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Introduction

AMERICA FACED A HOST of biological threats to health
and security at the turn of the twenty-first century. Between 1990
and 2009, the United States contended with a foreign biological
weapons program, bioterrorism, and a pandemic. Concerns about
Saddam Hussein’s biological weapon caches sent the U.S. military
scrambling to immunize troops against smallpox and anthrax. The
2001 anthrax attacks demonstrated that non-state actors could ter-
rorize civilian populations with biological weapons as well. A strange
outbreak of severe acute respiratory syndrome (SARS) in 2002 and
new avian and swine flu strains provided further reminders of the
pandemic potential of infectious diseases.

While each individual threat posed limited danger to the nation,
together they raised awareness of the catastrophic potential of dis-
ease and spurred large-scale government demand for vaccines to
defend soldiers and civilians. Even so, only one new biodefense vac-
cine was licensed during this period. Many candidates were techno-
logically feasible and well funded. A next generation anthrax vaccine,
for example, has been a top priority for the U.S. government since
the first Gulf War, but twenty years and over a billion dollars later,
the United States still does not have this new vaccine.
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These vaccine development failures are startling. The United
States was once capable of mounting rapid development campaigns
in response to national emergencies. World War Il-era programs
generated ten new or improved vaccines against diseases of mili-
tary significance. In some cases, these programs produced new vac-
cines in time to meet the objectives of specific military operations.
Botulinum toxoid, for example, was mass-produced before D-day in
response to (faulty) intelligence that Germany had loaded V-1 bombs
with the toxin, and a Japanese encephalitis vaccine was developed in
anticipation of an Allied land invasion of Japan.

The ability to develop new vaccines quickly is essential to na-
tional security and public health. As biological threats proliferate
and new diseases continue to emerge, we have an urgent need to
understand the conditions that foster timely innovation. Present-
day vaccine programs tinker with push and pull policies (such as
research grants or market guarantees) to spur innovation, but they
rarely scrutinize the development process itself to address critical
obstacles to innovation. Long Shot examines the developmental his-
tory of vaccines to uncover the conditions that first drove, and later
inhibited, vaccine innovation.

This historical investigation provokes important questions for
today: What factors foster timely vaccine innovation? What are
the dynamics of industrial decision making during national secu-
rity crises? How can we generate innovation for medicines that
are socially valuable but commercially unappealing? How have
military-industrial partnerships changed, and why does this mat-
ter for vaccine development? And finally, how can history in-
form efforts to rebuild biodefense capabilities in the twenty-first
century?

«—~~ SECURITY EXPERTS OFTEN refer to disease as a “non-
traditional” threat, but few security threats are more traditional
than disease. For the military, fighting disease has always been
an important corollary to fighting the enemy. History is rife with
battles in which bugs played a larger role than bullets.! Whether
at peace or at war, military settings encourage high rates of dis-
ease. Military camps breed new diseases and magnify the effects of
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common diseases. Armed conflict exacerbates these conditions, pro-
ducing social dislocations and generating populations of wounded
and stressed individuals that boost the incidence and spread of
disease.’

Intentional disease threats are equally “traditional.” Armies have
employed rudimentary forms of biological warfare since antiquity,
when retreating soldiers would contaminate enemy wells with hu-
man and animal corpses.’ In the Middle Ages, Tartar invaders gained
notoriety for catapulting plague-infected corpses over city walls.*
By the mid-twentieth century, delivery methods had improved con-
siderably as the United States, the Soviet Union, the United King-
dom, France, and Japan all invested in biological weapons programs.
The United States suspects that countries such as China, Russia,
Iran, Syria, Cuba, and North Korea have made more recent invest-
ments.’

Several cults (the Rajneeshees and Aum Shinrikyo) and terrorist
groups (al-Qaeda) have demonstrated an interest in biological weap-
ons as well. While these non-state actors have had limited success,
past performance is not predictive of future outcomes. Biological
weapons will remain inherently attractive to dissatisfied groups
seeking asymmetric advantages because these weapons are less ex-
pensive and more difficult to trace than nuclear weapons. Over time,
supply will grow to meet demand as the economic, technical, and
educational obstacles continue to erode.

Opportunities for natural diseases to emerge and spread are
increasing as well. Population growth, climate change, and expand-
ing travel and trade patterns create new opportunities for disease.
The widespread use and misuse of antibiotics and antivirals also
play a role in breeding new generations of pathogens that evade
medical arsenals. Approximately eighty new diseases have emerged
or reemerged since 1970 in response to these evolutionary pres-
sures.

While disease threats increased toward the end of the twenti-
eth century, vaccine innovation rates declined. Few understand the
seriousness of this problem because widespread errors in official
vaccine license records create the false impression that innova-
tion has steadily increased over time. These data create support for
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industrial innovation policies that have not worked well for many
vaccines.

"To develop a more accurate picture of innovation patterns, I re-
stored original licenses that had been lost from federal records, cor-
rected inaccuracies, and identified licenses issued for noninnovative
activity. These new data demonstrate that innovation has been fall-
ing, not rising, since World War II. These data also demonstrate
that the historical record is inconsistent with prevailing theories of
innovation in industrial settings.

Historians often argue that technological innovation is a func-
tion of economic incentives, individual firm capabilities, and the avail-
able stock of “scientific knowledge” or “technological opportunities.”
Recent investigations of vaccine development also interpret innova-
tion as a function of commercial developers responding to techno-
logical opportunities to maximize profit.” My research reveals that
the three key factors in market-based theories of innovation are at
odds with the data: economic incentives, firm capabilities, and the
stock of technological knowledge/opportunities were weaker for the
vaccine industry in the 1940s and 1950s, when innovation rates were
high, and stronger in the 1980s and 1990s, when innovation rates
were low.

Vaccines do not always lend themselves to standard interpreta-
tions, in part because markets often fail to inspire socially optimal
levels of vaccine innovation and consumption.® This is particu-
larly true for global health vaccines (sold to developing countries that
cannot afford to pay premium prices) and biodefense vaccines (used
on a limited basis or stockpiled). Demand for these vaccines is of-
ten insufficient to ensure socially desirable levels of innovation and
supply.

Given the inherent disincentives for developing biodefense vac-
cines, health and defense planners should ask themselves not “Why
are innovation rates falling?” but “Why did the system ever work at
all?” and, more specifically, “What factors permitted an effective
industrial response to the government demand for vaccines in the
1940s and 1950s, when theoretical studies tell us that innovation
was relatively less likely than it is today?”
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Wartime development programs were not a triumph of scientific
genius, but of organizational purpose and efficiency. Often, the sci-
entific foundation for a vaccine had been established years, if not
decades, in advance of its development. It was not until World
War II, however, that many of these concepts were plucked from
the laboratory and developed into working vaccines. Wartime de-
velopment programs excelled at consolidating and applying preex-
isting knowledge for the purpose of product development. To
accomplish this task, innovators employed an integrated approach
to research and development.

Integrated is my term for research that is managed from the top
down, integrated across disciplines and developmental phases, and
situated in a community that facilitates information exchange and
technology transfer. Integrated research is similar to, but distinct
from, other commonly used terms such as “champion-led” and
“translational” research. Integrated research resembles champion-
led research in that project directors coordinate development teams
from the top down and look beyond traditional job descriptions,
organizational routines, and funding sources to overcome obstacles
that arise in product development. In both cases, project directors
must have the resources and authority to coordinate activities along
developmental phases, the skills to manage projects across disci-
plines, and the opportunity to collaborate with early developers and
current users to incorporate their insights. Unlike champion-led re-
search, however, integrated research is not devoted to one product
or approach; project directors continuously review and reassess a
portfolio of alternative approaches.

Integrated research is also similar to translational research in that
it applies basic research insights to practical development problems.
Unlike some definitions of translational research, integrated research
is not exclusively concerned with moving laboratory research into
clinical trials. Practical applications can take the form of new research
agendas, methods, protocols, products, and processes.

Integrated research goes beyond both definitions to describe a spe-
cific governance structure, research method, and cultural context for
research.
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Top-down governance facilitates vaccine development because it
allows developers to coordinate activities across a wide range of dis-
ciplines while maintaining focus on long-term development goals.
When project directors manage a vaccine across disciplines and de-
velopment phases, they also maintain strong situational awareness
of product development needs that permits accurate and timely
decision making. This approach differs from NIH- and academia-
supported investigator-initiated research, which seeds discovery
from the bottom up. Bottom-up processes are essential in the dis-
covery phase, but they can be counterproductive in the later stages
of development.

Integrated research does not only govern from the top down; it
defines problems and combines work processes across disciplines
and developmental phases. Epidemiologists, clinicians, lab scientists,
bioprocess engineers, regulators, and manufacturers work closely
with one another at different stages to understand the upstream and
downstream requirements of their collaborators. Integrating work
streams in this fashion introduces unforeseen efficiencies and in-
sights.

Integrated research thrives in the context of informal collabora-
tive communities that facilitate the transfer of tacit knowledge. Just
as informal guilds allow artisans to craft products with greater
efficiency and skill, research communities with strong working re-
lationships can translate results and negotiate solutions more effec-
tively together than they could in isolation. Cognitive anthropologists
have observed that these informal networks—or “communities of
practice”—can facilitate knowledge creation and transfer.” Com-
munities of practice engage in activities such as collective problem
solving, information and asset sharing, on-site collaboration, and
knowledge mapping.!

This cultural milieu is particularly important for vaccine devel-
opment because the knowledge required to grow and manipulate
biological material is often context-dependent (i.e., the techniques
that allow a pathogen to grow well in one lab, may not work in an-
other lab, or at a different volume). This type of knowledge is what
R&D management experts call “sticky.” Information is sticky when
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it “is costly to acquire, transfer, and use in a new location.”!! Sticky
information is most easily transferred among individuals with a
high degree of trust and familiarity.

While integrated research practices have antecedents in prewar
industrial settings like Bell Labs and General Electric, these meth-
ods gained greater currency during World War II when the mili-
tary, industry, and academia joined forces to mobilize research and
development activities.!? Vaccine development programs were most
successful when they drew on the military’s direct experience with
a particular disease. Just as military interest in weapons manufac-
turing, information systems, and machine control inspired innova-
tion, so, too, has military interest in the problems of disease control.?
Tremendous advancements in public health and vaccine develop-
ment came from a longstanding military preoccupation with patho-
genic threats. The U.S. military, in particular, made significant
contributions to over half of the vaccines developed in the twentieth
century.!*

The success of these ventures can be attributed in part to the
military’s status as a “lead user” of vaccines. Lead users are “or-
ganizations or individuals that are ahead of market trends and have

needs that go far beyond those of an average user.”’

Pairing
lead users with developers encourages innovation because these
teams yield unique insights and rapid solutions. World War II de-
velopment programs paired lead users (the military) with develop-
ers (academia and industry), further integrating research and
development. It should not be surprising, therefore, that this
collaboration yielded a significant number of new or improved
vaccines. The surprise is that the military was able to engage indus-
try in these projects. Long Shot examines historical efforts to de-
velop vaccines for national defense to reveal the factors that drove
innovation when financial returns were low but social returns were

high.

«~~ Lo~Ng sHOT 1s DIVIDED into seven chapters. In chap-
ter 1, I chart the rise of disease threats and discuss why certain
pathogens threaten national security. I outline the strategic value of
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vaccines relative to other available measures to deter and defend
against disease threats. While a robust defense hinges on many fac-
tors, vaccines continue to play an essential role in defense plans. I
propose a strategy that will allow vaccine development capabilities
to keep pace with evolving threats.

