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Pandemics are complex events requiring a coordinated, global response. The response to the pandemic exposed
vulnerabilities in system preparedness.

Lessons arising from the COVID-19 pandemic are characterized by four broad themes: (i) investment in public
health and health infrastructure, (i) countermeasures (medical and non-medical), (iii) risk commmunication
and public health measures and (iv) investment in people and partnerships.

Learning from the COVID-19 pandemic identifies an approach that focusses on capacities and capabilities that
are pathogen agnostic, ensuring that we can respond to diverse emerging infectious disease threats will be
essential. The lessons learned from previous and ongoing infectious disease outbreaks should be kept under
constant review, in line with technological and scientific advances, to improve our ability to detect, mitigate

and respond to new and emerging threats.

Background

Theresponse to the COVID-19 pandemic required a coordinated, glo-
bal, whole-system response which exposed vulnerabilities in system
preparedness. A report by the United Nations Environment
Programme (UNEP) and International Livestock research Institute
describes how COVID-19 is part of a growing trend of emerging zoo-
noses! and while we cannot perfectly predict the characteristics of
what the next pandemic might look like, it is a case of when and
not if, a future pandemic will occur. It is imperative therefore that
strategic and operational resilienceis built into public health activities
to enable the successful mitigation of the impact of future pan-
demics on the global population.

Pandemics are complex events that involve both political and
health aspects. The focus of public health during a pandemic is to
identify and contain the spread of the disease and to provide
medical care to those who become infected. However, pan-
demics also have political dimensions due to the significant
and widespread disruption to the economy, including interrup-
tions to trade, supply chains and travel increasing social inequal-
ity and causing strained international relations.

The response to pandemics often involves coordination be-
tween health and political authorities, as well as collaboration
across national and international borders. Governments play a
critical role in developing policies and allocating resources to
respond to pandemics, including funding for research and
development, healthcare infrastructure and emergency re-
sponse systems.

An integrated approach to pandemic preparedness—informed
by learning from the response to the COVID-19 pandemic—focus-
sing on capacities and capabilities that are pathogen agnostic and
that can respond to any pathogen will be essential.

The key learning identified from the COVID-19 pandemic can be
characterized by four broad themes: (i) investment in public health
and health infrastructure, (i) countermeasures (medical and non-
medical); (iii) risk communication and public health measures and

(iv) investment in people and partnerships (Figure 1).

Public health and health infrastructure

The COVID-19 pandemic has shown the importance of investing
in healthcare infrastructure.

A strong and effective public health infrastructure is essential
not only to respond to emerging crises, but to detect and prevent
them from developing in the first place. The response to the
COVID-19 pandemic illustrated the importance of having the
ability to mobilize and scale surveillance, genomics and research
capabilities. This capability allowed the prevalence of the virus to
be tracked across the UK, the detection of new variants and in
turn, the analysis of both transmissibility and severity. Taken to-
gether, the overall impact that different waves and variants
have on communities, and how it affects different social, ethnic
and age groups could be understood. Without them, the ability
to make timely and informed public health interventions would
have been severely hampered.

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the
original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

ii43


mailto:susan.hopkins@ukhsa.gov.uk
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Cunningham and Hopkins

Public Health and Health Infrastructure

The need to develop and maintain public
health infrastructure which is scalable
(surveillance, genomics, diagnostics and
contact tracing).

The need to develop infrastructure for the
rapid deployment of research and clinical
trials,

People & Partnerships

The need to develop and maintain a skilled
multidisciplinary workforce.

J The need to engage with and develop
partnerships with academia, industry, other
government agencies and international
partners.

All Hazard
Preparedness

The need to take an
integrated approach to
pandemic preparedness

which focusses on capacities
and capabilities that are
pathogen agnostic

Countermeasures
(medical and non-medical)

. The need to procure and stockpile therapeutics
and vaccines
The need to procure and stockpile personal
protective equipment, diagnostics,
consumables and medical equipment
The need to prioritise and allocate resources
ethically.

Risk Communication and Public Health
Measures

The need to maintain and enhance professional
and public trust.

The need to evaluate the known and unknown
risks and benefits of non pharmaceutical
interventions.

