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EXECUTIVE SUMMARY
THE QUESTIONS THAT THIS REPORT ADDRESSES
The development, approval, production, and distribution of mRNA vaccines (Moderna and
BioNTech-Pfizer) and viral vector vaccines (Janssen-Johnson & Johnson and OxfordAstraZeneca) is a striking example of successful innovation. In contrast to previous vaccines
that took many years to develop, these four COVID-19 vaccines were developed and approved
by regulatory agencies within a year.
This report for NEDO examines two sets of questions:


Key factors in the success of U.S. vaccines. First, how did companies and the U.S.
Government successfully develop and produce innovative vaccines in such a short
period? What factors led to this success? The report also briefly examines related
innovations in Germany and the United Kingdom.



Lessons for innovation policy and for industrial policy. Second, are there lessons that
might be useful for innovation policy and for industrial policy in general? Are there other
types of problems and technologies where lessons from COVID-19 vaccine development
might be useful? What are the limits to the lessons from the COVID-19 vaccine case?

KEY POINTS FROM THE HISTORY OF U.S. COVID-19 VACCINES


Before COVID-19, valuable investments by NIH and BARDA in vaccine research. In 1997
the AIDS crisis led the National Institute of Health to create a valuable Vaccine Research
Center. Also, after the anthrax attacks in October 2001, Congress created a $5.6 billion
Project BioShield to develop and purchase vaccines, and in 2006 created the Biomedical
Advanced Research and Development Authority (BARDA) to administer the BioShield
program. The part of NIH that gives grants to university researchers long funded
research on messenger RNA and other areas of biology but until 2005 did not directly
support scientists working on mRNA vaccines.



Dedicated scientists who spent years developing new vaccine technologies. New
vaccine technologies took years to develop, and fortunately many dedicated scientists
conducted long-term and successful research. This research included work on mRNA
and on lipid nanoparticles – small particles of fat used to enclose and protect mRNA.
Other scientists developed viral vector technologies.



Entrepreneurial companies that later played a huge role. Two mRNA start-up
companies later proved particularly important: Moderna in the U.S. (founded in 2010)
and Germany’s BioNTech (2008). Several teams worked on viral vector technology,
including an Oxford University group and the Janssen division of Johnson & Johnson
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In the U.S., additional important contributions from DARPA, BARDA, and NIH’s Vaccine
Research Center. Both Moderna and BioNTech initially focused on possible mRNA
therapies for cancer. However, in 2013 the Defense Advanced Research Projects Agency
(DARPA), building on RNA vaccine work that it began in 2010, gave contracts to
Moderna, Novartis, and several university centers to work on vaccines for infectious
diseases – a major step that contributed to mRNA Covid-19 vaccines. In 2015, BARDA
gave Moderna a contract to develop a vaccine for Zika. Then in 2020, experts at NIH’s
Vaccine Research Center identified SARS-CoV-2’s specific “spike protein” – a vital
contribution to Moderna’s COVID-19 vaccine.



The importance of Operation Warp Speed. In May 2020 the U.S. Government created a
fast-moving organization, Operation Warp Drive, that utilized the legal authorities and
agency capabilities of both BARDA and the Defense Department. This organization
played a vital role in speeding the development, procurement, and distribution of new
vaccines. In particular, it offered both R&D money (which Pfizer chose not to accept)
and purchase agreements (where a government promises in advance to buy large
quantities of the vaccines if the vaccines earn regulatory approval). This funding
provided help and incentives to the companies. The program also funded a portfolio of
four types of vaccines and multiple companies in each of these categories, increasing
the chances of developing successful vaccines. It is important, however, that prior to the
COVID-19 pandemic the U.S. Government did not have a single organization in charge of
pandemic preparedness and response and that the Trump White House ignored the
Obama Administration’s 2016 biodefense strategy, called the “pandemic playbook.”
Operation Warp Speed was a successful improvisation but would have been
unnecessary if the U.S. had already created a similar central organization and strategy.



Funding international companies as well as domestic firms. National governments of
course want to encourage the creation of companies, factories, and jobs in their own
countries. However, the U.S. COVID-19 vaccine story illustrates the value of working
with international as well as domestic companies.



Careful but fast clinical trials and regulatory reviews. In the U.S., NIH set up a publicprivate partnership to accelerate clinical trials of candidate vaccines. In addition,
regulators in the UK, U.S., and elsewhere gave quick approval for these clinical trials and
then conducted fast but careful reviews of the data from those trials. The UK approved
the Oxford-AstraZeneca vaccine, based on clinical trials. The U.S. system is deliberately
slower, with independent panels and regulators reviewing company data before those
regulators make final decisions. Nonetheless, in December 2020 the U.S. Food and Drug
Administration (FDA) issued “emergency use authorizations” for both the Moderna and
BioNTech-Pfizer vaccines, followed soon by approval for the Janssen-Johnson & Johnson
vaccine.



The important manufacturing capabilities of large pharmaceutical companies. Until
the COVID-19 pandemic, no one had ever mass produced an mRNA vaccine, and viral
vector vaccines were also very new. Entirely new manufacturing techniques were
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necessary, and experienced pharmaceutical companies – Pfizer, AstraZeneca, and
Johnson & Johnson – played critical roles in the large-scale production and distribution
of these important vaccines. Also, Pfizer and Moderna took the unusual step of starting
vaccine production even before the vaccines won regulatory approval – a step that
saved precious time.


Strengths and weaknesses in the distribution and administration of these vaccines.
The U.S. effort to distribute and administer the vaccines was often confused. U.S.
federal and state officials initially did not agree which organizations should administer
the injections. Additional problems arose because of other factors: the U.S. health care
system remained fragmented, many people did not have health insurance and regular
doctors, state and local public health agencies were underfunded, and distrust,
misinformation, and political polarization led many Americans to reject vaccinations.

OTHER REASONS WHY THE U.S. SUCCEEDED


High U.S. investment in biomedical research. The U.S. Government has invested heavily
in biomedical research, both in absolute terms and as a percentage of its government
R&D budget. For example, the fiscal year 2021 budget for NIH was nearly $40 billion.
Federal funding has helped to create a strong U.S. biomedical innovation ecosystem – a
combination of universities, medical centers, large pharmaceutical companies, and
biotechnology start-up firms.



Diversity in the U.S. system. While NIH provides most U.S. biomedical R&D funding,
other federal departments and agencies with different missions and different
management styles also provide support and pursue different technological
opportunities: the Department of Energy for work in genomics and protein folding, the
Defense Department for vaccines and emergency medicine, BARDA for vaccines and
other “medical countermeasures,” and the Department of Agriculture for animal
vaccines. In addition, private foundations also support biomedical research, including
the Gates Foundation and the Howard Hughes Medical Institute. This diversity allows
the U.S. to fund multiple approaches to medicine and health.



Flexibility in the U.S. system. When COVID-19 hit, U.S. R&D funding agencies were
quick to allow their grantees to shift the direction of their funded research to address
COVID-related problems. Agencies and companies were quick to work together on
clinical trials and regulatory reviews.



International openness. Many key contributions were made by scientists in other
countries or by immigrants to the U.S. The U.S. biomedical research community has
strong international relationships (including with China), and NIH and DARPA are willing
to fund work overseas when appropriate. As mentioned earlier, Operation Warp Speed
invested in overseas companies as well as U.S.-based firms.
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Preparation. Before COVID-19, U.S. researchers, companies, and regulators had
valuable recent experience with other problems, such as HIV, Anthrax, SARS, MERS,
Ebola, and bioterror threats. This experience led to new institutional capabilities, such
as BARDA, the NIH Vaccine Research Center, DARPA’s focus on biology, and the Food
and Drug Administration’s ability to use emergency use authorizations.

LESSONS FOR INNOVATION POLICIES AND INDUSTRIAL POLICIES
What lessons does this story offer for governments that wish to strengthen their countries’
innovation systems and national industrial policies? This report offers several observations:


Identify “market failures.” By understanding when private companies do not have the
incentive or resources to develop new innovations by themselves, then governments
can step in to encourage and assist companies to develop socially-beneficial
innovations.



Basic and applied research. Government support of long-term basic research is
valuable, and so is government support of applied research to turn promising new ideas
into actual prototype technologies such as new vaccine technologies. Basic research
agencies might contribute even more if they chose to devote some of their funding to
promising but unproven research areas and not just focus on “safe,” more established
fields.



Entrepreneurial firms. The U.S., UK, and German experiences show the value of having
world-class researchers who are willing and able to create bold, risk-taking
entrepreneurial companies – and having institutions such as venture capital firms that
will support those entrepreneurs.



Partnerships. The vaccine story shows the value of three types of partnerships:
international scientific cooperation, corporate partnerships between entrepreneurial
companies and large pharmaceutical firms, and partnerships between industry and
governments. In the UK, for example, the government encouraged the Oxford
researchers to join quickly with an established large firm with manufacturing
experience. The leaders of Pfizer and BioNTech knew each other and quickly formed a
valuable international collaboration. And in the U.S., UK, and Germany, governments
offered both R&D funds and multi-billion-dollar purchase agreements if the companies
could deliver products that regulators would approve.



Investments in multiple technologies and companies. The U.S. story illustrates the
value of governments moving quickly to fund vaccine development and the value of
investing in a range of companies and technologies – that is, investing in a portfolio. As
mentioned earlier, America’s Operation Warp Speed offered R&D funding and purchase
agreements to companies exploring several types of vaccines. Four companies quickly
succeeded in either the U.S. or UK: Moderna, BioNTech-Pfizer, Janssen-Johnson &
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Johnson, and Oxford-AstraZeneca. Another supported company, Novavax, succeeded
later. Some efforts will probably fail. But by quickly funding multiple companies with
multiple technologies, the U.S. Government increased the chances that at least a few
vaccines would succeed. The U.S. Government also used a law, the Defense Production
Act, to order other companies to provide needed equipment and supplies to the vaccine
manufacturers.


Regulators who move carefully but quickly. The COVID-19 vaccine story also illustrates
the value of regulators who act carefully but quickly. Regulators in both the UK and the
U.S. moved quickly to approve clinical trials and then to approve the new vaccines. In
the U.S., the emergency use authorization process allowed the FDA to approve both the
Moderna and BioNTech-Pfizer vaccines in December 2020 and the Janssen-Johnson &
Johnson vaccine soon after.



Attention to manufacturing. It is not enough to develop a new product, such as a
vaccine. To produce it successfully at a large scale, manufacturing is also necessary. In
the case of COVID-19 vaccines, the U.S. Government helped production through
advanced purchase agreements, government funds that companies used to create new
manufacturing processes, and use of a law – the Defense Production Act – that compels
suppliers to provide necessary equipment and materials.

Covid-19 Vaccine Development, p. vii

ABOUT TPI’S PARTNERS
David W. Cheney is a consultant and the former Director of the Center for Science, Technology
and Economic Development at SRI International, where his work focused on planning and
evaluating science, technology, and innovation programs and institutions, primarily in the US
and Middle East. He has also been a consultant to the World Bank and an adjunct professor at
George Mason University. Before joining SRI in 1998, he was a senior executive in the US
Department of Energy, serving as director of the Secretary of Energy Advisory Board and
advisor to the Deputy Secretary on industrial partnerships and national laboratories. He
previously was a senior associate with the Council on Competitiveness, and an analyst with the
Congressional Research Service. He has also held positions with the Internet Policy Institute,
the Optoelectronics Industry Development Association, the Competitiveness Policy Council, and
the Institute for Policy Science at Saitama University in Japan. He has a PhD in public policy
from George Mason University, a MS in Technology and Policy from MIT, and a BS in Geology &
Biology from Brown University.
George R. Heaton, Jr. is a member of the faculty at the Worcester Polytechnic Institute in
Massachusetts and an independent consultant in science and technology policy, environmental
policy and law. Trained as a lawyer, Mr. Heaton has been on the faculty of the Massachusetts
Institute of Technology and has worked widely for public and private technical and policy
institutions in the U.S. and abroad. Maintaining extensive professional and personal relations in
Japan, Mr. Heaton was a Visiting Professor at Saitama University in 1986-87 and the First
Foreign Scholar of the Ministry of Health and Welfare in 1989-90.
Christopher T. Hill is Professor Emeritus of Public Policy and former Vice Provost for Research at
George Mason University in Fairfax, Virginia. He was a Senior Fellow at SRI International from
2011 until early 2016. After earning three degrees in chemical engineering and practicing in
that field at Uniroyal Corporation and Washington University in St. Louis, he has devoted more
than four decades to practice, research and teaching in science, technology and innovation
policy, including service at MIT, the Office of Technology Assessment, the Congressional
Research Service, the National Academy of Engineering/National Academy of Sciences and the
RAND Critical Technologies Institute.
Patrick H. Windham is a consultant and university lecturer on science and technology policy. He
teaches in the Public Policy Program at Stanford University and in the past also has taught at
the University of California’s Washington, DC, center and the University of Maryland. From
1984 until 1997 he served as a Senior Professional Staff Member for the Subcommittee on
Science, Technology, and Space of the U.S. Senate’s Committee on Commerce, Science, and
Transportation. He helped Senators oversee and draft legislation for several major civilian
science and technology agencies and focused particularly on issues of science, technology, and
U.S. industrial competitiveness. Mr. Windham received an BA from Stanford University and a
Master of Public Policy degree from the University of California at Berkeley.