Chapter 2 outlines the theoretical framework of the book. Previ-
ous studies of vaccine innovation have had to contend with inaccurate
vaccine license data. I introduce a more comprehensive, historically
accurate data set and investigate its implications for prevailing theo-
ries on the sources of innovation in the vaccine industry. I argue
that market-driven theories of innovation are insufficient to explain
the historical patterns observed, and suggest a larger role for non-
market factors.

Chapter 3 examines World War II vaccine development programs
to reveal how the military, in collaboration with academia and in-
dustry, achieved unprecedented levels of innovation to counter war-
enhanced disease threats. While the war focused funding and
attention on the immediate problem of getting new vaccines to the
troops, the nature of the collaboration (among scientists, adminis-
trators, and industrialists) mattered as much as, if not more than,
the level of urgency surrounding the mission. Wartime develop-
ment programs forged new research partnerships and practices that
generated a record number of new vaccines.

High rates of innovation persisted in the postwar era, even af-
ter the urgency and structure of wartime programs were gone.
Chapter 4 demonstrates that participation in wartime programs
forged a set of personal friendships, institutional affiliations, and re-
search practices that sustained innovation. Formal military-industrial
research and development partnerships gave way to informal collab-
orative networks that influenced everything from which vaccines
were developed to how to develop them. An enduring sense of pa-
triotism, social obligation, and familiarity supported these networks
and influenced industry investments. A close examination of the col-
laborative relationships between the Walter Reed Army Institute of
Research and commercial vaccine manufacturers (Merck & Com-
pany and the National Drug Company in particular) illustrates how
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the military continued to influence innovation during this period,
even when the economic logic for developing a particular vaccine
was not compelling.

Chapter 5 illustrates the legal, economic, and political transfor-
mations that disrupted military-industrial networks in the 1970s
and 1980s. After the Vietnam War, military research organiza-
tions restructured and the vaccine industry consolidated. Vaccine
development activities migrated to the National Institute of
Health and to academia where publications—not products—were
prized. Rapid advances in the biosciences fractured the disci-
pline into multiple subspecialties and scattered expertise across a
wider range of research institutions and smaller biotechnology com-
panies.

Ironically, many late-twentieth-century developments that have
been celebrated as a boon for innovation—the explosion of scientific
subdisciplines and bioengineering techniques, the specialization
and dispersion of firm capabilities, and the growth of outsourcing—
have frustrated efforts to employ integrated research practices. The
present environment gives developers access to a wider range of sci-
entific expertise and sophisticated techniques, lower overhead, risk-
sharing arrangements, and near-term market efficiencies, but it also
leads to higher overall development times and failure rates. Inte-
grated research practices proved harder to pursue in this environ-
ment and innovation rates began to fall.

The events surrounding 9/11 mobilized the federal government
and the pharmaceutical industry with a renewed sense of urgency
and a spirit of cooperation reminiscent of World War I1. However,
chapter 6 demonstrates that urgency alone was insufficient to spur
innovation without the focus of integrated research programs. Fed-
eral programs spent billions of dollars on vaccine development but
they failed to support the nonmarket factors that mattered most. In-
stead, federal biodefense investments reinforced the balkanization
of vaccine research and development that has suppressed innovation
for the last several decades.

The landscape for vaccine development has changed irrevocably
since the 1970s, and it is neither possible nor desirable to reproduce
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midcentury formulas for success. History does, however, offer im-
portant lessons for our efforts to rebuild medical countermeasure
development capabilities. Chapter 7 proposes a new direction for
biodefense research and development that builds on insights from
historically successful vaccine development programs.



|
Disease, Security,
and Vaccines

WELL BEFORE THE anthrax letter attacks in 2001, a se-
ries of events in the 1990s alerted security experts to the growing
risk of biological attacks on U.S. soil. In 1992, Ken Alibek, a bio-
weapons scientist from the former Soviet Union, defected to the
United States and provided hair-raising accounts of biological weap-
ons (BW) development in his country. Working under the cover of
a government pharmaceutical agency (Biopreparat), the Soviet
Union had operated an offensive biological weapons program since
1972, the same year it signed a treaty banning the development of
these weapons.!

Russian President Boris Yeltsin banned this program in 1992,
forcing large numbers of bioweapons scientists to seek new employ-
ment. A 1997 visit to one of Russia’s largest bioweapons labs (Vektor
in Koltsovo, Novosibirsk) revealed that what was once a high-security
compound containing thirty buildings and nearly four thousand
employees had been reduced to “a half-empty facility protected by a
handful of guards who had not been paid for months.” This facility
still contains what is supposed to be the only cache of the smallpox
virus outside of the U.S. Centers for Disease Control and Preven-
tion (CDC). This visit led arms control experts to fear that samples
of the virus might have escaped to other countries, along with some
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well-trained bioweapons scientists, making it easier for other state
and non-state actors to obtain biological weapons.

By 1995, the United Nations Special Commission (UNSCOM)
confirmed that Iraq had produced and filled anthrax and botulinum
toxin in bombs, rockets, and airplane spray tanks for the first Gulf
War (1990-1991). That same year, the Clinton administration learned
that non-state actors also had an interest in mass casualty weapons and
methods when Aum Shinrikyo attacked a Tokyo subway with sarin
gas in March, and domestic terrorists bombed a federal building in
Oklahoma City in April.’ Investigations into the activities of Aum
Shinrikyo revealed that the cult had also attempted multiple biological
attacks between 1990 and 1995, including attacks on U.S. naval bases,
Narita Airport, the Imperial Palace, and the Japanese Diet.*

Aum was not the first cult to show interest in BW. In another
well-known case, the Rajneeshee cult contaminated salad bars in
Oregon with Salmonella typhimurium to influence turnout for a local
election in 1984, sickening nearly a thousand people. When state
and federal agents investigated the cult’s commune on unrelated
charges a year later, they uncovered additional plots and found germ
bank invoices for a variety of other pathogens, including Sa/monella
typhi and Francisella tularensis.’

Empirical studies from the 1990s reveal a convergence of two un-
settling trends: (1) the proliferation of bioweapons materials and ex-
pertise and (2) the increased propensity of terrorist groups to inflict
indiscriminate mass casualties. The Chemical and Biological Weap-
ons Nonproliferation Project at the Monterey Institute’s Center for
Nonproliferation Studies maintains a database of publicly known at-
tempts to acquire or use chemical, biological, radiological, or nuclear
materials.® The database shows that terrorist incidents have been on
the rise since 1985, with peaks for the use of chemical and biological
agents in 1995 and 1998. Preferred targets have changed with in-
creased emphasis on civilian populations, and biologic agents tend to
be associated with nationalist or separatist objectives, the desire to
retaliate, exact revenge, or to fulfill apocalyptic prophecies.

These findings highlight the emergence of a new breed of terror-
ist prone to indiscriminate violence. In one characterization, this
new type of terrorist is “less interested in promoting a political cause
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and more focused on the retribution or eradication of what he de-
fines as evil ... For such people, weapons of mass destruction, if
available, are a more efficient means to their ends.”” Increasingly,
this breed populates religious groups, racist and antigovernment
groups, and millenarian cults.

Databases that track the composition and activities of interna-
tional terrorists since 1968 reveal a growing number of religiously
motivated groups and a link between religious motivations and
higher levels of violence. For example, religious groups were re-
sponsible for only 25 percent of the terrorist acts committed in 1995,
and yet they accounted for 58 percent of the fatalities.® One member
of Hezbollah provided a succinct explanation for this phenomenon:
“We are not fighting so that the enemy recognizes us and offers us
something. We are fighting to wipe out the enemy.””

Naturally occurring disease threats are growing as well. After de-
cades of watching disease rates fall, experts note that the death rate
from infectious disease has been on the rise since 1980. Even if one
excludes HIV/AIDS cases, the death rate from infectious disease rose
by 22 percent in the United States between 1980 and 1992.1° A 1992
Institute of Medicine (IOM) report identified eight factors leading to
the introduction and spread of infectious disease and concluded that
each factor was trending upward."! These factors include population
growth, globalization (immigration, travel, and commerce), chang-
ing land-use patterns, climate change, and changing health-care
practices, such as the use of immunosuppressive therapies, more inva-
sive medical procedures, and the overuse of antibiotics.

By 2000, the National Intelligence Estimate (NIE) revealed that
the overall number of U.S. infectious disease deaths had doubled
since the 1980s.!2 The NIE report concluded that this trend would
continue: “As a major hub of global travel, immigration, and com-
merce with wide-ranging interests and a large civilian and military
presence overseas, the United States and its equities abroad will re-
main at risk from infectious diseases.”?

In addition to newly emerging infectious diseases, over twenty
known diseases (such as tuberculosis, malaria, and cholera) have
spread to new geographic areas since 1973.1* In most cases, these
diseases have reemerged in more virulent and drug-resistant forms.
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For example, the United States wiped out all cases of domestic ma-
laria in the 1960s, but high rates of immigration and international
travel reintroduced the disease, with approximately 1,300 new cases
per year.!” Without an effective vaccine, and in the face of growing
drug resistance, the geographic spread of malaria is increasingly
difficult to control. According to one estimate, “the first-line drug
treatments for malaria are no longer effective in over 80 of the 92

countries where the disease is still a major health problem.”!¢

¢~ As THE EVIDENCE OF disease threats mounted, a hand-
ful of health experts and security planners began to explore the
links between global health issues and U.S. national security inter-
ests. Clinton’s national security advisor, Samuel Berger, explained:
“A problem that kills huge numbers, crosses borders, and threatens
to destabilize whole regions is the very definition of a national secu-
rity threat.”V In 1998, President Clinton appointed Kenneth Ber-
nard (former U.N. international health attaché) to a newly created
senior post on the National Security Council (NSC) to examine
disease threats to security. This move, according to Bernard, was
evidence that “We have broken out of the standard approach of
dealing with international health issues, which have been seen as
solely health or humanitarian issues. Now it is seen in the broader
context of national security issues and economic development.”8

The concept of disease as a national security threat received am-
ple support in the 2000 NIE report, which grappled with the impact
of global infectious disease threats on U.S. interests.!” In that same
year, the NSC and the U.N. Security Council formally classified
HIV/AIDS as a national security threat, placing it on a list alongside
weapons of mass destruction. Rising rates of infection in Africa,
South Asia, and Russia, they reasoned, contributed to humanitarian
emergencies and military conflicts that would inhibit democratic
development abroad. In 2006, as highly pathogenic H5N1 flu strains
circulated among bird populations, the Bush administration also
placed pandemic disease on a list of national security threats and
appropriated billions to prepare for a pandemic.?’

The Obama administration formally recognized the connection
between health and security as well through the National Health
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Security Strategy (NHSS), drafted by the Department of Health
and Human Services (HHS) in December 2009.2! The goal of the
NHSS is to strengthen the nation’s ability to prevent, respond to,
and recover from large-scale health threats arising from bioterror-
ism, pandemics, or natural disasters. The NHSS does not make the
case for disease as a security threat in and of itself, but simply states:
“The health of the nation’s people has a direct impact on that na-
tion’s security.”??

