to susceptible patients and staff.

Genomic analysis is rapidly becoming crucial to revealing insights into hospital transmission pathways: hospitalized COVID-19 cases are both community and healthcare acquired, and genomics can help guide different approaches to control (10). Over the SARS-CoV-2 pandemic, the value of pathogen genomics was demonstrated globally. Wales played a leading role in early work utilizing WGS: PHW sequenced their first case on 06/03/2020; by October 2020, >7,500 samples had been sequenced and utilized in real-time to support the response (11). This information was used at every level—from patient management in immunocompromised individuals to national-level analysis to detect population trends alerting to new variant emergence (12–14). More widely, studies throughout the pandemic evidenced that inclusion of genomic analyses revealed transmission links, guide interventions, such as staff screening, and supported tailored patient pathways (7, 15–18).

During this time, a Wales exercise based on meta-analyses of studies investigating SARS-CoV-2 ancestral strain infections was undertaken to establish variations in incubation period. In line with the literature, new Delta variants demonstrated shorter incubation periods than ancestral strains (15, 19–21). This information allowed re-evaluation of the contemporaneously accepted nosocomial acquisition case definitions, supporting flexibility of approaches during times of rapid pace and evolving understanding. The centralized microbiological and epidemiological service delivery within PHW ensured data could be rapidly utilized —in service and for research—in response to need.

Moreover, routine genomic surveillance can assist in detection of asymptomatic cases in outbreaks. This provides a better idea of outbreak size and scale and prompts changes to testing schedules and infection prevention and control (IPC) practices (22). In one prospective study, weekly genomic sample reporting identified transmission events associated with “green” areas, where no symptomatic cases had been identified (8). The resulting information was used to directly inform operational decisions, such as patient placement and staff movement. These examples highlight the role genomic data can lend to operational decisions.



3 Clostridioides difficile

The advent of next generation sequencing within PHW under the Anaerobe Reference Unit (ARU) and the Pathogen Genomics Unit (PenGU) has transformed understanding of in-hospital Clostridioides difficile (23). The C. difficile Genomics Sequencing and Typing (DIGEST) service has been active since 2018, receiving ISO 15189 accreditation in 2020—one of the first services of its type globally to achieve this milestone (24). This collective has strengthened understanding of the course and characteristics of C. difficile incidence and enabled exploration genomic data's utility within clinical scenarios. Genomic data has already supported examinations of evolutionary rate (23) and reservoir diversity (25), and we are linking genomic and epidemiological data to understand transmission in healthcare settings. The work includes toxin negative cases, allowing inclusion of a broader pool of infections to better understand transmission.

In October 2022, a period of increased incidence was observed in inpatients of a North Wales hospital (26). Surveillance data, combined with sequencing results, revealed that 22 of 40 cases were genomically closely related and likely a discrete outbreak, and 18 cases had unique sequences. Univariable analysis suggested that outbreak cases were approximately six times more likely to be healthcare rather than community acquired (OR 5.8; p = 0.02). No other variable was statistically significant, but outbreak cases were more likely to die, have had recent healthcare interventions, and less likely to have had toxin positive first tests (27). In this outbreak, genomic data distinguished within hospital outbreak cases from patients with community acquired sporadic strains, allowing the response to focus on specific high-risk areas, which positively impacted IPC efforts and case finding. High numbers of toxin negative results demonstrated the usefulness of typing all isolates regardless of toxin status and the importance of IPC interventions for toxin negative patients, which is reinforced in some of the literature (28–30).



4 Workforce implications

Alongside laboratory and bioinformatics services, two recently established PHW teams have been essential for facilitating and maximizing the practical use of genomics data. The Genomic Epidemiology Unit was established early 2020, sitting within the Wales Communicable Disease Surveillance Center (CDSC). The team consists of experienced epidemiologists who utilize sequencing technologies in diagnostics, surveillance and outbreak investigations. The Healthcare Epidemiology Network was established in 2019, with national surveillance center epidemiologists embedded within local health board IPC and microbiology teams. Prior to creation of these teams, results of routine sequencing were communicated directly to clinicans and/or microbiology teams, which limited their use for broader surveillance and epidemiological purposes. These two successful models have enabled more refined surveillance loops and improved synthesis of epidemiological and genomic data to inform prevention and control activities (31).