Figure 1. All-Hazard Preparedness: an integrated approach to pandemic preparedness that focusses on capacities and capabilities that are pathogen
agnostic. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

Lesson 1: the need to develop and maintain public health
and health infrastructure that is scalable (surveillance,
genomics, diagnostics and contact tracing)

Surveillance

Effective surveillance systems are vital in controlling infectious
disease outbreaks. The COVID-19 pandemic highlighted the im-
portance of surveillance systems in detecting and monitoring
the spread of a novel virus in real time. Examination of how
COVID-19 surveillance was optimized can be used to maintain
and improve surveillance for other infectious diseases.

The digitalization and data management electronic medical
records, and online surveillance systems allowed for the rapid
reporting of cases and contact tracing,? determining the health
impact to understand hospitalizations and deaths, and perform
real-time vaccine effectiveness studies.’

First, molecular testing was used to rapidly detect and confirm
cases of COVID-19.* The development of rapid diagnostic tests
enabled widespread testing, which allowed for the identification
of cases and isolation of infected individuals.® This technique en-
abled the identification of COVID-19 variants and their geograph-
ic spread.®

Furthermore, the UK developed national community and
health care worker surveillance studies,”™ regularly testing co-
horts that provided valuable information to answer important
questions including age profiles of those acquiring infection and
their symptom profile, understanding the durability of the im-
mune response and providing rapid assessments on the impact
of vaccines.

The ability to answer the key questions on disease severity,
transmission and the impact of interventions is essential and
the ability to scale studies that can answer these questions in
real time will be critical for future epidemics and pandemics.©

Genomics

In addition, the use of genomic sequencing allowed for the track-
ing of the spread of COVID-19."! Some genomic sequencing was

available from an early stage of the pandemic and, following
the research funding provided to the COVID-19 Genomics UK
consortium (COG-UK), retrospective analysis of incursions into
the UK could be performed. By March 2021, the UK provided
close to 50% of the world’s registered output in genomic se-
quencing of SARS-CoV-2. This genomic surveillance, sequencing
and genotyping provided the ability to track and monitor the
emergence of new variants, support research on vaccine and
therapeutic effectiveness and support international collabor-
ation and planning.?

The role of genomics in underpinning the efforts to under-
stand and control future outbreaks is clear, but there is a need
to develop and invest in the technology and infrastructure to col-
lect genomic data and associated metadata at speed. New tech-
nologies in sequencing and bioinformatics have emerged in
recent years, with some countries making major strides in estab-
lishing and strengthening their capacities and capabilities, this
needs to continue and to be combined with clinical, epidemio-
logical and other multi-source data to: identify emerging patho-
gens, or changes in recognized pathogens; understand pathogen
characteristics and the potential biological impact, develop spe-
cific diagnostics, therapeutics and vaccines; and to inform public
health measures by understanding disease transmission.

Ability to develop, validate and scale diagnostic testing

There needs to be investment in laboratory infrastructure to sup-
port rapid and accurate diagnosis of infectious diseases, includ-
ing the development of metagenomics to detect the unknown
emerging pathogens®® and development of rapid diagnostic
tests to enable widespread testing.'*1°

In January 2020, generic coronavirus assays developed post
SARS were used to identify the potential new virus. The development
of the specific assay occurred rapidly after the publication of the
genome in January 2020.*® However, the ability to scale this diag-
nostic test to the allow the early identification and isolation of in-
fected individuals, to control the spread of the virus, was slow and
hindered the ability to identify individuals and isolate their contacts.
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As capacity scaled, including the use of lateral flow rapid diag-
nostic tests, this allowed the detection of asymptomatic indivi-
duals, provided robust contact tracing and even provided novel
methods to test individuals to release from isolation early or
avoid isolation through daily or regular testing.'’~%? Moreover,
the development of rapid diagnostic tests has enabled quick
and efficient testing at point-of-care settings, such as clinics,
schools and workplaces. These tests provide results within min-
utes, allowing for immediate identification of infected individuals
and isolation to prevent further transmission.?® Studies demon-
strated that these tests could be rapidly deployed in the commu-
nity, with results within 30 min and while sensitivity was lower
than the gold-standard PCR, the ability to repeat them and to de-
tect those with higher viral loads provided huge additional value
over laboratory assays.?4-2¢

Diagnostic tests have also played a crucial role in monitoring
the effectiveness of vaccination programmes. Regular testing
of vaccinated individuals has allowed for the identification of
breakthrough infections and the implementation of appropriate
measures to prevent further spread.?’

