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(1) Executive Summary

An advance framework enabling rapid activation of human challenge studies during pandemics.

Pandemics are not one-off events but an ongoing and
accelerating global risk, driven by factors including
climate change, urbanisation and zoonotic spill over.
Effective response depends not only on scientific
capability, but on the ability to mobilise complex clinical
research rapidly. COVID-19 demonstrated that current
systems are not sufficiently prepared to do so at speed,
particularly where research requires specialised
infrastructure, governance and coordination.

Human Challenge Studies (HCS) are tightly controlled
clinical trials in which screened volunteers are exposed
to a pathogen under medical supervision. When
appropriately governed, they can generate high-quality
evidence on infection dynamics, immune response and
vaccine efficacy early in a pandemic. HCS are not a
universal solution; rather, they represent one potentially
high-value tool within a broader pandemic response toolkit.

During COVID-19, HCS were ultimately delivered and
generated important scientific insights, but only after sub-
stantial delay and only in the UK. Comparable studies in
other countries did not proceed, or were delayed until after
the acute phase of the pandemic, due to governance and
coordination barriers. The UK experience showed that scien-
tific capability alone is insufficient: mobilisation was slowed
by ad-hoc coordination across governance, ethics, regulation,
manufacturing and contracting, particularly around decisions
to initiate GMP manufacture of pathogenic challenge agent
and to finalise legal arrangements. These delays delayed

the potential public-health impact of HCS and could not be
readily remedied once the crisis was underway.

This finding aligns with wider conclusions from the UK
COVID-19 Inquiry. Although human challenge studies are not
explicitly named, the Inquiry recommends expanding and
maintaining ‘hibernated’ research with pre-agreed protocols,
governance and delivery arrangements, recognising that
the absence of research held in readiness limited early
evidence generation and contributed to uncertainty in
decision-making.

CEPI's recently published Strategy 3.0 similarly emp-
hasises the need to move from response to readiness
in pandemic preparedness systems. Together with the
O'Shaughnessy Review's emphasis on standardised
approvals, defined timelines and nationally pre-agreed

contracting, this collectively provides strong current
policy support for advance preparedness models for
complex, high-impact clinical research.

This report proposes a practical solution: the establishment
of a standing sleeper framework to enable the rapid,
ethical and well-governed activation of HCS when they
are judged to be appropriate. Sleeper frameworks offer a
solution: pre-negotiated agreements that set out roles, re-
sponsibilities, costs and activation pathways in advance of
a crisis. Advance agreements are widely used in

pandemic procurement for vaccines and PPE, but have not
yet been applied to HCS. The proposed framework defines
governance, ethical principles, regulatory pathways and
commercial arrangements in advance, enabling parallel
progression of critical activities while preserving decision-
maker authority at the point of use.

The framework is designed to operate across existing
national pandemic preparedness assets, including
accredited clinical facilities, manufacturing partners and
established research infrastructure, rather than requiring
new institutional structures. It does not pre-commit
governments to deploying HCS, but instead preserves the
option for rapid, well-governed decision-making under
pressure. By making HCS preparation as seamless as
possible, the sleeper framework improves the ultimate
decision for whether and how to run these studies.
Stakeholder engagement across academia, commercial
delivery organisations, regulators, policy and procurement
demonstrated strong alignment on both the problem and
the proposed approach, with no substantive opposition in
principle.

We estimate that, had such a framework existed prior to
COVID-19, a SARS-CoV-2 challenge study could plausibly
have been initiated in Summer or Autumn 2020 rather
than in early 2021. While grounded in UK experience, the
framework described is intended to be adaptable to other
national and international preparedness contexts.

Government should act during inter-pandemic periods to
establish and steward a standing HCS sleeper framework.
Doing so would preserve flexibility, reduce avoidable

delay and ensure that high-impact clinical research can be
mobilised at speed when future crises emerge.
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@ Call to Action

We call upon the UK Government and other national governments to:

Establish and Steward the Framework

Establish a standing Human Challenge Studies
(HCS) sleeper framework during inter-pandemic
periods.

Assign clear ownership for framework stewardship
to a designated government department.

Treat HCS preparedness as core pandemic
infrastructure, not an exceptional or ad-hoc measure.
Recognise the crisis-specific value of specialist
HCS delivery capacity in academia and CROs,

and incorporate monitoring of this ecosystem within
the framework to inform decisions on sustaining
capacity between pandemics.

Review the value of HCS and the introduction of
this framework as part of the broader toolkit for
pandemic vaccine development.

Recognise that failure to prepare in advance will
irreversibly constrain the ability to deploy HCS
during a crisis.

Pre-Align Capability and Governance

Pre-negotiate contracts covering clinical sites,
CROs, manufacturing and specialist services.
Embed ethical and regulatory pathways within
the framework, rather than developing them
during a crisis.

Define clear activation triggers linked to public-
health decision-making.

Engage international partners to explore inter-
operability, coordination and mutual recognition.

Deliver at Pandemic Speed

Pilot the framework in non-emergency settings to
test readiness, governance, and decision-making.
Use the framework to significantly reduce study
initiation timelines.

Align HCS activation with, and ensure it is
complementary to, the 100 Days Mission, providing
an additional evidence-generation pathway.
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@ Purpose & Scope

Purpose of This Report

Set out the case for advance preparedness to
enable the rapid activation of Human Challenge
Studies (HCS) in future pandemics.

