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Building a proactive response
to coronavirus threats
The combination of three new coronavirus epidemics in just 20
years, coupledwith our growing understanding of the breadth
of animal reservoirs worldwide carrying coronaviruses and the
limitations of currently available vaccines, is sending a clear
signal. Coronaviruses represent a real and present threat to
global health and stability that demands a response through a
large, comprehensive, and coordinatedR&D initiative to develop
broadly protective and globally accessible coronavirus vaccines.

The goal of developing broadly protective coronavirus
vaccines is therefore multi-faceted: (1) to create more
efcacious and durable COVID-19 vaccines, (2) mitigate
the potential threat of future coronaviruses that have
not yet emerged, and, (3) ideally, prevent infections
and transmission.

A structured, coordinated
plan for broadly protective
coronavirus vaccines
Development of broadly protective coronavirus vaccines is a
large, complex, and costly endeavor. Advancing a global R&D
vaccine initiative will require ongoing investment, communi-
cation, and coordination among researchers, governments,
industry, multilateral and nongovernmental organizations,
regulators, public health officials, and policymakers. The
COVID-19 pandemic has resulted in millions of lives lost,
trillions of dollars in economic damage, and social upheaval
worldwide. The payof rom having the tools to avoid a repeat
o this devastation is considerable. The scientic advances
and partnerships that enabled the development of COVID-19
vaccines in record time demonstrate the potential to make
rapid progress through a clear, structured, and coordinated
coronavirus vaccine R&D initiative. Future advancesmust also
ensure that global equity is a core principle of vaccine R&D,
and that programs anticipate and resolve issues that may
undermine this objective.

Over the past year, the Center for Infectious Disease Research
and Policy (CIDRAP) at theUniversity ofMinnesota, with funding
from The Rockefeller Foundation and the Bill &Melinda Gates
Foundation, and through the collaborative eforts o 50 experts
from around theworld, created a comprehensive Coronavirus
Vaccines R&D Roadmap (CVR) for broadly protective coronavi-
rus vaccines. The CVR provides a framework and timeline for
essential research, leadership and investments, while ofering
a detailed assessment o specic scientic, regulatory, and
logistical challenges. Many eforts are already under way
that will contribute to advancement of broadly protective
coronavirus vaccine R&D. The roadmap ofers the structure
and time-boundmilestones to ensure this work is well-aligned
and focused on building the coordination, leadership, and
investment essential for achieving these ambitious objectives.

The ultimate objective of the CVR
is to accelerate the development
of durable, broadly protective
coronavirus vaccines that:

1. Reduce severe illness and death
(and potentially prevent infection)
due to current and future human
coronaviruses, both those known to
infect humans and viruses at risk of
spilling over from animals to humans
in the future.

2. Mitigate the impactof futurecoronavirus
epidemics worldwide.

3. Are suitable for use in all regions of
the globe, including remote areas and
low- and middle-income countries.
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Virology applicable to vaccine R&D
Development of broadly protective coronavirus vaccines will
require an improved understanding of the global distribution
of coronaviruses through advancement of global surveillance,
research, and information sharing. Coordinated and sustained
eforts are needed to collect, characterize, and share viral inor-
mation from the full range ofwild and captive animal reservoirs
worldwide, using standardized tools andmethods. The knowl-
edge gained from suchworkwill guide awell-informed strategy
or selecting diverse sets o coronaviruses that dene the
breadth of protection needed for future coronavirus vaccines.

Vaccinology
Achieving consensus on preferred product characteristics for
broadly protective coronavirus vaccines will inform priorities
and strategies for vaccine R&D. Key vaccine characteristics to
consider include breadth of coverage, durability of protection,
and feasibility of use worldwide, including in low-resource
settings. Advancements in new technologies (such as new
platforms and adjuvants and innovative delivery methods)
will accelerate the development and distribution of broadly
protective vaccines. In addition, identifying best strategies
for conducting randomized controlled trials that compare
new vaccine candidates to existing vaccines, particularly
among people with preexisting exposure and immunity, will
improve R&D eforts. A number o strategies and platorms
hold potential for development of broadly protective vaccines;
long-term commitment and investment will be essential to
advance new candidate vaccines through the full pipeline
rom discovery to regulatory approvals.

Policy and nancing
Broadly protective coronavirus vaccine candidates face high
development costs, manufacturing complexities, and, once
approved, uncertain demand and return on investment.
Successful development andwidespread availability of broadly
protective coronavirus vaccines will require reinvigorating and
sustaining a high level of political commitment and investment
in vaccine R&D, surveillance, and global manufacturing and
distribution. Detailed analyses that capture the wide range of
potential social and economic benets o broadly protective
coronavirus vaccines, in the context of what is needed to
develop and produce these vaccines, will serve as strong
foundational documents to informpolicymaking and essential
global investment.

The CVR is organized intove topic areas. Each area includes a summary o key barriers
and knowledge gaps along with a set o technical milestones or measuring success.

Immunology and immune
correlates o protection
Developing broadly protective coronavirus vaccineswill require
advances in the science of human immunology. Key areas of
research include identifying factors that expand the breadth
and durability of immune protection, and characterizing the
mechanisms involved in systemic and mucosal immunity
that protect against coronavirus infection, disease, and
transmission. Improved understanding of the role of immune
imprinting fromprior infection and vaccinationwill be critical to
advance new vaccine R&D. Further identication o correlates o
protection (immune responses that aremarkers of protection)
will expedite the development of coronavirus vaccines using
diferent antigens, platorms, and modes o administration.
Standardization of assays, specimen collection and research
methods, improved information sharing, and creation of virtual
biorepositories will facilitate collaboration and accelerate
scientic discovery.

Animal and human infection
models for coronavirus vaccine research
The availability of a range suitable animal models is a key
barrier to developing broadly protective coronavirus vaccines,
and those models must be standardized, validated, and
well-characterized. They must also be capable of mirroring
a range of human immune responses and clinical disease
related to coronavirus infection, including severe acute, chronic,
and fatal outcomes. Maximizing the value of animal models
also demands greater attention to supplying researchers with
validated, reliable reagents; updated virus strains and stocks;
and harmonized assays. A controlled human infection model
(CHIM) has been developed for studying SARS-CoV-2 and
could play an important role in assessing broadly protective
coronavirus vaccine candidates. Additional eforts that optimize
the CHIM will broaden its utility, including identication o
best practices and expanded use of standardized ethical and
saety guidelines.
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