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Since December 2019, much of the world’s focus has been 
on coronavirus disease 2019 (COVID-19) as it emerged 
from Wuhan, China and rapidly spread across the world. As 
of this writing, there were over 570 million confi rmed cases 
of COVID-19 globally, and more than 6 million people 
have lost their lives to the disease (WHO, n.d.). Infectious 
disease detection, treatment, prevention, and control are 
at the forefront of many people’s minds in 2022. However, 
concern over the continuing pandemic response and future 
preparedness has historically waned between pandemics 
and other major infectious disease outbreaks, resulting in 
inconsistent and inadequate efforts needed to ensure suffi -
cient levels of pandemic preparedness (Johnson, 2014). The 
world cannot repeat this historical pattern—we must use the 
lessons learned from this pandemic to propel and sustain 
preparedness efforts moving forward, with an emphasis on 

addressing some of the most glaring gaps that inhibited the 
COVID-19 response.

COVID-19 has demonstrated the catastrophic conse-
quences of a pandemic. It has also shown the world that 
our current systems, processes, and organizations were not 
prepared for a respiratory pandemic. The signifi cant and 
incredible advances made during this pandemic happened 
despite an infrastructure that was ill prepared for COV-
ID-19. A better-prepared world might have avoided much 
of the death, disruption, and disorganization caused by 
COVID-19 and made even greater advances in vaccine re-
search and development, supply chain infrastructure, public 
health interventions, and global coordination. However, the 
response to COVID-19 has propelled the world’s prepared-
ness infrastructure forward signifi cantly—the time is now to 
ensure that this infrastructure is maintained, supported, and 

The National Academy of Medicine convened an initiative on Advancing Pandemic and Seasonal Infl uenza Vaccine 
Preparedness and Response in 2020 to collect, understand, and leverage lessons learned from COVID-19 to ensure 
more robust and nimble preparedness for pandemic and seasonal infl uenza in the future (NAM, n.d.). By the end of 
2021, the Initiative convened a three-day global workshop; and produced a workshop summary and four consensus 
studies focused on vaccine research and development, globally resilient supply chains, public health interventions, 
and global coordination and fi nancing (NAM, 2022; NASEM and NAM, 2022a; NASEM and NAM, 2022b; 
NASEM and NAM, 2022c; NASEM and NAM, 2022d; NAM 2021). This manuscript aims to briefl y summarize the 
four consensus studies, identify areas of focus among the 96 recommendations presented in the studies, and prioritize 
a small number of these recommendations for immediate action. This manuscript is authored by members of the Initia-
tive’s international committee, which oversaw all of the activities outlined above.
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provided the necessary resources to grow so that it can re-
spond nimbly when the next virus with pandemic potential 
emerges. The authors also fully acknowledge that much 
more can and should be done to advance preparedness, 
and the forward motion experienced since 2020, while ex-
citing, is not suffi cient.

The authors of this manuscript believe, as many infectious 
disease professionals do, that future pandemics are not an 
“if” but a “when” (Kelland, 2019). More specifi cally, the au-
thors believe that some or many of these future pandemics 
will be caused by an infl uenza virus (Gavi, 2021). Despite 
the world’s recent experience with coronaviruses, virologists 
continue to monitor infl uenza viruses closely because of 
their history of causing severe pandemics, their genetic abil-
ity to develop “novel” viruses with the capability to initiate 
a pandemic, and because changes in global and regional 
environmental and societal conditions involving contact be-
tween humans and animals appear favorable for the emer-
gence and spread of such infl uenza viruses (NASEM and 
NAM, 2022d). Because individuals worldwide are familiar 
with seasonal infl uenza and yearly infl uenza vaccination 
programs, there may be a perception that infl uenza is not as 
exotic or dangerous as COVID-19. However, the possibility 
of a severe infl uenza pandemic is very real and very fright-
ening. The 1918 infl uenza pandemic killed an estimated 50 
million people worldwide, and other infl uenza pandemics 
throughout history have caused both human and economic 
devastation (CDC, 2019a). The economic burden of a mod-
erate-to-severe infl uenza pandemic is estimated to cost the 
global economy trillions of dollars (CIDRAP, 2008).

An estimated one billion people worldwide are infected 
by seasonal infl uenza every year (WHO, 2019). Of these 
one billion cases, three to fi ve million result in severe illness, 
and as many as 650,000 people die every year from infl u-
enza (WHO, 2019). In addition to the human toll, seasonal 
infl uenza also causes billions of dollars of economic loss 
and strains to health care systems annually (O’Brien, 2017). 
Seasonal human infl uenza viruses are highly contagious, 
mutate frequently, and are well-adapted to infecting peo-
ple, which allows them to mount serious annual outbreaks 
in many parts of the world (WHO, 2019). However, animal 
infl uenza viruses or hybrid animal-human infl uenza viruses 
that do not usually infect people are considered to pose an 
even greater pandemic threat (CDC, 2019b). When such 
a virus gains the ability to infect and spread among peo-
ple, as happens from time to time, a pandemic is possible. 
The protective measures put in place to protect against the 
spread of COVID-19 have also reduced seasonal infl uenza 
transmission and infection since 2020, leaving portions of 
the global population likely immunologically naïve to circu-

lating viruses and a spike in infections and mortality a real 
possibility (CDC, 2021).