Examine the feasibility and value of using a sleeper
framework to support HCS mobilisation.

Propose a framework for pre-aligning governance,
ethics, regulation, and commercial delivery.

Draw lessons from COVID-19 and other pandemic
preparedness models.

Synthesise views and insights from across the
HCS and pandemic preparedness community

to test alignment, feasibility, and acceptability.
Identify the need for a systematic, cross-cutting
assessment of where HCS-derived data can

most effectively support pandemic response
decision-making.

Inform policy, funding, and delivery decisions
ahead of future health emergencies.

Scope of This Report

Focuses on the use of sleeper frameworks for
HCS preparedness.

Considers end-to-end mobilisation, including
governance, ethics, contracting, manufacturing,
and site activation.

Reflects perspectives from academia, industry,
regulators, policy, and procurement stakeholders.
Addresses preparedness and early-phase pandemic
response, rather than routine HCS delivery.
Does not assess the scientific merits of specific
pathogens or study designs.

Does not pre-judge whether HCS should be
deployed in any future emergency.

Intended Audience

UK Government departments and agencies
responsible for pandemic preparedness, research
and procurement.

International funders and convening bodies
involved in pandemic countermeasure development,
including CEPI.

Other national governments seeking to strengthen
preparedness for rapid clinical research activation.
Academic and commercial organisations involved
in the delivery of HCS.

Members of the wider biosecurity, pandemic
preparedness and HCS communities.
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@ Background: Human Challenge Studies
in Pandemic Response

(4.1) Human Challenge Studies (HCS)

HCS are medical research studies where healthy
volunteers are intentionally exposed to a pathogen

(such as a virus or bacteria) under controlled conditions.

They allow researchers to intensively study host-
disease interactions from the earliest stages of
infection, in a way that is not possible to do by
monitoring naturally-occurring infections. This can
identify potential targets for vaccines or treatments
(Imperial College London, 2025).

However, these trials raise significant ethical and
practical considerations. Risks must be carefully
managed, with informed consent, medical oversight
and robust technical standards in place to ensure
participant safety. Authorities such as the World
Health Organisation (WHO) have highlighted the role
of clear frameworks to ensure challenge studies are
ethically sound, readily deployable and remain strategi-
cally valuable for future pandemic preparedness

(Parliamentary Office of Science and Technology, 2023).

(4.2) HCS as a Pandemic Response Tool

A pandemic is a time of global crisis, with widespread
outbreak of a disease (either from a new or existing
pathogen) across countries and continents.
Occurring through-out human history, there have been
multiple pandemics over the last 125 years, including
the 1910 cholera outbreak, the 1918 influenza
pandemic, the HIV/AIDS crisis, and, most recently,
COVID-19 (Huremovié¢, 2019).

Pandemics cause severe disruption to society.
COVID-19 restrictions in the UK in 2020 affected all
aspects of daily life, including healthcare availability
and access to education; UK government response
measures are estimated to have cost £310 billion to
£410 billion (House of Commons Library, 2023).

At the time of writing, SARS-CoV-2 is estimated to
have caused ~7.1m deaths world-wide (WHO Covid-19
Dashboard, accessed March 2026).

Effective pandemic response uses a broad suite of
tools, deployed in combination and adapted to the
nature of the threat. The 100 Days Mission emphasizes

the rapid development of vaccines, therapeutics, and
diagnostics, available within 100 days of a pandemic

threat, to change its course (100 Days Mission Report,
2021). Clinical trials, such as the RECOVERY trial, are
crucial for identifying effective treatments at pace
and scale. Non-pharmaceutical interventions such as

masking, social distancing, lockdowns, international

travel restrictions, and quarantine can limit disease

transmission, especially in the absence of biomedical

countermeasures. Surveillance systems and genomic
sequencing play a critical role in early detection, risk

assessment and guiding public health responses.

HCS form one part of the wider pandemic response tool-

box, and are particularly valuable in early stage research.
Key advantages and limitations are outlined below:

Benefits

Limitations

Controlled infection with a
known dose and pathogen

strain

Minor risk of lab-related
infection-spread or outbreak

Accelerates vaccine and
treatment development

Findings may only apply to
the specific strain used

Enables close monitoring of
how infection develops

Risk of adverse events,
disability and death

Provides rapid, high-quality
data to guide response

May divert resources required
to care for patients during

crisis wave

Helps shape and refine later
studies

Limiting studies to young healt-
hy people only could limit gene-
ralisation to wider population

Healthy volunteers make it
easier to study infection alone,

without co-morbidities

Ethical concerns, including
duty of care to volunteers
and staff

Table 1HCS as a Pandemic Response Tool: benefits and limitations
Sources: Imperial College London (2025); POST (2023);

Eyal et al. (2020)
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The UK Pandemic Ethics Accelerator's PEARL study
(written in collaboration with 1Day Sooner) recognised
that HCS can play a valuable role in pandemic
response, particularly by accelerating vaccine develop-
ment and improving early understanding of novel
pathogens, provided they are embedded within
ethically robust and publicly accountable frameworks
(Williams et al., 2024). Notably, when considering
public acceptability of HCS, it quoted a survey of over
2,400 adults conducted in October 2020 that found
that 69% were in favour of a HCS taking place for
COVID-19.