Covid-19 Vaccine Development, p. viii

TABLE OF CONTENTS
PREFACE

i

EXECUTIVE SUMMARY

ii

THE QUESTIONS THAT THIS REPORT ADDRESSES

ii

KEY POINTS FROM THE HISTORY OF U.S. COVID-19 VACCINES

ii

OTHER REASONS WHY THE U.S. SUCCEEDED

iv

LESSONS FOR INNOVATION POLICIES AND INDUSTRIAL POLICIES

v

ABOUT TPI’S PARTNERS

vii

TABLE OF CONTENTS

viii

INTRODUCTION

1

BACKGROUND ON THE SCIENCE AND ECONOMICS OF VACCINES

1

NEWER TYPES OF VACCINES: mRNA, VIRAL VECTOR, AND PROTEIN SUBUNIT

1

THE ECONOMICS OF VACCINE DEVELOPMENT

6

BEFORE COVID-19: THE EARLY DEVELOPMENT OF mRNA TECHNOLOGY

7

SECTION INTRODUCTION

7

U.S. GOVERNMENT SUPPORT FOR BIOMEDICAL RESEARCH BEFORE mRNA VACCINES

7

DEDICATED SCIENTISTS WORK ON mRNA

9

MODERNA

12

OTHER mRNA ENTREPRENEURS

13

DARPA AND BARDA CONTRIBUTIONS TO mRNA VACCINES

14

THE DEVELOPMENT, APPROVAL, PRODUCTION, AND DISTRIBUTION OF COVID-19 VACCINES
17
GENOMIC SEQUENCING OF THE SARS-COV-2 VIRUS

17

RAPID DEVELOPMENT OF mRNA VACCINES AND NIH’S ROLE IN THIS WORK

18

VIRAL VECTOR VACCINES: OXFORD-ASTRAZENECA AND JANSSEN-JOHNSON & JOHNSON 19
NOVAVAX’S PROTEIN SUBUNIT VACCINE

21

OTHER VACCINE DEVELOPMENT PROJECTS

22

OPERATION WARP SPEED

23

CLINICAL TRIALS AND REGULATORY APPROVALS IN THE UK AND U.S.

29

MANUFACTURING BY ESTABLISHED PHARMACUETICAL COMPANIES

33

SUCCESSES AND FAILURES IN THE U.S. DISTRIBUTION, ADMINISTRATION, AND USE OF
VACCINES
36
STRENGTHS AND WEAKNESSES OF THE U.S. INNOVATION SYSTEM FOR VACCINES

40

Covid-19 Vaccine Development, p. ix
PREPARING FOR THE NEXT PANDEMIC
LESSONS FOR INNOVATION POLICY AND INDUSTRIAL POLICY

42
43

LESSONS FOR INNOVATION POLICY

44

LESSONS FOR INDUSTRIAL POLICY

45

CONCLUSION

48

Covid-19 Vaccine Development, p. 1

COVID-19 VACCINE DEVELOPMENT: LESSONS FOR
INNOVATION POLICY AND INDUSTRIAL POLICY
INTRODUCTION
The rapid development, approval, production, and distribution of COVID-19 vaccines is a huge
accomplishment. There have been shortcomings: companies have not yet produced enough
vaccines for the entire world population, some very rare health problems are associated with
the vaccines, and no one knows yet how long or how well immunity will last. Nonetheless, the
speed with which companies and associated researchers developed these vaccines and the
speed with which established pharmaceutical companies manufactured them is astounding
This paper addresses two questions: (1) how was this vaccine development and production
accomplished, particularly in the United States, and (2) what lessons does this story offer for
understanding innovation processes and strengthening governments’ innovation policies and
industrial policies?
This paper focuses on the history of the two mRNA vaccines (Moderna and BioNTech-Pfizer);
the two viral vector vaccines (Janssen-Johnson & Johnson and Oxford-AstraZeneca); and a
protein subunit vaccine (Novavax).1

BACKGROUND ON THE SCIENCE AND ECONOMICS OF VACCINES
NEWER TYPES OF VACCINES: mRNA, VIRAL VECTOR, AND PROTEIN SUBUNIT
Traditional vaccines. Until recently, all vaccines to protect against viruses that cause infectious
diseases used weakened or inactive versions of those viruses – a technology sometimes called
“whole virus” vaccines. Researchers would identify the deadly virus that caused a disease and
create a vaccine based on weakened or inactive version of that virus. Pharmaceutical companies
would then produce large volumes of the vaccine, often using eggs. When medical personnel
injected a vaccine into a patient, the weakened or inactive virus would not cause disease.
However, it would trigger an immune response, meaning that the patient’s body would create

1

In addition to work on vaccines, government agencies and companies worked to develop diagnostic test kits as
well as new antibody treatments to help patients already infected with COVID-19. However, this paper focuses on
the vaccines.
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antibodies designed to attack and destroy that virus. Then if that person was exposed to the
actual virus, the antibodies would destroy it and prevent or reduce disease.
These “whole virus” vaccines led to huge improvements in human health. Diseases such
smallpox, polio, measles, and mumps were eliminated or largely eliminated, saving many lives.
The problem, though, is that this traditional method of creating vaccines takes a long time.
Development of the mumps vaccine took the shortest amount of time, but that was still four
years.2 Other vaccines took much longer to develop.
Three newer vaccine technologies. In recent years researchers have developed three other
types of vaccines:




Protein subunit vaccines
Viral vector vaccines
Messenger RNA (mRNA) vaccines

Like traditional vaccines, protein subunit vaccines use viral material to stimulate a person’s
immune system. However, instead of injecting an entire version of the virus into a patient, the
protein subunit vaccine contains only fragments of the original virus, particularly fragments of a
virus’s “spike protein.” The spike protein is the part of a virus that attaches to a person’s cells
and helps the virus invade those cells. With a protein subunit vaccine, the patient’s immune
system reacts to these fragments and produces antibodies.
The first subunit vaccine approved in the U.S. for use in humans was the hepatitis B vaccine.3 In
late 2021, some governments approved a COVID-19 protein subunit vaccine from Novavax, a
U.S. company.
Both viral vector vaccines and mRNA vaccines operate differently from traditional vaccines or
the protein subunit versions. Instead of carrying a version of the original virus, these other two
technologies instead carry genetic information that instructs a patient’s own cells to
manufacture a safe version of a virus’ spike protein. In effect, the patient’s cells become small
factories, making spike proteins that are safe but stimulate the immune system to produce
antibodies. If a patient is later infected with the actual virus – such as the SARS Cov-2 virus that
causes COVID-19 – then the patient has antibodies that will attack and destroy that virus.
While both viral vector and mRNA vaccines contain genetic instructions, they deliver genetic
information in different ways. A viral vector vaccine places the genetic instructions inside a safe
virus that then is injected into the patient. In mRNA vaccines, a small particle of a fatty lipid
provides an envelope around the genetic material – the mRNA. RNA is very fragile, so it is
2

Brian Buntz, “How the U.S. government bolstered Moderna’s COVID-19 vaccine candidate,” Axios, November 23,
2020, https://www.drugdiscoverytrends.com/how-u-s-government-bolstered-modernas-covid-19-vaccinecandidate/.
3
Benedette Cuffari, “What Is a Subunit Vaccine?” News Medical, January 19, 2022, https://www.newsmedical.net/health/What-is-a-Subunit-Vaccine.aspx.
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important to place it within a molecule that will protect this genetic material when the vaccine
is injected into a patient. The lipid then dissolves, allowing the mRNA to instruct the patient’s
cells to produce large amounts of the spike protein and thus stimulate the creation of
antibodies.
In recent years human clinical trials using viral vector vaccines were conducted against Zika,
influenza, and AIDS, but no approved vaccines came out that work. However, two Ebola
vaccines did win approval.
[Two] Ebola vaccines using viral vector technology were used in Ebola outbreaks in West
Africa (2013–2016) and in the Democratic Republic of the Congo (2018–2020). The rVSVZEBOV vaccine was approved for medical use in the European Union in November 2019,
and in the United States in December 2019. Zabdeno/Mvabea was approved for medical
use in the European Union in July 2020.4
In the case of COVID-19, both the Oxford-AstraZenaca and Janssen-Johnson & Johnson vaccines
are viral vector vaccines.
Before COVID-19, no mRNA vaccine had received government approval. The creation of the
Moderna and BioNTech-Pfizer vaccines are therefore remarkable accomplishments. What is
even more remarkable is that the companies created and manufactured both of these mRNA
COVID-19 in less than a year.
The following figure and text box provide an introduction to vaccine technologies.

4

“Viral vector vaccine,” Wikipedia, https://en.wikipedia.org/wiki/Viral_vector_vaccine.
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Source: https://wellcome.org/news/what-different-types-covid-19-vaccine-are-there
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TEXT BOX: MORE DETAILS ON THREE TYPES OF VACCINES
From the Mayo Clinic
https://www.mayoclinic.org/diseases-conditions/coronavirus/in-depth/different-types-of-covid-19vaccines/art-20506465

Each COVID-19 vaccine causes the immune system to create antibodies to fight COVID-19.
COVID-19 vaccines use a harmless version of a spikelike structure on the surface of the
COVID-19 virus called an S protein. The main types of COVID-19 vaccines currently available
in the U.S. or being studied include:


Messenger RNA (mRNA) vaccine. This type of vaccine uses genetically engineered
mRNA to give your cells instructions for how to make the S protein [spike protein]
found on the surface of the COVID-19 virus. After vaccination, your immune cells
begin making the S protein pieces and displaying them on cell surfaces. This causes
your body to create antibodies. If you later become infected with the COVID-19 virus,
these antibodies will fight the virus. After delivering instructions, the mRNA is
immediately broken down. It never enters the nucleus of your cells, where your DNA
is kept. Both the Pfizer-BioNTech and the Moderna COVID-19 vaccines use mRNA.



Vector vaccine. In this type of vaccine, genetic material from the COVID-19 virus is
placed in a modified version of a different virus (viral vector). When the viral vector
gets into your cells, it delivers genetic material from the COVID-19 virus that gives
your cells instructions to make copies of the S protein. Once your cells display the S
proteins on their surfaces, your immune system responds by creating antibodies and
defensive white blood cells. If you later become infected with the COVID-19 virus, the
antibodies will fight the virus. Viral vector vaccines can't cause you to become
infected with the COVID-19 virus or the viral vector virus. Also, the genetic material
that's delivered doesn't become part of your DNA. The Janssen/Johnson & Johnson
COVID-19 vaccine is a vector vaccine. AstraZeneca and the University of Oxford also
have a vector COVID-19 vaccine.



Protein subunit vaccine. Subunit vaccines include only the parts of a virus that best
stimulate your immune system. This type of COVID-19 vaccine contains harmless S
proteins. Once your immune system recognizes the S proteins, it creates antibodies
and defensive white blood cells. If you later become infected with the COVID-19 virus,
the antibodies will fight the virus. Novavax is working on a protein subunit COVID-19
vaccine.
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THE ECONOMICS OF VACCINE DEVELOPMENT
Several “market failures” limit the willingness and ability of pharmaceutical and biotechnology
companies to develop new vaccines. As a result, if governments want new vaccines, then they
must provide incentives to companies – either through funding or some other policy that will
persuade companies to develop and manufacture these vaccines.
The first market failure is the familiar problem that companies are reluctant to invest in basic
research. Of course, some companies do invest in basic research, but in general industry will
underinvest in research – that is, underinvest from the point of view of a society that wants the
technological advances that research contributes to. There are two main reasons for this
underinvestment: first, companies and investors see basic research as a risky investment, and,
second, even if the research is successful companies cannot be certain that they will capture all
the benefits of their investments, since scientific information is often published and available to
everyone.5
Second, established pharmaceutical and biotechnology companies also avoid the development
of new vaccines because vaccines are a bad market. That is, companies often cannot sell many
doses of a new vaccine and therefore cannot make much money, so they avoid this business.
This is particularly true when epidemics are small or short-lived, as with Ebola and Zika.6 This is
also the case when governments ask companies to develop new vaccines for possible future
diseases but do not actually buy many doses of these new vaccines. For example, in the early
2000s the U.S. Government found that established companies did not want to work the
government’s Project BioShield (a program discussed in a later part of this TPI report). The
government simply did not offer enough money to justify the large and expensive risks the
companies faced when developing new vaccines.7
Third and related, pharmaceutical and biotechnology companies have a business model that
further influences if and when they will work on vaccines. These companies are willing to make
large and risky investments of their own money if they know that they will make large profits
whenever those new products win approval from government regulars. This industry is
sometimes described as a group of gamblers, willing to take big risks in the hope of achieving a
few big wins. This point has an important implication for government policy: while
5

Linda R. Cohen and Roger G. Noll, The Technology Pork Barrel, Washington, DC: The Brookings Institution, 1991,
pages 18-22.
6
Brendan Borrell, The First Shots: The Epic Rivalries and Heroic Science Behind the Race to the Coronavirus Vaccine,
Boston and New York: Mariner Books, 2021, pages 30-31.
7
Chuck Ludlam, “BioSecurity Industrial Policy Case Study,” a PowerPoint presentation made at Stanford University,
February 23, 2022. Ludlam discusses similar market failures with regard to the development new diagnostic tools
and new therapeutics from treating people infected by new diseases, but this TPI report focuses on vaccine
development.
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pharmaceutical and biotechnology companies will sometimes accept government R&D money,
what they really want from government is assurance that approved medicines will lead to large
profits. This point means that “advanced purchase agreements” from governments – that is,
government promises to buy large quantities of a new vaccine or other product – serve as an
effective way to persuade companies to develop new products.8
In short, companies, on their own, generally will not invest in the research and development
necessary to create new vaccines or invest in the expensive work of adapting new drug
development and drug manufacturing technologies to make new vaccines. Without government
financial support, the companies simply say that there is not enough profit in new vaccines to
justify the investments. During COVID-19, governments faced these “market failures.”