In the face of the twin threat of seasonal and pandemic in-
fl uenza, infl uenza vaccination is the optimal preventive strat-
egy compared to other non-pharmaceutical interventions. 
Increased rates of infl uenza vaccine acceptance could also 
lead to increased herd immunity among populations and 
decrease viral spread, which could reduce the morbidity 
and mortality of seasonal and pandemic infl uenza. How-
ever, infl uenza vaccination consistently faces complacency 
and is often low on the health agendas and annual budgets 
of many countries across the globe. History, science, and the 
ongoing COVID-19 experience tell us that the world must 
be better prepared to produce vaccines quickly, ensure that 
the distribution and administration of available supplies are 
equitable and fair, and that the public is aware and willing 
to cooperate – a challenge faced in some settings in the 
global COVID-19 vaccination rollout.

Advancing Pandemic and Seasonal Infl uen-
za Vaccine Preparedness and Response Ini-
tiative

This threat is urgent and real, and is the reason the National 
Academy of Medicine (NAM) launched the Advancing 
Pandemic and Seasonal Infl uenza Vaccine Preparedness 
and Response Initiative (the Initiative) (NAM, n.d.). To rap-
idly identify the lessons learned from COVID-19 and capi-
talize on innovations in vaccine research, development, 
manufacturing, equitable distribution, allocation, and ad-
ministration, the U.S. Health and Human Services Offi ce of 
Global Affairs asked the NAM to establish an International 
Committee to inform and facilitate the Initiative. Members of 
the International Committee have long-standing global ex-
perience in vaccine development, public health, prepared-
ness, health policy, and government (NAM, n.d.). The au-
thors of this manuscript are all members of the International 
Committee.

The International Committee convened to identify existing 
gaps in pandemic infl uenza practice and discuss key capa-
bilities, technologies, processes, and policies learned from 
COVID-19 and previous experiences that could strengthen 
future preparedness, especially related to vaccines. To gain 
additional knowledge and perspectives, the International 
Committee convened a three-day international workshop 
to discuss these issues and related topics (NAM, 2021). 
The deliberations of the International Committee and the 
discussions at the international workshop all informed the 
development of four separate but related consensus study 
reports. Some members of the International Committee 
served as members of the four consensus studies, but not all. 
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The International Committee as a body did not infl uence the 
consensus study committees beyond establishing the initial 
scope of their work. This manuscript is written by members 
of the International Committee as individuals and should 
not be viewed as formal statements of any of the consensus 
study committees.

The authors recognize that the efforts of the International 
Committee, the consensus study committees, and the NAM 
are certainly not the only initiatives trying to glean and op-
erationalize lessons learned from COVID-19. The authors 
wish to acknowledge the work of The Independent Panel 
for Pandemic Preparedness and Response and their report 
COVID-19: Make It the Last Pandemic; the G20 High Level 
Independent Panel on Financing the Global Commons for 
Pandemic Preparedness and Response (Dr. Victor Dzau 
served as an advisor to the Panel) and their report A Global 
Deal for Our Pandemic Age; the Pandemic Preparedness 
Partnership and their report 100 Days Mission to Respond 
to Future Pandemics; and the Pan-European Commission 
on Health and Sustainable Development (FGCPPR, 2022; 
The Independent Panel, 2022; WHO, 2022; G20 High 
Level Independent Panel, 2021; gov.uk, 2021; Pandemic 
Preparedness Partnership, 2021; The Independent Panel, 
2021).

This paper focuses on the NAM’s initiative and subse-
quent consensus studies because this is the area of exper-

tise of the authors and due to the comparatively broad and 
deep scope of the four consensus studies. The authors be-
lieve that, together, the four consensus studies provide a sol-
id foundation for action toward improving global disease 
preparedness. However, the authors also believe that the 
topics covered in this paper are not suffi cient to adequately 
prepare for seasonal or pandemic infl uenza, or the poten-
tial emergence of another pathogen with pandemic poten-
tial, and that there is much to be learned from the efforts de-
tailed above and others the authors have not listed here. The 
authors fi rmly assert that openly sharing knowledge, best 
practices, failures, successes, and support is the world’s best 
chance to adequately prepare for seasonal and pandemic 
infl uenza and other emergent diseases.

Manuscript Outline and Approach

This discussion paper aims to synthesize work conducted by 
the Initiative, which produced four National Academies of 
Sciences, Engineering, and Medicine (NASEM)-run con-
sensus studies, focused on global coordination on vaccines; 
globally resilient vaccine supply chains; non-vaccine public 
health interventions; and vaccine research and develop-
ment (NAM, n.d.; NASEM and NAM, 2022a; NASEM 
and NAM, 2022b; NASEM and NAM, 2022c; NASEM 
and NAM, 2022d). This paper endeavors to present a 

FIGURE 1 | Priority Actions to Ensure Adequate Infl uenza Preparedness
SOURCE: Developed by authors.
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short, actionable list of potential areas of focus for imme-
diate and concerted effort by decision makers, including 
national and international governments and governmental 
agencies, nongovernmental organizations, funders, phar-
maceutical manufacturers, public health offi cials, and all 
others interested in ensuring a robust and effi cient disease 
preparedness infrastructure. 