The political advantages of defining health initiatives in terms of
national security are clear. Defined as such, select HHS projects
gain higher priority and a stronger claim on limited resources.?
The basic claim, however, deserves more attention: Does disease pose
a national security threat? Not everything that affects the health of
the nation’s people has a direct impact on security. Far more people
die of traffic accidents than influenza or pneumonia in any given
year, but no one believes that auto safety is a matter for the Depart-
ment of Defense.?* A working definition of biosecurity threats should
distinguish between diseases and events that threaten not just the
individual but the state as a whole.

Richard Danzig, former secretary of the navy, discriminates
between contained and uncontained catastrophes. He argues that—
unlike bombings or hurricanes, which represent “contained catas-
trophes”—natural or manmade plagues can destabilize our way of
life and “call into question our near-term abilities to recover.””
Broadly speaking, disease threatens national security when it im-
pairs the ability of a state to maintain order, defend itself, and pro-
ject power. Defined in this way, few diseases rise to the level of a
national security threat. The event (i.e., a BW attack, disruption of
the food supply through contamination or disease, a human epi-
demic) would have to be both widespread and severe to disrupt es-
sential state functions.

Not all biological threats would have to meet this catastrophic
standard to classify as a security threat, however. Political scientist
Gregory Koblentz provides a taxonomy of state-level threats that
places pandemic diseases alongside biological terrorism and dual-use
research areas (e.g., genetic engineering and synthetic biology).?¢

Within this rubric, intent matters as much as outcome. The U.S.
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government considers most forms of terrorism a security threat re-
gardless of the means (guns, bombs, or germs) or the outcome of a
particular plot. Unlike crime, which is committed for private gain,
terrorism seeks political, economic, or religious change.?”” A pan-
demic may harm a larger number of U.S. citizens than a single act of
bioterrorism, but because terrorists intend to threaten U.S. policies
and institutions, their activities cross the national security thresh-
old, even if they are relatively unsophisticated.

War, disease, and state power are strongly associated, but there are
few systematic investigations of the causal relationships among these
forces.?® Andrew Price-Smith tackles this subject through a series of
case studies in which he demonstrates that disease can have a direct
influence on military operations and state power.? High disease rates,
he argues, can destabilize the state, raising the risk of intrastate war.
Widespread disease can be both the result of and the cause of a state’s
failure to provide essential goods and services. This can lead to fear,
violence, and rioting against the state. Both directly and indirectly,
therefore, disease erodes the perceived legitimacy of the state. In
Zimbabwe, for example, where over 30 percent of the population is
expected to die from HIV/AIDS between 2005 and 2015, the virus
has weakened military institutions, law enforcement, economic
growth, and productivity. In this manner, disease affects the ability
of Zimbabwe to maintain order, defend itself, and project power.*

Disease can also amplify the impact of war and in some cases in-
fluence the outcome of military conflicts. Price-Smith uncovers
mortality data from German and Austrian archives to demonstrate
that the 1918 influenza pandemic affected combatants unequally
and influenced the outcome of World War I. War, he hypothesizes,
facilitated the spread and augmented the lethality of the virus. The
pandemic, in turn, hastened the end of hostilities by undermining
German offensive operations in the spring and summer of 1918.
The flu hit the Central powers first and crippled military operations
by elevating mortality and morbidity, reducing morale, raising costs,
and limiting the flow of troops and material to the front.

«~~ Ir oNE AccEePTs the premise that disease on a certain
scale can pose a security threat, it then becomes clear that effective
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methods of disease control confer strategic security advantages.
Vaccines offer one of the oldest and most effective methods of dis-
ease control. Military organizations have exploited this means of
protection since rudimentary methods of vaccination became avail-
able in the 1700s. General Washington famously variolated the en-
tire Continental army in 1777 to protect against the ravages of
smallpox during the Revolutionary War.?> A smallpox outbreak
from the year before had been a leading factor in the failure of the
Continental army to capture Quebec.”> While variolation was a
highly controversial procedure with severe adverse effects (includ-
ing death), Washington determined that the promise of immunity
conferred strategic advantages that outweighed the risk of the pro-
cedure.’*

Over two centuries later, vaccines continue to play an important
role in defense, diplomacy, and deterrence. And yet the national se-
curity community often overlooks the importance of vaccines and/
or takes their availability for granted. This is due partly to a relatively
weak political constituency for biodefense issues (Chapter 7) and
partly to the nature of vaccines themselves. Unlike a new weapons
system that awes onlookers with a display of fireworks, when vac-
cines work, nothing happens.

U.S. strategy to reduce biological weapons vulnerabilities has
consisted of three tactics: nonproliferation, counterproliferation,
and defense—or “consequence management.” This strategy rec-
ognizes that no single tactic is sufficient to address the threat, and
all must be pursued simultaneously. Although all three are useful,
weaknesses in preventive tactics necessitate a stronger emphasis on
defense.

U.S. BW nonproliferation policy rests on a collection of arms
control measures that have failed to prevent the spread of biological
weapons technology due to the twin challenges of monitoring and
enforcement. The Biological Weapons Convention (BWC) lies at
the heart of U.S. nonproliferation efforts. The BWC is an interna-
tional treaty (with 161 state parties and fourteen signatory states)
that outlaws biological arms. In 2001, the Bush administration with-
drew support from efforts to strengthen the verification protocol,
arguing that the draft put forth at the Fifth Review Conference
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would not effectively limit proliferation. The Obama administra-
tion upheld this decision at an annual review conference in 2009.
Given the inherent challenge of devising an enforceable verification
protocol, legally binding multilateral treaty solutions in this area
remain feeble.*

Apart from the BWC, the U.S. government supports export con-
trols through the Australia Group, a committee composed of forty
countries and the European Commission. Through a nonbinding
agreement, participating countries limit the export of materials and
technologies relevant to the production of chemical and biological
weapons to proliferant countries.’” However, given the dual-use na-
ture of the materials controlled under this agreement and the global
expansion of the biotechnology and pharmaceutical sectors, ex-
port controls of this nature are unlikely to be effective over the
long term.*®

In the future, nonproliferation policy could encompass new inter-
national laws. The Harvard Sussex Program on Chemical and
Biological Weapons Armament and Arms Limitation has called
for an international convention to criminalize chemical and bio-
logical weapons development and related activities.’* Such a law
would promulgate a valuable normative prohibition against biologi-
cal weapons and facilitate international cooperation for nonprolif-
eration. However, it may be difficult for international courts to
collect sufficient evidence to prosecute suspected violators. Histori-
cal intelligence failures (the United States seriously underestimated
Soviet BW capabilities during the Cold War and overestimated
Iraq’s prior to the second Gulf War) reveal that it can be exceed-
ingly difficult to verify biological weapons activity.*’

U.S. BW counterproliferation policy relies on deterrents, rang-
ing from surveillance and interdiction, political persuasion, and the
threat of military force to preempt or respond to a biological at-
tack.*! All of these strategies have limited utility because biological
weapons easily escape early detection, favor the attacker, and are
difficult to trace.* These deterrents are particularly weak for non-
state actors, who are less sensitive to state-level interventions such as
political persuasion and military action.
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Given our inability to limit the spread of bioweapons-relevant ca-
pabilities, and the inexorable evolution of pathogens, security plan-
ners have a clear need to emphasize defense. Phillip K. Russell,
former commander of the U.S. Army Medical Research and Devel-
opment Command, argues that the success of any response to patho-
genic threats will depend on “the rapidity of the public health
response, the effectiveness of a vaccination campaign, and, most im-
portantly, the availability of vaccine.”?

Many have questioned this relatively vaccine-centric view of bio-
defense, particularly as it applies to civilian preparedness. Vaccines
are just one piece of a multipronged response that requires a system
to detect and diagnose disease and to distribute and administer med-
icine. Vaccines are most effective when they are given in advance so
that individuals have time to build immunity. Military personnel
and first responders are able to have advance warning in some cases,
but vaccines offer an impractical first line of defense for civilians.

These arguments are valid, but some critics take them a step fur-
ther contending that the United States should shift its focus away
from vaccines altogether to emphasize postexposure prophylactics
(such as antibiotics), physical barriers (such as face masks), and social
defenses (such as quarantine). While these measures are an impor-
tant part of biodefense plans, this position overlooks the fact that
vaccines offer a vital second line of defense in postattack scenarios.
It may be impossible to predict and preempt an attack, but vaccines
can mitigate the scope and duration of an event, even if they are
administered post hoc.

Vaccines have strategic advantages in many post hoc scenarios.
First, they allow other defensive measures to work more effectively.
Efforts to build surge capacity in the health-care system, devise
quarantine protocols and decontamination procedures, and employ
protective equipment, like building filters and respiratory gear, will
all have greater success if health-care workers, emergency respond-
ers, and civilians have access to effective, fast-acting vaccines. For
example, vaccinated responders can enter biologically contaminated
areas to triage victims and administer vaccines, which will shorten
quarantines. Second, vaccines can also be used to protect surround-
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ing populations from secondary waves of infection. The 2009 HIN1
pandemic offers a good example of how this works. The United
States was susceptible to the first wave of infection in the spring, but
vaccines were developed by late fall in time to protect high-risk pop-
ulations against the second wave of infection when flu season re-
turned. Third, some vaccines, such as the smallpox vaccine and the
anthrax vaccine (in combination with antibiotics), can be used for
postexposure prophylaxis. Fourth, vaccines would be valuable in re-
load scenarios where terrorists might attempt to threaten civilian
populations with repeated, undetected attacks.** As with pandemic
flu, health responders would miss the first wave of attacks, but they
could, in theory, vaccinate against subsequent attacks that used the
same pathogen.

Therapeutic countermeasures—such as antivirals and antibiotics—
are more attractive to biodefense planners in many ways. They can
defend against a wider range of pathogens and address numerous
natural disease threats, they simplify stockpile requirements, and
they are useful in a range of postattack scenarios. These broader-
spectrum countermeasures may also offer the only recourse if pop-
ulations are attacked with multiple agents simultaneously.

There are, however, no magic bullets in biodefense. While broad-
spectrum antibiotics and antivirals should be an important develop-
ment goal in any biodefense program, the widespread use of these
drugs may breed resistance. When they are used liberally across an
entire population, as would be the case in a large-scale emergency
(or even in a moderate flu pandemic), they could breed resistance
more quickly than normal use patterns would predict.

New antibiotics and antiviral therapies may also be more difficult to
develop in the near term than new vaccines.” Limited industry inter-
est has weakened the pipeline for new antibacterial drugs. Further-
more, the usefulness of these drugs is limited to bacterial pathogens,
which account for only 29 percent of the HHS’s select agent list.*6
Viral threats dominate, but antivirals are few and far between. Cur-
rently only one antiviral—Cidofovir—is indicated for smallpox, and
this drug is of limited use in a large-scale emergency. It may be inef-
fective in symptomatic patients, it must be administered intravenously,
and it costs $2,000 to $5,000 per person. A smallpox vaccine, on the
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other hand, is generally easier to develop, easier to administer in an
emergency, and costs $30 to $40 per person.