In 2020, the ARU began sending details of genomically indistinguishable samples within health boards to local healthcare epidemiologists and microbiologists. In March 2022, the PHW Genomic Epidemiology Unit extended this work through development of processes to detect and flag cross-health board clusters. This alerting process to the Healthcare Epidemiology Network highlights strains/sequences within health boards, while also flagging where cases may have originated from or spread to an area outside the health board. Outputs include epidemiological summaries and projects to standardize definitions of signals and triggers for action. This directly supports more nuanced undertstanding of infections and transmission pathways, evidencing the mixture of community and healthcare associated cases in hospital settings. Ongoing collaborations between IPC teams and genomic epidemiologists have been strengthened since 2020, contextualizing hospital outbreaks and providing insights into how community prevalence impacts hospital environments (27). The model has now evolved to encompass the Genomic Epidemiology and Healthcare Epidemiology teams as core parts of incident investigations as standard, allowing that specific expertise to be included in discussions from the outset.

As HCAI rates increase in Wales (32), alongside concerns regarding antimicrobial resistance among common microorganisms (33, 34), the role of the modern epidemiologist offers specific training and skill in surveillance and evaluation, research, and outbreak management and preparedness. Suitably trained infectious disease epidemiologists embedded in infection prevention programmes offer a solid cornerstone for utilizing and harnessing the power of genomic data. Having focused professionals with expertise in interpreting and acting upon genomics information closely aligned with local areas is a strength of the system; this enables the uses of genomic data to be tailored to local need (35). A central team providing a similar service would not have the relationships and local knowledge required to fully understand signals in the data, and to ensure rapid responses. The key limitation is the limited resilience of working through a small network, with a single healthcare epidemiologist for a health board. Further, because detailed understanding of genomics is not part of routine epidemiologist training, developing these skills in healthcare epidemiologists requires careful planning (31). The challenge of mainstreaming genomics into routine practice has been recognized across healthcare systems and is a major barrier to development of teams such as the Healthcare Epidemiology Network. Although not a standard or established role in health organizations in the UK, the Healthcare Epidemiology Network and dedicated Genomic Epidemiology team have demonstrated huge value in Wales, particularly during the COVID-19 pandemic.



5 The future of genomic epidemiology in healthcare

In Wales, ongoing collaborations between IPC teams and genomic epidemiologists have strengthened the public health response by providing a means to critique and synthesize research and practice and distill information to audiences unfamiliar with epidemiological and molecular principles. During the COVID-19 pandemic, the addition of genomics data to rule out transmission events was critical to develop ward specific control measures, based on learnings from settings where outbreaks had or had not been contained (36). Interventions included introducing regular testing of asymptomatic individuals, operational discussions around exclusion/restriction of staff movement, provision of additional personal protective equipment, and later, further vaccination efforts. Multi-disciplinary teams that integrated laboratory and testing expertise alongside IPC teams and genomic epidemiologists, enabled design and delivery of end-to-end services scoped to fit the needs of public health professionals on the acute end of responding to incidents.

Investment in rapid sequencing technologies and streamlined data integration is crucial for maximizing utility of genomic epidemiology. However, there is still some way to go before genomic epidemiology can reach its full potential in impacting real-time operational decisions. It is crucial that it is prioritized and given resource, with continued close collaboration between guidance bodies and frontline infection preventionists (7). Automation of data processes using electronic patient records, can enhance timeliness and accuracy of genomic surveillance (21). Logistical frameworks need to be well considered, including resource in laboratories, bioinformatics and accurate methods of feeding into surveillance systems. Development of a trained workforce with epidemiolgical skill in the application of pathogen genomics, is a core component of the Genomics Delivery Plan for Wales. These coherent and collegiate models support sustainability of innovation in genomic surveillance activities, and investment in the future workforce (31).

Disease surveillance combined with sequencing data requires considerable resource and infrastructure investment for routine use within IPC practice. While phylogenetic models can evaluate sequence data and phylogenetic history, challenges remain in incorporating timely patient metadata. Wales benefits from linked systems (e.g., a national pathology information management system), however, challenges exist in joining systems and managing/cleaning data to enable use in larger-scale analyses. Incomplete information and mistakes (e.g., transcription errors) create significant barriers to utilization of data available through PHW established platforms. Linking these data in real-time can help IPC teams focus intervention to have most impact. Such measures are likely to improve patient health and prove cost saving in the future (37).



6 Discussion

As we re-examine pandemic preparedness post-COVID-19, integration of genomics with traditional epidemiological methods offers a path forward. We have shown that addition of genomic epidemiology into IPC practices represents an important step toward more effective and informed infectious disease management. Genomic data should play an increasingly important role in shaping future outbreak responses, ensuring that healthcare settings are better equipped to prevent and control infections. Collaboration between guidance bodies and frontline IPC teams is essential for developing evidence-based strategies that balance infection control with operational functionality.