BEFORE COVID-19: THE EARLY DEVELOPMENT OF mRNA TECHNOLOGY
SECTION INTRODUCTION
At first, the COVID-19 vaccine story seems to fit with traditional ideas about innovation: basic
researchers make discoveries and produce inventions, and then both entrepreneurial start-ups
and established companies develop and make products, perhaps with government funding. But
the story of COVID-19 vaccines is actually much more complex.
This section of the report focuses on the early history of mRNA research and vaccine
development, before COVID-19. Then the next section examines the development, approval,
manufacture, and distribution of all of the major U.S. and UK COVID-19 vaccines – mRNA, viral
vector, and protein subunit vaccines.

U.S. GOVERNMENT SUPPORT FOR BIOMEDICAL RESEARCH BEFORE mRNA VACCINES
National Institutes of Health. U.S. Government interest in possible mRNA vaccines began
during the period from 2005 to 2016. But before that time the National Institutes of Health
(NIH) made important investments in vaccine research – research that helped lay the
foundation for the development of both mRNA vaccines and other new vaccine technologies.
NIH has made two main contributions over the years. First, the agency has long funded basic
research in molecular biology, which, among other contributions, has led to valuable insights
about viruses, bacteria, and the structure of DNA and RNA.

8

Ludlam, Ibid.
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Second, in 1997, an executive order issued by President Bill Clinton created NIH’s Vaccine
Development Center.9 The Center is part of NIH’s laboratory and hospital in Bethesda,
Maryland, near Washington, D.C. While most of NIH’s funding – approximately five-sixths – goes
to researchers in universities and non-profit research institutes, NIH also has a federal
laboratory and hospital staffed by civil-service researchers.
One well-known civil-service researcher at NIH-Bethesda is Dr. Anthony (Tony) Fauci, the longtime Director of NIH’s National Institute of Allergy and Infectious Diseases (NIAID). During the
1980s and 1990s, Dr. Fauci became deeply involved in the search for a vaccine to prevent AIDS.
At his urging, President Clinton created the Vaccine Development Center. So far, no one has
succeeded in developing a vaccine to prevent AIDS, but the center’s own scientists and the
university scientists it works with have become an important group – an “institutional
capability” – for vaccine research. In particular, they became very good at analyzing the genomic
sequences (DNA) of viruses. The VRC built on NIH’s earlier investment in structure-based
biology for antigen design.
One feature of the VRC – and NIH in general – limits contributions to vaccine development. The
VRC and other parts of NIH do not directly fund companies to turn promising ideas into actual
prototype products.10
However, the VRC can provide technical assistance to companies. As this report will discuss in a
later section, in 2020 a group of VRC and NIH-affiliated scientists, led by long-time NIH
researcher Dr. Barney Graham, would identify the exact nature of the SARS-Cov-2 virus and
particularly its spike protein – work that directly contributed to the success of Moderna’s mRNA
vaccine.
Project BioShield and BARDA. In October 2001, a month after the disastrous September 11,
2001, attacks on the World Trade Center and the Pentagon, someone mailed envelopes
containing weapons-grade anthrax – a deadly bacterium – to people in Congress and the news
media. When people opened the envelopes, they were exposed; five people died and 17 others
were infected. The U.S. experienced a bioterror attack.
In response to concerns about bioterrorism, in 2004 Congress created Project BioShield, a $5.6
billion program to stockpile existing vaccines and to develop new vaccines that could protect
the U.S. population from future attacks.
In its first years, Project BioShield was not a big success. NIH, at its request, became the
Project’s administrator, even though NIH scientists had little experience developing or buying
pharmaceuticals. NIH had little success in persuading large pharmaceutical companies to
develop new vaccines for anthrax and other threats, and so NIH turned to new and unproven
9

National Institutes of Health, “Vaccine Research Center Mission and History,”
https://www.niaid.nih.gov/about/vaccine-research-center-mission-and-history.
10
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grants to small companies. However, this program is separate from the rest of NIH.
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biotechnology companies. In one case, NIH gave $877 million to VaxGen, a small California
company that had never successfully developed a drug, to create a new anthrax vaccine. The
effort failed and VaxGen went bankrupt.11
In 2006, members of Congress wrote legislation that took BioShield away from NIH and created
a new agency to administer the program, the Biomedical Advanced Research and Development
Authority (BARDA). BARDA reports to the Department of Health and Human Services’ Assistant
Secretary for Preparedness and Response. While BARDA’s name suggests that it is based on the
Defense Advanced Research Projects Agency (DARPA), the missions of the two agencies are
quite different. DARPA develops new prototype technologies, while BARDA has responsibility
for the development and purchase of actual vaccines and other therapeutics.12
In 2020, as COVID-19 spread, BARDA and the Assistant Secretary for Preparedness and
Response played crucial roles in the creation and activities of Operation Warp Speed. BARDA is
thus an important “institutional capability” – an organization with experienced people, legal
authority, and funding that can take action, particularly during a crisis.
The Department of Defense. While BARDA is part of the Department of Health and Human
Services, the agency works closely with the Department of Defense (DoD). The U.S. military,
particularly the Army, has a long history of working on treatments for both infectious diseases
and possible bioterror attacks. For example, in the early 20th century Army doctors, building on
the work of a Cuban physician, confirmed that mosquitoes transmit yellow fever and that
eradicating those mosquitoes will prevent infections. Later DoD created the U.S. Army Medical
Research Institute of Infectious Diseases, located at Fort Detrick, Maryland, and also funded
biodefense programs at several U.S. universities. As we will see later in this report, beginning
the 2010s DARPA played an important role in mRNA vaccines. Also, in 2020 and 2021 DoD
worked closely with BARDA in Operation Warp Speed, and military doctors and former military
doctors played important roles in that program.

DEDICATED SCIENTISTS WORK ON mRNA
Research on mRNA. Again, this section of the report focuses on mRNA vaccines. Later sections
of the report discuss viral vector and protein subunit vaccines.
Many scientists contributed to work on RNA, beginning in 1961 with understanding RNA itself
and then early work in the 1990s on possible mRNA therapeutics. An article in journal Nature
describes early attempts at an mRNA vaccine:

11

“VaxGen,” Wikipedia, https://en.wikipedia.org/wiki/VaxGen.
For an overview of Project BioShield and BARDA’s role, see this website:
https://www.medicalcountermeasures.gov/barda/cbrn/project-bioshield-overview/.
12
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The idea for RNA-based vaccination dates back to the 1990s, when researchers in France
(at what is now the drug firm Sanofi Pasteur) first used RNA encoding an influenza
antigen in mice. It produced a response, but the lipid delivery system that the team used
proved too toxic to use in people.13
While many scientists worked on mRNA, three researchers are particularly important to our
story: the two University of Pennsylvania scientists who spent years learning how to inject
mRNA into animals without creating an adverse reaction, and a third scientist in British
Columbia who developed the lipid particles that would one day provide the “envelope” for
effectively and safely delivering mRNA into patients.
An article describes the contributions of the first two scientists:
For more than 40 years, synthetic RNA couldn’t do anything useful. In 1978, Katalin
Karikó was a young scientist at the Biological Research Centre in Szeged, Hungary, when
she started working on the idea that it could. She left Hungary for the U.S. in the 1980s.
At the University of Pennsylvania, she still struggled to design mRNA that the body did
not immediately reject. When her research failed to attract the support of government
grants and university colleagues, she was demoted.
After a decade of fits and starts, Karikó and her research partner Drew Weissman finally
broke through in the early 2000s. To sneak synthetic mRNA past the cell’s defenses,
they realized that they had to tweak one of its molecular building blocks, the
nucleosides that comprise a strand of RNA. “The solution, Karikó and Weissman
discovered, was the biological equivalent of swapping out a tire,” the journalists Damian
Garde and Jonathan Saltzman wrote for the science website Stat.14
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While Karikó had great difficulty getting funding for her research, Weissman had general
funding from NIH and was able to apply his grants to work with Karikó. Beginning in 2005, the
two scientists published a series of scientific papers on their discovery, and they were then able
to get NIH grants for further research on mRNA. Karikó and Weissman also patented their
technique. Their employer, the University of Pennsylvania owned the patent.
Research on lipid nanoparticles. Meanwhile, in Canada Pieter Cullis and colleagues investigated
lipid nanoparticles. He was not the only researcher doing so, but his work proved important
later. A New York Times article describe the contributions of Cullis and his colleagues:
Despite the naysayers, Drs. Karikó and Weissman believed their discovery could change
the world. They now knew how to protect mRNA once it was inside a cell. But to work as
a vaccine or a medicine, the fragile molecules would need to be shielded in the
bloodstream to prevent degradation on their way to cells.
As it turned out, a team of biochemists in Vancouver had spent years quietly
revolutionizing ways of ferrying genetic material into cells. It was a partnership as
improbable as any that helped lead to mRNA vaccines.
The team’s ringleader was a lanky man named Pieter Cullis….
The project was grindingly difficult. He was working with fat globules one hundredth the
size of a cell. Human cells had a system of elaborate defenses to prevent anything but
food from entering. And some versions of his lipids were extremely toxic and had
electric charges that could rip cell membranes apart.
The big breakthrough came when he and his team figured out how to manipulate the
positive charge on the fatty coats, said Thomas Madden, who worked with Dr. Cullis at
Inex. The fatty bubbles would be charged when scientists loaded DNA inside, but the
charge and toxicity disappeared once they were injected into the bloodstream.
But technical challenges remained, and the Vancouver chemists decided there was more
money to be made in other sorts of drugs. Dr. Cullis shifted focus, licensing the lipid
technology for some applications to a new company, Protiva, whose chief scientific
officer was a soft-spoken biochemist named Ian MacLachlan.
In 2004, Dr. MacLachlan’s team made another crucial step forward: He encased the
genetic material inside fatty coats in a way that would allow drug companies to increase
production, and changed the ratios of lipids to keep more of the precious cargo from
escaping. The team also worked to ensure that cells did not simply break up the genetic
material as soon as it arrived.15
October I, 2021, https://www.washingtonpost.com/health/2021/10/01/katalin-kariko-covid-vaccines/; (2) Carolyn
Y. Johnson, “A scientific hunch. Then silence. Until the world needed a lifesaving vaccine.” The Washington Post,
October 1, 2021, https://www.washingtonpost.com/science/2021/10/01/drew-weissman-mrna-vaccine/; and (3)
Gina Kolata and Benjamin Mueller, “Halting Progress and Happy Accidents: How mRNA Vaccines Were Made,” The
New York Times, January 15, 2022, https://www.nytimes.com/2022/01/15/health/mrna-vaccine.html.
15
Gina Kolata and Benjamin Mueller, Ibid.
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This team developed the lipid nanoparticle technology used to coat and safely deliver the
BioNTech-Pfizer COVID-19 vaccine.

MODERNA
Karikó and Weissman started a company (with support from NIH’s Small Business Innovation
Research Program) to create mRNA products, but the University of Pennsylvania refused to
license the patent to them. This was a time when some university technology offices preferred
to license patent rights to companies that would pay large amounts of money, rather than
licensing to the professors who produced the patents in the first place. The Karikó-Weissman
company failed.
However, other people also recognized the significance of this work. Two of them were Derrick
Rossi and Robert Langer. An article describes what happened. In 2005, as a postdoctoral fellow
working at Stanford on stem cell biology, Rossi read the first Karikó-Weissman paper and saw its
importance. Later, as a professor at Harvard Medical School, he and a colleague saw the
commercial potential of using mRNA. The colleague suggested that they talk with Langer, a
biomedical professor and inventor at MIT. The article continues:
Langer is a towering figure in biotechnology and an expert on drug-delivery technology.
At least 400 drug and medical device companies have licensed his patents. His office
walls display many of his 250 major awards, including the Charles Stark Draper Prize,
considered the equivalent of the Nobel Prize for engineers.
As he listened to Rossi describe his use of modified mRNA, Langer recalled, he realized
the young professor had discovered something far bigger than a novel way to create
stem cells. Cloaking mRNA so it could slip into cells to produce proteins had a staggering
number of applications, Langer thought, and might even save millions of lives.
“I think you can do a lot better than that,” Langer recalled telling Rossi, referring to stem
cells. “I think you could make new drugs, new vaccines — everything.” …
Three days later Rossi made another presentation, to the leaders of Flagship Ventures.
Founded and run by Noubar Afeyan, a swaggering entrepreneur, the Cambridge venture
capital firm has created dozens of biotech startups. Afeyan had the same enthusiastic
reaction as Langer, saying in a 2015 article in Nature that Rossi’s innovation “was
intriguing instantaneously.”
Within several months, Rossi, Langer, Afeyan, and another physician-researcher at
Harvard formed the firm Moderna — a new word combining modified and RNA.16
Moderna licensed the University of Pennsylvania technology developed by Karikó and
Weissman, and at first the company focused primarily on cancer drugs, not vaccines. Rossi
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ended his involvement in Moderna because of disagreements, but he had a large impact on the
development of mRNA therapies.
The creation of Moderna is an example of what can happen in the U.S. entrepreneurial system.
Researchers with knowledge of new developments work with venture capitalists to create new
companies. Then professional executives come in to run the companies and develop actual
products.17

