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This opinion piece emphasies the critical role of translational research in enhancing the UK’s resilience against future pandemics. The COVID-19 pandemic demon- 

strated the lifesaving potential of scientific innovation, including genomic tracking of SARS-CoV-2, vaccine development, data linkage, modelling, and new treatments. 

These advances, achieved through collaborations between academic institutions, industry, government, public health bodies, and the NHS, occurred at an unprece- 

dented pace. However, the UK’s pandemic preparedness planning, as reflected in the 2016 Exercise Cygnus report, notably lacked provision for scientific innovation. 

This oversight highlights the necessity of integrating innovation and research into future preparedness strategies, not as a luxury but as a vital component of the 

healthcare infrastructure. The COVID-19 pandemic has underlined the importance of surge capacity for diagnostic labs, vaccine development and deployment strate- 

gies, real-time research embedded within the NHS, efficient data sharing, clear public communication, and the use of genomic tools for outbreak surveillance and 

monitoring pathogen response. Despite world-leading aspects of some of the UK’s research response, the need to build much of the infrastructure in real-time led to 

avoidable delays. A proactive approach in incorporating research and innovation into the NHS’s operational framework will be needed to ensure swift, evidence-based 

responses to future pandemics. 
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To safeguard the UK population against future pandemics, transla-

ional research must be placed at the heart of the planning and oper-

tions of the National Health Service (NHS) and public health agen-

ies. The case cannot be clearer as we emerge from the COVID-19

andemic. Multiple innovations were central to our response against

OVID-19, including mass testing 1 and genomic tracking of the SARS-

oV-2 virus, 2 the creation of vaccines, 3-5 data linkage across health sys-

ems, modelling of the impact of public health interventions, 6 and the

evelopment of new treatments. 7 These scientific advances occurred

t unprecedented pace and saved millions of lives. They did not oc-

ur in isolation, but by the rapid development of interactions between

cademic institutions, industry, government, public health and the

HS. 

Surprisingly, during pandemic preparedness planning, the impact of

cientific innovation was not planned for. The Exercise Cygnus report,

ublished in 2016, evaluated the capacity of the UK to respond to an in-

uenza outbreak affecting 50% of the population with ‘excess deaths of

00–400,000’ people, before the development of an ‘updated influenza

accine’. 8 It considered the NHS, public health, social care and govern-

ent response but did not mention the importance of universities, or
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cientific innovation in planning ( Table 1 ). While supply chains of vac-

ines and treatments were considered essential, no mention was made

f what to do in the event that these did not already exist. These gaps

n planning highlight a need to incorporate innovation and research in

ny future preparedness strategy, not as a luxury which the stretched

HS cannot afford, but as an essential component of our infrastructure

hat can be pivoted rapidly to a pandemic response. COVID-19 high-

ighted the importance of having a national testing strategy and a rapid

lan to enable surge capacity for diagnostic laboratories; a vaccine de-

elopment and deployment strategy; an ability to answer urgent, unpre-

ictable clinical questions with research embedded within the NHS in

eal time to ensure a safe, evidence-based response; the importance of

fficient and transparent data sharing between agencies and a toolkit

or clear communication with the public. 

While aspects of the UK research response were world-leading, it

as necessary to build much of the essential infrastructure in real-

ime, resulting in avoidable delays. In a remarkable collective effort,

esearch networks were self-formed, emergency grants and ethical ap-

rovals were made, data linkage projects initiated, and the government

njected large sums of money to catalyse a rapid ‘take-off’ to address

ritical questions that it was not possible to answer at the onset of the

andemic. 
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Table 1 

Research interventions that were not considered in Exercise Cygnus. 

Intervention Role of academic centres/universities 

Diagnostic testing Development and testing of a new assay 

Diagnostic assurance (ensuring that PCR and LFT testing would remain sensitive while the virus evolves in the population) 

Development of Lighthouse facilities 

Use of equipment and staff from universities to help with the national response. 