(4.3) Complementary Research
Approaches

While HCS offer unique advantages in early-stage
data generation, they should be considered alongside
a mixed research strategy. Alternatives to HCS include
field trials, animal models and organoid or tissue-
based systems. Each plays a distinct role in pandemic
response research.

None of these approaches offers a direct substitute

for HCS, which uniquely allow researchers to study
disease progression, immunogenicity, and transmission
dynamics in controlled, time-sensitive ways using
human participants. A robust evidence base strengthens
pandemic preparedness and response.
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@ Case Study - Lessons from COVID-19

(5.1) How the UK delivered the world's

(5.2) Policy implications and enablers

first SARS-CoV-2 challenge trial

In early 2022, the UK delivered the world’s first
SARS-CoV-2 human challenge study (Killingley, 2022;
Lindeboom, 2024). Funded by the UK Vaccine
Taskforce and delivered in partnership with Imperial
College London, hVIVO, and the Royal Free London
NHS Foundation Trust, the study exposed carefully
selected healthy volunteers to SARS-CoV-2 under
tightly controlled clinical conditions to accelerate
vaccine and therapeutic development (HRA, 2021).

Thirty-six unvaccinated adults aged 18-29 were en-
rolled, with thirty-four included in the final analysis.
Following intranasal exposure to a low dose of
wild-type virus, 53% developed confirmed infection.
Participants were quarantined in accredited high-
containment facilities with continuous clinical over-
sight. Most experienced mild to moderate symptoms,
and no serious adverse events occurred.

The study generated detailed insights into early
infection dynamics. Viral loads peaked around day
five, with viable virus detectable for up to ten days.
Lateral flow tests closely aligned with periods of in-
fectivity, supporting their use in public health settings.
All infected participants developed strong antibody
responses, demonstrating the value of the challenge
model for evaluating vaccines and therapeutics in
controlled conditions. The UK is the only country to
have delivered a SARS-CoV-2 human challenge study
during the COVID-19 pandemic.

Rapid delivery was enabled by a bespoke regulatory
and ethical framework, pre-existing accredited bio-
containment facilities (Killingley et al., 2022), and
standing research governance structures that could
be rapidly activated (HRA, 2021; WHO & HRA, 2022).
Access to standardised protocols and clinical
samples, including those developed by ISARIC,
further reduced setup time.

Future preparedness could be strengthened

through sleeper agreements and standing commercial
frameworks to pre-agree logistics, staffing and
procurement. Codifying and maintaining such
readiness during peacetime would enable fast and
safe mobilisation of high-impact research in future
health emergencies, including the ability to generate
additional evidence as pandemics evolve.

A SARS-CoV-2 challenge study was later repeated

in volunteers who had previously been infected with
COVID-19 (Jackson, 2024), demonstrating that con-
trolled reinfection models can also generate valuable
insights into immune protection and correlates of
immunity. This highlights the value of HCS beyond
the earliest phase of a pandemic, supporting vacci-
ne optimisation and evaluation even after substantial
population exposure has occurred.

COVID-19 outbreak

00
$o;

December 2019

First COVID-19 human challenge study

©

Spring/Summer 2021
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@ Stakeholders Insights

Approach

Structured interviews were carried out with a diverse
range of global senior stakeholders: 12 individuals
across 9 organisations in 4 countries, across commer-
cial CROs, academic institutions, pandemic science
leadership, and UK policy and procurement.
Interviewees are listed in Appendix 2 and include
senior clinical trial researchers, bioethicists, global
research consortia leads and strategic directors.
Interviews were sought with pharmaceutical companies
and with CEPI/ 100DM, but they declined involvement.

Each was asked a set of eight questions,
grouped around four core themes:

Benefits (e.g. the added value of a pre-agreed
framework for pandemic challenge studies);

Risks (ethical, financial, scientific, reputational etc);

Requirements (infrastructure, regulation,
governance or long-term maintenance);

Barriers (to adoption, activation or institutional
alignment).

These were supplemented with follow-up questions
and open discussion.

Findings

Three main themes emerged from stakeholders:

Wide support across sectors for sleeper
frameworks for HCS (6.1)

Sleeper frameworks would not impede
pandemic response (6.2)

Major gains in speed and operability (6.3)

All were identified subject to conditions
and caveats (6.4).
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(6.1) Wide Support Across Sectors for
Sleeper Frameworks for HCS

There was broad and consistent support for the concept
of a pre-agreed framework for pandemic HCS across
all stakeholder groups interviewed. This included aca-
demic researchers with direct experience of challenge
models, commercial delivery organisations, and UK
policy and procurement stakeholders. No interviewee
opposed the concept in principle.

In contrast to being viewed as radical or speculative,
the proposal was widely described as overdue as a
formalisation of lessons learned during COVID-19,
where time and effort were repeatedly lost to avoidable
legal, contractual, and governance delays.