This discussion paper highlights the recommendations 
presented in the consensus studies, which fall into four focus 
areas prioritized for immediate action:

• Building a sustainable manufacturing network and 
supply chain for infl uenza vaccines

• Incentivizing and investing in infl uenza and respira-
tory pathogen research and development

• Financing for research and development, tools, pre-
paredness, and vaccine uptake

• Building trust, improving communications, and imple-
mentation of interventions

After discussing the critical aspects of these four focus ar-
eas, the authors identifi ed specifi c recommendations from 
the consensus studies that fall within these focus areas and 
that they believe must be implemented soon to avoid cata-
strophic failure in the next pandemic response:

• Increased investments in surveillance systems for 
pathogens with pandemic potential 

• Creation of a global pandemic manufacturing and 
supply chain task force

• Ensuring appropriate access to medical products 
and countermeasures

While these prioritized areas of focus and recommendations 
have the potential to reduce major gaps in future pandemic 
preparedness and response, especially as related to vac-
cines, they do not cover all areas of need. The authors of 
this manuscript reiterate that there are many lessons to be 
learned from COVID-19, and a comprehensive understand-
ing of and renewed approach to pandemic preparedness 
will be vital to ensuring we are ready when the next patho-
gen, be it infl uenza or otherwise, emerges. The four con-
sensus study reports, detailed below, also cover additional 
aspects of pandemic preparedness that are not covered in 
this paper and may be of interest to readers.

Consensus Study Reports

The consensus study reports that the four study committees 
produced are briefl y outlined below. The reports themselves 
contain signifi cantly more detail and depth for readers who 
might be interested in the full suites of recommendations. 

Countering the Pandemic Threat Through Global Coordina-
tion on Vaccines identifi es ways to strengthen pandemic and 
seasonal infl uenza coordination, partnerships, and fi nanc-
ing (NASEM and NAM, 2022d). The committee’s “deliber-
ations were based on a single premise: starting with the fi rst 
human detection of a novel infl uenza virus with pandemic 
potential, how can the global health community move as 
quickly as possible to develop and produce safe and ef-
fective vaccines and equitably immunize as many people 
as possible worldwide?” (NASEM and NAM, 2022d). The 
committee’s recommendations include:

• using principles adopted in earlier global framework 
negotiations, 

• developing integrated preparedness and response 
agendas, 

• establishing increased and enduring fi nancing, and 
• working on a universal infl uenza vaccine, among 

others. 

Globally Resilient Supply Chains for Seasonal and Pan-
demic Infl uenza Vaccines outlines approaches to bolster 
vaccine distribution, manufacturing, and supply chains for 
future seasonal and pandemic infl uenza events (NASEM 
and NAM, 2022b). The committee considered all aspects 
of vaccine manufacturing and distribution from both a U.S. 
and global perspective. Their recommendations include:

• creating, staffi ng, and funding a global task force 
focused on manufacturing and supply chain issues; 

• developing strategies to improve the vaccine manu-
facturing workforce; 

• evaluating a means of fostering and scaling up glob-
al vaccine manufacturing capacity; 

• commissioning studies in demand forecasting and 
uptake; 

• developing forecasting and supply and demand 
tools; and 

• ensuring quick scale-up of production when neces-
sary. 

Public Health Lessons for Non-Vaccine Infl uenza Interven-
tions examines how to leverage the knowledge gained from 
the COVID-19 pandemic to optimize the use of public health 
interventions other than vaccines to decrease the toll of in-
fl uenza (NASEM and NAM, 2022c). The report considered 
the effectiveness of public health efforts such as the use of 
masks and indoor spacing, therapeutics treatments, and 
public health communication campaigns. The committee’s 
recommendations include:

• improving routine surveillance in animals and for 
novel viruses and strains; 

• providing specifi c guidance on mask wearing, venti-
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lation, and use of plexiglass barriers; 
• incentivizing more integration of research among 

scientifi c and medical fi elds to inform investigations 
of transmission, prevention, and treatment of patho-
gens; 

• developing and strengthening national pandemic 
preparedness plans; 

• improving evidence-based communication strate-
gies with the public before and during emergency 
events; and 

• ensuring equity throughout public health interven-
tions.

Vaccine Research and Development to Advance Pandemic 
and Seasonal Infl uenza Preparedness and Response fo-
cuses on how to leverage the knowledge gained from the 
COVID-19 pandemic to optimize vaccine research and de-
velopment to support the prevention and control of pandem-
ic infl uenza, specifi cally focused on the promising areas of 
basic and translational science, clinical science, manufac-
turing science, and regulatory science (NASEM and NAM, 
2022a). The committee’s recommendations include:

• investing in a diverse array of potential infl uenza 
vaccines, including different platforms, viral targets, 
adjuvants, and delivery systems; 

• conducting burden of disease studies in low- and 
middle-income countries (LMICs) to make a case for 
seasonal infl uenza vaccines; 

• developing systems for transparent and continuous 
review of global vaccine safety data; 

• encouraging benchmarking, prioritization, and har-
monization, where possible, of vaccine manufactur-
ing; and 

• producing comprehensive guidance on developing 
infl uenza vaccines on novel platform release, autho-
rization, and distribution. 

Consensus Study Recommendation Areas of 
Focus

The four consensus study committees produced 96 recom-
mendations and sub-recommendations—all of which, if im-
plemented, can move the global preparedness environment 
toward more universal and nimble readiness. The authors 
of this manuscript have grouped the 96 recommendations 
into four overarching areas of focus that the authors hope 
will assist global decision makers in digesting the consensus 
studies and moving quickly to action.