In addition to defensive value, vaccines have diplomatic value.
Japanese encephalitis and polio vaccines, for example, played an im-
portant role in the battle for hearts and minds during the Cold
War.®® The U.S. military was able to gain trust and curry favor by
offering these vaccines to populations in contested territories. If the
United States could donate an HIV, malaria, tuberculosis, or pan-
demic flu vaccine today, this gesture would yield significant diplomatic
benefits and political leverage in international negotiations. Con-
versely, should the United States fail to develop these vaccines while
another country succeeds, the United States might be forced to yield
financial and strategic assets in exchange for access to a vaccine.*’

Vaccines have additional strategic value as a deterrent.’* Simply
having a smallpox vaccine in the Strategic National Stockpile (SNS),
for example, reduces the potential effectiveness of that virus in the
eyes of the attacker and thereby reduces its attractiveness as a
weapon. With the addition of each new vaccine to the SNS, an at-
tacker is forced to search for new pathogens that are likely to be
more difficult for them to obtain, handle, or weaponize.

While vaccines are critical strategic assets, health and security
planners cannot assume that they will be available when they are
needed. In the immediate aftermath of the 2001 anthrax attacks,
Michael Friedman, a former FDA administrator enlisted by the Of-
fice of Homeland Security to coordinate industry biodefense efforts,
took comfort in the muscle of the pharmaceutical industry. He
boasted, “A lot of people would say we won World War II with the
help of a mighty industrial base. In this new war against bioterror-
ism, the mighty industrial power is the pharmaceutical industry.”!
In reality, however, vaccine development capabilities have eroded
steadily since the 1970s, rendering innovation less likely and sup-
plies more vulnerable.

Vaccine innovation rates have not merely fallen (Figure 2.1, Chap-
ter 2), they have failed to keep pace with the growing number of
disease threats facing the United States (Tables 1.1 and 1.2). New
vaccines are available for only three out of the fifty newly emerging
disease threats identified since 1973. Since the 1970s, the FDA has



Table 1.1 Development Status of Vaccines for Emerging Diseases

Appearance Disease Vaccine

1973 Rotavirus Two vaccines licensed in 2006 and
2008. (A 1998 vaccine was recalled
for causing bowel obstruction in

infants).
1974 MRSA (Methicillin
Resistant Staphylococcus)
1975 Parvovirus B19
1976 Vibrio vulnificus
1976 Cryptosporidium parvum
1977 Clostridium difficile
1977 Hantaan virus
1977 Delta viral hepatitis
1977 Campylobacter sp.
1977 Ebola virus
1977 Legionella pneumophila
1979 Cyclopsora cayetanesis
1980 Human T-lymphotrophic
virus I (HTLV-I) t-cell
lymphoma/leukemia
1981 Staphylococcus aureus—toxin
producing (TSS)
1982 Escherichia coli O157:-H7
1982 HTLV-1I
1982 Borrelia burgdorferi (Lyme disease) Vaccine licensed in 1998. Pulled off
the market in 2002.
1983 HIV
1983 Helicobacter pylori
1984 Hemopbhilus influenzae aegyptius
1985 Enterocytozoon bieneusi
1985 Vancomycin Resistant
Enterococcus (VRE)
1986 Chlamydia pneumoniae
1988 Human herpesvirus 9
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1989
1989
1990
1990
1990
1992

1992
1992
1992
1992
1993
1994
1994
1996
1996
1997

1997
1999
1999
1999
2001
2002
2003
2004
2008
2009

Rickettsia japonica
Hepatitis C
Balamutbia madrillaris
Human herpesvirus 7
Hepatitis E virus

Vibrio cholerae O139 (new strain
associated with epidemic cholera)

Bartonella henselae

Rickettsia bonei

Tropheryma whippelii

Barma Forest virus

Sin Nombre hantavirus
Anaplasma phagocylophilum
Hendra virus

Human herpesvirus 8

variant Creutzfeldt-Jakob disease

VISA/VRSA (Vancomycin-
Intermediate Resistant
Staphylococcus)

Rickettsia slovaca
Cryptococcus gattii
Ebrlichia ewingii

Nipah virus

Human metapneumovirus
SARS-CoV

H5NT1 avian flu
Monkeypox virus

Lujo virus

HINI1 swine flu

Vaccine licensed in 2007

Vaccine licensed in 2009

Note: This list does not include reemerging disease threats, such as malaria and tuberculosis.

Sources: “Accelerated Development of Vaccines,” Fordan Report (2000), www.niaid.gov/publications/
pdf/jordan.pdf; World Health Organization, World Health Report (Geneva: 1999); David F. Gordon, Don
Noah, and George Fidas, “The Global Infectious Disease Threat and Its Implications for the United
States,” National Intelligence Estimate 99-17D (January 2000); D. Morens, G. Folkers, and A. Fauci,
“Emerging Infections,” Lancet Infectious Disease 8 (2008): 710-719; A. Barrett and L. Stanberry, eds., Vac-
cines for Biodefense and Emerging and Neglected Diseases (Academic Press, 2009), 6-7.
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licensed just one new vaccine against the Category A biological
threats identified by the CDC (an updated version of the smallpox
vaccine using cell culture techniques).’?

Soon after the anthrax attacks, the FDA relicensed a 1970s ver-
sion of the anthrax vaccine to BioPort (renamed Emergent BioSolu-
tions in 2004). This license does not represent innovative activity,
however, because it relies on the same formula developed forty years
ago. The failure to license a next-generation anthrax vaccine is par-
ticularly disturbing, given that it has been a priority for the Depart-
ment of Defense since the first Gulf War in 1991.

Several factors drive demand for a new anthrax vaccine. Initially,
the Anthrax Vaccine Adsorbed (AVA or BioT'hrax) was suspected of
contributing to a constellation of symptoms associated with the
Gulf War Syndrome after it was administered to some troops prior
to the 1991 war in Iraq. While multiple studies have since ruled this
out, AVA is not suited to emergency use because it required six (now
five) shots over an 18-month period, and it was difficult to manufac-
ture.”* Most importantly, questions remain about AVA’s efficacy
against weaponized anthrax, although it is not clear that a newer
version—the recombinant protection antigen (rPA) vaccine—would
be any more effective than the current anthrax vaccine. As with
most biodefense vaccines, human efficacy trials would require the
deliberate exposure of subjects to lethal pathogens. Given such ob-
vious ethical constraints, neither the smallpox nor the anthrax vac-
cine has been clinically proven to protect humans against disease
from weaponized agents or inhalational challenge.’

Although the need for new and improved biodefense vaccines is
clear, the means for acquiring them is not. A recent study conducted
by the Defense Advanced Research Projects Agency (DARPA) and
the University of Pittsburgh Medical Center (UPMC) determined
that seventeen novel biologics (eleven of which are vaccines) are cur-
rently required to meet military and civilian biodefense needs.”
This requirement is particularly large when one considers that the
FDA licenses an average of only 0.4 vaccines annually.’® Further-
more, this low innovation rate applies to vaccines with market de-
mand. The innovation rate for biodefense vaccines is far lower
because the market pull for this class of biologics is poor at best.
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Even when biodefense vaccine development is highly subsidized,
it remains an unattractive business for most firms. Unlike seasonal
flu or pediatric vaccines, biodefense vaccines have episodic demand
from a single buyer—the government. Since they are manufactured
for a national stockpile, companies must assume that they will have
limited production runs and that expensive facilities will lie idle. As
the single buyer, the government also has an unfair advantage in
negotiating prices.

Other uncertainties further debilitate the biodefense sector. The
FDA introduced the Animal Efficacy Rule in 2002, which allowed
researchers to submit animal efficacy data in lieu of human efficacy
data. This removed a regulatory hurdle for rare diseases, but it also
introduced a scientific challenge to find appropriate animal models
for human diseases. Manufacturers have also been uncertain of their
intellectual property rights and liability in an emergency. While
the first concern remains valid (Chapter 6), recent legislation has
alleviated many liability concerns. The 2005 Public Readiness and
Emergency Preparedness Act and the Patient Safety and Quality
Improvement Act limit liability for companies producing pandemic
flu and other biodefense medical countermeasures.

One of the greatest flaws with the federal biodefense develop-
ment strategy, however, has not been its failure to engage industry,
but its preoccupation with stockpiling. There are three serious
problems with stockpiling strategies. First, the number of patho-
genic threats (natural and manmade) far outstrips our development
resources. Development is expensive (approximately $800 million
per countermeasure), time consuming (up to ten years), and risky
(failure rates reach 50 percent in late-stage development). According
to one study, costs may be even higher for biodefense products,
reaching $14 billion to develop eight medical countermeasures by
2015.%7

Second, a stockpile is a fixed defense. As such, it will not deter a
technologically advanced opponent. World War II programs dem-
onstrated that it requires far less time, money, and skill to develop a
biological weapon than it does to defend against it (Chapter 3). The
technological and economic barriers to developing an etfective bio-
logical weapon are low (relative to nuclear weapons) and getting
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lower. In 2000, the Defense Threat Reduction Agency (DTRA)
demonstrated that, in just over a year, a small group of employees
with $1.6 million could buy equipment on the open market to de-
velop biological weapon agent simulants (Bacillus globulii and Bacillus
thuringiensis).’® A 2006 study by the National Academy of Sciences
demonstrated that the growth of the global biotechnology industry
is driving down the technological, economic, and educational barri-
ers to weapons development still further.”’

Third, vaccine stockpiles are not merely impractical, they are hu-
bristic. Future biological threats are likely to be unannounced and
unfamiliar, much like the outbreak of SARS in 2002, H5N1 in 2003,
and HINT in 2009. Furthermore, epidemiological forecasts and
threat assessments are notoriously unreliable. Large-scale immuni-
zation programs against botulinum toxin in World War II, swine
flu in 1976, anthrax prior to the first Gulf War, and smallpox prior
to the second Gulf War all addressed threats that failed to material-
ize.? Conversely, military and civilian populations were not ade-
quately prepared for anthrax in 2001, SARS in 2002, or HIN1 in
2009.

Given the multitude of pathogenic threats and the limits of pre-
diction, stockpiling is best restricted to a small set of high-risk
pathogens. Smallpox and anthrax, for example, by virtue of their
communicability, stability, lethality, accessibility, ease of dissemina-
tion, and/or ability to instill public panic could generate enough
havoc to qualify as a national security threat. Smallpox and anthrax
vaccines can also be used in postexposure scenarios. Beyond this
small subset of pathogens, however, defensive, diplomatic, and de-
terrent strategies are better served by building a system that allows
quick reactions to any rapidly evolving or unexpected biological
threat, be it natural or manmade.

Given the unpredictable and inevitable evolution of biological
threats, it makes more sense to shift from a predictive stockpiling
model to a flexible response model that could yield a countermea-
sure within months rather than years of identifying a novel patho-
gen. The strategic objective of this model is to catch up to novel
threats, even if it is not possible to predict them.®!
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Any genuine attempt to pursue a flexible response model will re-
quire biodefense programs to shift their focus from specific coun-
termeasures to the development process itself. These programs
should emphasize research tools and component technologies that
will shorten the development timeline and/or introduce flexibility
into the MCM development process. Examples include rapid detec-
tion and diagnostics to speed identification of novel pathogens and
diseases, better disease models and biomarkers, DNA vaccine scaf-
folds, rapid expression systems for injectable proteins, disposable
bioreactors for agile facilities, adjuvants to induce immunity more
quickly and/or to improve the immunogenicity of DNA vaccines,
thermostable formulations, and “no-needle” delivery systems to fa-
cilitate the distribution and administration of MCMs in an emer-
gency.

While the goal of this research program is to streamline the de-
velopment process, it will still be necessary to organize research
around pathogen-specific countermeasures. The objective is to de-
velop a range of generic development approaches that can be tai-
lored to specific threats as they arise. Examples include platforms
that use viral vectors in cell culture, recombinant proteins, DNA
vaccines, and monoclonal antibodies.