‘The sooner you start manufacturing to GMP,
the sooner you can actually start’. Professor of
Vaccinology & COVID-19 HCS Study Lead, UK

‘We just need to be at least five steps ahead of where
we currently are with our contracts. Contracts are
frequently the rate-limiting step. We know that agree-
ments can and should be planned ahead of time".
Senior Lecturer in Respiratory Medicine, UK

‘It is important to have engagement between scientists,
regulators and the public before the next public health
emergency to talk about what could be the role [of HCS]
in achieving license for an experimental vaccine’.
Bioethicist, UK

(6.2) Sleeper Frameworks Would Not
Impede Pandemic Response

A central concern tested in interviews was whether
establishing a framework in advance could inadvertently
slow down pandemic response or lock decision-makers
into using HCS inappropriately. Stakeholders were
clear that this risk was minimal, and manageable if the
framework is correctly designed.

Crucially, interviewees distinguished sharply between
having a framework and activating it. A pre-agreed
framework was seen as preserving optionality, not
pre-committing the system to human challenge studies.
Ethical review, regulatory engagement and explicit go/
no-go decisions would still be required at the point

of activation, informed by the characteristics of the
pathogen, the state of the outbreak and available
alternatives.

Concerns were directed almost entirely at poor design,
whether overly rigid protocols (especially given the
diversity of pathogens with pandemic-potential), lack of
operational input, or governance that implicitly privileges
HCS over other study designs; rather than at the
concept of a sleeper framework itself. When framed
as an enabling tool rather than a mandated pathway,
stakeholders viewed the framework as countering

the risks of delay, not creating it. In particular, it was
viewed as a critical way to avoid starting from zero
under crisis conditions.

‘All you're doing is putting a plan in place - you're not
saying you will do it. You're just saying, if we decide to
do it, this will make it quicker’. Professor of
Vaccinology & COVID-19 HCS Study Lead, UK

‘Obviously, the quicker you can get things started, the
more impact it has on pandemic public health related
questions and vaccine related testing’. Professor of

Infectious Disease & COVID-19 HCS Study Lead, UK
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(6.3) Major Gains in Speed and Operability

(6.4) Conditions and Caveats

The strongest and most consistent insight from stake-
holders was the scale of time saved by having key ele-
ments agreed in advance. These were linked to specific,
repeatedly observed bottlenecks during COVID-19.

Stakeholders identified acceleration in particular
through:

Earlier initiation of GMP manufacture of
challenge agent, undertaken at financial risk
before final study authorisation.
Pre-negotiated contracts, avoiding months
of legal back-and-forth during a crisis.
Known partners, roles, and governance,
reducing coordination failures, inappropriate
routing and duplication.

Parallel rather than sequential workstreams,
allowing manufacturing, regulatory dialogue,
ethics preparation and study planning to
proceed simultaneously.

Several interviewees described months of avoidable
delay during COVID-19, particularly around contracting
and decisions to begin GMP manufacture, which they
believed could have been eliminated through a sleeper
framework. In a fast-moving pandemic, these delays
were seen as materially affecting the public health
impact of research.

Stakeholders consistently described the potential
for sleeper frameworks to deliver a step-change in
operability under pressure.

‘The rate limiting factor is having the legal framework
in place to actually do what you want to do".
Professor of Human Models for Vaccine Development,
Netherlands & CEO, commercial CRO

‘Outside of the pandemic, you can have that more
open conversation and perhaps find a way of
working, because you can take more time’.

Chief Scientific Officer, commercial CRO & COVID-19
HCS Study Delivery Partner.

Support for a sleeper framework was strong but
explicitly conditional. Stakeholders emphasised that
meeting these conditions is essential to credibility,
legitimacy, and real-world usability to deliver the
benefits described above.

Support was conditional on:

Clear government ownership and leadership,

with a named department responsible for activation
and coordination.

Robust ethical safeguards, including reaffirmed
review and approval at the point of use.

Adaptability across pathogens, avoiding over-
specification tied to a single disease profile.
Maintained readiness between pandemics, including
draft contracts, relationships and capability being
actively 'kept warm'.

Stakeholders emphasised the importance of balancing
sufficient structure to enable rapid activation with the
flexibility to adapt to the specific threat.

These caveats demonstrate that stakeholders are not
advocating automatic acceleration at any cost, but a
mature preparedness mechanism that balances speed
with judgement, legitimacy, and proportionality.
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@ The Sleeper Framework

Sleeper frameworks are an advance preparedness
model held in reserve and activated during a public
health emergency to enable rapid mobilisation of
clinical research infrastructure, personnel and
resources. They establish decision-making pathways,
governance arrangements and operational processes
in advance, supported by pre-negotiated agreements
that can be activated when needed. Legal mechanisms
may include standing contracts, memoranda of
understanding and letters of intent. By holding these
elements in readiness, frameworks bypass lengthy
processes during crisis periods, supporting time-critical
evidence generation and timely, coordinated action

This model is particularly relevant to human challenge
studies (HCS), which require rapid, safe, and ethically
approved mobilisation during emerging pandemics.
While sleeper-style frameworks already exist for areas
such as PPE and vaccine procurement, equivalent
arrangements for clinical research delivery remain
underdeveloped.

The UK COVID-19 Inquiry emphasised the need for
research ‘held in readiness’, concluding that too few
studies had pre-agreed protocols, governance and
delivery arrangements in place prior to the pandemic
(UK COVID-19 Inquiry, 2024). Similarly, a report
commissioned by the UK Health Security Agency in
2024 strongly advocates sleeper frameworks as a core
component of pandemic preparedness (De Lusignan
et al., 2024). Pre-agreed, activatable agreements are
equally essential for the rapid and safe deployment of
challenge studies as they are for other pandemic
response tools.