OTHER mRNA ENTREPRENEURS
During the 2000s several other research teams began exploring mRNA as a possible new drugdelivery technology. Their focus was on using these new technologies to deliver cancer drugs,
because companies can make significant amounts of money from cancer treatments. The
companies and research teams included the following groups.
2000: CureVac. CureVac is a German company and early pioneer in mRNA vaccine research. The
company’s legal location is in the Netherlands and its headquarters is in Tübingen, Germany. In
the early 2010s, CureVac received funding from the Defense Advanced Research Projects
Agency (DARPA) for work on mRNA vaccines.
In 2020 and 2021, the company attempted to create a COVID-19 vaccine but so far has not
succeeded. The company modified mRNA in a way different from the Karikó-Weissman
technology. One writer summarizes the results:
Twenty years of working on that approach seemed to be bearing fruit, with early trials
of the company’s experimental vaccines for rabies and COVID-19 both proving a success.
But in June [2020], data from a later-stage trial showed that CureVac’s coronavirus
vaccine candidate was much less protective than Moderna’s or BioNTech’s.18
In October 2021, CureVac announced that it had abandoned its original COVID-19 vaccine and
would pursue a second-generation vaccine, in collaboration with GlaxoSmithKline.19
2008: BioNTech. The founders of Moderna were not the only scientists who read the Karikó Weissman paper on how to inject mRNA without causing an inflammatory reaction. These other
scientists included a husband-and-wife team in Germany.
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In Germany, Ugur Sahin and Özlem Türeci, a married couple with a background in
immunotherapy research, also saw huge potential. They founded several companies,
including one to research mRNA-based treatments for cancer: BioNTech.
“There was a lot of skepticism in the industry when we started, because this was a new
technology with no approved products,” Türeci told me. “Drug development is highly
regulated, so people don’t like to deviate from paths with which they have
experience.”20
BioNTech also licensed the Karikó-Weissman technology, but it also went one step further. In
2013, “the company hired Karikó as senior vice president to help oversee it mRNA work.”21
While BioNTech originally focused on possible mRNA cancer drugs, in 2018 it partnered with
Pfizer to develop mRNA vaccines for the flu.22
When the COVID pandemic began, BioNTech quickly focused on using its mRNA technology to
create a vaccine. It initially tested over 20 possible versions, using slightly different
modifications of the SARS-CoV-2 spike protein, and then selected one. The company once again
entered a partnership with Pfizer, which led to their famous mRNA vaccine.
Other mRNA companies. Other companies are also pursuing mRNA vaccines, including VLP
Therapeutics Japan, which uses a technology called self-amplifying messenger RNA. If the
company succeeds, its vaccine will require only one-tenth to one-hundredth of the dosages
used in the Moderna and BioNTech-Pfizer vaccines. During the summer of 2021 the Japanese
Ministry of Health, Labour, and Welfare announced that it would provide 14.3 billion yen ($125
million) in subsidies to the company to help boost its domestic production capacity.23

DARPA AND BARDA CONTRIBUTIONS TO mRNA VACCINES
In addition to NIH, the U.S. has several other major research and development (R&D) agencies,
and each of them has the freedom to fund a wide range of research topics. Two of them played
important roles in the development of mRNA vaccines and mRNA antibody treatments.
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DARPA. In 2010 a U.S. Air Force doctor and geneticist came to DARPA as a program manager.
Colonel Dan Watterdorf, MD, wanted new technologies that could rapidly develop both
antibody treatments and vaccines. His concern was to protect military troops suddenly exposed
to new viruses. As part of his overall work, he proposed a bold research program to develop
mRNA technology into a “platform” – a general purpose technology – that could create
vaccines, and two successive DARPA directors approved funding his idea.
He had two initial RNA vaccine research programs. The first was called Controlling Cellular
Machinery Vaccines. Created in 2010, in 2011 and 2012 it funded projects at Sanofi and
Novartis.24 Dr. Wattendorf called his second program ADEPT –Autonomous Diagnostics to
Enable Prevention and Therapeutics.25
A Washington Post article summarizes what Dr. Wattendorf wanted to do:
Traditional vaccines inject what’s known as an antigen — usually a piece of live or
deactivated virus that is sufficient to provoke the immune system into a protective
response. Antigens are typically manufactured in a long process that involves growing
live virus in chicken eggs in bioreactors.
Wattendorf hoped to short-circuit it. He wanted to inject genetic code that would
prompt the human body to create the antigen in its own cells, cutting out the
manufacturing process. The immune system would recognize the antigen in the cells
and launch a protective response.
By 2010, scientists had tested the idea using DNA with mixed results. Wattendorf
wanted to try its single-stranded sibling RNA.
If successful, RNA could be used to develop both vaccines and antibodies, shortening
development timelines from years to days before clinical trials, he thought. It also
offered a one-size-fits-all approach; in the future, scientists would need only the genetic
code of a virus to create a vaccine.
At the time, many considered it a fool’s errand. Being so ephemeral, RNA is unstable in
the environment and highly susceptible to degradation. It was unclear how to get it into
a human cell. Over at the National Institutes of Health, where Wattendorf previously
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worked, research into DNA vaccines was presenting enough hurdles. Few wanted to
take the risk of trying RNA, too.26
The Nature article mentioned earlier provides additional details on DARPA’s contributions:
In 2012, … the US Defense Advanced Research Projects Agency (DARPA) began funding
groups at Novartis, Pfizer, AstraZeneca, Sanofi Pasteur and elsewhere to work on RNAencoded vaccines and therapeutics. None of the big-name firms stuck with the
technology, however. “They were reticent about taking on any risk with a new
regulatory pathway for vaccines, even though the data looked good,” says Dan
Wattendorf, a former programme manager at DARPA.
But two smaller firms with ties to the DARPA programme continued to work on the
technology. One was CureVac in Tübingen, Germany, which began human testing of a
rabies vaccine in 2013. CureVac also has a COVID-19 vaccine in late-stage testing.
The other was Moderna, which built on work funded by DARPA to eventually bring an
RNA-based vaccine for a new strain of avian influenza into clinical testing in late 2015. It
elicited strong enough immune responses that the company moved ahead with human
trials of RNA vaccines for cytomegalovirus (a common cause of birth defects), two
mosquito-borne viruses (chikungunya and Zika) and three viral causes of respiratory
illness in children.27
Also, while the large companies that worked with DARPA decided not to pursue the
development of mRNA vaccines, some of their DARPA-funded research led to important
discoveries. For example, research published by Novartis in 2012 and after showed potent
immune responses when mRNA was combined with lipid carrier chemistry.
When Dr. Wattendorf first talked with Moderna, in late 2010, the company was new and not
particularly interested in vaccines, in part because the original Karikó-Weissman technology was
developed for therapeutics (drugs) and not vaccines and in part because several members of
Moderna’s board of directors did not want a diversion from their work on cancer drugs. In fact,
after receiving funding from DARPA Moderna briefly created a vaccines subsidiary, Valera, so as
not to divert Moderna itself or dilute the value of the money that Moderna had raised.28
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DARPA persuaded Moderna to accept two awards: one in March 2013 and a second in October
2013. The second award was for up to $25 million, mainly to support Moderna’s vaccine and
antibody programs to protect against the viral disease Chikungunya.29
In total, the ADEPT program invested $291 million from 2011 to 2019 in vaccines, antibodies,
and related work.30
Dr. Wattendorf’s successors at DARPA, Dr. Matt Hepburn and later Dr. Amy Jenkins, continued
funding the development of new vaccine technologies and antibody treatments. Some of this
newer work also includes Moderna. For example, in October 2020 Moderna announced that it
has received a DARPA contract worth up to $56 million to develop new technologies for the
small-scale and rapid manufacture of mRNA vaccines and antibody treatments.31
DARPA’s role here was to fund R&D to fill critical gaps in otherwise promising technologies –
that is, to help companies overcome technical risks and associated market failures. What is
particularly important, in DARPA’s view, is the ability to work with the private sector to solve critical
challenges, including not just scientific advances but also manufacturing and regulatory challenges.

BARDA. BARDA also played an important role in Moderna’s work. In September 2016, BARDA
made an award worth up to $125 million to Moderna for the development and clinical study of
a Zika vaccine.32

THE DEVELOPMENT, APPROVAL, PRODUCTION, AND DISTRIBUTION OF COVID-19
VACCINES
GENOMIC SEQUENCING OF THE SARS-COV-2 VIRUS
One of the heroes of the pandemic is Dr. Zhang Yongzhen, who in January 2020 was the director
of the Shanghai Public Health Clinical Center. That month his team analyzed the genomic code
of the newly-discovered SARS-CoV-19 virus – the virus that causes COVID-19. On January 11, at
the urging of a colleague from Australia, Dr. Zhang released that genomic code to the world,
even though the Chinese government had not given him permission to do so.33
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The genetic code was soon posted on a major scientific website. Within hours of the publication
of the code, teams at Oxford, Moderna, NIH, BioNTech, and elsewhere began to examine the
virus’ genetic makeup and identify possible safe versions of the virus’ spike protein. By injecting
safe versions of the protein into human cells, vaccines could, in theory, stimulate a person’s cells
to create large amounts of this protein – triggering the creation of antibodies and T-cells that
would fight any later COVID-19 infection.
All of this work was possible because of the “genomics revolution” – the creation of knowledge
and techniques that allows researchers to quickly understand the DNA and RNA sequences of
particular genes. Critics often point out that the huge investment made in the human genome
project of the 1990s has not produced many of the wonder drugs and treatments that some
scientists promised. However, the ability to quickly, reliably, and inexpensively analyze gene
sequences and identify how to modify them is a huge accomplishment. In the case of COVID-19,
Dr. Zhang’s information and new genomic tools enabled research teams around the world to
quickly identify possible ways to fight the new virus.

RAPID DEVELOPMENT OF mRNA VACCINES AND NIH’S ROLE IN THIS WORK
Dr. Zhang’s sequence, while very important, did not provide detailed information on exactly
what the virus’ spike protein looked like. Proteins are complex, with many parts and folded in
complicated ways. To understand exactly how a protein looks requires powerful microscopes
and techniques.
BioNTech chose one way to deal with this challenge. As mentioned earlier, it started by
identifying 20 potential versions of a COVID-19 vaccine – roughly speaking, identifying 20
different possible versions of the spike protein – and then tested those 20 versions in animals to
see which offered the best protection. Eventually, BioNTech decided on two versions that
seemed most promising, based on animal tests and preliminary human tests. Then the company
and its Pfizer partner chose one of those two as its proposed vaccine.34
Research teams in the U.S. followed a different approach. Immediately after Dr. Zhang released
the virus’ genomic sequence, Dr. Barney Graham and his team at NIH’s Vaccine Research Center,
in collaboration with Dr. Jason McLellan and his team at the University of Texas, began a careful
examination of the virus’s spike protein. They identified its key characteristics and then gave
that information to Moderna, which incorporated that design into its proposed vaccine.35
Graham’s work and Moderna’s use of that work were major accomplishments.36
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NIH also helped Moderna organize clinical trials of its candidate vaccine.
However, the contributions of NIH’s Vaccine Research Center, while vital for Moderna’s vaccine,
should not be exaggerated. Journalist Brendan Borrell describes what it had and had not
accomplished:
What Fauci didn’t mention [when discussing the Center] was that the Vaccine Research
Center, in its twenty-plus-year history, had catalyzed many advances but never delivered
an approved vaccine. As accomplished as the NIH’s leadership and its scientists were, an
academic approach to science and a focus on big issues and big problems was not
particularly fruitful when it came to delivering specific products, which is one the
reasons why BARDA had been created.37

VIRAL VECTOR VACCINES: OXFORD-ASTRAZENECA AND JANSSEN-JOHNSON &
JOHNSON
Viral vector vaccines. We now turn to the successful efforts to develop another type of vaccine
for COVID-19: viral vector vaccines. The development and manufacture of the OxfordAstraZeneca and Janssen-Johnson & Johnson COVID19 vaccines were another major
accomplishment. Both vaccines have produced rare adverse side-effects, but they are highly
effective at preventing COVID-19 infections and deaths.
As mentioned earlier, viral vector vaccines use a safe virus (an adenovirus) as a “vector”
(delivery system) to deliver DNA that contains a safe version of the SARS-CoV-2 virus’ spike
protein. Then, like an mRNA virus, the patient’s own cells produce many copies of the spike
protein (the “antigen”), which then triggers the creation of antibodies that will be ready to
attack the virus from any actual COVID-19 infection.
Although viral vector technology has been studied since the 1970s, actual viral vector vaccines
are new. Before COVID-19, only one viral vector vaccine had been approved by regulators: the
Ebola vaccine from Johnson & Johnson that won approval in Europe in 2020.38