Several studies have demonstrated the effectiveness of diag-
nostic tests in reducing COVID-19 transmission. A study conducted
in the UK found that regular testing of healthcare workers reduced
the risk of transmission by identifying asymptomatic cases and
preventing outbreaks.”®?° Another study conducted in South
Korea found that widespread testing and contact tracing mea-
sures were effective in controlling the spread of the virus.*°

Optimally, in the future, we will need to be able to have suffi-
cient equipment, consumables and staff trained to scale diagnos-
tic testing to deliver large scale PCR tests per day within days to
weeks of a pandemic declaration before the availability and valid-
ation of rapid diagnostic tests. Stockpiles of generic diagnostic
tests would protect against lack of resilience in supply chains.

Contact tracing

Contact tracing is a critical component of infectious disease con-
trol, through identifying, monitoring, providing health informa-
tion about the relevant infection and potentially isolating
individuals who have been in contact with a case of infectious
diseases. It enables chains of transmission to be broken.
Traditional interview-based techniques are time consuming and
during the COVID-19 pandemic, digital techniques were used
by requesting cases to provide contact information and contact
details through web-based forms that could allow automation
and rapid information to be given to contacts. However, many
contacts that individuals may have had on public transport, the
work environment or in other public spaces will be unknown.
The deployment of COVID app tools, using Google and Apple’s
Bluetooth exposure notification platform allowed the notification
of a potential high-risk contact and allowed those individuals
to follow the relevant public health advice for their location. In
England, such a tool was rolled out in late 2020 and was esti-
mated to have saved 100000 lives in its first year of use.*!

Lesson 2: the need to develop infrastructure for the rapid
deployment of research and clinical trials

Many WHO member states implemented the First Few X (FFX)
enhanced surveillance protocol®*” to investigate the clinical and

epidemiological characteristics of at least the first 100 confirmed
COVID-19 cases and their close contacts. These studies provided
useful evidence for generating case definitions and informed
modelling studies of the likely burden of COVID-19.%3

During the COVID-19 pandemic, many thousand studies of
therapeutics were initiated, however, many were underpowered
to reach a primary outcome. The RECOVERY trial,>* using a multi-
arm pragmatic adaptive trial design has been able to recruit more
than 45000 patients and determine the effectiveness (or not) of
many drugs; it also used easily available end points that are avail-
able in clinical records to reduce the burden of data collection. In
future, an anticipatory rather than reactive approach to prag-
matic large scale clinical trial design and testing could improve
regulatory approval processes, participant recruitment and
operationalization.®®

Animal studies were an important contribution to under-
standing the disease process, early therapeutic and vaccine stud-
ies across a range of variants. Maintaining the capability and
reserve capacity to use animal models will be essential under-
stand disease virulence, improve vaccine development and
understand the biological response to therapeutics and vaccines.

Finally, international research consortia such as The
International Severe Acute Respiratory and Emerging Infection
Consortium have proved their ability to provide the operational
capabilities to conduct clinical research in the context of an
emerging infection, including the COVID-19 pandemic,*® the
monkeypox outbreak®” and acute hepatitis of unknown aetiology
in children.®® Tt will be important that infrastructures such as
this are maintained and developed to provide the capabilities
to respond to future emerging outbreaks.

All-hazard preparedness for an emerging health threat should
include the development and maintenance of ‘sleeper’ studies
and protocols that can be rapidly deployed to allow a range of in-
formation to be collected for new and emerging threats. This will
enable the rapid generation of new knowledge to address the
most important questions between and during epidemics and
maximize the availability of clinical information through clinical
characterization. There is an additional need to be able to rapidly
evaluate the impact of non-pharmaceutical interventions. This
will require dedicated funding and the ability to rapidly resource
these initiatives.

Countermeasures (medical and non-medical)

Procuring medical supplies and ethical resource allocation there-
after needs to be a central consideration in all-hazard preparedness.

Lesson 3: the need to procure and stockpile therapeutics,
vaccines, personal protective equipment, diagnostics,
consumables and medical equipment

Procurement of essential medical supplies amid an evolving pan-
demic is difficult due to globally competitive supply chains.®
A pathogen specific approach to stockpiling is neither cost-
effective, nor ensures preparedness for a threat from an unex-
pected pathogen.