Vaccination Developing an entirely new vaccine (rather than rolling out an adapted one within weeks) 

Testing a new vaccine in clinical trials at pace – Oxford vaccine trial 

Collaborations with industry – Pfizer, Moderna, Astra Zeneca, Valneva, Novavax 

Tracking using genomic sequencing COG-UK 

Modelling and prediction of vaccine escape and clinical severity of virus variants 

Development of new treatments Steroids 

Monoclonal antibodies 

Large flexible platform trials - RECOVERY 

Basic science to understand mechanisms 

underlying severity of infection 

G2P consortium 

Changes in tropism of VOCS and associated clinical severity 

Data linkage and research protocols Access to samples and data for scientists responding to the outbreak 

Standing protocols e.g. ISARIC 

Variant tracking – data linkage of genomic sequencing and clinical severity 
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he importance of scientific innovation during the COVID-19 pandemic 

Several research initiatives were central to the UK research response

o COVID-19 and included high-scale genomic sequencing, basic virol-

gy, and the development of vaccines and new treatments. 

Genomic sequencing: The extensive work of the COG-UK consor-

ium (COVID-19 Genomics UK Consortium) highlighted the critical im-

act of large-scale genomic surveillance on the COVID-19 pandemic.

his consortium enabled the sequencing of more than two million SARS-

oV-2 genomes across the UK in real-time and contributed to major ad-

ances in our understanding of the biology and transmission of the virus.

enomic sequencing was also used to track hundreds of introductions

f the virus to the UK from Central Europe via short-haul flights (and

ot frequently directly from China as had been widely expected). 9 , 10 

K researchers were the first to identify the evolution of single genome

utations that increased transmission of the virus (the D614G muta-

ion) and facilitated immune escape (e.g. N439K, E484K) during early

ransmission of the virus. 11 , 12 These single polymorphisms in the vi-

al genome heralded the first variant of concern (VOC) of SARS-CoV-2

the alpha variant), also identified by the COG-UK consortium. 13 Im-

ortantly, single signature mutations that were present in the alpha

ariant were noted to develop in an immunosuppressed patient with

hronic infection providing evidence for the leading hypothesis on how

ew variants are generated in another observation made by COG-UK

esearchers. 14 Genomic sequencing was most powerful when combined

ith additional data –in particular, SARS-CoV-2 sequences in those who

ecame infected despite vaccination and clinical severity in people with

ifferent variants, accounting for differences in vaccination status, co-

orbidity and age. The infrastructure for such analysis was not imme-

iately available to academic researchers and future pandemics would

enefit from standing protocols to ensure availability of anonymised

ata (ensuring stringent data protection) to allow us to detect variants

hat might be associated with increased transmission, vaccine evasion,

r higher clinical severity and that might require more vigorous inter-

ention. One effective solution was to facilitate access and data pro-

ection by the provision of honorary contracts for academic scientists

ithin the public health agencies – maintaining such arrangements, for

xample within the Health Protection Research Unit (HPRU) structure

ill provide infrastructure to enable more rapid responses in future pan-

emic scenarios. Another was the creation of Trusted Research Environ-

ents (TREs) and an investment in Health Data Research UK (HDR UK)

hat allow scientists outside public health agencies to work with secure

nonymised datasets. 6 

Functional virology : Sequencing of the viral genome did not pre-

ict all phenotypic changes in the behaviour of the virus immediately.