The four areas of focus include:
• Building a sustainable manufacturing network and 

supply chain for infl uenza vaccines

• Incentivizing and investing in infl uenza and respira-
tory pathogen research and development 

• Financing for research and development, tools, pre-
paredness, and vaccine uptake

• Building trust, improving communications, and imple-
menting interventions

Building a Sustainable Manufacturing Network 
and Supply Chain for Infl uenza Vaccines
COVID-19 simultaneously highlighted the robust and fl ex-
ible nature of global supply chains and manufacturing net-
works, but also how ill-prepared they were to manage man-
ufacturing vaccines and related products at a level to sustain 
a protracted pandemic response. While comparatively high 
levels of vaccination against COVID-19 were achieved in 
high-income countries in less than a year from the fi rst emer-
gency use authorization of COVID-19 vaccines, in March 
2022, approximately two years after the announcement of 
COVID-19 as a Public Health Emergency of International 
Concern, LMICs worldwide continue to struggle to obtain 
and deliver enough vaccines to immunize their populations 
(WHO, 2020). This struggle is due to inequities of global 
distribution—exacerbated by poor quality of supply and 
demand data, supply chain shortages of critical manufac-
turing components, logistical distribution hurdles for vac-
cines with complicated administration requirements, and 
the concentration of manufacturing capacity in mostly high-
income countries. For example, Africa produces only one 
percent of the vaccines it consumes domestically, making the 
continent entirely reliant on importing vaccines from other 
countries (DFC, n.d.). Finally, many countries with a surplus, 
as seen during COVID-19, hoarded vaccines, further wors-
ening vaccine distribution and access challenges (Nebehay 
and Mason, 2021). 

Expanding the geographic distribution of vaccine produc-
tion centers, combined with a well-functioning and well-co-
ordinated global supply chain and manufacturing network, 
and adequately fi nancing them to perform at the outset of 
a pandemic will be critical in responding to an infl uenza 
pandemic, especially if the demand for vaccines is high. This 
geographic distribution of production centers must also be 
coupled with incentives for and strategies to achieve global 
vaccine equity, in which high-income countries and LMICs 
have the same access to life-saving vaccines. Additionally, 
focused investment in a sustainable manufacturing network 
and robust supply chain will likely benefi t and support the 
production of all vaccines, not only those for infl uenza, pro-
viding additional preparedness for other potentially pan-
demic diseases.

Establishing new manufacturing centers can provide a 
foundation for interpandemic vaccine manufacturing and a 
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source for many other necessary products during an infl u-
enza pandemic, including therapeutics and ancillary items 
such as syringes, needles, and vials to support vaccine deliv-
ery, if development of the architecture is coordinated across 
the vaccine, therapeutic, and diagnostic supply chains. 
As has become evident during COVID-19, managing the 
complexities of an end-to-end vaccine manufacturing sup-
ply network during a pandemic and in the interpandemic 
period requires a global entity, like, perhaps, the WHO, “to 
coordinate the actions of multiple stakeholders and ensure 
production and distribution of numerous inputs, equipment, 
resources, and infrastructure” (NASEM and NAM, 2022b).

Incentivizing and Investing in Infl uenza and Re-
spiratory Pathogen Research and Development
Given the high likelihood that a major pandemic will arise 
from a strain of pandemic infl uenza, investments in quickly 
deployable measures to enable a more effective response 
to reduce the health consequences and disruption from in-
fl uenza would seem like an obvious priority. However, re-
search on these pathogens and innovations to mitigate their 
dangers have not been prioritized in recent years, and as 
history has taught repeatedly, the heightened concern and 
attention during an outbreak often recedes quickly as the 
outbreak wanes. The need for additional research and de-
velopment into improved tools and techniques to combat 
seasonal and pandemic infl uenza is clear (NASEM and 
NAM, 2022a). The knowledge gained from more sustained 
and dedicated research and development into better under-

standing respiratory pathogens and how best to respond to 
their emergence and mutation could position the world to 
mount a better rapid response to the next pandemic in facili-
tating the development of more effective vaccines and ther-
apeutics and employing more effective non-pharmaceutical 
interventions, both of which could directly target the specifi c 
characteristics of an emergent virus—a response that we 
were not prepared to execute for COVID-19. 

It is critical to capitalize on dedicated research and de-
velopment now because there are so many lessons learned 
from the extremely rapid development of effective and safe 
COVID-19 vaccines. Documenting and adopting best prac-
tices and effective approaches before the next pandemic 
emerges is possible. The global pandemic catalyzed new 
relationships, like those between competitors in the pharma-
ceutical industry and very large and very small companies, 
as seen with the Pfi zer/BioNTech vaccine. These partner-
ships have allowed for unique and necessary insights and 
breakthroughs that must be better understood and interro-
gated.

While investment in respiratory pathogen vaccine re-
search and development and the subsequent fi ndings and 
insights may directly benefi t pandemic preparedness, they 
may also benefi t efforts to address infectious diseases more 
broadly. “Burden-of-disease studies in low- and middle-
income countries could help ensure development of infra-
structure and capacity needed for pandemic vaccine devel-
opment and implementation” (NASEM and NAM, 2022a). 
Global data infrastructure and capacity building for site sur-

FIGURE 2 | Building a Sustainable Manufacturing Network and Supply Chain for Infl uenza Vaccines
SOURCE: Developed by authors.
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veillance of vaccine safety and effectiveness across diverse 
populations will also ensure stronger response in a future 
pandemic scenario. Insights from research and develop-
ment of infl uenza vaccines and therapeutics can help guide 
future public health interventions, support the use of new 
technologies for emerging viruses, and direct research and 
development for future interventions. Such foundations will 
help to be better prepared for a potential future pandemic, 
as well as other infectious disease outbreaks.