The effectiveness of a Sleeper Agreement Framework
depends on maintaining operational readiness across
multiple domains. These include core infrastructure,
regulatory and ethical frameworks, and delivery
capabilities that can be rapidly engaged during a
public health emergency. The following section outlines
the essential components required for effective study
delivery.

See also Appendix 1

Leadership & Governance

Ethical Framework

Regulatory Framework

GMP Manufacture of
Challenge Material

Contractual and
Legal Framework

Clinical Site Readiness

Scientific Readiness
& Protocol Architecture

Data and Knowledge
Management
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(7.1) Leadership & Governance

Requirements

Named Government Owner (e.g., DHSC, UKHSA or country-specific
equivalent at national level, or CEPI-equivalent internationally).
Standing Steering Group:

Infectious disease experts

Bioethicists

Regulators (HRA, MHRA or equivalent)

CRO/clinical site representatives

Legal/commercial experts

Study volunteer representative (PPIE)
Clear lines of authority and activation: who can trigger:

GMP strain manufacture

Protocol review

Site readiness

Participant recruitment
Rules of engagement for collaboration and data sharing between
academia, CROs, government and industry.
Pre-defined decision criteria and timeline (epidemiology, severity,
vaccine landscape, feasibility of field studies as alternative).

(7.2) Ethical Framework

Requirements

Pre-agreed ethical principles (risk minimisation, proportionality,
robust informed consent).
Dedicated Research Ethics Committee pathway:

REC trained and familiar with HCS ethics.

Pre-reviewed generic HCS pandemic ethics protocol templates.
Ethics-to-regulator bridge: mechanism to avoid MHRA/REC
contradictions (e.qg., inclusion/exclusion disagreements),
where MHRA is regulator.

Public involvement strategy:

Long-term engagement with public, patient, and

research participant groups.

Pre-pandemic communication materials.

Ethical safeguards written into contract:

Requirement for ethical review regardless of speed.

No automatic activation without REC approval.

Requirement for diversity/inclusion approach.

(7.3) Regulatory Framework

Requirements

Pre-engagement with HRA, MHRA or equivalent:
Agreement on fast-track pathways for:
Challenge agent
IMPs (vaccines)
Clinical trial approvals
Template submission dossiers:
CMC requirements for challenge agents
Safety justifications
Risk management plans
Mechanism for early scientific advice within days of activation.
Maintenance:
Regulatory SOPs updated regularly.
Pre-agreed points of contact with HRA/ MHRA/regulators.
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(7.4) Good Manufacturing
Practices (GMP) for
Manufacturing of Challenge

Material

Requirements

Identified CL3/CL2 GMP manufacturing partners with capacity
mapped.
Pre-negotiated cost models and commercial terms for ‘at risk’
manufacture.
Pre-approved template contract agreements, including:

IP

Data-sharing

Vial filling and packaging

Transport, importation regulations and cold-chain logistics
Standardised quality frameworks:

QC testing (titre, purity, sequencing)

Stability plan

QP review and approval
Activation Trigger:

Governance and mechanism for when to start GMP manufacture

at financial risk.

(7.5) Contractual and
Legal Framework

Requirements

Template Service Agreements with CROs, manufacturers, labs
and academic sites.
Outline study contracts that can be finalised quickly.
Data & IP frameworks:

Requirements for data-sharing

Open science expectations in a pandemic.
Indemnity and liability provisions:

Government indemnity for high-consequence pathogens.
Pre-agreed budgeting framework:

Activation cost model

Pandemic contingency fund or ring-fenced budget.

(7.6) Clinical Site Readiness

Requirements

Identified suitable clinical sites
Outline staffing plan:
Surge staffing roster for activation
Pre-approved generic protocols:
Safety procedures
Infection control
Biosecurity protocols
Data capture and sharing
Volunteer registry:
GDPR-compliant or equivalent
Facilities contracts:
Bed capacity in appropriate high containment unit, onsite
lab support, out-of-hours medical supervision
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(7.7) Scientific Readiness
& Protocol Architecture

Requirements

Modular protocol templates for:
Respiratory viruses
Enteric pathogens
Vector-borne pathogens etc
Assay and endpoint readiness:
Pre-established immunology/virology assays
Data standards for rapid analysis
Early-selection rationale for HCS vs field studies:
Criteria for if field studies are more appropriate

(7.8) Data and Knowledge
Management

Requirements

Data standards (CDISC, FAIR data).
Rapid sharing pipelines:
With government advisory groups (e.g., NERVTAG, SAGE
or equivalents)
With regulators
With global partners (WHO, CEPI)
With the wider academic community and public
(including use of preprint platforms for rapid dissemination)
Secure central repository for:
Protocols
Manufacturing data
Regulatory correspondence
Cybersecurity and data privacy/ DPIA

For further information see Appendix 3
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Activation Pathway

The activation pathway outlines the sequence of
decisions and activities required to mobilise a human
challenge study during a pandemic. It divides the early
response period into defined phases, showing how
governance, manufacturing, ethics, regulation and
clinical operations can advance in parallel to enable the
rapid and safe initiation of a study.