Finally, for continued advancement of these activities, it is vital to ensure that our workforce is appropriate to meet future needs and expansions of the genomics service. The needs of pathogen genomics need to be integrated into workforce planning (35). As genomics becomes a more significant tool in infectious disease, health protection and microbiology as areas of clinical practice, ensuring staff are equipped with training to fully utilize genomic data is essential. Throughout the pandemic, the genomics team worked closely with IPC and health protection colleagues to support interpretation of genomic data. Weekly advisory sessions and support for development and interpretation of reports ensured data was used and understood. Over time, as their skills and understanding improved, staff became more confident, resulting in more autonomous operation. Mainstreaming genomics across the healthcare system is key and is the focus of activity at an operational level within PHW, as well as part of larger strategic work including the Welsh Genomics Workforce Strategic Plan (November 2024). Development of genomics capabilities requires provision of support for service establishment and specific consideration regarding training for clinical staff and epidemiologists, to produce the next generation of genomics-aware scientists.



Author contributions

NP: Conceptualization, Writing – original draft, Writing – review & editing. CM: Conceptualization, Writing – original draft, Writing – review & editing. MM: Writing – original draft, Writing – review & editing. TC: Writing – original draft, Writing – review & editing. CW: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the manuscript was created in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Tang P, Gardy JL. Stopping outbreaks with real-time genomic epidemiology. Genome Med. (2014) 6:11. doi: 10.1186/s13073-014-0104-4

 2. Office for National Statistics. Population estimates for the UK, England, Wales, Scotland and Northern Ireland: mid-2023. (2024). Available at https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2023 (accessed December 12, 2024).

 3. Heneghan C, Howdon D, Oke JJT. The Ongoing Problem of UK Hospital Acquired Infections | The Centre for Evidence-Based Medicine. (2020). Available at: https://www.cebm.net/covid-19/the-ongoing-problem-of-hospital-acquired-infections-across-the-uk/ (accessed September 6, 2024).

 4. Emergencies Emergencies SAG for PHE and LSHTM: The contribution of nosocomial infections to the first wave 28 January 2021 - GOV.UK. 2021. Available at: https://www.gov.uk/government/publications/phe-and-lshtm-the-contribution-of-nosocomial-infections-to-the-first-wave-28-january-2021 (accessed September 6, 2024).

 5. Ngandu NK, Mmotsa TM, Dassaye R, Thabetha A, Odendaal W, Langdown N, et al. Hospital acquired COVID-19 infections amongst patients before the rollout of COVID-19 vaccinations, a scoping review. BMC Infect Dis. (2022) 22:1–12. doi: 10.1186/s12879-022-07128-5

 6. Knight GM, Pham TM, Stimson J, Funk S, Jafari Y, Pople D, et al. The contribution of hospital-acquired infections to the COVID-19 epidemic in England in the first half of 2020. BMC Infect Dis. (2022) 22:1140332. doi: 10.21203/rs.3.rs-1140332/v1

 7. Lucey M, Macori G, Mullane N, Sutton-Fitzpatrick U, Gonzalez G, Coughlan S, et al. Whole-genome sequencing to track severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) transmission in nosocomial outbreaks. Clin Infect Dis. (2021) 72:E727–35. doi: 10.1093/cid/ciaa1433

 8. Meredith LW, Hamilton WL, Warne B, Houldcroft CJ, Hosmillo M, Jahun AS, et al. Rapid implementation of SARS-CoV-2 sequencing to investigate cases of health-care associated COVID-19: a prospective genomic surveillance study. Lancet Infect Dis. (2020) 20:1263. doi: 10.1016/S1473-3099(20)30562-4

 9. Cooper BS, Evans S, Jafari Y, Pham TM, Mo Y, Lim C, et al. The burden and dynamics of hospital-acquired SARS-CoV-2 in England. Nature. (2023) 623:132–8. doi: 10.1038/s41586-023-06634-z

 10. Lindsey BB, Villabona-Arenas CJ, Campbell F, Keeley AJ, Parker MD, Shah DR, et al. Characterising within-hospital SARS-CoV-2 transmission events using epidemiological and viral genomic data across two pandemic waves. Nat Commun. (2022) 13:1–11. doi: 10.1038/s41467-022-28291-y

 11. Connor T, Attwood S, Bull M, Gaskin A, Pacchiarini N, Rey S, et al. SARS-CoV-2 Genomic Insights With Cover Statement. (2020). Available at: https://gov.wales/sars-cov-2-genomic-insights-cover-statement-html (accessed March 3, 2022).