Any research into pathogens with pandemic potential will 
necessarily be impacted by current policies and protocols 
around funding and approval for studies involving Poten-
tial Pandemic Pathogen Care and Oversight (P3CO). These 
issues have become more prominent since the publication 
of the consensus study and as such, was not discussed by 
the committee or included in their recommendations, but will 
impact the implementation of the recommendations from the 
committee. 

Financing for Research and Development, Tools, 
Preparedness, and Vaccine Uptake
None of the approaches, areas of focus, or necessary ac-
tions outlined in this manuscript will be possible without ad-
equate and sustained fi nancing, as well as effective gov-
ernance to ensure that fi nancing is allocated, spent, and 
tracked responsibly. Financing is not the only variable in im-
plementing the priority actions needed, but it is a crucial in-
dicator of commitment and support. The need for sustained 
funding has been discussed at length throughout COVID-19 
and the decades prior. Research and development cannot 
be conducted without adequate and sustained fi nancing. It 
is impossible to strengthen capacity in manufacturing and 

supply chain operations without fi nancing. Strengthening 
the infrastructure needed to prepare and roll out public 
health interventions at any scale is also impossible without 
fi nancing. 

Global sustainable fi nancing for preparedness, response, 
and recovery will necessarily need to include and consider 
the needs of high, medium, and low resource settings and 
geographic areas. Every nation has a role to play in ensur-
ing adequate fi nancing, whether that is directly contributing 
funding; convincing other nations to participate; contribut-
ing to trials, sample collection, stockpiling, and production 
of necessary resources; training necessary workforce; con-
tributing to surveillance and sharing data with other nations; 
or communicating clearly and truthfully about public health 
interventions and the state of a future pandemic.

A notable development during the drafting of this paper 
was the World Bank’s approval of a Financial Intermediary 
Fund (FiF) to support and strengthen pandemic prevention, 
preparedness, and response. At the time of this paper’s writ-
ing, over $1 billion was pledged to the fund from a vari-
ety of countries and two private philanthropies. This type 
of large-scale, globally-focused fi nancing will be critical to 
ensuring coordinated and comprehensive pandemic pre-
paredness, but even more investment is needed to ensure a 
level of preparedness necessary to combat the next global 
pandemic. This fund and others must be prioritized by addi-
tional countries and governments worldwide, as global col-
laboration is needed to ensure an effective global response.

Building Trust, Improving Communications, and 
Implementation of Interventions
Perhaps one of the fundamental lessons of the COVID-19 

FIGURE 3 | Infl uenza and Respiratory Pathogen Research and Development
SOURCE: Developed by authors.
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pandemic is the need for clear, consistent, and trusted com-
munication, especially when misinformation is so readily 
spread. The past two years have seen successes in countries 
and communities where the public trusted the leaders who 
were conveying critical information to them and saw con-
crete actions to protect citizens from the pandemic, includ-
ing making testing, therapeutics, and eventually vaccina-
tions free, easy to access, and widely available (Thornton, 
2022). We have also seen the harmful impact of distrust in 
authorities in low vaccine acceptance and sporadic compli-
ance with other COVID-19 control measures among mar-
ginalized and politically polarized groups (Hamel et al., 
2021). 

Preparations to successfully mitigate the negative impacts 
of the next pandemic will include ensuring a robust supply 
chain; investing in vaccine research and development; and 
maintaining and reinforcing innovative, global, and cross-
sectoral relationships. However, all of these advances will 
be irrelevant if individuals refuse or defer vaccines or ignore 
public health safety precautions and recommendations. 
Building, and in some instances, rebuilding, trust between 
the public, authorities managing pandemic responses, and 
scientifi c and medical leaders nationally and globally is 
necessary to ensure an effective coordinated response to 
the next pandemic. Building this trust will require better, 
clearer, and more coordinated communications between 
policymakers, health care professionals, media, local lead-
ers, and communities. Such communications must also rein-
force the reality that optimally responding to public health 
crises requires a partnership among all affected parties. Un-
derstanding how to better meet the communication needs 
of local communities and sub-populations requires research 
that needs investment well before, as well as during, the 
next pandemic to ensure that communication is effective 
and adapts to meet evolving needs. Establishing additional 
meaningful and enduring relationships between govern-
ments and trusted messengers in communities—faith lead-
ers, local politicians, health care workers, elders, and other 
individuals that communities trust—will also be key. Com-
munication about emerging science, public health interven-
tions, or other requested actions need to be conveyed in 
ways that are appropriate, understandable, and sensitive 
to communities. Additional research into effective mecha-
nisms for these evidence-based communications, including 
a deeper understanding of how misinformation and disin-
formation spreads via social media, as well as a focus on 
knowledge gained from the social sciences, is needed prior 
to the emergence of the next pandemic. Trust can only be 
built over time and cannot be rushed. It needs fi nancial and 
human resources and investment before crises erupt, as it is 
the most foundational governance requirement for a nimble 

and effective response to the next pandemic, yet is often 
under-funded.

Prioritized Recommendations from the Four 
Consensus Studies

The authors hope that the prioritized areas of focus outlined 
previously in this paper will be helpful to decision makers as 
they allocate resources to begin shoring up pandemic pre-
paredness but understand that even more specifi c actions 
may be benefi cial in making resource allocation decisions. 
To that end, the authors have highlighted three specifi c 
recommendations from the consensus studies that can be-
gin improving future pandemic preparedness immediately. 
Failure to address these priorities for action could result in 
catastrophic failure when the next pandemic arises, and we 
must not miss the opportunity to act.