Based on stakeholder estimates, where enabling
conditions and sleeper agreements are fully optimised,
end-to-end activation could be achieved within appro-
ximately three months in scenarios where GMP chal-
lenge material is already available or can be produced
rapidly. This reflects the pathway's emphasis on
parallelisation, allowing multiple workstreams to pro-
ceed simultaneously rather than sequentially, while
maintaining robust ethical and regulatory oversight.

The timelines required to manufacture GMP challenge
material are inherently pathogen-dependent, varying
according to factors such as prior characterisation,
containment requirements and manufacturing comple-
xity. The purpose of the activation pathway is therefore
not to assume uniform manufacturing speed, but to
ensure that activation decisions and all non-biological
dependencies begin as rapidly as possible. Where
manufacturing takes longer, early activation remains
critical in enabling governance, ethics, regulation,
contracting and site readiness to progress in parallel,
ensuring the pathway remains adaptable across a wide
range of pandemic scenarios.

A

Trigger

Public Health Emergency of
International Concern

@

Activation & Immediate Actions

Assess study appropriateness and trigger early
governance and activation decisions

e

Decision - Initiate Study Preparation

Start GMP challenge agent
manufacture at risk

)

Initiation

Initiate parallel ethics, regulatory and
operational mobilisation

®

Operational Readiness

Complete GMP, secure approvals and validate full
operational study readiness

@

Finalisation

Release challenge agent, reconfirm
justification and initiate study if approved

e

Decision - Start Study?

®

Start Study or Pause
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Phase | — Activation & Immediate Actions

Activation Trigger

WHO declaration of a Public Health Emergency
of International Concern*

Key Objectives

O Establish whether a human challenge study could
be appropriate for the emerging pathogen.

O Assess whether a human challenge study could
meaningfully accelerate vaccine selection,
mechanistic understanding or regulatory decision-
making for the emerging pathogen.

O Convene experts and decision makers.

O Trigger early governance, scientific and operational
decision-making.

O Rapidly initiate critical-path activities
(including GMP manufacture of the challenge agent)
to avoid downstream delay.

|

v
Immediate Actions r

O Rapid convening of the Sleeper Steering Group.

O Initial feasibility assessment: suitability of HCS
vs field studies; severity; transmissibility;
availability of candidate vaccines (if any).

O Initiate GMP strain manufacture at financial risk.

O Commission pathogen-specific updates to
protocol templates.

O Early scientific advice requested from
regulators (MHRA/HRA or equivalents).

O Refresh public communication plan via
government and study partners.

* May be substituted by identification of emergence of novel pathogen

with pandemic potential, prior to formal declaration of PHEIC.
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Phase Il — Initiation

Key Objectives

O

O

O

Begin GMP manufacture of the challenge agent
at financial risk.

Launch all major study start-up workstreams in
parallel to compress timelines.

Secure early ethical and regulatory engagement
to shape the pathogen-specific protocol.

Put core contracts, budgets and data/IP
agreements in place.

Mobilise clinical sites, staffing and operational
systems required for delivery.

Begin volunteer engagement and public
communication to ensure preparedness.

Manufacturing:

iz

O Start GMP challenge strain manufacture
(CL3/CL2 partner engaged).
O Agree: QC assays, sequencing, titre targets,

QP release plan.
@

O Engage vaccine developers to align candidate
vaccine selection and potential trial arms.

Q

Industry & R&D:

Regulatory & Ethics:

O Finalise pathogen-specific protocol.

O Submit ethics application (REC) using
pre-reviewed templates.

O Submit regulatory dossier (MHRA/HRA
equivalent), including CMC information, safety
justification and risk management plan.

Contracts & Legal:

O Adapt and finalise template agreements
with CROs and clinical sites.

O Confirm budgeting and drawdown
mechanism for activation costs.

Clinical Sites:

O Surge staffing roster activated;
confirm medical oversight.

O Facility checks and simulation drills for
quarantine, infection control and emergency
procedures.

O Align assay capacity (immunology/virology)

and sample logistics.

Recruitment & Engagement:

O Activate volunteer registry
(pre-screening where possible).

O Update lay summaries and informed-
consent materials.

O Begin proactive public and stakeholder

&

communication.

Governance:

O Steering Group reviews readiness
status weekly (ongoing).
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Phase lll - Operational Readiness

Key Objectives Sites & Operations: [%

O Complete GMP manufacture and advance the batch O Confirm bed allocation, staffing rotas,
towards QP certification. on-call procedures and out-of-hours cover.

O Achieve full regulatory and ethical approval for the O Validate data systems (CDISC/FAIR),
pathogen-specific study. sample tracking and lab-readiness.

O Finalise staffing, facilities and volunteer screening O Conduct final readiness checks.
to ensure the study can launch safely. O Biosafety approval.

O Validate operational readiness across governance,

logistics and quality systems.
Volunteers:

Manufacturing: @ O Finalise screening (remote + in-person).
O Prepare cohort selection plan and scheduling.
O Complete GMP production.

O Perform QC testing.
O QP review of documentation. Governance:

- O Steering Group reviews readiness status
Regulatory & Ethics: .\ weekly (ongoing).

O Respond to MHRA/REC queries; implement
any required protocol modifications.

O Confirm agreement on safety boundaries,
cohort size and inclusion/exclusion criteria.