The Obama administration has recently proposed a new Center for
Innovation in Advanced Development and Manufacturing (ADM) to
build rapid and flexible development processes for a wider range of
pathogenic threats.? ADMs are an important first step toward develop-
ing a reactive capability. However, an emergency MCM program
must encompass more than late stage development and manufactur-
ing. This program must integrate an entire diagnostic, development,
testing, and delivery system to maximize every opportunity to ac-
celerate timelines (Chapter 7).

This program will also require a new regulatory and legal frame-
work to support the development and delivery of emergency MCMs.
This new framework will consist of novel validation methods, inter-
national agreements to obtain pathogen samples more quickly, har-
monized data collectionstandardsto pool clinical data, emergency-use
protocols, and liability and compensation agreements. The net effect
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of these research and development programs, regulatory innova-
tions, and international agreements would be to shorten the time it
takes to identify, develop, and administer a safe, effective counter-
measure.

Improving our reactive capability is critical. When the United
States was confronted with a less familiar virus, like SARS in 2002
and 2003, our MCM apparatus never caught up to the virus. A robust
reactive capability would limit the number of casualties from un-
foreseen natural diseases that move more slowly. Even if vaccines
took six months to make, as was the case with the 2009 HIN1 pan-
demic, health-care workers would still have time to prevent second
and third waves of infection. A reactive capability could also contain
the damage from less accomplished bioterrorists (i.e., those that
have a stolen pathogen in limited supply without the knowledge or
equipment to produce more, or those that do not know how to tweak
their pathogen to evade countermeasures). Most importantly, a shift
from fixed to flexible defenses would terminate a losing battle with
an expensive, lengthy stockpiling strategy.

A reactive system will not stop a sophisticated bioterrorist or a
fast-moving pandemic, and it may not serve as a powerful deter-
rent, since attacks would still cause havoc as the United States
scrambled to respond. Furthermore, there will always be unfore-
seen stumbling blocks in the research and development process, and
it is unlikely that this program will ever produce “real-time” reac-
tion capabilities. Even under the best of circumstances, vaccine de-
velopment will be months behind an outbreak, as was the case in
2009.

In many respects, the 2009 HINI outbreak represented a best-
case scenario for a pandemic: (1) a mild outbreak in the spring of
2009 provided the United States with an early warning about vaccine
production needs in the fall; (2) the U.S. government had recently
invested in private-sector surge-production capacity following the
H5NI outbreak; (3) influenza virus tracking and vaccine production
processes are a relatively well-honed, well-compensated routine; and
(4) the government had an opportunity to issue vaccine development
contracts at least six months before the fall flu season, giving indus-
try a guaranteed market and clear production benchmarks.
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Even so, the first batches of vaccine were not available until Octo-
ber 2009, when HIN1 was already spreading through the popula-
tion. While several high-risk populations had access to the vaccine
at this time, the vaccine did not become widely available until Janu-
ary 2010, after the pandemic had already peaked in the northern
hemisphere.

The most startling aspect of the 2009 pandemic vaccine develop-
ment campaign is that it looked a lot like every other influenza vac-
cine development campaign since the 1950s, with a six- to ten-month
production run determined by the need to cultivate influenza viruses
in chicken eggs. Given the remarkable advances in cell culture tech-
niques, basic immunology, and recombinant DNA technology, it is
worth asking why twenty-first-century vaccine development cam-
paigns continue to strain under the weight of midcentury methods.
The following chapters take a deeper look at the factors that inhib-
ited progress in these critical areas toward the end of the twentieth
century.



/
Historical Patterns of
Vaccine Innovation

THE MIDTWENTIETH CENTURY is studded with glit-
tering achievements in vaccine innovation, ranging from the devel-
opment of the first influenza and pneumococcal vaccines in the 1940s
to the first polio, measles, mumps, and rubella vaccines in the 1950s
and 1960s. By the late 1970s, however, innovation began to taper off
and vaccine manufacturers began to exit the industry in droves.

In many respects, vaccines are a public good. Each individual vac-
cinated for a communicable disease confers a benefit to society by
building a firewall of immunity that can interrupt disease transmis-
sion to the unvaccinated. Aside from clean water, vaccines are also
one of the most cost effective ways to prevent disease. With few
exceptions, however, vaccines are manufactured in the United States
by the private sector, which is not obligated to provide vaccines
when they are needed.

Alarmed by industry contraction in the 1970s, government agen-
cies and think tanks sponsored studies to examine U.S. systems for
vaccine innovation and supply. The Office of Technology Assess-
ment (OTA) conducted one of the earliest studies, noting that the
number of manufacturers dropped from thirty-seven in 1967 to
eighteen in 1979.! Of these eighteen remaining companies, only
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eight were actively manufacturing vaccines for the U.S. market.
The total supply of vaccines dropped dramatically during this pe-
riod, with the number of licensed biological products falling from
385 on the market in 1968 to 150 in 1979.2 “The apparently dimin-
ishing commitment—and possibly capacity—of the American phar-
maceutical industry to research, develop, and produce vaccines,”
they concluded, “may be reaching levels of real concern.”

The Institute of Medicine (IOM) followed with another study in
1985, warning that the demand for vaccines was insufficient to sup-
port socially optimal levels of innovation. The IOM cautioned,
“Our reliance on market incentives to ensure vaccine availability
may lead to a failure to meet public health needs. Also, these incen-

tives may not result in optimal levels of vaccine innovation.”

The OTA and IOM attributed industry decline in the late 1970s
and early 1980s to poor market incentives, citing product liability
concerns, rising regulatory costs, and an unfavorable market struc-
ture. These factors, they argued, undercut profits from vaccine sales
and discouraged industry investment in vaccine research and devel-
opment. Data provided to the IOM committee from one pharma-
ceutical company indicated that their vaccine operations, which
contributed less than 5 to 15 percent of the company’s overall sales,
were responsible for 40 percent of all liability claims.’ Such data left
little doubt in the minds of IOM committee members that pharma-
ceutical companies would favor pharmaceutical over vaccine invest-
ments going forward, thus jeopardizing future rates of vaccine
innovation.S

The IOM asserted that stricter regulations had also raised the
cost of vaccine development, which further discouraged industry
investment. The 1962 Kefauver Amendments to the Food, Drug,
and Cosmetic Act introduced new efficacy and safety requirements
for Investigational New Drug (IND) applications. Initially, the
OTA noted that these amendments had no visible effect on the
number of licensed products and establishments: “During the next
five years, the number of licensed products dropped very little, from
396 to 385, and the cumulative number of licensed establishments
dropped by two.”” The new regulations were stipulated in a frag-
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mentary fashion under portions of the Public Health Service Act
and the Food, Drug, and Cosmetic Act, and the FDA did not en-
force these new standards on vaccines already on the market. In
1972, however, the FDA combined preexisting Public Health Ser-
vice (PHS) regulations with the 1962 Kefauver Amendments to cre-
ate a more stringent, uniform set of standards for vaccine safety and
efficacy and in 1973, the FDA began to exercise its authority to re-
move noncompliant vaccines from the market.

Pharmaceutical companies argued that when these regulations
were more strictly enforced, costs rose and U.S. companies became
less competitive against foreign firms. While it was difficult for the
IOM to test the validity of industry’s claims without more precise
information about their cost structures, the license record suggests
that stricter regulations may have had a short-term negative effect
on vaccine supply. Between 1973 and 1980, fifty-three vaccine li-
censes were revoked, a rate significantly higher than the twenty-two
vaccine licenses revoked in the prior eight years (1965-1972).8 How-
ever, it is not clear that these declines can be attributed directly to
the FDA. Eli Lilly, Dow Chemical, and other large license holders
exited the vaccine business during this time period, citing high lia-
bility costs, not stricter regulation, as the primary reason.

Rather than inhibiting innovation, some have argued that higher
efficacy standards have inspired innovation by allowing the most
effective drugs, rather than the most aggressively marketed drugs,
to penetrate the market.” One study demonstrated that new drug
approvals dropped after the Kefauver Amendments came into ef-
fect, but that a higher percentage of the total drugs approved had
received priority review. The FDA only grants priority to drugs that
provide a substantial advantage over existing products. So, even
though fewer drugs were approved, one could argue that those that
were approved were more innovative. !

It is harder to gauge the effect of these regulations on vaccines,
partly because vaccines had already been subject to stricter stan-
dards. Vaccines, unlike pharmaceuticals, had dual-licensing require-
ments until 1997.!' The process of scaling up from pilot lots to
large-scale production is seldom linear for biologicals so the FDA
required manufacturers to obtain a separate license for their plants
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to demonstrate that they could produce a safe, effective vaccine on
a commercial scale before the vaccine entered large-scale clinical
trials. Vaccine developers, therefore, had to make heavy up-front
capital investments in manufacturing facilities to obtain an estab-
lishment license before they knew if they had a viable product.!?
Because developers had to invest in manufacturing facilities before
a product license was assured, these investments generated a lower
internal rate of return than pharmaceutical plant investments, which
could be made after FDA approval.l> Maintenance costs are also
higher for vaccine plants because biological outcomes are more sen-
sitive and temperamental than chemical manufacturing processes.
While dual-license requirements were not new, other factors
drove up the overall cost of vaccine clinical trials during this period.
Prior to the 1970s, it was not uncommon to test vaccines in institu-
tionalized residential settings, such as military barracks, prisons,
and homes for mentally disabled children and adults. Close living
quarters bred high disease rates in a controlled setting. These con-
ditions allowed researchers to demonstrate vaccine efficacy quickly,
efficiently, and inexpensively. Abuses of the system, however, led to
large-scale reforms in clinical trial protocols. In one well-known
case in the 1960s, Saul Krugman deliberately infected children at
the Willowbrook School with hepatitis to learn how the virus was
transmitted. As result of this and other historical abuses (i.e., the
"Tuskegee syphilis study), in 1974 Congress passed the National Re-
search Act, which mandated human subject research regulations.
These reforms dramatically increased the paperwork that compa-
nies needed to file with investigational review boards and ethical
committees for human-subject testing. Over time, vaccine safety
requirements became more stringent as well and clinical trials grew
larger, longer, and more expensive. In 1980, the FDA updated the
standards for Good Manufacturing Practices (GMP), raising the
cost of vaccine manufacturing still further—by $200 million ac-
cording to some estimates.!* Chronic regulatory updates to the pro-
duction process have continued to raise costs, extend production
times, and limit the advantages of manufacturing learning curves.
Regulatory disincentives aside, economists have established that
commercial markets often fail to produce socially optimal levels of
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vaccine innovation and consumption.!”” This effect is most easily ob-
served in markets for global health vaccines and biodefense vaccines.
Demand for these vaccines falls well short of desirable levels of in-
novation and supply. Economic disincentives exist even for vaccines
with viable markets. One such disincentive is inherent to the nature
of vaccines themselves; products that offer long-term immunity af-
ter a minimal dose confound most profit-making strategies, since
pharmaceutical companies prefer high-volume repeat sales. Some
vaccines, used effectively, can eliminate their own market by eradi-
cating the disease they prevent, as was the case with smallpox.