The three recommendations identifi ed by the authors for 
immediate action are expanded upon below.

Increased Investments in Surveillance Systems for 
Pathogens with Pandemic Potential
Recommendation 2 from Countering the Pandemic Threat 
through Global Coordination on Vaccines reads (NASEM 
and NAM, 2022d):

“With urgency (over the next 3–5 years), the G7 and G20 
should ensure that increased investments are made in sur-
veillance systems for pathogens with pandemic potential, 
which support and encompass every country and region, 
by doing the following:

• Creating incentives, structures, and pathways for key 
stakeholders to develop and implement integrated 
surveillance, which should include fi rmer support 
for zoonotic surveillance in the framework of One 
Health programs, such as through WHO/OIE/FAO 
stakeholders.

• Strengthening and fi nancing regional surveillance 
structures and networks through partnerships be-
tween regional development banks and organiza-
tions. For example, in the South Asia and Southeast 
Asia regions this could be accomplished in conjunc-
tion with the Association of Southeast Asian Nations 
(ASEAN), Asian Development Bank (ADB), and 
Asian Infrastructure Investment Bank [AIIB], and in 
the Middle East and North Africa with the Organiza-
tion of Islamic Cooperation (OIC), Gulf Cooperation 
Council, and Islamic Development Bank (ISDB).

• Ensuring that the fi nancing mechanism selected by 
the G7/G20 for PPR [pandemic preparedness and 
response] more broadly includes sustainable funding 
for surveillance and that this pooled funding is suf-
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fi cient to enable surveillance for respiratory patho-
gens, especially encompassing those with pandemic 
potential, at the national and regional levels.

• This global funding mechanism’s governance should 
include relevant international agencies, such as the 
International Fund for Agricultural Development 
(IFAD), OIE, FAO, and World Food Program (WFP), 
in addition to multilateral and regional development 
banks and the WHO.” 

Strengthened surveillance and monitoring are essential to 
better understand pathogens with pandemic potential. A 
stronger system will require thoughtful consideration of ex-
isting systems to determine where new systems are needed, 
where existing systems could be strengthened, and how to 
improve data access and sharing across systems. A One 
Health approach to surveillance would include a dedicated 
focus on pathogens in wildlife, livestock, and those sold at 
markets and could serve as a critical early warning system 
for pathogens with pandemic potential that may be poised 
to make the “jump” from animals to humans. This system 
would ideally also include enhanced risk assessment of 
these data and improved mechanisms to guide action on 
said data. Strengthened surveillance and monitoring also 
must include capacity development across LMICs to ensure 
that all possibly emergent viruses are identifi ed and tracked.

Consideration must be given to addressing ongoing chal-
lenges associated with national legislation that prevents the 
swift sharing of pathogens (both human and animal) and 
associated information (WHO Director General, 2020). 
Comprehensive monitoring systems must ensure speed 
and representativeness of information, and must be recog-
nized as a global public good, if they are to be success-
ful. The sharing of genetic sequences of emerging viruses 
is a complex issue, including concerns about equity, intel-
lectual property rights, the speed necessary to respond to 
pathogens with pandemic potential, and existing geopoliti-
cal tensions. Several protocols exist to guide the sharing of 
these sequences, and these protocols must be examined to 
ensure that they are providing the most benefi t to all. Shar-
ing pathogens and their genetic sequences to enable the 
rapid development of medical countermeasures remains a 
critical focus that requires additional conversation to identify 
pathways and mechanisms that allow for sharing physical 
samples and genetic sequences while preserving equity of 
access.

This broad surveillance infrastructure must also be linked 
with accurate, rapid, and harmonized global reporting 
of data on novel viruses. The world has seen, during CO-
VID-19, the benefi ts that can be gained from global col-
laboration and data sharing around an emergent virus. This 

open approach to data sharing is one of the lessons learned 
from the pandemic that must be preserved moving forward. 
Intentional or unintentional disincentives seen during CO-
VID-19, like travel bans or trade bans, must be actively ad-
dressed to ensure that open data sharing is incentivized and 
prioritized.

Finally, adequate fi nancing and appropriate incentives 
remain critical to ensuring that this surveillance infrastructure 
can be established and maintained. Creating this infrastruc-
ture requires establishing the mechanisms to conduct the 
surveillance and training and establishing an appropriate 
workforce. Financing must also include incentives to ensure 
that all countries are conducting surveillance following the 
same standard, as an undetected virus in one country may 
soon become a global issue. The recommendation outlined 
above includes proposed methods of obtaining fi nanc-
ing, including partnerships between regional development 
banks and organizations, and also calls upon larger, more 
traditional organizations to assist. Financing of this magni-
tude will require new approaches to sustainable funding, 
but this work is vital in ensuring we can recognize the next 
pandemic with as much lead time as possible.

In terms of domestic surveillance systems, it would be a 
signifi cant step forward for decision makers to make sur-
veillance for potential pandemic viruses a priority and to 
develop capabilities as part of a broader, integrated, One 
Health system for infectious diseases. The data from such a 
system should be shared quickly and as openly as possible 
with WHO, other countries, scientists, and other partners 
whose support is essential for a rapid and effective pan-
demic response.