O Secure full ethics and regulatory approval.
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Phase IV — Finalisation

Key Objectives

O Receive and secure challenge agent at trial site.
O Final decision on study initiation.
O Begin study (subject to approval).

Manufacturing: @

O QP Certification of the challenge agent batch.
O Shipment of released material to the clinical
site.

o O
Q
Final Decision-Making:

O Steering Group re-evaluates current
epidemiological, safety and vaccine landscape.

O Government/owner receives Steering Group
recommendation.

O Decision making here: final go/no-go for
first-in-human dosing.

;f[ Go: @

O Confirm volunteer cohort and dosing schedule.

O Brief regulators, ethics committee and
stakeholders.
O Initiate challenge dosing under full oversight.

|

(3 START STUDY

If NO-GO / DELAY: @

O Securely store challenge agent.
O Maintain readiness for potential later activation.
O Communicate rationale to stakeholders/public.
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Step-Change Impact of Sleeper Framework

Minimum period from Activation to Study Start: 3 months

Time to finalisation dependant on GMP pathogen production

COVID-19 HCS: study started early 2021; GMP manufacture took ~6 months.

With a sleeper framework in place, activation could plausibly have occurred in January-March 2020,
with study initiation achievable by Summer-Autumn 2020.

Inputs Outputs

Impact

Expert judgement under
uncertainty

Pre-negotiated governance
and contracts
Pathogen-agnostic protocol
templates

Trusted volunteer registry
Manufacturing and clinical
partnerships

Cross-system coordination

Early feasibility decisions
At-risk GMP manufacturing
initiation

Parallel regulatory and
ethics submissions
Mobilised clinical sites

and staffing

Aligned industry and
academic partners
Public-facing readiness

@ Months/years removed
from pandemic response
timelines

@ Clear aligned ownership

@ Faster, safer vaccine and
intervention selection

@ Increased preparedness
across health systems

@ Avoided delays, rework
and reputational risk

and sense-making and trust signals

of’

Without framework -
5 Prep + decisions GMP + study prep Study
@

With framework g
[0
©

Prep + decisions & GMP + study prep Study

o

The sleeper framework creates value by shifting key decisions and preparation earlier.

Derisking decision making

Mapping the sector

Improving deployability of research assets
Decreasing time to study start
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@ Conclusion

HCS represent a high-value but time-sensitive capability
in pandemic response. Deployment of HCS during
COVID-19 clearly showed that scientific readiness
alone is insufficient without operational and governance
preparedness, including clear decision-making
structures that establish who makes decisions and
when. Delays caused by ad-hoc contracting, ethics,
and coordination materially reduce potential impact.
Stakeholders also emphasised that aspects of the
COVID-19 response relied on favourable circumstan-
ces that cannot be assumed to recur. Critically, these
delays cannot be fully mitigated once a crisis is under-
way; preparation and alignment must come in advance
of need.

This report has set out a practical solution to this
challenge: the establishment of a standing framework
to enable the rapid, ethical and well-governed activa-
tion of HCS when they are judged to be appropriate.
By pre-alighing governance, ethics, regulation,
manufacturing, contracting and clinical delivery during
inter-pandemic periods, such a framework would
allow complex workstreams to be smoothly aligned
and avoid unnecessary delay.

Stakeholders also emphasised the broader strategic
value of HCS for pandemic preparedness. The rapid
development of highly effective COVID-19 vaccines
exceeded many expert expectations, and similar
success cannot be assumed in future pandemics.
CEPI's recently published Strategy 3.0 emphasises the
need to move from response to readiness.
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As part of this shift, preparedness systems should en-
sure multiple tools are available to generate evidence
quickly if vaccine candidates emerging from the 100
Days Mission prove only partially effective. Human
challenge studies represent one such tool. By genera-
ting early insights into infection dynamics, transmission
and correlates of immunity, they can help guide vacci-
ne development and optimisation.

Stakeholder engagement across the HCS ecosystem
indicates strong alignment on the value of advance
frameworks. Sleeper contracts offer a credible, proven
mechanism to enable rapid, well-governed activation
of pandemic response in other areas such as PPE and
vaccine procurement. Establishing HCS prepared-
ness between pandemics preserves optionality,

while strengthening ethical and public trust foundations.
Crucially, it does not pre-commit decision-makers to
the use of HCS, but ensures that, where they are
judged to add value, they can be mobilised at speed.

Governments should establish a standing framework
for HCS and implement the recommendations set out
in this report. This would avoid the need, in future
pandemics, to assemble complex research systems
from scratch under extreme time pressure, and prevent
the repetition of avoidable delays in contracting, gover-
nance, and manufacturing. It would ensure that when
the next pandemic emerges, decision-makers have ac-
cess to a mature, ethical, and operationally ready HCS
capability.
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Appendices

Appendix 1— Overview of Requirements

Essential

Government owner

Steering group and governance

GMP manufacturing partner

Shipping of challenge strain

Core clinical sites

Biosafety approvals and containment capacity
Template Service agreements

Generic protocols and regulatory templates
Ethical & regulatory framework

Budget mechanism for activation & funding
Data standards & sharing pathways

Secure data infrastructure

Staffing and recruitment plans

Volunteer registry

Public engagement programme
Engagement with vaccine developers

Preferred

International harmonisation with CEPI/WHO/100DM
International regulator coordination HRA/ MHRA/ EMA/ WHO/ FDA
Five yearly Pandemic Preparedness HCS exercises
Stockpiled reagents/ supply chain planning for study consumables
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Appendix 2 — List of Stakeholders