 12. Pacchiarini N, Sawyer C, Williams C, Sutton D, Roberts C, Simkin F, et al. Epidemiological analysis of the first 1000 cases of SARS-CoV-2 lineage BA.1 (B.1.1.529, Omicron) compared with co-circulating Delta in Wales, UK. Influenza Other Respi Viruses. (2022) 16:986–93. doi: 10.1111/irv.13021

 13. Jackson B, Boni MF, Bull MJ, Colleran A, Colquhoun RM, Darby AC, et al. Generation and transmission of interlineage recombinants in the SARS-CoV-2 pandemic. Cell. (2021) 184:5179–88. doi: 10.1016/j.cell.2021.08.014

 14. Adamson J, Smith C, Pacchiarini N, Connor T, Wallsgrove J, Coles I, et al. A large outbreak of COVID-19 in a UK prison, October 2020 to April 2021. Epidemiol Infect. (2022) 150:e134. doi: 10.1017/S0950268822000991

 15. Lumley SF, Constantinides B, Sanderson N, Rodger G, Street TL, Swann J, et al. Epidemiological data and genome sequencing reveals that nosocomial transmission of SARS-CoV-2 is underestimated and mostly mediated by a small number of highly infectious individuals. J Infect. (2021) 83:473–82. doi: 10.1016/j.jinf.2021.07.034

 16. Cook KF, Beckett AH, Glaysher S, Goudarzi S, Fearn C, Loveson KF, et al. Multiple pathways of SARS-CoV-2 nosocomial transmission uncovered by integrated genomic and epidemiological analyses during the second wave of the COVID-19 pandemic in the UK. Front Cell Infect Microbiol. (2023) 12:1066390. doi: 10.3389/fcimb.2022.1066390

 17. Haanappel CP, Oude Munnink BB, Sikkema RS, Voor in't holt AF, de Jager H, de Boever R, et al. Combining epidemiological data and whole genome sequencing to understand SARS-CoV-2 transmission dynamics in a large tertiary care hospital during the first COVID-19 wave in The Netherlands focusing on healthcare workers. Antimicrob Resist Infect Control. (2023) 12:01247. doi: 10.1186/s13756-023-01247-7

 18. Marinelli TM, Dolan L, Jenkins F, Lee A, Davis RJ, Crawford S, et al. The role of real-time, on-site, whole-genome sequencing of severe acute respiratory coronavirus virus 2 (SARS-CoV-2) in guiding the management of hospital outbreaks of coronavirus disease 2019 (COVID-19). Infect Control Hosp Epidemiol. (2023) 44:1116–20. doi: 10.1017/ice.2022.220

 19. Welsh Government. Technical Advisory Group: advice from TAG and the Chief Scientific Advisor for Health on the Delta Variant | GOV.WALES. (2021). Available at: https://www.gov.wales/technical-advisory-group-advice-tag-and-chief-scientific-advisor-health-delta-variant (accessed November 11, 2024).

 20. Snell LB, Awan AR, Charalampous T, Alcolea-Medina A, Douthwaite ST, Edgeworth JD, et al. SARS-CoV-2 variants with shortened incubation periods necessitate new definitions for nosocomial acquisition. J Infect. (2022) 84:248–88. doi: 10.1016/j.jinf.2021.08.041

 21. Stirrup OT, Hughes J, Parker M, Partridge DG, Shepherd JG, Blackstone J, et al. Rapid feedback on hospital onset SARS-CoV-2 infections combining epidemiological and sequencing data. Elife. (2021) 10:e65828. doi: 10.7554/eLife.65828

 22. Jeffery-Smith A, Dun-Campbell K, Janarthanan R, Fok J, Crawley-Boevey E, Vusirikala A, et al. Infection and transmission of SARS-CoV-2 in London care homes reporting no cases or outbreaks of COVID-19: prospective observational cohort study, England 2020. Lancet Reg Heal - Eur. (2021) 3:100038. doi: 10.1016/j.lanepe.2021.100038

 23. Didelot X, Eyre DW, Cule M, Ip CLC, Ansari MA, Griffiths D, et al. Microevolutionary analysis of Clostridium difficile genomes to investigate transmission. Genome Biol. (2012) 13:R118. doi: 10.1186/gb-2012-13-12-r118

 24. Eyre DW, Shaw R, Adams H, Cooper T, Crook DW, Griffin RM, et al. WGS to determine the extent of Clostridioides difficile transmission in a high incidence setting in North Wales in 2015. J Antimicrob Chemother. (2019) 74:1092–100. doi: 10.1093/jac/dky523

 25. Janezic S, Rupnik M. Development and implementation of whole genome sequencing-based typing schemes for clostridioides difficile. Front Public Heal. (2019) 7:309. doi: 10.3389/fpubh.2019.00309

 26. Public Health Wales. Wales HCAI Surveillance Monthly Dashboard | Tableau Public. (2024). Available from: https://public.tableau.com/app/profile/victoria6405/viz/WalesHCAISurveillanceMonthlyDashboard/HBMonthlyDashboard (accessed November 11, 2024).