Creation of a Global Pandemic Manufacturing 
and Supply Chain Task Force
Recommendation 3-1 from Globally Resilient Supply 
Chains for Seasonal and Pandemic Infl uenza Vaccines 
reads (NASEM and NAM, 2022b): 

“The G20 should constitute a Global Pandemic Manufac-
turing and Supply Chain Task Force as a permanent struc-
ture, governed by a globally inclusive body, with technical 
responsibilities to ensure global pandemic infl uenza manu-
facturing and supply chain preparedness and response. The 
task force governance should be designed to bring together 
relevant U.S. and international governmental agencies; 
industry associations, such as the International Federation 
of Pharmaceutical Manufacturers & Associations and the 
Developing Countries Vaccine Manufacturers Network; pri-
vate philanthropic organizations; and international nongov-
ernmental organizations.
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• Recommendation 3-1(a): The G20 should commis-
sion an independent panel of manufacturing and 
supply chain experts to conduct a review of the tech-
nical capabilities and governance structure of the 
COVAX Manufacturing Task Force to extract lessons 
learned, assess its suitability for pandemic infl uenza, 
and inform the design of the structure, management, 
and governance of the committee’s recommended 
task force.

• Recommendation 3-1(b): U.S. government entities, 
including the Department of Health and Human Ser-
vices and its agencies (such as the Food and Drug 
Administration, the Biomedical Advanced Research 
and Development Authority, and the Centers for Dis-
ease Control and Prevention), the U.S. Trade Rep-
resentative, the Department of Commerce, the U.S. 
Agency for International Development, and others 
should work collaboratively with the committee’s 
recommended task force in specifi c areas and, as 
identifi ed in this report, take a global leadership role 
in activities under the task force.”

The COVID-19 pandemic reinforced and highlighted the 
fact that vaccine manufacturing relies on a well-functioning 
global supply chain to ensure timely access to hundreds of 
items, critical components, drug substance manufacturing 
plants, fi ll and fi nish lines, and production of ancillary items 
such as specifi c types of syringes, vials, or stoppers. These 
requirements vary depending on the type of vaccine plat-
form. These items must be defi ned, identifi ed, and created 
with greater visibility on their global supply for seasonal 
and pandemic infl uenza. With the appropriate coordina-
tion architecture, these actions can go a long way in ensur-
ing timely and equitable vaccine supply during a pandemic.

Further downstream, the manufacturing capacity of many 
nations was also disrupted by the spread of the virus, worker 
illnesses, and inherent fragilities in the infrastructure that did 
not allow manufacturing to meet the level of supplies need-
ed to support a protracted pandemic response. Lockdowns 
also limited production and led to supply chain shortages. 
For some vaccines, one missing component can grind the 
manufacturing process completely to a halt, and as such, 
addressing the issues faced during COVID-19 is an urgent 
task that could signifi cantly impact the global response to 
the next pandemic. The authors of this paper believe that 
a globally distributed network for vaccine manufacturing, 
including mechanisms for sustained fi nancing and the ability 
or requirement to export and share vaccines as necessary, is 
needed to ensure equitable access to vaccines for all. They 
ask for a careful evaluation of the feasibility, structure, and 

sustainability of a globally distributed network of regional 
and local vaccine manufacturing capacity.

The authors of this manuscript believe that the creation 
of the G20 Manufacturing and Supply Chain Task Force 
described above is a critical fi rst step toward coordinating 
the efforts of the major vaccine manufacturing nations. The 
Task Force’s presence as a permanent structure is impor-
tant to maintain focus on the critical nature of supply chain 
and manufacturing reforms even during interpandemic 
times. Between pandemics, the Task Force could focus on 
innovations and improvements to reinforce global supply 
chain and manufacturing capability. The interdisciplinary 
and global nature of the Task Force is critical. As supply 
chain and manufacturing touch all parts of the pandemic 
response, a diverse and global set of stakeholders must 
provide input into plans to address system frailties to ensure 
that unintended negative consequences do not occur. The 
Developing Countries Vaccine Manufacturers Network and 
other representatives of LMICs are vital to include in such 
a Task Force to ensure that inequities experienced through-
out the response to COVID-19 can be ameliorated moving 
forward.

This Task Force could also serve as the foundation to pri-
oritize and launch other actions, including ensuring that 
global vaccine manufacturing is sustainable and can with-
stand the ups and downs in demand in the market for infl u-
enza and other vaccines. The Task Force can assist in out-
lining the parameters of what a sustainable manufacturing 
network might look like and contain, what its operations will 
consist of, and who and where might be included in such a 
network. The Task Force could also assist in outlining the po-
tential cost of such a network, identifying potential funders, 
sharing the idea with regional governments globally, and 
identifying potential gaps in technology to bridge before 
implementing such a network.

A reliable and robust supply chain and manufacturing 
network is the foundation for any pandemic response and 
must be addressed with urgency. The importance of this 
work is underlined even in the next recommendation the au-
thors prioritized for action, focused on ensuring appropriate 
stockpiles of medical products and countermeasures.

Ensuring Appropriate Access to Medical Products 
and Countermeasures
Recommendation 5-1 from Public Health Lessons for Non-
Vaccine Infl uenza Interventions reads (NASEM and NAM, 
2022c): 

“National governments should mandate that the appropri-
ate authorities (ministries of health or comparable govern-
ment agencies):
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• Regularly evaluate existing stockpiles of therapeu-
tics (including antivirals, other antimicrobials for 
treatment of secondary infection, and supportive 
care treatments, such as oxygen) and other articles 
needed for care delivery (e.g., personal protective 
equipment);

• Secure sources that can reliably supply all items 
needed during an infl uenza pandemic; and

• Assess, and establish where possible, local produc-
tion capabilities for all such items.”