Structured discussions were held with the following stakeholders:

Name

Institution

Role

A. Scientific & Clinical Delivery

Professor Chris Chiu*

Imperial College, UK

Professor of Infectious Diseases

Professor Helen McShane*

University of Oxford, UK

Professor of Vaccinology; Director, Oxford NIHR
Biomedical Research Centre

Dr Andrea Collins

Liverpool School of Tropical Medicine, UK

Senior Clinical Lecturer in Respiratory Medicine

Dr Andrew Catchpole*

hVIVO, UK

Chief Scientific Officer

Professor Meta Roestenberg

Leiden University Medical Center,
The Netherlands

Professor of Human Models for Vaccine
Development; CEO, INFECTA

Dr Barnaby Young

National Centre for Infectious Diseases,
Singapore

Researcher; Infectious Disease Senior
Consultant

Dr Josh Osowicki

Murdoch Children's Research Institute,
Melbourne, Australia

Researcher; Paediatric Infectious Disease

Dr Kristy Azzopardi

Murdoch Children's Research Institute,
Melbourne, Australia

Senior Project Coordinator

B. Policy & Strategy

Dr Euzebiusz Jamrozik

University of Oxford, UK

Current work focuses on philosophical and
policy issues related to infectious disease and
global health.

Dr Matthew Hallsworth

National Institute for Health & Care Research,
UK

NIHR Director of External Affairs & Strategic
Partnerships

Kate Blackstone*

National Institute for Health & Care Research,
UK

NIHR Charity Engagement Lead

C. Commercial & Procurement

Angela Oddio

DHSC, UK

Deputy Director for Commercial Operations at
DHSC

* Involved in UK COVID-19 pandemic HCS
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Appendix 3 — Maintaining Readiness Between Pandemics

This section describes the advance preparations essential for an effective HCS Sleeper Framework, and the
ongoing activities needed to keep these components ready for activation. Together, these measures form the
foundation that allows the system to move quickly when a new pandemic threat emerges.

A] Preparation: to have in place pre-pandemic

A 3.1 Leadership & Governance (from 7.1)

Named Government Owner (DHSC/UKHSA/DSIT or equivalent).

Standing Steering Group constituted with ToR.

Defined activation decision pathways (GMP manufacture, protocol initiation, site mobilisation).
Rules of engagement for cross-sector collaboration and data sharing.

Pre-defined high-level criteria for when HCS should be considered.

A 3.2 Ethical Framework (from 7.2)

Agreed ethical principles governing use of HCS in emergencies.
Trained REC with experience in HCS.

Pre-reviewed generic HCS protocol templates and consent materials.
Ethics-regulator bridging mechanism designed and tested.

Public engagement strategy and communication materials ready.

A 3.3 Regulatory Framework (from 7.3)

Established fast-track pathways with MHRA/HRA or equivalent regulators.
Template regulatory dossiers for challenge agent and IMP pathways.
Mechanism for rapid scientific advice agreed in advance.

Annual update cycle for regulatory SOPs and named points of contact.

A 3.4 Manufacturing Readiness (from 7.4)

Identified CL2/CL3 GMP manufacturing partners with available capacity mapped.
Pre-negotiated commercial terms and costing models for rapid GMP start.
Pre-approved template contract schedules for IP and data-sharing.

Standardised QC agreed.

Governance mechanism for triggering GMP manufacture at risk.

A 3.5 Contractual & Legal Readiness (from 7.5)

Template service agreements with CROs, sites, labs and manufacturers.
Data-sharing and IP frameworks designed for rapid adaptation.

Indemnity arrangements pre-negotiated for high-risk pathogens.

Activation budget model agreed and contingency funding structure identified.
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A 3.6 Clinical Site Readiness (from 7.6)

Up-to-date mapping of HCS-capable sites with confirmed capacity.
Pre-agreed surge staffing model and clinical oversight arrangements.
Generic SOPs for safety, infection control and data capture pre-approved.
Optional volunteer registry infrastructure (opt-in platform, GDPR-compliant).
Facilities contracts outlining availability and readiness requirements.

A 3.7 Scientific & Protocol Architecture (from 7.7)

Modular protocol templates for different pathogen types.

Pre-validated immunology and virology assays.

Data standards (e.g., endpoints, sampling schedules) agreed.

Decision framework for whether HCS vs field studies is more appropriate.

A 3.8 Data & Knowledge Management (from 7.8)

CDISC and FAIR data standards adopted across all delivery partners.
Secure central repository established for key documents and regulatory data.
Rapid data-sharing pipelines tested with advisory groups, regulators and international partners.

B] Maintenance: keeping the system ‘warm’

Essential

Steering group to meet six monthly

Review & refresh above annually

Report on HCS readiness annually

Five yearly Pandemic Preparedness HCS exercise

Recommended

Periodic workshops

Public Engagement

Policy Engagement, with wider Pandemic Preparedness ecosystem.
Clinical staff training

Ongoing investment in non-pandemic HCS studies, staffing & infrastructure
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