application, advocates say,” Stat, August 28, 2020, https://www.statnews.com/pharmalot/2020/08/28/modernacovid19-vaccine-coronavirus-patents-darpa/. And in November 2021, The New York Times reported that:
“Moderna and the National Institutes of Health are in a bitter dispute over who deserves credit for inventing the
central component of the company’s powerful coronavirus vaccine.” This is a dispute over whether Barney Graham
and two of his NIH colleagues should be listed as co-inventors, given their role in identify the COVID-19 spike
protein. Moderna refused to list them on the patent application. See: Sheryl Gay Stolberg and Rebecca Robbins,
“Moderna and U.S. at Odds Over Vaccine Patent Rights,” The New York Times, November 9, 2021,
https://www.nytimes.com/2021/11/09/us/moderna-vaccine-patent.html.
37
Borrell, Ibid., page 118.
38
Brian Buntz, “A quick history of the tech behind J&J, AstraZeneca’s COVID-19 vaccines,” Drug Discovery &
Development, April 16, 2021, https://www.drugdiscoverytrends.com/a-quick-history-of-the-tech-behind-jjastrazenecas-covid-19-vaccines/.
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The Oxford-AstraZeneca vaccine. This viral vector vaccine was developed in the United
Kingdom and approved by the UK government on November 27, 2020. While the U.S.
Government initially expressed interest in the vaccine and provided $1.2 billion to match the
UK’s investment of £68 million, eventually AstraZeneca did not apply for U.S. approval, and so
this vaccine is not used in the United States. However, it remains one of the world’s most
important COVID-19 vaccines.
The story of this vaccine began with scientists at Oxford University.
The vaccine arose from a collaboration between Oxford University's Jenner Institute and
Vaccitech, a private company spun off from the university, with financing from Oxford
Sciences Innovation, Google Ventures, and Sequoia Capital, among others. The first
batch of the COVID-19 vaccine produced for clinical testing was developed by Oxford
University's Jenner Institute and the Oxford Vaccine Group in collaboration with Italian
manufacturer Advent Srl located in Pomezia. The team is led by Sarah Gilbert, Adrian
Hill, Andrew Pollard, Teresa Lambe, Sandy Douglas and Catherine Green…. The UK
government … encouraged Oxford to work with AstraZeneca, a company based in
Europe, instead of Merck & Co., a US-based company.39
The vaccine, therefore, was the product of a collaboration among university researchers, an
entrepreneurial company spun out of the university, and large pharmaceutical manufacturers –
with significant funding from two governments.40
The story of this vaccine also illustrates the value of international research collaborations.
Before COVID-19, scientists at the U.S. National Institute of Allergy and Infectious Diseases’
Rocky Mountain Laboratories collaborated with Oxford University investigators on a viral vector
candidate vaccine to prevent Middle East Respiratory Syndrome (MERS). Oxford did not go
forward with that vaccine once MERS was controlled, but the technology contributed directly to
the Oxford-AstraZeneca vaccine for COVID-19.
The Janssen-Johnson & Johnson vaccine. On February 27, 2021, the U.S. Food and Drug
Administration issued an emergency use authorization (EUA) for the Janssen-Johnson &
Johnson vaccine, making it the third COVID-19 vaccine approved for use in the United States
(after BioNTech-Pfizer and Moderna). An FDA press release provided information about this
vaccine:
The Janssen COVID-19 Vaccine is manufactured using a specific type of virus called
adenovirus type 26 (Ad26). The vaccine uses Ad26 to deliver a piece of the DNA, or
genetic material, that is used to make the distinctive “spike” protein of the SARS-CoV-2
virus. While adenoviruses are a group of viruses that are relatively common, Ad26,
39

“Oxford-AstraZeneca COVID-19 vaccine,” Wikipedia,
https://en.wikipedia.org/wiki/Oxford%E2%80%93AstraZeneca_COVID-19_vaccine
40
For further details about the Oxford-AstraZeneca vaccine, see Borrell, Ibid., pages 37-38 and pages 178-180, and
Zuckerman, Ibid., pages 195-199, 261-266, and 277-279.
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which can cause cold symptoms and pink eye, has been modified for the vaccine so that
it cannot replicate in the human body to cause illness. After a person receives this
vaccine, the body can temporarily make the spike protein, which does not cause
disease, but triggers the immune system to learn to react defensively, producing an
immune response against SARS-CoV-2. 41
Janssen Vaccines is a Dutch subsidiary of Johnson & Johnson, and Janssen and Beth Israel
Deaconess Medical Center in Boston developed the candidate vaccine, based on the same
technology used to make Janssen’s Ebola vaccine. Johnson & Johnson partnered with BARDA to
pay for the vaccine’s development and clinical trials. Like Moderna, Janssen worked with the
COVID-19 spike protein identified by teams at NIH’s Vaccine Research Center and the University
of Texas.42
Johnson & Johnson encountered problems in the development and manufacture of its vaccine.
An April 2021 article provides details:
From the start, J&J struggled to catch a break. The pharmaceutical giant played it safe
during development and lost crucial time, failed to get FDA approval for parts of its U.S.
production chain, missed several delivery targets, and wound up with a vaccine that
underperformed its rivals in clinical trials. Then, another obstacle: Last week [in March
2021], The New York Times revealed that the new batch J&J had pledged would be
delayed even further, after a mix-up at a subcontractor’s production facility ruined 15
million doses. The Biden administration has since directed J&J to take over every aspect
of vaccine production at the plant.
The setback was significant, but not fatal. The facility where the mix-up occurred was
part of a production process that relies on a precise orchestration of timing,
engineering, and logistical expertise across multiple continents, which makes it
vulnerable to bad luck and human error. But the system is also resilient: When the batch
of J&J doses was compromised, alternative supply lines were available to compensate
for the failure.43

NOVAVAX’S PROTEIN SUBUNIT VACCINE
Novavax, an American company based in the state of Maryland, has long tried to develop
vaccines using protein subunit technology, and in 2020 it began work on a COVID-19 vaccine.

41

U.S. Food and Drug Administration, “FDA Issues Emergency Use Authorization for Third COVID-19 Vaccine,”
February 27, 2021, https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-useauthorization-third-covid-19-vaccine.
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“Janssen COVID-19 vaccine,” Wikipedia, https://en.wikipedia.org/wiki/Janssen_COVID-19_vaccine.
43
Jeff Wise, Ibid. For further details about the Janssen-Johnson & Johnson vaccine, see Zuckerman, Ibid., pages
185-195.
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The company encountered long and frustrating delays in both vaccine development and
manufacturing.44
However, the company eventually completed its vaccine, which is now sold under two brand
names: Nuvaxovid and Covovax. By February 2022 three countries had approved Covovax
(manufactured by the Serum Institute of India under a license from Novavax) and 34 countries
had approved Nuvaxovid.45 In January 2022, Novavax applied for an emergency use
authorization from the U.S. Food and Drug Administration; as of March 2022, the FDA is
reviewing that application and associated data from clinical trials.
Protein subunit technology differs from the other vaccines. The Novavax vaccine already
contains many copies of the virus’ spike protein, while the mRNA and viral vector vaccines
contain genetic instructions that tell a patient’s own cells to create large numbers of the spike
protein. In all of these vaccines, however, the presence of spike proteins leads patients’ bodies
to create antibodies that will defend against any infection by the SARS-CoV-2 virus. An article
provides more information about the Novavax vaccine:
The Novavax COVID-19 vaccine contains a protein (made using moth cells) plus an
adjuvant (made from tree bark). An adjuvant is an ingredient added to boost a person's
immune response, creating higher levels of antibodies.
The Novavax vaccine uses a telltale piece of the coronavirus: the notorious spike
protein. All alone, the spike protein is harmless and can't cause COVID-19. When your
immune system encounters the lonely spike protein, it produces antibodies against it.
This gives you protection against future COVID-19 infection.
"Unlike mRNA vaccines, the spike protein is already premade [made in advance] in the
Novavax vaccine. It's a shortcut," explains Dr. [Diana] Florescu [from the University of
Nebraska]. "All the synthesis happens outside the body and we just give the end
product: the spike protein."
Like other COVID-19 vaccines, Novavax does not cause COVID-19 infection. It can't get
you sick. This vaccine doesn't contain either live or inactivated virus.46

OTHER VACCINE DEVELOPMENT PROJECTS
Of course, many companies in many countries have pursued the development of COVID-19
vaccines, and the website COVID-19 Vaccine Tracker said in February 2022 that companies were
44

Borrell, Ibid., pages 36-37 and pages 78-92, and Zuckerman, Ibid., pages 201-209 and 290-294.
COVID19 Vaccine Tracker. For additional information see: Meredith Waldman, “Novavax’s long-awaited COVID19 vaccine authorizations offer an alternative to mRNA,” Science, 22 December 2021,
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“Moths and tree bark: How the Novavax vaccine works,” University of Nebraska Medicine, June 25, 2021,
https://www.nebraskamed.com/COVID/moths-and-tree-bark-how-the-novavax-vaccine-works.

45

Covid-19 Vaccine Development, p. 23

investigating 181 vaccine candidates and that 33 vaccines have each been approved in at least
one country.47
Because this TPI report focuses on vaccines supported by the U.S. Government, we will not
examine these other vaccines and vaccine candidates. However, the COVID-19 Vaccine Tracker
provides detailed information on these efforts.

OPERATION WARP SPEED
The U.S. situation before Operation Warp Speed. The Trump Administration’s response before
the creation of Operation Warp Speed was chaotic and focused more on immediate problems
and public relations than on a sound strategy for dealing with the pandemic. Two Washington
Post reporters, Yasmeen Abutaleb and Damian Paletta, say this about the Administration’s
policy in February 2020:
More broadly, the [White House] task force and US government spent all of February
focused on the problem of the day, the problem right in front of them. They had
squabbled over cruise ships and faulty [CDC] tests. They spent a lot of time chasing
headlines. There had been no serious efforts to prepare for what was to come, no effort
to think two or three steps ahead to what the country needed to deal with the way an
outbreak could unfold.48
In 2016, the Obama White House had prepared a comprehensive strategy – called the
“pandemic playbook.”49 And in 2018 officials in President Trump’s Department of Health and
Human Services prepared a “National Biodefense Strategy.”50 But the Trump White House
showed little interest in either strategy document, and when the COVID-19 pandemic arrived in
47

COVID19 Vaccine Tracker, https://covid19.trackvaccines.org/.
Yasmeen Abutaleb and Damian Paletta, Nightmare Scenario: Inside the Trump Administration's Response to the
Pandemic That Changed History, New York: Harper, 2021, pages 90-91. Also see Borrell, Ibid., pages 108-109, who
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Executive Office of the President, “Playbook for Early Response to High-Consequence Emerging Infectious
Disease Threats and Biological Incidents,” 2016, https://www.politico.com/news/2020/03/25/trump-coronavirusnational-security-council-149285. This strategy document is discussed in Dan Diamond and Nahal Toosi, “Trump
team failed to follow NSC’s pandemic playbook,” Politico, March 25, 2020,
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Karlawish, “A pandemic plan was in place. Trump abandoned it – and science – in the face of Covid-19,” Stat, May
17, 2020, https://www.statnews.com/2020/05/17/the-art-of-the-pandemic-how-donald-trump-walked-the-u-sinto-the-covid-19-era/.
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early 2020 President Trump and his White House had neither a clear strategy for responding to
the pandemic nor a coordinated organization to manage the country’s response.
Origins of Operation Warp Speed. Operation Warp Speed was the U.S. Government’s
organization to support the development (including clinical trials) of COVID-19 vaccines and also
help fund the manufacture, purchase, and distribution of vaccines. It was a new, temporary
office that used funds from Congress and existing legal authorities, especially BARDA’s authority
to purchase vaccines and therapeutics. It created a multi-billion-dollar public-private
partnership to accelerate the vaccines.51
The proposal to create a special organization to fund the development, purchase, and
distribution of COVID-19 vaccines came from two U.S. Government officials: Dr. Robert Kadlec,
MD, the Assistant Secretary for Preparedness and Response (ASPR) at the Department of Health
and Human Services during the Trump Administration, and Dr. Peter Marks, MD and PhD, the
civil-service director of the Center for Biologics Evaluation and Research (CBER) at the Food and
Drug Administration. They saw the need for a single well-coordinated, well-funded, and fastmoving organization that would work with industry. They also succeeded in winning support
from Jared Kushner, President Trump’s influential son-in-law.
Kadlec, Marks, and Kushner persuaded President Trump to create the new organization, and the
Trump Administration officially announced it on May 15, 2020. It was headed by industry
executive Moncef Slaoui from May 2020 until the end of the Trump presidency in January 2021
and then by David Kessler from January to February 2021. The chief operating officer was Army
General Gustave Perna. The lead science person from DoD was Dr. Matthew Hepburn, a retired
Army doctor and a former DARPA program manager. The name “Operation Warp Speed” comes
from the Star Trek television series, where “warp speed” means travel that goes faster than the
speed of light.
President Trump did not interfere with Operation Warp Speed. Moreover, the program was led
and staffed by experienced executives and medical experts. Dr. Slaoui was the former head of
the vaccines unit at GlaxoSmithKline (GSK). General Perna was an experienced Army logistics
leader. And a number of experienced former military doctors either served in Operation Warp
Speed or helped supervise it, including Dr. Kadlec, a retired Air Force colonel, and Dr. Hepburn.
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(Another former military doctor, Deborah Birx, served as the coordinator of Vice President
Pence’s White House Coronavirus Task Force.)
Operation Warp Speed also benefited greatly from BARDA’s legal authorities and experience.
BARDA not only can provide R&D money to companies but also can sign “advance purchase
agreements” – contracts that commit the government to buying vaccines or other therapeutics
if companies develop products that win approval from the Food and Drug Administration.52
The program also used a powerful law that dates back to the Korean War: the Defense
Production Act (DPA). This law allows the government to order companies to produce
equipment and supplies that the government or companies working with the government need.
(Of course, the government pays the companies for these products.) Operation Warp Speed
officials used the DPA to make sure that vaccine manufacturers had the equipment and supplies
they needed to rapidly produce large amounts of vaccines.53
At the end of February 2021, Operation Warp Speed’s responsibilities were transferred to the
Biden Administration’s White House COVID-19 Response Team and then to the
Countermeasures Acceleration Group (CAG), based in the U.S. Department of Health and
Human Services’ Office of the Assistant Secretary for Preparedness and Response – the same
office that oversees BARDA.
R&D awards and advanced purchase agreements made by Operation War Speed. When it was
created, Operation Warp Speed’s first task was to identify the most promising vaccine
candidates and provide government R&D money and advanced purchase agreements to the
companies developing those vaccines. The expertise of Dr. Slaoui and his medical team was very
valuable as they decided which companies to fund.
OWS leaders deliberately invested in several technologies and several companies. David Alder
describes the “portfolio approach” that the program took and the fact that OWS invested in
international as well as American companies:
To choose from over a hundred vaccine candidates, OWS used “down select,” according
to Hepburn, meaning whittling down the list using objective criteria. “The goal was
never to try to pick one type of vaccine technology, let alone one company, but instead
to keep the portfolio diverse. This was very deliberate given the many unknowns,” he
says. Vaccine candidates had to use one of the three platform technologies deemed
most promising. They were further selected on the basis of clinical trial data and other
formalized criteria, including their potential for scalability in manufacturing. In the end,
three vaccine platforms, and two companies per platform, were targeted: (1) mRNA:
52
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Moderna, Pfizer/BioNTech; (2) replication-defective live-vector [viral vector] platform:
AstraZeneca, Janssen; (3) recombinant-subunit-adjuvanted protein: Novavax,
Sanofi/GSK.54
Operation Warp Speed first provided “development money” – for R&D, clinical trials (a topic
discussed later in this report), and manufacturing capacity – to the companies that wanted this
support. (Pfizer declined this funding). In addition, advanced purchase agreements were a key
policy tool. Again, under this process the government agrees in advance to buy large quantities
of medicines, but only if the medicines are eventually approved by the U.S. Food and Drug
Administration. Purchase agreements fit the companies’ business model, which is to take large
risks in the hope that some of their products will succeed and earn large profits.
Operation Warp Speed made its development awards and advanced purchase agreements
before the FDA had reviewed the proposed vaccines. This step meant that vaccine development,
clinical trials, and the creation of manufacturing facilities all occurred in parallel, not
sequentially. This decision, while expensive, saved a great deal of time.
In total, Operation Warp Speed awarded $18 billion for vaccine development and advanced
purchases. The following table, prepared by the Congressional Research Service (CRS),
summarizes the program’s development awards and purchase agreements.
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Source: Simi V. Siddalingaiah, “Operation Warp Speed Contracts for COVID-19 Vaccines and Ancillary
Vaccination Materials,” Congressional Research Service, Report IN11560, March 1, 2021.