This recommendation was prioritized because the authors 
recognize when a rapid response begins in a pandemic, the 
tendency to initially hoard critical supplies may signifi cantly 
delay access to others in need. Supply chain shortages are 
also likely to arise from the sudden increase in demand and 
other challenges. During COVID-19, many countries strug-
gled to obtain medical countermeasures necessary to treat 
ill patients and medical equipment to care for those who 
were the sickest. Countries also lacked the ability to produce 
necessary equipment and products locally.

Access to, sharing of, and maintaining stockpiles are the 
responsibility of national governments, and national actions 
are critical to domestic and global preparedness. Where 
national stockpiles are impossible or unrealistic for some 
LMICs, global or regional stockpiles of key materials to 
support immediate intervention for those most in need are 
an alternative solution. Ensuring appropriate stockpiles of 
therapeutics and diagnostics and making a commitment to 
share some of the supplies will not only reduce morbidity 
and mortality domestically but can also reduce spread of 
a highly infectious virus from country to country and boost 
levels of international solidarity and the sharing of essential 
information.

The world witnessed fi rsthand what happens when stock-
piles of critical medical supplies are not adequately pre-
pared for a surge in demand early in the pandemic. Many 
health care workers were forced to reuse gowns, masks, 
and other personal protective equipment, making them even 
more vulnerable to infection. The U.S. and other countries 
faced a critical shortage of medical oxygen and ventila-
tors to treat the most ill COVID-19 patients (Akhtar, 2021; 
Stein, 2021; Kliff et al., 2020). These challenges were com-
pounded by disruptions to the global supply chain, which 
halted the ability of many manufacturers to rapidly ramp up 
production of the same necessary items. Ensuring that clini-
cians can care for patients in the manner clinical evidence 
dictates, without having to worry about a lack of material 
or, in the worst cases, rationing care under crisis standards 
of care situations, will help reduce morbidity and mortality 

rates during a pandemic and will assist in keeping hospitals 
and health care systems as functional as possible for those 
who are ill with the infectious disease and those with other, 
unrelated life-threatening illnesses or injuries.

A critical aspect of this recommendation is the impetus to 
establish national, regional, or global stockpiles for LMICs 
with competing health system priorities to ensure equity 
of access in a pandemic scenario. Where possible, each 
national government should test its own resilience plan for 
critical items such as antivirals, antimicrobials, oxygen, and 
diagnostics tests. For items that are cost-effective to maintain 
in a national stockpile, they should do so. Where that is not 
possible, WHO, UNICEF, and other global actors maintain-
ing global or regional stockpiles should work with LMIC 
governments to understand the capacity of those stockpiles 
and use this data to inform their own resilience assessments.

However, as discussed earlier in this paper, the supply 
chain and manufacturing process challenges experienced 
during COVID-19 will need to be addressed in a system-
atic and sustainable manner to carefully build in the surge 
capacity necessary to respond to a pandemic event. The 
authors still believe that wider geographic distribution of 
production is advantageous over centralized production. 
Distributed manufacturing will help support greater equity 
and access during non-pandemic times and could also 
strengthen pandemic preparedness. The fragility of our 
health care manufacturing and supply chain, as well as 
the critical nature of medical countermeasures and health 
care equipment are two of the largest lessons learned from 
COVID-19 and must be remediated with urgency before the 
next pandemic.

Call to Action

Although the work to address the impacts of the COVID-19 
pandemic is far from done, the world must begin a thorough 
analysis of best practices and lessons learned that can be 
leveraged to prepare for the next pandemic—especially 
one caused by infl uenza—and to improve our response to 
seasonal infl uenza.

The four consensus studies feature a wealth of informa-
tion and potential approaches to improving pandemic pre-
paredness for a future infl uenza pandemic regarding supply 
chain and manufacturing infrastructure, public health inter-
ventions, vaccine research and development, and global 
partnerships and fi nancing. But, given the large scope of 
recommendations presented across the studies, this paper 
endeavors to present a short, actionable list of potential ar-
eas of focus for immediate and concerted effort by decision 
makers. The key areas of focus and recommendations sum-
marized in this paper illustrate, in the opinions of the au-
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thors, critical improvements that must be made to the global 
preparedness infrastructure to avoid catastrophic outcomes 
when a potential pandemic infl uenza strain emerges.

In summary, supply chain and manufacturing issues and 
investment in researching infl uenza and respiratory viruses 
must be addressed immediately. When reinforced, these two 
areas of pandemic preparedness can signifi cantly impact 
the global response to the next pandemic. Specifi cally, re-
inforcing and, in some places, creating a global infrastruc-
ture for pandemic disease surveillance; creating a high-level 
Supply Chain and Manufacturing Task Force; and securing 
supply chains and developing national and regional stock-
piles are specifi c and actionable steps that countries across 
the globe can take, alone and together, to immediately ad-
vance pandemic preparedness for us all.

An effective pandemic preparedness and response sys-
tem is possible, and the foundation for a comprehensive ap-
proach now exists. We know what must be done to ensure 
we are prepared to respond to seasonal and pandemic in-
fl uenza. We have learned much from COVID-19 and must 
not let those lessons, learned through so much illness and 
death, go to waste.
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