Consumer behavior further weakens vaccine markets. People are
more willing to pay to treat acute and existing conditions than they
are to prevent an uncertain condition that might arise in the future.
This is true even if the former condition is temporary and the latter
condition is life threatening. As one industrial research scientist ex-
plained: “Curative measures are more profitable in general because
demand is always highest in the face of a salient illness. The need for
curative measures is more chronic than outright prevention, which
kills its own market after the first few immunizations. The vaccine
industry puts itself right out of business.”’ Most consumers also do
not account for the societal benefits of a vaccine when they consider
what price they would be willing to pay for it.

The structure of the market for vaccines also weakens incen-
tives for private-sector investment. Governments are often the larg-
est buyers of vaccines. The Federal Centers for Disease Control
and Prevention (CDC), for instance, accounts for over 50 percent
of all pediatric vaccine sales in the United States. As the largest
single buyer, the government exercises monopsony power to ne-
gotiate lower prices. This ability to drive down prices was apparent
in the American Enterprise Institute (AEI) report, which observed
that the ratio of public to private prices for major childhood vaccines,
such as the combined diphtheria, tetanus, and pertussis (D'TP) vaccine
and the combined the measles, mumps, and rubella (MMR) vaccine,
ranged from 25 percent to 54 percent in 1996."7 Even though the
cost of individual vaccines has gone up over the years, public pur-
chase prices are still significantly lower than the prices charged in
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private markets. On average, private prices are 42 percent higher for
pediatric vaccines and 58 percent higher for adult vaccines.!®

Industry consolidation may have stifled innovation as well.
Whereas the vaccine market had once been populated with dozens
of small, dedicated vaccine manufacturers, most vaccines today
come from five pharmaceutical conglomerates: Merck, GlaxoSmith-
Kline, Sanofi-Pasteur, Pfizer, and Novartis. As stand-alone vaccine
producers, executives chose among vaccine projects; as conglomer-
ates, executives often considered the opportunity costs associated
with vaccine investments against the blockbuster potential of phar-
maceuticals.!” The annual sales of a single cardiovascular drug like
Lipitor, for example, ($11.4 billion in 2009) amounted to half of the
annual returns for the entire global vaccine industry ($22.1 billion
in 2009). Consolidation also reduced competition among firms, fur-
ther limiting incentives to invest in vaccine innovation.?’

Since the vaccine industry consolidated in the 1980s, supply
shortages have been a perennial problem.?! Consolidation improved
profit margins by creating product-line monopolies, but it left the
vaccine supply more vulnerable to production problems within indi-
vidual companies. Whenever a plant experiences problems with a
production run, the developer often must restart the process. If they
are the sole producer, supplies can be disrupted for up to a year before
the company is able to grow and purify enough antigenic material.

In February 2002, after several companies experienced production
problems, the CDC announced that there were temporary shortages
of eight out of eleven of the most commonly administered childhood
vaccines.?? The director of the CDC’s immunization program stated
that such wide-scale shortages were “unprecedented—posing a
threat to the public health that’s far more concrete than the fears
that led so many to panic about anthrax and smallpox.”?}

The OTA and IOM wanted to demonstrate not only that supply
was becoming more fragile but that innovation was declining as
well. The OTA asserted that vaccine innovation rates had suffered,
but it could not demonstrate that the number of new vaccine prod-
uct licenses had declined over time.?* Their data indicated that in-
novation rates were holding steady. The OTA report argued instead
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that the dramatic reduction in the number of vaccine manufacturers
would eventually cause innovation to suffer. The IOM was also un-
able to demonstrate a decline. On the contrary, using the same type
of data as the OTA study (i.e., official lists of currently licensed vac-
cines), the IOM demonstrated rising rates of innovation.

Why were these studies unable to find evidence to support the
widespread perception that innovation rates were declining through
the 1970s and 1980s? A rigorous review shows that the data used in
both studies were deeply, if inadvertently, flawed.

The name and/or location of the institution responsible for regu-
lating biologics has changed seven times since the first licenses were
issued in 1903 (Table 2.1). Each regulatory body maintained an ac-
curate record of current vaccines, but did not maintain records for
companies that left the industry or for licenses that had been re-
voked. Each time regulatory responsibility changed hands, original
approval dates were either lost or reentered with a more recent date,
creating the false impression that there was a spate of innovation
with each transition. Compounding this error, in the 1970s the FDA
began to issue licenses for vaccines that were new in name only or
for license transfers between companies. These superficial name

Table 2.1 Institutions Responsible for Vaccine Regulation

Regulatory
Date Institution Body

1903-1930 Public Health Service Hygienic Laboratory PHS

1930-1937 Hygienic Laboratory NIH
1937-1948 Laboratory of Biologics Control NIH
1948-1955 National Microbiological Institute NIH
1955-1972 Division of Biologic Standards NIH
1972-1982 Bureau of Biologics FDA
1982-1987 Center for Drugs and Biologics FDA

1987-Present  Center for Biologics Evaluation and Research ~ FDA
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changes and license transfers do not represent innovative activity,
yet they account for an overwhelming 64 percent of the new licenses
issued since 1970 (Figure 2.2).

This simple misunderstanding of vaccine license data biased inno-
vation studies. The OTA based its analysis on the BOB’s list of cur-
rently approved vaccines in 1979, and the IOM relied on the FDA’s
list in 1983. Neither list accurately recorded original approval dates
and by 1983, the FDA list was missing more data than the BOB list
had been. The OTA listed forty-nine vaccine licenses issued since
1903 and found no significant changes in historical rates of innova-
tion.?> The IOM listed only thirty-four significant vaccine introduc-
tions since 1903. Even though the IOM recorded fewer introductions,
their study suggested that innovation rates had increased consider-
ably since the 1940s, simply because they underreported historical
rates of innovation (Table 2.2).

Table 2.2 Historical Patterns of New Vaccine Product Introductions

OTA (1979) TOM (1985)
BOB, “Currently ~ FDA, “Currently =~ Historical Record
Licensed Licensed of Vaccine

Vaccines in 1979”  Vaccines in 1983”  License Data®

Before 1940 10 Not recorded 11
1940-1949 9 4 1
1950-1959 10 2 9
1960-1969 10 10 10
1970-1979 10 14 8
1980-1989 4 (1980-1983) 2
1990-1999 5

a. Office of Technology Assessment, A Review of Selected Federal Vaccine and Immuniza-
tion Policies: Based on Case Studies of Pneumococcal Vaccine (Washington, DC: U.S. Gov-
ernment Printing Office, 1979), 31. See Table 5.

b. Institute of Medicine, Vaccine Supply and Innovation (Washington, DC: National
Academies Press, 1985), 50. See Table 4.3.

c. Appendix 1.



40 Lo~ SHOT

When one applies OTA/IOM methodologies for selecting new
vaccine licenses to a more accurate dataset (i.e., one that includes
original approvals and excludes licenses for noninnovative activity),
clear differences in innovation patterns emerge. Table 2.2 demon-
strates that innovation rates have not held steady (OTA study) or
risen (IOM study), but have, in fact, fallen.

Biases arising from inaccurate historical data are also evident in
more recent studies. The AEI asserted that the vaccine industry ex-
perienced a “renaissance” in the 1980s and 1990s.26 Without clear
data to support their claims, the authors used individual anecdotes
to extrapolate industrywide trends. They cited individual cases of
new vaccine development since the late 1980s: Haemophilus influenza
type B, hepatitis A and B, varicella, and acellular pertussis.”’” The
authors also cited rising research and development investments as
evidence.?® They indicated that the portion of company research
and development budgets devoted to biologicals fell from 5 percent
in the early 1970s to less than 2 percent in the early 1980s but that
investments rebounded after 1986 from 4 percent to 5 percent in the
early 1990s.?” These increases, they concluded, reflected new tech-
nological opportunities in genetic engineering and peptide chemis-
try and improved economic incentives following the passage of the
1986 National Childhood Vaccine Injury Act, which created a no-
fault system for vaccine-related injuries.

While larger investments may have reflected optimism, they did
not translate into a higher number of new vaccines relative to previ-
ous decades. In reality, innovation rates continued to fall through

the 1980s and 1990s (Figure 2.1).

«~~ To OBTAIN AN ACCURATE picture of innovation pat-
terns, I constructed a new database that contains the original ap-
proval dates for new vaccines. Because original materials were often
discarded with each transfer in regulatory authority, a reliable cen-

tral repository for historical vaccine license data does not exist.*

Through the Freedom of Information Act (FOIA), I obtained a par-
tial list of all vaccines licensed since 1903 from the Center for Bio-
logics Evaluation and Research (CBER). Unlike the FDA’s list of



Historical Patterns of Vaccine Innovation 41

currently licensed vaccines, this list includes some vaccines that are
no longer licensed or marketed in the United States. CBER warned,
however, that they could not guarantee the accuracy of original vac-
cine approval dates before 1987, when they began to maintain their
own database.’!

I drew from a wide range of primary and secondary resources
to restore obsolete licenses and to obtain accurate dates for exist-
ing licenses. These included historical PHS publications, com-
pany product records, correspondence in industry and federal
archives, and historical anthologies of vaccine development.’? I
checked the accuracy of these historical records and CBER’s data
against less detailed information released in publications issued
from each agency responsible for the regulation of biologics over the
past century. Through these methods, I was able to correct several
dozen entries on CBER’s official dataset and to restore 99 license
entries that had been lost over the years in agency shuffles. CBER’s
list contained 239 vaccine licenses for 1903-1999, whereas my re-
search yielded a final list of 338 licenses for this period (Appen-
dix 1).3

Figure 2.1 uses this new dataset to illustrate the best existing ap-
proximation of vaccine innovation patterns in the twentieth cen-
tury.** This figure includes licenses for new or improved vaccines
and excludes licenses issued for noninnovative activity, such as su-
perficial name changes, license transfers associated with industry
consolidation, and minor changes to the indication, dosing, or for-
mula of a vaccine.® It is important to note that while this figure re-
flects technological innovation, it is not a direct measure of scientific
discovery. In many cases, vaccine licensures lagged decades behind
the scientific breakthroughs that enabled their development. In this
respect therefore, Figure 2.1 reflects industry’s ability to translate
discoveries into licensed vaccines.

Figure 2.2 illustrates the discrepancy between innovative and
noninnovative activity in the latter half of the twentieth century.
Licenses representing noninnovative activity form a significant por-
tion of the licenses issued since the 1970s for several reasons. Due to
heavy industry consolidation during this period, many licenses for
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Figure 2.1. Licensed Vaccines Representing Innovative Activity

previously developed products were transferred to new or merged
companies, with each transfer resulting in a “new” license for
the new owner. Further, when the FDA assumed responsibility for
the regulation of biologics from the National Institutes of Health
(NIH) in 1972, they lost many original approval dates and entered
newer approval dates for older vaccines. Finally, in the 1980s and
1990s, the FDA began to issue product license supplements for
minor changes to the formula, dosing, or indication for a vac-
cine. Together, these recording practices account for the appar-
ent burst of innovative activity in the latter half of the twentieth
century.

This new data set yields a very different picture of twentieth-
century innovation. Contrary to earlier studies, Figure 2.1 demon-
strates that innovation peaked in the 1940s. While innovation
remained relatively robust in the 1950s and 1960s, it has steadily
declined, with the largest drop occurring in the 1970s. These find-
ings support the original concerns that motivated the OTA and
IOM reports and counter claims that the vaccine industry experi-
enced a rebirth of innovative activity in the 1980s and 1990s. More
importantly, these results do not support traditional market-based
explanations of vaccine innovation.