Striking the balance between preparedness for the most likely
threats (influenza) and unexpected threats should involve
the combination of epidemiological, medical and commercial ap-
proaches. This should have the aim of procuring pathogen
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agnostic supplies (personal protective equipment, antibiotics and
antivirals) that are dynamic and consider the wider effects of a
new infectious threat including laboratory consumables. Any
stockpiling should be sustainable and involve periodic reviews
and the dynamic use of supplies to ensure cost-effectiveness
and avoid unnecessary waste.

Finally, in the event of the next pandemic, drug and vaccine
discovery will be expensive, time consuming and laborious.
All-hazard preparedness should include the implementation of
robust horizon scanning, defined as the systematic identification
and evaluation of signals of potential risks and mitigations, to
identify credible and plausible therapeutics and vaccines that
can be repurposed and stockpiled for emerging infections.

Risk communication and public health
measures

Lesson 4: the need to maintain and enhance professional
and public trust

Public trust and transparency

Trust is one of public health’s best prophylactics with evidence
suggesting that trust in government is one of the biggest predic-
tors of adherence to public and social measures and vaccine ac-
ceptance.”®™? In a fast-changing pandemic context, where
there is evolving evidence and changing guidance, it is important
to have the ability relay information rapidly and transparently.
One way in which trust is harmed is if the reasons or ‘the science’
behind decision making processes are not sufficiently transpar-
ent, as this is unlikely to instil trust. The COVID-19 dashboard*?
has been a major contribution to transparency in the UK’s ap-
proach to the COVID-19 pandemic, becoming an essential tool
for many and recognized internationally. While ensuring to pro-
tect individual patient privacy, work should continue to ensure
open data sharing globally in a timely manner to ensure rapid
and informed decisions can be made that are proportional to
the threat. Misinformation is defined by the inadvertent spread
of misleading and false information, whereas disinformation re-
flects the deliberate and coordinated spread of misleading and
false information.** Both mis- and disinformation can undermine
efforts to protect public health and efforts should be made during
non-pandemic periods to combat mis/disinformation and to
build trust with communities through:

(i) engagement with stakeholder and advocacy groups,
(i) actively publishing and sharing verified information, and
(i) improving media and health literacy.

Professional communications

There are additional unique challenges to communicating with
healthcare professionals during a pandemic, which includes the
ability to rapidly disseminate more technical communications
(such as the UK technical briefings for COVID** and updated
medical guidance). In the rapidly changing context of a pandem-
ic, healthcare professionals may often access information from
the same sources as the public at the same time. It is therefore
important to:

(i) ensure mechanisms and communication channels are in
place to rapidly disseminate urgent public health messages
and technical guidance, and

(i) ensure healthcare professionals are aware of these commu-
nication channels.

Lesson 5: the need to evaluate the known and unknown
risks and benefits of non-pharmaceutical interventions

Non-pharmaceutical interventions, also known as ‘public health
and social measures’, refers to measures to reduce transmission
that does not depend on drugs, vaccines or other medical coun-
termeasures. Examples include the use of face coverings, social
distancing and travel restrictions.

Behavioural and social science insights

During the COVID-19 pandemic it was important to conduct rapid
research and evaluation to understand how the behaviour of the
public and professional communities’ changes in response to the
novel infectious disease threat. Developing behavioural insights
to understand the possible public behaviour changes that could
be expected in a future pandemic and the impact of these on
key sectors should form a key component of all-hazard prepared-
ness. In the UK, preparedness work had identified the need for
this work prior to the COVID-19 pandemic“®“’ and web-based
surveys were successfully used to track behaviour and compli-
ance with public health measures throughout the pandemic.*®

Developing an understanding of behaviour change and com-
pliance with public health measures in an emerging incident re-
quires continuous analysis in the medium term to generate
behavioural insights to improve our public health campaigns
and risk communications. This will also be important to ensure
that any future public health interventions are designed and op-
timized using evidence from the behavioural and social sciences,
with their effectiveness systematically evaluated.

Health inequalities

Public health measures and the burden of infectious diseases
tend to disproportionally affect the most vulnerable groups in
society, and this was exemplified in the COVID-19 pandemic.*’
There is a need to develop the foundational capabilities for
‘hyperlocal’ engagement that can be rapidly scaled to gather in-
sight from the groups of society most impacted by health threats
and the potential unintended consequences associated public
health measures. All-hazard preparedness work should include
an emphasis on the ability to target resources on populations
who are harder to reach with specific equality programmes
with partner and stakeholder organizations.