 27. McKerr C, Craine N, Morgan M. A hospital outbreak of Clostridioides difficile with whole genome sequencing. In: Public Health Wales Outbreak Report 2024. (2024).

 28. Eyre DW, Fawley WN, Rajgopal A, Settle C, Mortimer K, Goldenberg SD, et al. Comparison of control of clostridium difficile infection in six english hospitals using whole-genome sequencing. Clin Infect Dis An Off Publ Infect Dis Soc Am. (2017) 65:433. doi: 10.1093/cid/cix338

 29. Mawer DPC, Eyre DW, Griffiths D, Fawley WN, Martin JSH, Quan TP, et al. Contribution to clostridium difficile transmission of symptomatic patients with toxigenic strains who are fecal toxin negative. Clin Infect Dis. (2017) 64:1163–70. doi: 10.1093/cid/cix079

 30. Miles-Jay A, Snitkin ES, Lin MY, Shimasaki T, Schoeny M, Fukuda C, et al. Longitudinal genomic surveillance of carriage and transmission of Clostridioides difficile in an intensive care unit. Nat Med. (2023) 29:2526. doi: 10.1038/s41591-023-02549-4

 31. Welsh Government. Genomics Delivery Plan for Wales 2022-2025. (2022). Available at: https://www.gov.wales/sites/default/files/publications/2022-11/genomics-delivery-plan-for-wales_0.pdf (accessed November 11, 2024).

 32. The The Healthcare Associated Infection, Antimicrobial Resistance & Prescribing Programme PHW. Healthcare Associated Infection (HAI) Surveillance - Public Health Wales. Available from: https://phw.nhs.wales/services-and-teams/antibiotics-and-infections/healthcare-associated-infection-hai-surveillance/ (accessed December 4, 2024).

 33. The The Healthcare Associated Infection, Antimicrobial Resistance & Prescribing Programme PHW. Antimicrobial Resistance in Urinary Coliforms Wales in 2016-2023. (2024). Available at: https://publichealthwales.nhs.wales/services-and-teams/antibiotics-and-infections/antimicrobial-surveillance/all-wales-reports/antimicrobial-resistance-in-urine-cultures-in-wales-in-2023/ (accessed December 4, 2024).

 34. The The Healthcare Associated Infection, Antimicrobial Resistance & Prescribing Programme PHW. Antimicrobial Resistance in Blood Cultures Wales in 2016-2023. (2024). Available at: https://publichealthwales.nhs.wales/services-and-teams/antibiotics-and-infections/antimicrobial-surveillance/all-wales-reports/antimicrobial-resistance-in-blood-cultures-in-wales-2023/ (accessed December 4, 2024).

 35. Health Education Improvement Wales (HEIW) and Genomics Partnership Wales (GPW). Genomics Strategic Workforce Plan 2024/25-2027/28. (2024). Available at: https://heiw.nhs.wales/files/genomics-workforce-plan/ (accessed November 11, 2024).

 36. Connor T, Attwood S, Bull M, Gaskin A, Pacchiarini N, Sara Rey JS. SARS-CoV-2 Genomic Insights with cover statement [HTML] | GOV.WALES. (2020). Available at: https://www.gov.wales/sars-cov-2-genomic-insights-cover-statement-html (accessed Septemeber 6, 2024).

 37. Roy S, Hartley J, Dunn H, Williams R, Williams CA, Breuer J. Whole-genome sequencing provides data for stratifying infection prevention and control management of nosocomial influenza A. Clin Infect Dis. (2019) 69:1649–56. doi: 10.1093/cid/ciz020

Copyright
 © 2025 Pacchiarini, McKerr, Morgan, Connor and Williams. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The potential of genomic epidemiology: capitalizing on its practical use for impact in the healthcare setting



		1 Introduction



		2 COVID-19



		3 Clostridioides difficile



		4 Workforce implications



		5 The future of genomic epidemiology in healthcare



		6 Discussion



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

The potential of genomic
epidemiology: capitalizing on its
practical use for impact in the
healthcare setting











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