hen the omicron variant emerged, it was clear from what was known
2

bout individual mutations in the spike gene that vaccine escape was

ighly likely, before the variant became dominant – and this was subse-

uently borne out both in vaccine trials and real-world vaccine roll-out

tudies. 15 However, a change in the phenotype of the virus, both in cell

ulture and in vivo was not predictable from the changes in the S2 seg-

ent of the spike protein that were later shown to alter the tropism of

he virus to favour cell entry via endocytosis in naso-epithelial cells and

way from TMPRSS2-mediated entry into lung cells. This change in cell

ntry and cell tropism required fundamental molecular virologists to in-

estigate the mechanisms that lay behind this change, which coincided

ith a reduction in clinical severity of disease. 16 , 15 Specialist scientific

dvisory groups that provided advice to UK government and were co-

rdinated by UK HSA, including the Scientific Advisory Group for Emer-

encies (SAGE), the New and Emerging Respiratory Virus Threats Ad-

isory Group (NERVTAG), and the COVID-19 Variant Technical Group

VTG), the online publications of which were used by public health agen-

ies around the world 17 and enabled UK government to receive up to

ate information in a dynamic environment. 

Advances in vaccine development: The landscape of vaccine de-

elopment was catalysed rapidly during the COVID-19 pandemic, driven

y rapid genomics and the emergence of mRNA and vector-based tech-

ologies. These innovative approaches have reshaped our ability to re-

pond quickly and effectively to rapidly evolving viruses. The develop-

ent of mRNA vaccines represented a paradigm shift in vaccinology. 4 , 18 

nlike traditional methods that use weakened or inactivated pathogens,

RNA vaccines employ a synthetic messenger RNA to instruct host mus-

le cells to produce a specific viral protein, eliciting an immune response

o protein manufactured inside host cells (rather than in a factory). This

echnology offers remarkable advantages, including rapid development,

igh scalability, and the ability to rapidly tweak the mRNA sequence

n response to viral mutations. The success of mRNA vaccines in the

OVID-19 pandemic has not only provided a powerful tool against this

irus but also set a precedent for future vaccine development against

ther pathogens for which the genetic sequence is available. The low-

athogenicity vector-based adenovirus vaccine (ChAdOx1) used as a de-

ivery system to introduce genetic material into cells also resulted in a

ighly effective vaccine. 5 This method enables the development of vac-

ines with durable immunity, particularly useful in areas where main-

aining cold chain logistics for mRNA vaccines is challenging. 

Advances in treatment: Clinical platform trials, designed to inform

ractice within primary and secondary care, were critical in developing

ffective treatments for SARS-CoV-2 and incorporated new approaches,

ncluding online recruitment and follow-up. The success of trials like

ECOVERY, the world’s largest randomised controlled clinical trial for

OVID-19 treatment, involving 39,000 patients, demonstrated the po-

ential of large-scale, collaborative platform trials in rapidly identifying
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ffective treatments in hospitalised patients. 7 AGILE was set up as a

maller scale trial to facilitate the recruitment of participants to phase

 and 2 substudies that aimed to identify the safe dosage for new treat-

ents. 19 REMAP-CAP was developed to carry out phase 3 trial testing

f treatments in patients with severe COVID-19 infection in critical care

nits 20 and PANORAMIC was a UK-wide study funded by the NIHR

o evaluate community-based antiviral treatments, with 29,000 partic-

pants recruited. 21 Importantly, PANORAMIC employed online recruit-

ent and did not require in-person visits by participants. 