Previous investigations of vaccine innovation and supply have fo-
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cused on the role of market factors.*® Historians argue that techno-
logical innovation is a function of economic incentives, individual
firm capabilities, and the available stock of “scientific knowledge” or

937

“technological opportunities.”’ Recent investigations of vaccine

development also interpret innovation patterns with reference to
the profit-maximizing behavior of commercial vaccine developers.*
The vaccine innovation patterns presented in Figure 2.1, however,
do not submit to prevailing theories on the sources of innovation in
industrial settings. Three key innovation factors—incentives, ca-
pabilities, and knowledge/opportunities—were weak for the vac-
cine industry in the 1940s and 1950s, when innovation rates were
high, and stronger in the 1980s and 1990s, when innovation rates
were low.

The market rationale for vaccine development was at least as
unattractive in the 1940s as in the 1980s. The long-term outlook
for the vaccine market looked particularly grim after the success-
ful introduction of sulfa drugs in the 1930s to treat bacterial in-
fections. Developers feared that new antiviral medications would
not be far behind and that vaccines would go the way of the
buggy whip.

Monopsony power dynamics existed during this period as well
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because government purchases for military vaccines dominated the
market.’” According to wartime records from the National Drug
Company, nearly 100 percent of its output supplied the armed forces
during World War IL* After a brief slump in government vaccine
purchases immediately after World War 11, the government became
the largest single buyer of vaccines again during the Korean War,
accounting for 50 percent of all sales at National Drug. Large gov-
ernment contracts brought sales to an all-time high of $2 million in
1951, yet the low prices negotiated for these contracts diminished
margins considerably. By 1953, A. B. Collins, president of National
Drug, acknowledged that net earnings were falling despite record
sales.

It appears that many companies maintained vaccine divisions
during this period, not entirely for economic reasons, but partly out
of a sense of public and patriotic duty. One industrial research sci-
entist observed that “all pharmaceutical companies had a vaccine
business and looked at it as a public service by the company, not as
huge revenue generators, which they weren’t.”"!

In many respects, the long-term economic outlook for vac-
cines improved dramatically toward the end of the twentieth cen-
tury. By the early 1980s, profits began to improve. Don Metzgar, a
vaccine research scientist at Aventis Pasteur (formerly Connaught)
during this period, observed, “Ironically, Connaught began to
make more money on vaccines when litigation became so preva-
lent. We couldn’t get insurance because the price had gotten so
high . .. Connaught started to charge more money to cover self-
insurance needs. There was a period of time when we didn’t sell
anything—almost drove ourselves out of the market. Eventually,
other companies began to look at what we were doing and followed
suit.”*

Pricing data from that time period supports Metzgar’s observa-
tion. Since 1985, vaccine prices have been rising in real terms at a
faster rate than consumer and producer price indexes.” Data pro-
vided by the CDC demonstrate that vaccine prices, relatively low
and stable through the 1970s, jumped considerably in the late 1970s/
early 1980s and continued to rise through the 1990s.** The price of
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a common pediatric vaccine, DTP, for example, jumped 2,847 per-
cent between 1977 and 1991.%

Vaccine prices continued to grow through the 1980s and 1990s as
well. In 1986, the government placed a surcharge on the sale of all
vaccines to create a fund to manage liability claims. This program
removed the need for industry to self-insure through price hikes,
but companies continued to raise their prices.*¢ The cost of immu-
nizing a two-year-old doubled from 1999 to 2002, as higher-priced
new childhood vaccines—such as the varicella and conjugate pneu-
mococcal vaccines—were added to the recommended immunization
schedule.*’

The competitive landscape for vaccine production changed as
well. Consolidation gave surviving firms a greater controlling share
of the market. The four largest remaining firms (at the time)—
Merck, Wyeth, Aventis Pasteur, and GlaxoSmithKline—went from
controlling 50 percent of the U.S. market in 1988 to controlling
75 percent to 80 percent in 2001.*® Several of these firms developed
monopolies in noncompeting product lines. Merck, for example,
became the sole supplier of MMR and varicella vaccines. Wyeth
supplied the DTP and conjugate pneumococcal vaccines, while
Aventis Pasteur supplied the meningitis, polio, and yellow fever
vaccines.

Consolidation provided a countervailing force to government
monopsony power in price negotiations. In 1987, federal contract
prices were 75 percent less than catalogue prices; by 1997, they were
only 50 percent less.*” The overall size of the vaccine market was
growing as well. According to one study, the global vaccine market
increased 10 percent a year during the 1990s.%°

The long-term need for vaccines was becoming increasingly ap-
parent as well: nearly eighty new infectious diseases had emerged
(and reemerged) since the 1970s, antibacterial resistance had grown,
few effective antivirals had been developed, and biosecurity threats
had become more salient (Chapter 1). As generic competition grew
and research and development productivity fell, manufacturers have
begun to regard growth opportunities in the vaccine sector with
greater interest. New funding sources (through the Gates Founda-
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tion) and novel financing mechanisms (such as advance market com-
mitments) have also begun to fill development pipelines and expand
markets.

The vaccine industry has enjoyed exceptional technological op-
portunities in the late twentieth century as well. In the 1940s, re-
search scientists relied on imprecise and inefficient methods to grow
viral cultures for vaccine production. Viral cultures for the small-
pox vaccine were grown and scraped off cow bellies, for example,
whereas now researchers can more safely and reliably grow viruses
in cell cultures. Midcentury bacterial fermentation techniques were
also temperamental and unsophisticated by today’s standards. By
the 1980s and 1990s, advances in molecular biology and genetic en-
gineering created new opportunities for precision and purity, per-
mitting scientists to engineer immunogens apart from the whole
pathogen and thereby develop safer vaccines.

To capitalize on these opportunities, the pharmaceutical industry
was investing a greater portion of its research and development bud-
get in biologicals. Before World War I, few vaccine developers set
aside significant earnings for in-house research, and some commer-
cial firms maintained no more than five scientists on staff. Since the
1940s, however, in-house research and development capabilities have
grown dramatically and vaccine developers now employ hundreds
of research scientists.

As the biotechnology revolution gained momentum in the 1980s,
the number of small, dedicated biotechnology firms grew from a hand-
ful in the 1970s to 1,457 in 2001.°! Larger established firms also began
to form partnerships with academia and to build their own capabilities
in molecular biology and genetic engineering. The pharmaceutical
industry’s research and development budget for biologicals rose from
2 percent to 4 percent of total spending between 1985 and 1990.%2

Even so, greater economic incentives, technological opportunities,
and firm capabilities did not correlate with higher rates of vaccine in-
novation during the latter half of the twentieth century.’* One could
argue that innovation rates had fallen because midcentury develop-
ers had already picked the low-hanging fruit, leaving only those
vaccine candidates that posed larger scientific and technological
challenges to be developed. The protracted struggle to develop an
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HIV vaccine offers strong evidence for this argument. While HIV
vaccines pose exceptional scientific and technological challenges to-
day, it is worth recalling that many midcentury vaccines were not
considered easy targets at the time either. The first pneumococcal
vaccine (licensed in 1948) was a radical innovation by any standard
since it was the first successful use of capsular polysaccharides to
generate an immune response. Other momentous achievements in-
cluded the first use of eggs to cultivate viruses for yellow fever and
influenza vaccines (the 1930s and 1940s), and the use of kidney tis-
sue cultures to cultivate polioviruses (the 1950s).

The low-hanging fruit argument also fails to explain why vaccine
developers have failed to “pluck” many of the technologically feasi-
ble vaccines languishing in the pipeline today, such as the recombi-
nant protective antigen anthrax vaccine. Most of these vaccines stall
in late-stage development, not for scientific or technical reasons, but
for a collection of organizational and financial reasons discussed in
chapters 5 and 6.

In sum, traditional market-based formulas for innovation in in-
dustrial settings predict that greater economic incentives, techno-
logical opportunities, and firm capabilities in the latter half of the
century should have led to a corresponding rise in innovation rates.
Yet the data demonstrate a decline. These findings suggest that a
wider range of factors influenced innovation patterns in earlier de-
cades. Which factors have not been considered, and when did these
factors trump traditional market factors?

To answer these questions, I surveyed the developmental history
of vaccines licensed in the United States during the twentieth cen-
tury. In each case, I identified the original license for a new vaccine,
the developer, and the type of innovation each new license repre-
sented (Appendix 2).°* Scientists developed vaccines for twenty-
eight diseases in total between 1903 and 1999. These new vaccines
hailed from a wide range of institutional settings (public, private,
and hybrid arrangements), but a few stand out for the number and
quality of their contributions. Military research institutions made
significant contributions to eighteen of the twenty-eight vaccine-
preventable diseases (Appendix 3), and Merck & Company made
extensive contributions to ten of these. While the talents of specific
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scientists were critical, the presence of innovation clusters suggests
that institution-based research practices and collaborative networks
played an important role as well.

By prying into the developmental history of these vaccines, I was
able to move beyond strict input (research and development budget,
personnel, lab space) and output analyses (number of new products)
to examine what happens inside the development process itself. This
historical approach illuminates our understanding of vaccines for
three main reasons. First, decisions about whether to develop vac-
cines, and which vaccines should be developed, are not wholly de-
termined by the market. Historically, other institutions (such as the
military) have prevailed on firms to develop and license vaccines,
even when market conditions were poor.’® Second, vaccine develop-
ment is a highly interdisciplinary endeavor that requires contribu-
tions from a wide variety of experts and institutions. The firm
obtaining the license, therefore, is never the sole source of innova-
tion; the incentives and contributions of collaborative partners must
be taken into account as well. Third, vaccine development requires
the manipulation and growth of microbial and/or mammalian cells,
activities that do not always yield predictable results. The develop-
ment process is laden with tacit knowledge that can be difficult to
transfer from lab to lab or person to person. To understand why
certain projects succeed or fail, therefore, it is useful to examine
working relationships among collaborators.

This historical approach sheds new light on the research practices,
institutional networks, and working relationships that drove innova-
tion. Viewed through this lens, it appears that a collection of
nonmarket factors had a strong influence on twentieth-century in-
novation patterns. While these practices were often employed by
market-driven firms, they were not always in themselves a response
to market pressures, but a reflection of the ideologies, habits, poli-
tics, and values of a particular community of vaccine developers.
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WAR AND DIsEASE have gone hand in hand for centu-
ries. As one historian has observed: “More than one great war has
been won or lost not by military genius or ineptitude, but simply
because the pestilence of war—from smallpox and typhoid to chol-
era, syphilis, diphtheria, and other scourges—reached the losers be-
fore they infected the winners.”!

Training camps and battlegrounds magnify the spread and severity
of disease.? They bring men from different geographical regions into
close contact with one another. These men are often physically stressed,
or wounded, and disease spreads easily. Prior to World War II, soldiers
died more often of disease than battle injuries.’ The ratio of disease to
battle casualties was two to one in the Civil War and approximately
five to one during the Spanish-American War.* Severe losses, from
typhoid fever in particular, inspired the U.S. Army to sponsor the re-
search of Major Fredrick Russell, who succeeded in developing an ef-
tective typhoid fever vaccine for the military in 1909.