Factors the contributed to Operation Warp Speed’s success. Operation Warp Speed was a huge
success, a government-industry partnership that developed, manufactured, and distributed
vaccines in record time. The program had some notable features that led to its success:55


55

It assembled a talented team, including Dr. Saloui, an experienced pharmaceutical
executive; General Perna, a logistics expert; and scientific experts such as Dr. Hepburn.

This discussion of successful features of Operation Warp Speeds draws upon William B. Bonvillian, Ibid., and
adds some additional points.
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Its “portfolio approach” – investing in several companies and several vaccine
technologies – proved helpful. Not all of the companies were successful, but several
produced valuable vaccines.



William Bonvillian, a Washington policy analyst, highlights the importance of advanced
purchase agreements: “The government’s guarantee that it would purchase the vaccine
at scale enabled the firms to take the risk of ordering supplies and developing
production facilities. It was a crucial tool that enabled rapid production scale up.”



Operation Warp Speed moved quickly to provide R&D money and advanced purchase
agreements, greatly helping to accelerate the development and manufacture of COVID19 vaccines in the United States. It used a type of contracting authority called “other
transactions authority,” which enabled it to award contracts quickly.



Use of the Defense Production Act helped vaccine manufacturers quickly get the
equipment and supplies that they need for rapid, large-scale production, and the U.S.
Army Corps of Engineers helped companies build new manufacturing facilities. As part
of this effort, Operation Warp Speed officials analyzed the supply chains needed for
vaccine manufacturing and ensured that the companies and state government officials
received the equipment they needed, including such items as glass vials and syringes.



The U.S. military worked with vaccines companies to rapidly distribute vaccines to state
governments, once federal regulators approved the vaccines. Given that mRNA vaccines
must be stored at very cold temperatures, distribution was a big technical challenge.

The creators of Operation Warp Speed gave it these features in part because they knew about
successful organizations that Americans had created in the past. In particular, during World War
II U.S. leaders had quickly created new government-university-industry organizations to
develop, among other products, advanced radar and the atomic bomb. Some Trump
Administration officials even said that what the U.S. needed in 2020 was a “Manhattan Project
for vaccine development.”56
Criticisms of Operation Warp Speed. Critics of Operation Warp Speed make four main points.
First, while the organization achieved great success, the fact that the United States needed a
new, emergency office for vaccine development and production shows how poorly the U.S.
Government had prepared for pandemics. It is of course very important that U.S. officials
created Operation Warp Speed, but if Dr. Kadlec, Dr. Marks, and their colleagues had not
persuaded President Trump to create this new program, then the United States response to the
pandemic would have remained chaotic and ineffective.
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Second, one key question is whether the U.S. strategy for vaccines – including Operation Warp
Speed’s strategy during the current pandemic – ignores half of the problem. The U.S. plan for
dealing with infectious diseases focuses on reducing illness and death when a person is
infected. That approach is of course important, but it ignores the problem of disease
transmission – of people getting sick in the first place. According to one U.S. expert, there are
currently
no incentives in R&D, in our regulatory process, or in our coverage and reimbursement
to pursue vaccines that confer a public health benefit by improving epidemiological
outcome—reducing transmission. All of our incentives and measurements in clinical
trials are based in individual benefit (reduce sickness or death). While these latter are
noble and necessary, they are not sufficient to prevent transmission. Reduction of
transmission is technically feasible and practical. One obvious method is to provide the
vaccine intranasal or oral, which could be done with mRNA as well.57
Third, under U.S. law companies kept the patent rights to the new vaccines, even though the
government paid for both vaccine development and production. (Again, Pfizer did not take
research money from the government, but Moderna and other companies did.) Critics argued
that this arrangement was unfair. The companies argued that they used their technologies and
personnel to provide a valuable product and earned the right to keep the patents.
Fourth, other groups criticized the U.S. Government and Operation Warp Speed in particular for
focusing on vaccines for the United States and not the rest of the world.
America’s lack of preparation remains the most important point. For years, public health experts
had warned of the risk of a major pandemic. BARDA and research groups such as NIH’s Vaccine
Research Center were of course very valuable and the Obama Administration had created its
“pandemic playbook.” However, the government was not ready for a major pandemic. As one
newspaper article said, “The creation of Operation Warp Speed might have been unnecessary if
not for a series of decisions that now look tragically myopic [that is, short-sighted].”58

CLINICAL TRIALS AND REGULATORY APPROVALS IN THE UK AND U.S.
The UK and the U.S. have different policies and procedures for approving new pharmaceuticals,
but both governments rapidly reviewed and then approved new vaccines.
Clinical trials. One important feature of vaccine development in both the UK and the U.S. was a
set of policies that allowed for careful but fast clinical trials. In the U.S., Operation Warp
Speed’s money certainly helped several companies pay for clinical trials. But in addition, NIH
57

Private communication from this expert to TPI.
Stephanie Baker and Cynthia Koons, “Inside Operation Warp Speed’s $18 Billion Sprint for a Vaccine,” Bloomberg
Businessweek, October 29, 2020, https://www.bloomberg.com/news/features/2020-10-29/inside-operation-warpspeed-s-18-billion-sprint-for-a-vaccine.
58

Covid-19 Vaccine Development, p. 30

helped the companies assemble groups of volunteers for the clinical trials and the Food and
Drug Administration approved these accelerated trials.
The NIH effort began on April 17, 2020, even before the establishment of Operation Warp
Speed. On that date, NIH announced the Accelerating COVID-19 Therapeutic Interventions and
Vaccines (ACTIV) program, in NIH’s words a “public-private partnership to develop a
coordinated research strategy for prioritizing and speeding development of the most promising
treatments and vaccines.” The initiative created five fast-track focus areas:






Develop a collaborative, streamlined forum to identify preclinical treatments
Accelerate clinical testing of the most promising vaccines and treatments
Improve clinical trial capacity and effectiveness
Accelerate the evaluation of vaccine candidates to enable rapid authorization or
approval
Identify emerging variants and coordinate data sharing59

Regulatory approvals in the UK. In Britain, the Medicines and Healthcare products Regulatory
Agency (MHRA) is the UK government agency that regulates medicines, medical devices, and
blood components for transfusion.60
Clinical trials for COVID-19 vaccines began early in the UK, and British law (like U.S. law) allows
regulators to rapidly provide temporary approval of new vaccines if clinical trials show that
candidate vaccines are safe and effective. This process led to early approvals.
On 2 December 2020, the MHRA became the first global medicines regulator to approve
an RNA vaccine when it gave conditional and temporary authorization to supply for use
of the Pfizer–BioNTech COVID-19 vaccine codenamed BNT162b2 (later branded as
Comirnaty). This approval enabled the start of the UK's COVID-19 vaccination
programme. The regulator's public assessment report for the vaccine was published in
15 December.
The MHRA went on to give conditional and temporary authorization to supply of further
vaccines: AZD1222 from Oxford University and AstraZeneca on 30 December, mRNA1273 from Moderna on 8 January 2021, and a single-dose vaccine from Janssen on 28
May 2021. The approval of the Pfizer-BioNTech vaccine was extended to 12 to 15-yearolds on 4 June 2021.61
Regulatory approvals in the U.S. In the United States, two federal agencies are involved in
approving medicines, including vaccines.
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The principal agency is the Food and Drug Administration (FDA). Usually, the FDA drug-approval
process is quite slow, because it involves several major steps:


A company must first file an Investigational New Drug (IND) application with the FDA.
That application asks for FDA approval to conduct clinical trials with human volunteers.
According to an FDA website, each IND application must contain information in three
broad areas: data from animal studies, manufacturing information, and clinical protocols
(proposed testing on humans) and information about the investigators conducting those
clinical trials.62



The company then conducts clinical trials, to investigate both the safety and the
effectiveness (efficacy) of the proposed drug.



When the company has clinical data from human volunteers, it files a New Drug
Application (NDA) or, in the case of medicines made from living organisms as opposed
to chemical compounds, a Biologics License Application (BLA) with the FDA.



The FDA will next inspect the manufacturing facility that the company proposes to use.

 Unlike the UK, the FDA then uses an independent committee to review a company’s
NDA or BLA and associated data, especially data from clinical trials. At the same time the
professional staff at FDA’s Center for Drug Evaluation and Research (CDER) begins its
review of the application. An FDA website explains the role of the advisory committees:

“CDER requests advice from advisory committees on a variety of matters, including
various aspects of clinical investigations and applications for marketing approval of drug
products. Committee members are scientific experts such as physician-researchers and
statisticians, as well as representatives of the public, including patients. Although the
committees provide recommendations to the Agency, final decisions are made by
FDA.”63

 Only then does the FDA’s CDER makes its decision on whether to approve the proposed
drug.
While this FDA process normally takes many months or even years, U.S. law also allows
companies to apply for Emergency Use Authorizations (EUAs) – a process that can move very
quickly. Another FDA website explains the EUA authority:
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U.S. Food and Drug Administration,” Investigational New Drug (IND) Application,”
https://www.fda.gov/drugs/types-applications/investigational-new-drug-ind-application.
63
U.S. Food and Drug Administration, “New Drug Application,” https://www.fda.gov/drugs/typesapplications/new-drug-application-nda; and “Biologics License Applications (BLA) Process (CBER),”
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/biologics-license-applicationsbla-process-cber.
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The Emergency Use Authorization (EUA) authority allows FDA to help strengthen the
nation’s public health protections against chemical, biological, radiological, and nuclear
(CBRN) threats including infectious diseases, by facilitating the availability and use of
medical countermeasures (MCMs) needed during public health emergencies.
Under section 564 of the Federal Food, Drug, and Cosmetic Act (FD&C Act), when the
Secretary of HHS declares that an emergency use authorization is appropriate, FDA may
authorize unapproved medical products or unapproved uses of approved medical
products to be used in an emergency to diagnose, treat, or prevent serious or lifethreatening diseases or conditions caused by CBRN threat agents when certain criteria
are met, including there are no adequate, approved, and available alternatives.64
Later, after the EUA has been issued, the FDA will examine additional evidence and decide
whether to give an emergency medicine a regular, permanent approval. But the important
point is that the FDA can use its EUA authority to quickly approve a medicine, once a company
completes basic clinical trials and an advisory committee has quickly reviewed the data and
NDA or BLA. The FDA used the EUA process to approve the COVID-19 vaccines.
The second U.S. agency is the Centers for Disease Control and Prevention (CDC). The CDC
recommends which groups in the overall population should first get a newly-approved vaccine
– such as the elderly or health care workers – and which groups later. It also recommends
whether one FDA-approved vaccine should be used for some groups and another vaccine for
other groups. Here is one summary of the CDC role:
Once a vaccine is approved by the FDA, the CDC's Advisory Committee on Immunization
Practices (ACIP) considers not only FDA-approved labeling, but also disease
epidemiology, burden of disease, economic analyses and implementation issues in
establishing how the vaccine should be used in the civilian population.65
As with the FDA, during emergencies the CDC can make recommendations quickly.
The following chart shows how much time was saved in the United States by accelerating
clinical trials, the FDA review process, and, later, manufacture and distribution of vaccines.66
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U.S. Food and Drug Administration, “Emergency Use Authorization,” https://www.fda.gov/emergencypreparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-authorization.
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HMP Global Learning Network, “FDC, CDC Play Complementary Roles in Vaccine Policy-Making,”
https://www.hmpgloballearningnetwork.com/site/pln/content/fda-cdc-play-complementary-roles-vaccine-policymaking.
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The Reagan-Udall Foundation prepared this chart. See: https://covid19.reaganudall.org/sites/default/files/202102/Time%20Saved.pdf.
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MANUFACTURING BY ESTABLISHED PHARMACUETICAL COMPANIES
Numbers of doses manufactured worldwide. Once regulators approved the new vaccines, the
next challenge was to manufacture large quantities of these vaccines. This was a huge
challenge. As mentioned earlier, in the U.S. Pfizer, Moderna, and Johnson & Johnson started
manufacturing their vaccines even before receiving formal FDA approval.
Some companies managed the manufacturing challenge better than others. Johnson & Johnson
encountered big problems, largely because it contracted with a manufacturing firm, Emergent,
that the FDA concluded had numerous flaws. Under U.S. law, the FDA can close pharmaceutical
manufacturing plants that do not meet safety and quality standards.
Moderna quietly built its own manufacturing facilities, and the FDA approved those plants.
However, of the vaccines approved in the United States, the big success story was Pfizer’s
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production of its Pfizer-BioNTech vaccine. AstraZeneca also produced large amounts of its
Oxford-AstraZeneca vaccine. The following table provides details.67

Pfizer-BioNTech. The story of how Pfizer manufactured large quantities of the BioNTech vaccine
illustrates the enormous contribution that pharmaceutical companies made – and the
challenges that these manufacturers faced and then overcame.68
67

Global Commission for Post-Pandemic Policy, “COVID-19 Vaccine Production, to December 31st 2021,”
https://globalcommissionforpostpandemicpolicy.org/covid-19-vaccine-production-to-december-31st-2021/.
68
The following discussion of Pfizer draws primarily on: Jared Hopkins, “How Pfizer Delivered a Covid Vaccine in
Record Time: Crazy Deadlines, a Pushy CEO,” The Wall Street Journal, December 11, 2020,
https://www.wsj.com/articles/how-pfizer-delivered-a-covid-vaccine-in-record-time-crazy-deadlines-a-pushy-ceo11607740483.
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The challenges were significant. First, no company had ever mass produced an mRNA vaccine,
and the processes required differed from those for traditional vaccines. Second, the scale of
manufacturing required would be huge: the world needed billions of doses. Third was the issue
of timing. If and when the BioNTech vaccine received emergency use authorizations in the
United States and other countries, then governments would want vaccine doses as soon as
possible.
Pfizer and BioNTech took several steps to respond to these challenges:

69



The two companies quickly formed a partnership, beginning with a phone call on March
1, 2020.