People and partnerships

Lesson 6: the need to develop and maintain a skilled
multidisciplinary workforce

Skill mix

It is important to identify, prioritize, recruit and maintain the skill
mix required to prevent, detect, respond and mitigate a variety of
hazards. An all-hazard response requires:
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(i) Frontline healthcare workforce: hospital-based, community-
based, health and justice system and local public health
experts

(ii) Scientific workforce: including biomedical and clinical scien-
tists, data scientists, modellers, economists, epidemiologists,
behavioural scientists and policy experts

(i) Expert enabling workforce: finance, commercial, policy,
human resources, technology and communications
experts

Itis neither feasible nor pragmatic to have the full-complement
of the workforce required to respond to a pandemic in non-
pandemic periods. Models from other emergency response func-
tions such as the fire service could be emulated; in England in
2021, 35% of firefighters, representing 28% of whole-time equiva-
lent employment, were retained reservists.® A surge staff capacity
and capability that combines a small but highly skilled retained re-
serve with a larger, more flexible volunteer reserve capacity would
improve all-hazard preparedness®! and could be built with aca-
demia and industry.

Exercise planning

The COVID-19 pandemic has been a key learning exercise in itself,
with many key lessons for the management of future pandemics.
It is important to recognize, however, that the response to any
future pandemic will be dependent on the pathogen, organiza-
tional, societal and political changes, technological advances
and medical advances.

As we move forward, it will be important to develop and de-
liver multi-organizational and multi-professional exercises for a
variety of hazards that:

(i) test the readiness of the healthcare and public health infra-
structure and other response mechanisms,
(i) identify gaps in preparedness and
(iii) improve coordination among different agencies and organi-
zations for a variety of hazards.

Lesson 7: the need to engage with and develop
partnerships with academia, industry, other government
agencies and international partners

One Health

The drivers of pandemics are often also the drivers of climate
change and biodiversity loss. A One Health approach—which uni-
tes experts from multiple disciplines (public health, animal
health, plant health and the environment) and engages partners
from academia, industry and governments—will be required to
enhance preparedness, mitigate the threats from infectious ha-
zards and deliver outcomes that improve the health of people,
wildlife and the planet.

Recommendations by the UNEP address this, and include ex-
panding scientific enquiry into zoonoses, regulating and monitor-
ing traditional food markets, incentivizing the legal wildlife trade
and animal husbandry to adopt zoonotic control measures, and
radically transforming food systems.! The risk crosses all disci-
plines and borders and, as such, it is a global challenge requiring
international cooperation.

International cooperation and data sharing

The COVID-19 pandemic has highlighted the challenges and op-
portunities of our inter-connected world in responding to global
crises. The rapid rollout COVID-19 testing infrastructure, vaccine
development programmes and global research collaborations
in the spirit of cooperation and rapid data sharing illustrates
the remarkable progress that can be achieved when the entire
scientific community, industry, academia and governments unite
towards a common goal.

Building on and formalizing the international partnerships and
collaborations formed during the COVID-19 response and advo-
cating for timely and open data, information and biological ma-
terial sharing will enhance all-hazard preparedness and resilience
against the next infectious disease threat.

Conclusion

Future health threats to the UK will probably be from importation
and as such, work should continue to build the capabilities to de-
velop long-term threat assessments, promote international col-
laboration and epidemic intelligence scanning, and consider
the use of anonymized border health surveillance activities
such as pan-respiratory virus screening to detect emerging
pathogens from countries where surveillance systems are less
mature. As we move into a post-pandemic period, it will be im-
portant to refine all-hazard surveillance capabilities to predict,
detect and develop understanding of future human health
threats, not just domestically, but globally.

Achieving all-hazard preparedness means keeping plans un-
der constant review and a commitment to building capabilities
to improve our ability to detect, mitigate and respond to new
and emerging threats. As we prepare for a future pandemic,
which will look different from COVID-19, all-hazard preparedness
plans should evolve in response to technological and scientific
advancements, lessons learned from previous and ongoing infec-
tious disease outbreaks and rigorous exercising to test our re-
sponse mechanisms.
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