The development of new treatments and ways of delivering clinical

rials was a strength of the UK response. The importance of addressing

mmune dysregulation in severe infection was a major step forward in

nfection research. One of the key findings of the RECOVERY trial was

o quantify the effectiveness of steroids in treating severe COVID-19 af-

er the development of pneumonitis and hypoxia in the later immune

hase of the illness. 22 This discovery marked a significant advance in

linical care, offering a readily available and cost-effective treatment op-

ion for critically ill patients that was not tested in industry-sponsored

linical trials. Another important treatment advance was that IL-6 in-

ibitors such as toculizimab synergistically decreased mortality when

dministered alongside steroid treatment. 23 

Direct antiviral treatments were also developed at speed for COVID-

9 and found to be most effective when administered during the early

tages of infection. The repurposed drug remdesivir, an RNA-dependent

NA polymerase (RdRp) inhibitor (initially used in Ebola virus infec-

ion) was found to reduce time to recovery if administered early dur-

ng infection to those most at risk. 24 Another effective antiviral treat-

ent, used by those at high risk of severe infection is nirmatrelvir-

itonavir, which inhibits the viral protease and has retained activity de-

pite the evolution of new viral variants. 25 An array of monoclonal anti-

ody treatments were also developed, each with varying activity against

ew variants of concern (VOC) as these emerged. 26 The monoclonal an-

ibody treatment sotrovimab manufactured by Vir Biotechnology and

SK (VIR-7831), was first isolated in 2003 from a patient infected with

ARS-CoV-2 and has the advantage that it binds to a conserved area of

he spike protein. 27 Nevertheless while this and other mAbs have been

nstrumental in treating COVID-19, particularly in the early stages of

nfection, they also present challenges. One significant downside is the

otential for the evolution of the virus, leading to variants that may

vade the antibody. This highlights the need for continuous monitoring

nd adaptation of treatment strategies in response to viral mutations by

enomic sequencing. 

merging technologies and future directions in pandemic preparedness 

The landscape of pandemic threats continues to evolve, necessitat-

ng a dynamic and informed response that extends beyond our cur-

ent knowledge base. The WHO blueprint list for pathogens with pan-

emic potential (revision in consultation) currently includes eight viral

athogens (COVID-19, Crimean-Congo haemorrhagic fever, Ebola virus

isease and Marburg virus disease, Lassa fever, Middle East respiratory

yndrome coronavirus (MERS-CoV) and Severe Acute Respiratory Syn-

rome (SARS), Nipah and henipaviral diseases, Rift Valley fever, Zika

nd “Disease X’’, representing a pathogen or pathogens that have not

et been shown to cause disease in humans. 28 ).We know from genomic

odelling that there are as many as 320,000 yet-to-be-characterized

ammalian viruses, many of which possess zoonotic ‘Disease X’ poten-

ial. 29 This vast, unexplored virosphere represents a substantial chal-

enge and underscores the need for continuous enhanced surveillance

sing for example, advanced next generation sequencing technologies. 

Scientific progress will be pivotal in shaping our preparedness for

uture pandemics, which are likely to differ significantly from previous

utbreaks. The next response to a pandemic threat should leverage the

atest advances in technology, including the expanding field of artificial

ntelligence (AI). AI’s integration into pandemic preparedness and re-

ponse strategies represents a paradigm shift in how we will approach
3

uture outbreaks, which are likely to differ significantly from those in

he past. For example, the use of AI to predict protein structure and func-

ionality from genomic data is currently being revolutionised by tools

uch as AlphaFold. 30 In a pandemic scenario, rapid insights into the pro-

ein structure of a novel virus could significantly shorten the timeline for

eveloping effective therapeutics and vaccines. AI algorithms are also

dept at analysing vast amounts of data to model disease spread and

redict future outbreaks, incorporating international travel patterns and

limate change. AI tools can be used to enhance disease surveillance sys-

ems by analysing data from multiple sources, such as social media, news

eports, and healthcare databases. AI-driven diagnostic tools also have

he potential to provide rapid analysis of clinical data, such as imaging

nd laboratory results, to assist in the early detection of infectious dis-

ases. 31 During a pandemic, these tools could be pivotal in screening

arge populations quickly and efficiently. 

onclusions 

Infectious diseases have been a significant health concern in the UK

nd around the world since the emergence of modern medical prac-

ice. The 20th century witnessed remarkable progress in combating such

iseases, with the advent of antibiotics, vaccination, and improved hy-

iene. Today’s infectious disease threats are increasingly shaped by an-

hropogenic change. The rise of antimicrobial resistance, the expansion

f vector habitats due to climate change and the global growth and

ovement of people are increasing the risk of emerging infectious dis-

ases. Accelerated innovation with new technologies and team science

ill be required to monitor and control the threat. 
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