Pfizer’s chief executive officer, Albert Bourla, pushed Pfizer and BioNTech employees to
complete the vaccine’s design and begin production rapidly, and authorized spending
large amounts of Pfizer money to fund the work. The company ultimately spent $2
billion on the vaccine project.



As discussed earlier in this report, BioNTech and Pfizer started out with 20 versions of a
possible vaccine and quickly focused on four candidates and then later on two
candidates. Then on July 24, 2020, after some initial human tests, the companies
selected one of those versions to test in clinical trials.



Pfizer decided to begin manufacturing the vaccine even before final clinical trials
finished, in the hope that the vaccine would be approved by regulators.



However, Pfizer did not have the equipment needed to make an mRNA vaccine. It spent
$500 million of its own money to assemble its mRNA production network. It spent more
later, to build out its manufacturing plants in Michigan and Belgium. The plants had to
begin small production runs immediately, in order to create the doses needed for clinical
trials, even though at first no one knew how to manufacture mRNA vaccines.



“To get a head start building up supplies, in mid-August [2020] the company began
producing doses at its Belgium factory that could go immediately into use should any
country give clearance. By the end of September, the company had set aside 1.5 million
doses to be frozen and ready to ship. Yet most of Pfizer’s manufacturing network
wouldn’t be ready for making shots until October. Installing, testing, and certifying the
machines … took weeks.”69



Pfizer did have problems getting some essential supplies. While Pfizer took no U.S.
Government money for R&D, it did ask for federal help in securing these supplies.
Operation Warp Speed executives then used the Defense Production Act to push
suppliers to provide what Pfizer needed.

Hopkins, Ibid.
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In December 2020, when the U.S. FDA give the BioNTech-Pfizer vaccine an emergency
use authorization, Pfizer had an initial 50 million does already available. It produced
many more in the months that followed. BioNTech and Pfizer had created and
manufactured a radically new type of vaccine in less than a year.

SUCCESSES AND FAILURES IN THE U.S. DISTRIBUTION, ADMINISTRATION, AND USE
OF VACCINES
So far, this TPI report has focused on the development, regulatory approval, and manufacture
of COVID-19 vaccines. However, there is also another part of the U.S. story. After the vaccines
were developed and approved, the United States encountered major problems in the
distribution, administration, and use of these vaccines. These problems are briefly summarized
in this section of the report.
The distribution and administration of vaccines. U.S. officials make a distinction between
“distribution of the vaccines” (sending the vaccines to state government officials) and
“administration of the vaccines” (providing injections to citizens). General Perna originally
suggested that the U.S. military open large vaccination centers around the country, to help
administer the injections. Others in Operation Warp Speed envisioned a big role for the private
sector, including pharmacy companies. But state governments objected; they wanted the
vaccines sent to them for further distribution and administration.70
Operation Warp Speed’s military logistics experts then worked with vaccine companies and
logistics companies such as United Parcel Service (UPS) and Federal Express to distribute the
vaccines to state governments. Distributing the mRNA vaccines was particularly challenging,
given the very cold temperatures required. Often this process went well. However, problems
sometimes arose. For example, in December 2020 The New York Times reported that: “Several
governors and state health officials said on Friday [December 18, 2020] that they were
dismayed to learn that they would be getting less of the Pfizer-BioNTech vaccine next week
than the federal government had promised.”71
However, once the federal government distributed vaccines to the states, many state
governments lacked clear plans and adequate staffs to handle the process of further
distributing the vaccines and then administering injections. For example, great confusion often
arose over whether hospitals, doctors’ offices, or pharmacies would receive the doses and
administer them to citizens. The CDC added to the confusion, by not providing clear
70

For one discussion of the debate over which organizations would receive and administer the vaccines, see
Borrell, Ibid., pages 237-238.
71
Denise Grady, Abby Goodnough, and Noah Weiland, “F.D.A. Authorizes Moderna Vaccine, Adding Millions of
Doses to U.S. Supply, The New York Times, December 18, 2020,
https://www.nytimes.com/2020/12/18/health/covid-vaccine-fda-moderna.html?searchResultPosition=3.
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recommendations on which population groups should receive injections first. In addition, some
communities, particularly less-affluent ones, initially received little or no shipments of vaccines.
These problems within states arose largely because state government public health agencies
are underfunded and understaffed and, as mentioned, because of confusing recommendations
from the CDC. Also, the healthcare delivery system in the U.S. is fragmented and poorly
coordinated, which added to confusion and distribution problems. For example, many
Americans do not have doctors whom they regularly see.
American use of vaccines. In addition to these problems of distribution and administration,
many Americans decided not to get the vaccines and also decided not to use masks or take
other steps to reduce the chances of infection. Several factors appear to have contributed to
this “anti-vaccination” attitude: distrust of government; misinformation and disinformation
presented on television, the Internet, and social media; confusing messages from CDC leaders
and President Trump; an initial lack of testing;72 and a frequent attitude of individualism and
resistance to government direction. In general, vaccination rates are higher in states where the
majority of voters support the Democratic Party and lower in Republican Party states. Also, in
general younger citizens are less likely to get vaccinations than older Americans.
In February 2022, 64 percent of all Americans were fully vaccinated – lower than the rate in
other affluent countries. The following figure provides additional details.73
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One big American failure was the CDC’s early insistence that only its test could be used to diagnose COVID-19,
and yet the CDC did not produce its test in sufficient numbers and, to make matters worse, the test was deeply
flawed. For details, see Borrell, Ibid., page 100.
73
Mayo Clinic, “U.S. COVID-19 vaccine tracker: See your state’s progress,”
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker.
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Racial inequalities. The U.S. has persistent racial gaps in vaccination rates. A December 2021
report in Bloomberg Equality provides details:
A year since the first Pfizer and Moderna doses were administered in the U.S., large
racial vaccination gaps remain.
A handful of places, some with large Black populations, such as New York City and
Washington, D.C., are close to parity among races and ethnicities. Several states in New
England, which have generally high vaccination rates, are also leaders in vaccine equity.
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But in nearly half of U.S. states, Black and Hispanic vaccination rates lag White ones by
10 percentage points or more. Many of those are in the South and Southwest,
respectively.74
U.S. deaths. The most important indicator of American failure is the number of U.S. deaths. As
of February 19, 2022, the total number of COVID-19 deaths reported in the United States was
932,764.75 In addition, a chart from The New York Times shows that at the end of January 2022,
the United States had the highest death rate per capita among major industrial democracies.76
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“Half of U.S. States Have Big Racial Vaccine Gaps Heading into Omicron,” Bloomberg Equality, December 16,
2021, https://www.bloomberg.com/graphics/covid-vaccine-tracker-global-distribution/us-vaccinedemographics.html.
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“Coronavirus in the U.S.: Latest Map and Case Count,” The New York Times, February 19, 2022,
https://www.nytimes.com/interactive/2021/us/covid-cases.html.
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Benjamin Mueller and Eleanor Lutz, “U.S. Has Far Higher Covid Death Rate Than Other Wealthy Countries,” The
New York Times, February 1, 2022, https://www.nytimes.com/interactive/2022/02/01/science/covid-deathsunited-states.html.
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STRENGTHS AND WEAKNESSES OF THE U.S. INNOVATION SYSTEM FOR VACCINES
The development and manufacture of mRNA and viral vector vaccines in less than a year are
huge accomplishments, one that U.S. researchers, companies, and government officials
contributed to. At the same time, however, the U.S. response to the COVID-19 pandemic
illustrates weaknesses as well as strengths in the U.S. innovation system.
Strengths of the overall U.S. biomedical innovation system. First, the U.S. biomedical
innovation system has several strong features:


High U.S. investment in biomedical research. The U.S. Government has invested heavily
in biomedical research, both in absolute terms and as a percentage of its government
R&D budget. For example, the fiscal year 2021 budget for NIH was nearly $40 billion.
Federal funding has helped to create a strong U.S. biomedical innovation ecosystem – a
combination of universities, medical centers, large pharmaceutical companies, and
biotechnology start-up firms.



Diversity in the U.S. system. While NIH provides most biomedical R&D funding, other
federal departments and agencies with different missions and different management
styles also provide support and pursue different technological opportunities: the
Department of Energy for work in genomics and protein folding, the Defense
Department for vaccines and emergency medicine, BARDA for vaccines and other
“medical countermeasures,” and the Department of Agriculture for animal vaccines. In
addition, private foundations also support biomedical research, including the Gates
Foundation and the Howard Hughes Medical Institute. This diversity allows the U.S. to
fund multiple approaches to medicine and health.



Flexibility in the U.S. system. When COVID-19 hit, U.S. R&D funding agencies were
quick to allow their grantees to shift the direction of their funded research to address
COVID-related problems. Agencies were quick to work together on clinical trials and
regulatory approvals.



International openness. Many key contributions were made by scientists in other
countries or by immigrants to the U.S. The U.S. biomedical research community has
strong international relationships (including with China), and NIH and DARPA are willing
to fund overseas companies with promising technologies. Operation Warp Speed was
willing to invest in foreign companies as well as U.S. firms.



Preparation. Before COVID-19, U.S. researchers, companies, and regulators had
valuable recent experience with other infectious diseases, such as HIV, Anthrax, SARS,
MERS, Ebola, and with bioterror threats. This experience led to helpful new institutional
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capabilities, such as BARDA, the NIH Vaccine Research Center, DARPA’s focus on
biology, and FDA emergency use authorizations.
U.S. strengths and weaknesses in vaccine development. The general features listed above all
helped when COVID-19 struck. However, the story of COVID-19 vaccines also illustrates several
specific strengths and weaknesses in the part of the U.S. innovation system that creates,
approves, manufactures, and distributes new vaccines.


Scientific research. The U.S. can draw upon research findings from scientists such as
Katalin Karikó, Drew Weissman, and others around the world who contributed to the
development of mRNA technology and viral vector technology.



Entrepreneurial companies. Entrepreneurial companies and supporting institutions such
as venture capital firms remain a great American strength. Moderna is an important
example.



DARPA, BARDA, and NIH’s Vaccine Research Center. These different agencies all made
major contributions to the development of new vaccines, particularly mRNA vaccines.
DARPA’s 2013 contract with Moderna helped persuade that company to explore mRNA
vaccines, in addition to its work on possible cancer drugs. Then in 2016 BARDA made a
major $125 million investment in Moderna for further work on vaccines. NIH’s Vaccine
Research Center did not make any early investments in mRNA vaccines, but in 2020 it
and associated researchers at the University of Texas did identify the SARS-CoV-2 spike
protein and gave that vital information to Moderna. Another point, mentioned earlier, is
the important role that military doctors and former military doctors played and continue
to play in the development of innovative vaccines and antibody treatments.



Pharmaceutical manufacturers. Large pharmaceutical companies are also a strength for
both the United States and other countries. Pfizer’s dedication in funding and creating
an entirely new manufacturing process for making mRNA vaccines is a major example.
Pfizer’s decision to begin manufacturing the BioNTech vaccine even before FDA
approval was a big gamble – but one that produced a vaccine that could be shipped as
soon as the FDA issued its emergency use authorization. Moderna and the two main
viral vector companies – AstraZeneca and Johnson & Johnson – also made significant
contributions to manufacturing, although J&J encountered problems. One important
point is that large pharmaceutical companies are generally reluctant to develop new
vaccines or even work with governments on vaccine research unless they have
assurances that they will have a large, profitable market for the resulting products.



Regulators. Regulatory agencies in the U.S. and UK illustrate the value of combining
careful clinical trials with both rapid regulatory reviews and the use of emergency
authorizations. In short, these regulators moved carefully but quickly.
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U.S. preparation for pandemics. Despite the contributions of DARPA and BARDA to the
development of new vaccine technologies, the U.S. was poorly prepared for a major
pandemic. The U.S. had not fully developed these new technologies for rapidly making
vaccines (and also antibody treatments). Also, while the Obama Administration
developed a “pandemic playbook” – a major strategy – the Trump White House ignored
it and did not have a comprehensive strategy or organization to help companies quickly
develop and manufacture large quantities of vaccines. Diagnostic tools were also a
problem, as reflected in the difficulties that the CDC encountered when it first tried to
create reliable COVID-19 tests. The U.S. Government’s “stockpile” (collection of stored
items) had only small quantities of medical-grade masks and protective clothing. Most
state government public health departments were small and did not have adequate
staff or procedures for contact tracing or the large-scale distribution of vaccines. Finally,
the Trump Administration’s contradictory and misleading messages contributed to
public confusion and the rise of anti-mask and anti-vaccination movements.



Operation Warp Speed. Operation Warp Speed was a great success. Even though it was
an ad hoc, improvised organization, it moved quickly and effectively to help companies
develop and manufacture vaccines. It was quickly organized, used existing legal
authorities, asked for and received money from Congress, and then funded both vaccine
development (for those companies that asked for R&D support) and advanced purchase
agreements. With the help of the U.S. Army and the companies, Operation Warp Speed
also rapidly distributed vaccines to state governments. Fortunately, President Trump did
not interfere with Operation Warp Speed’s activities.

By December 2020 companies and the U.S. Government had overcome weaknesses in the U.S.
innovation system and created effective vaccines in a very short period of time.
However, the success of Operation Warp Speed should not lead us to ignore and past and
present weaknesses in the U.S. innovation system. Nor should we forget how lucky it was that
these new mRNA and viral vector vaccines actually worked. They were new and untried, and if
they had failed the world’s population would be in very bad shape.

PREPARING FOR THE NEXT PANDEMIC
This report focuses on the story of how the U.S. Government and scientists and companies from
around the world developed COVID-19 vaccines in a very brief time. But the United States now
faces the additional question of how to prepare for future pandemics and possible future
bioterror attacks. Here the emerging story is both encouraging and discouraging, and this story
has implications for whether or not we view U.S. programs as an industrial policy success.
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One encouraging step is that both governments and companies around the world are now
exploring how to use mRNA, viral vector, and protein subunit technologies to create other
vaccines and new treatments for those who are infected by viruses.77
Second, the Biden Administration has released two documents with detailed proposals on how
to prepare for future pandemics. The White House released its report on “American Pandemic
Preparedness: Transforming Our Capabilities” in September 2021 and its “National COVID-19
Preparedness Plan” in March 2022.78
However, as mentioned earlier the Biden Administration has now converted Operation Warp
Speed into a Countermeasures Acceleration Group (CAG), based in the U.S. Department of
Health and Human Services’ Office of the Assistant Secretary for Preparedness and Response –
the same office that oversees BARDA. It is not clear yet whether the CAG will have the funding,
personnel, and authority to become an effective central agency for pandemic preparation and
response – an organization similar to the Federal Emergency Management Agency (FEMA),
which prepares for and responds to natural disasters. Also, as of March 2022, Republicans in the
U.S. Congress are skeptical about providing further funds for pandemic preparedness. As the
result, the U.S. may not continue to have a version of Operation Warp Speed – a well-funded
organization that can succeed at both rapid vaccine innovation and effective industrial policy.

LESSONS FOR INNOVATION POLICY AND INDUSTRIAL POLICY
Despite questions about future U.S. pandemic preparedness, the U.S. Government and
associated companies created a great success. So, what policy lessons does this experience
offer?
This report makes a distinction between “innovation policy” and “industrial policy,” although
the two concepts are closely related. By “innovation policy,” we mean policies that promote
and assist the creation (development) of new, important innovative products, services, and
processes. A nation’s “industrial policies” promote and assist a nation’s companies to further
77

One article discusses possible future uses of mRNA: “Malaria. Tuberculosis. Hepatitis B. Cystic fibrosis. Those are
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https://www.aamc.org/news-insights/mrna-technology-promises-revolutionize-future-vaccines-and-treatmentscancer-infectious-diseases.
78
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develop and also successfully produce and sell those innovative products, services, and
processes. In short, we distinguish between the policies to promote the development of
innovations and policies to promote the large-scale production and sale of these innovations.
The U.S. experience with COVID-19 vaccines offers lessons for both innovation policy and
industrial policy.

LESSONS FOR INNOVATION POLICY
TPI believes that the COVID-19 vaccine story offers several lessons for innovation policy.
Identify “market failures” in research and technology development. A first lesson is that by
understanding when private companies do not have the incentive or resources to develop new
innovations by themselves, then the government can step in to encourage and assist companies
to develop these socially-beneficial innovations.
Support both basic research and technology development projects. Government support of
long-term basic research is valuable, but so is government support of applied research to
develop promising new ideas into actual prototype technologies. DARPA is one agency that
develops valuable new prototypes. Moreover, basic research agencies should devote some of
their funding to promising but unproven research areas and not just focus on “safe,” more
established fields. Finally, government R&D agencies focusing on specific goals – such as new
vaccine technologies – should fund research not just on the main subjects (such as mRNA) but
also on important “complementary technologies” (such as lipid nanoparticles) that are needed
for a new technology.
Welcome international researchers. Katalin Karikó is an example of a foreign-born researcher
who made large contributions to U.S. science. The United States and other countries can
benefit from welcoming and funding talented international researchers.
Use a portfolio approach. The U.S. story illustrates the value of investing in a range of
companies and technologies – a portfolio. America’s Operation Warp Speed offered R&D
funding and purchase agreements to several companies. Four of them succeeded: Moderna,
BioNTech-Pfizer, Janssen-Johnson & Johnson, and Oxford-AstraZeneca (this last one also
supported by the UK). Other supported companies, such as Novavax, may succeed later, and
some efforts will probably fail. But by quickly funding multiple companies pursuing multiple
technologies, the U.S. Government increased the chances that at least a few vaccines would
succeed. In addition, multiple companies will allow for healthy competition once a new industry
is established.
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Encourage entrepreneurial firms. The U.S., UK, and German experiences show the value of
having world-class researchers who are willing and able to create bold, risk-taking
entrepreneurial companies – and having institutions such as venture capital firms that support
those entrepreneurs.
Encourage R&D partnerships. The U.S. experience shows the value of partnerships:
government-industry partnerships such as Operation Warp Speed and the Vaccine Research
Center’s work with Moderna; partnerships between academic researchers and companies; and
international partnerships between large companies and smaller research groups and
companies. One important aspect of Operation Warp Speed is that it invested not just in U.S.
companies but also international firms with promising technologies (BioNTech, OxfordAstraZeneca, and Sanofi/GSK).

LESSONS FOR INDUSTRIAL POLICY
David Adler, an American policy analyst mentioned earlier in this report, argues that Operation
Warp Speed (OWS) is a valuable model for improving U.S. industrial policy.
The U.S. system, which tilts toward basic science R&D, has many strengths. It is still
capable of breakthrough innovations, as seen in the ICT revolution. But it has
weaknesses and holes. It neglects “process innovation” in manufacturing, unlike
Germany or Japan. This became visible in the malaise of the 1970s, when Japan’s auto
industry raced ahead of Detroit….
Breakthrough technologies, including those developed by DARPA, such as flat-panel
displays or drones, quickly migrated to mercantilist Asian countries for their actual
production. Future product development, innovation—and employment—has taken
place there, not in the United States….
OWS-type interventions add a whole new repertoire of policies. OWS is a case study of
how to tie together America’s fragmented innovation system and scale up technological
breakthroughs that would otherwise languish, as mRNA vaccine technologies were before the pandemic. It shows how the United States can bring to market disruptive,
radical technologies that leapfrog existing manufacturing processes. OWS takes away
R&D and regulatory risk, and adds in financing, government assistance in tech transfer
for manufacturing, support for a robust domestic supply chain, and guaranteed
demand. The latter, in particular, offers a marked contrast with most regional
development and applied innovation efforts in the United States, such as the
Manufacturing Institutes, in which the demand side is lacking. OWS demonstrates that
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American deindustrialization is a repairable lapse, with the OWS model offering one
recuperation mechanism.79
Adler’s analysis and recommendations are part of a very old debate in the United States over
the appropriate role of the federal government in supporting industry and industrial
development. Conservatives and many economists have supported federal research programs
but have argued against Japanese-style policies to help new and existing domestic industries.
Some of these people worry that federal money will simply help powerful firms and that help
for individual companies is a wasteful form of “corporate welfare.” However, even American
conservatives support federal efforts to maintain a strong domestic defense industry, and some
Republicans as well as Democrats support federal programs to help U.S. energy companies.
A full discussion of these debates over industrial policy is beyond the scope of this report.
However, the success of American vaccines – and particularly the success of Operation Warp
Speed – does offer useful lessons if a government wants to promote innovation-based domestic
industries.
Help create market demand. Industries that offer new products need customers. Operation
Warp Speed showed that advanced purchase agreements were an important policy tool for
encouraging companies to undertake risky, expensive investments in vaccine development and
new manufacturing facilities. In other policy areas, such as energy, the U.S. Government has
used tax credits and government procurement to assist new industries.80
Identify and remedy the “market failures” that affect production. “Market failures” can occur
in production as well as in research and development. For example, a lack of capital can hurt
entrepreneurial companies that need money to pay for factories. Market demand measures –
discussed above – can help. The U.S. vaccine story illustrates other market failures, including
supply-chain problems that led Operation Warp Speed executives to use the Defense
Production Act to help vaccine manufacturers obtain equipment and supplies. The overall point
here is that a successful industrial policy needs to help companies solve critical challenges in
development and production– not just scientific challenges but also manufacturing challenges
and also sometimes regulatory challenges.
Funding international companies as well as domestic firms. National governments of course
want to encourage the creation of companies, factories, and jobs in their own countries.
However, as mentioned earlier, the U.S. COVID-19 vaccine story illustrates the value of working
with international as well as domestic companies. International partnerships can be valuable
not only in R&D but also in production. Because Operation Warp Speed officials wanted to
79

David Adler, Ibid.
Another U.S. policy used in the energy field is to issue government loan guarantees to energy companies in order
to persuade banks to give loans to these firms.
80

Covid-19 Vaccine Development, p. 47

invest in several technologies and companies – the portfolio approach – they deliberately
funded teams that included international companies: Pfizer partnered with Germany’s
BioNTech, Johnson & Johnson’s Janssen subsidiary in the Netherlands developed its viral vector
vaccine, AstraZeneca is a British company, and OWS also funded work on the Sanofi-GSK
vaccine, a French-British collaboration. If a country wants beneficial results quickly, working
with international as well as domestic companies can be a valuable step.
Encourage government-industry partnerships when they are useful. In addition to
government-industry R&D partnerships, government technical experts sometimes can provide
valuable manufacturing assistance. In the case of COVID-19 vaccines, NIH worked with
companies to accelerate clinical trials and the U.S. Army Corps of Engineers helped companies
rapidly build large-scale production facilities. In other areas of industry, new measurement
services can be important.
Create and fund a central government agency to work with industry. Operation Warp Speed
was a very valuable and effective organization, but it would not have been necessary if
Congress had earlier created a similar, permanent central agency with the funding and
authority to work with industry to develop medical countermeasures. BARDA is valuable, but its
powers, funding, and staff are not sufficient.
Use careful but timely regulation. Regulators in both the UK and the U.S. moved quickly to
approve clinical trials and then to review and approve the new vaccines. The UK system relies
heavily on what companies find and recommend. The U.S. system is more complex, as we saw
earlier in this report. However, while the U.S. regulatory process is complicated, the FDA has
legal authority to make what are called “emergency use authorizations,” allowing it to
approved life-saving drugs even if normally the agency would require further clinical data. The
use of emergency use authorizations allowed the FDA to approve both the Moderna and
BioNTech-Pfizer vaccines in December 2020.
Communicate with the public. New innovative products – including vaccines – can scare many
members of the public. The U.S. COVID-19 story illustrates how confused messaging can alarm
citizens and increase distrust of government. Operation Warp Speed and the U.S. Food and
Drug Administration did an impressive job of requiring large, well-run clinical trials and
including people of many ethnic groups and ages in those trials. However, confusing messages
from the CDC and the rise of misinformation on social media sites led many people to avoid the
vaccines. Honest and clear communication with the public is an important step in winning
acceptance for new innovative products.
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CONCLUSION
The development, approval, manufacture, and distribution of innovative COVID-19 vaccines is a
huge accomplishment. In the United States, several factors contributed to success: dedicated
scientists, entrepreneurial companies such as Moderna, DARPA and BARDA investments that
encouraged Moderna to apply its mRNA technology to vaccines, quick but careful regulatory
reviews, incredible steps by Pfizer and other companies to produce these entirely new types of
vaccines at large scale, and the rapid creation of Operation Warp Speed, which enabled
government officials to fund the development, manufacture, and distribution of the new
vaccines.
However, the U.S. experience also shows serious weaknesses in the U.S. innovation system, at
least the parts of the innovation system that apply to vaccines. The U.S. Government would not
have needed to create Operation Warp Speed if it had earlier established an effective largescale program to work with companies to develop advanced vaccine technologies. DARPA and
BARDA funded important – in fact, vital – research and development, but until the COVID
pandemic the U.S. Government had no established program like Operation Warp Speed.
The good and bad aspects of the U.S. experience (and related developments in the United
Kingdom and Germany) offer lessons about how governments can promote innovative
biomedical products and how they can help their pharmaceutical and biotechnology companies
to develop, produce, and sell valuable products. In particular, governments can support not
only basic research but also more applied “solutions-based research.” They also can identify
“market failures” and then use government programs to help companies overcome these
problems and create innovative products.