Improved sanitation measures lessened disease casualties in World
War I, but failed to protect troops from the 1918 influenza pan-
demic. Military populations were particularly hard hit. According
to some estimates, influenza accounted for nearly 80 percent of the
war casualties suffered by the U.S. Army during World War 1.
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The 1918 influenza pandemic first appeared in the United States
atan army training camp at Fort Riley, Kansas, in March, sickening
hundreds. By September, the flu spread to Camp Devens, Massa-
chusetts. By October, it crossed the country, infecting recruits at
the University of Washington Naval Training Station. Troop move-
ments facilitated global transmission, contributing to three near si-
multaneous outbreaks in the port cities of Boston; Brest, France;
and Freetown, Sierra Leone, in that same year. The flu spread rap-
idly from these port cities, claiming approximately fifty million lives
worldwide.®

Thomas Francis, Jr., professor at the New York University College
of Medicine and chairman of a commission that coordinated re-
search on the influenza vaccine during World War II, feared that
the war would generate the epidemiologic conditions for another
pandemic. He remarked: “The appalling pandemic of 1918 in the
last months of the exhausting conflict of World War I, with mas-
sive mobilization of armies and upheaval of civilian populations,
has irrevocably linked those two catastrophes. It demonstrated that
virulent influenza may be more devastating to human life than war
itself.”’

Fearing another pandemic, war planners began to make unprec-
edented investments in infectious disease research and vaccine de-
velopment through intramural and extramural projects conducted
through the Office of Scientific Research and Development (OSRD)
and the Army Surgeon General’s Office (SGO).

Military planners were also concerned about biological warfare.
They reasoned that “the devastation wrought by the natural part-
nership of war and pestilence has scarred the face of history so
deeply that it is only logical that military men in search of offensive
weapons should consider the intentional use of disease-producing
agents.”®

Often war planners did not distinguish between the threat of
natural and intentional forms of disease, in part because the distinc-
tion was difficult to make. The influenza pandemic of 1918, for ex-
ample, had been so severe, so unprecedented, and so devastating to
U.S. troops in particular, that Office of Strategic Services (OSS)
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intelligence reports suggested that the Germans had deliberately
unleashed the disease.’

James Simmons, chief of the Preventive Medicine Division in the
SGO, was an early proponent of programs to defend against bio-
logical weapons. While stationed in Panama in 1934, he became so
“impressed with the hazard of yellow fever and its possible inten-
tional introduction that he prepared an informal plan to counteract
such a move in the event of war.”!? In January 1941, Simmons rec-
ommended mandatory vaccinations for all servicemen in tropical
stations. Biodefense planning gained momentum as a series of in-
telligence reports fed anxieties that Axis nations were investing in
biological warfare capabilities.!! Although intelligence officers fol-
lowed German activities intently, initial reports indicated that the
Japanese had a far greater interest in biological weapons. According
to one account, a Japanese doctor had attempted to acquire yellow
fever virus from the Rockefeller Institute in New York in 1939.
When he failed to obtain it by request, he purportedly attempted to
bribe an employee.!? There was also evidence that the Japanese had
trained over two thousand parachute troops as a “bacteriological
warfare battalion.”??

In the summer of 1941, intelligence sources implicated the Ger-
mans in biological warfare activities. According to an OSS report
known as the Bern Report, Professor Menk from the School of Trop-
ical Medicine in Hamburg had been trying to weaponize botulinum
toxin in a lab outside of Paris. While the Bern Report contained sev-
eral widely recognized inaccuracies, military planners required little
evidence amid the fear and suspicion surrounding German activities
prior to the war.'* An in-house history of the SGO refers to the Bern
Report as an “opportune piece of intelligence which fell into hands

well prepared to receive it.”?’

The history pointedly notes: “Planted
on the fertile soil of the interest shown to the subject by the Surgeon
General’s Office and Chemical Warfare Service, it appears as if the
MA Bern Report took root, flourished exceedingly and formed the
excuse, as it were, for the events that followed.”'

Despite mounting evidence of Japanese interest in biological

weapons (BW), it was not until the Germans were implicated that



52 Lo~ SHOT

the SGO began to clamor for BW research programs. Simmons
sent a memo to Harvey Bundy, special assistant to the secretary of
war, demanding that “serious consideration should be given to the
advisability of developing facilities within the Medical Department
for intensive research on methods for preventing diseases of man,
lower animals, or plants that might be introduced artificially by

military enemies.”!’

The U.S. surgeon general, Thomas Parran,
also began to alert civilian officials to the threat of biological war-
fare. Addressing a mayors’ conference in 1942, Parran presented the
threat of biowarfare in stark terms, asserting, “The enemy has
planned and, in my opinion, will use bacteriological warfare when-
ever possible.” Such tactics, he warned, “can be as deadly as mustard
gas or explosives.” He urged the mayors “to begin at once to take
every possible precaution and to get expert advice.”!8

Academic experts were less convinced of the biological warfare
threat. In October 1940, Vannevar Bush, chairman of the National
Defense Research Committee, and Lewis Weed, chairman of the
Division of Medical Sciences at the National Research Council
(NRCQ), asked the Health and Medical Committee of the Council of
Medical Defense if the nation was prepared to handle a biological
attack.!” The council, in turn, asked the National Institute of Health
(NIH) and the National Academy of Sciences (INAS) to study the
issue and evaluate the threat of biological warfare. An NTH commit-
tee of special consultants—mainly university scientists—concluded
that “biological warfare was not considered practicable or as consti-
tuting a menace to the country.”?°

Dissatisfied with the initial NTH expert assessment, the secretary
of war, Henry Stimson, asked Weed to appoint another group to as-
sess the threats and opportunities posed by biological warfare. Weed
formed a joint committee of members from the NRC and the NAS,
known as the War Bureau of Consultants (WBC), comprised of Al-
fred Newton Richards, chairman of pharmacology at the University
of Pennsylvania; Lieutenant Colonel Jacobs, GSC; Colonel M. E.
Barker, CWS; Colonel Simmons; R. Harrison, chairman of the
NRC; and Weed. By the time this committee convened, however, the
question was no longer whether the United States should proceed
with a BW program, but rather, who would be responsible for it.
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After the bombing of Pearl Harbor in December 1941, military
and civilian officials launched into full-scale offensive and defensive
preparations for biological warfare. Military planners shared Fran-
cis’s concern that a new war would unleash another influenza pan-
demic, along with a host of other diseases, and the government
began to invest in large-scale, federally coordinated vaccine devel-
opment programs.

Intramural and extramural research projects were administered
through the U.S. Army’s SGO, the Committee on Medical Re-
search (CMR) division of the Office of Scientific Research and Devel-
opment (OSRD), and, in some cases, the War Research Service
(WRS).2!

The Army’s Preventive Medicine Division directed in-house re-
search programs, using a network of international laboratories and
the Army Medical Graduate School (AMS) in Washington. Prior to
the war, these programs were chiefly concerned with the diagnosis,
prevention, and treatment of typhoid dysentery, typhus, and syphi-
lis. In 1941, Stimson created the Board for the Investigation and
Control of Influenza and other Epidemic Diseases (BICIED).??> Ad-
ministered through the Preventive Medicine Division, this seven-
member board directed ten commissions and one hundred civilian
scientists.

These commissions enlisted the top infectious disease specialists
in the country—from universities, hospitals, public health labs, and
private research foundations—to conduct epidemiological surveys
and to develop and test preventive measures against diseases of mil-
itary importance such as influenza, meningitis, encephalitis, acute
respiratory diseases, measles, mumps, pneumonia, typhus, and rick-
ettsial diseases.?> With the exception of the Respiratory Disease
Commission Laboratory at Fort Bragg, North Carolina, the War
Department contracted these scientists to conduct research at their
home institutions on a part-time basis. According to Stanhope
Bayne-Jones, deputy chief of the Preventive Medicine Division dur-
ing the war, BICIED contracts were designed to permit the army to
outsource research they were not qualified to perform, while gain-
ing access to “valuable services and facilities in the leading institu-

tions in the country.”**



54 Lo~ SHOT

The CMR also contracted civilian scientists to conduct vaccine
research for the military.”> The CMR was created to tap expertise
within the Division of Medical Sciences (DMS) at the NRC, since
the NRC was not a government agency and by law could not obtain
congressional funding to administer a large-scale contract research
program. The CMR was chaired by Richards and administered by
three presidential appointees and one representative each from the
offices of the secretary of war, the navy, and the Federal Security
Agency. Lewis Weed, chairman of the DMS, was elected vice chair-
man of the CMR. The directors of individual DMS committees
were appointed as consultants to the CMR.

Members of the organizing WBC committee agreed from the
start that defensive and offensive biological programs must be kept
nominally, if not institutionally, separate. The SGO would admin-
ister defensive research programs and the WRS would direct offen-
sive research. The WBC committee suggested that research on
biological weapons should be governed by a civilian agency with the
harmless title of the War Research Service (WRS). While George
Merck, CEO of the pharmaceutical company that bears his name,
agreed to direct the WRS, institutional responsibility for the WRS
was passed around like a hot potato. Vannevar Bush, director of the
newly formed OSRD, recalled many years later that “Mr. Stimson
did not want this thing in the War Department, and I did not want
itin OSRD. So we inserted it in an agency headed by Paul McNutt.
I don’t think Mr. McNutt knew he had it.”?¢ Thus, as Merck re-
called, biological warfare research was taken “under the wing and
the cloak of the Federal Security Agency.””’

Offensive BW research was hidden in a civilian research service
during the first half of the war “for the purposes of security and for
protecting the armed services from public involvement in biological
warfare.””® The newly founded WRS coordinated the activities of
the military, Public Health Service (PHS), Department of Agricul-
ture, FBI, and OSS that pertained to biological warfare, while re-
moving responsibility for these activities from those jurisdictions.
The service formed two civilian advisory committees to consider
the offensive and defensive aspects of biological warfare. According
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to a WBC committee report, they “would in effect be one, but. . .
separate reports would be prepared for transmittal to the OSG and
the CWS, respectively.”?’

Maintaining strict separation between offensive and defensive
projects proved difficult. A WRS memorandum regarding U.S. bio-
defense programs acknowledged that “it is impossible, however, to
visualize all the possibilities inherent in bacterial warfare if the ques-
tion is considered purely from the defensive standpoint. The assump-
tion of an offensive viewpoint is absolutely necessary.”*® The memo
concluded, “It is believed that such warfare is of sufficient impor-
tance to warrant asking the help of the OSRD.”*!

Thus offensive and defensive research objectives were entwined
from the start, and biowarfare concerns motivated a number of vac-
cine development projects, such as the development of yellow fever,
plague, botulinum toxoid, and typhoid vaccines.

A sense of urgency was evident outside of the government as well,
as federal officials received numerous offers of assistance from in-
dustry and academia. Richards, chairman of the CMR, which coor-
dinated many vaccine development projects under OSRD, marveled
at the “unselfish zeal, co-operative spirit, and the competence with
which our civilian investigators, laying aside more agreeable pur-
suits, entered into the attack on problems whose solution was vital
to our fighting forces . . . Never before, we believe, has there been so
great a coordination of medical scientific labor.”*?

A collection of influential scientists and industrialists had al-
ready begun to lay the groundwork for more cooperative business-
government relations in support of science during the New Deal era.
Individually and collectively, men such as Karl Compton (president
of MIT), Gerard Swope (president of General Electric), Isaiah Bow-
man (chairman of the National Research Council), and Frank Jewett
(president of the National Academies of Science and vice president of
the American Telephone and Telegraph Company) believed that cor-
porations should support national planning goals.** These corporate
liberals reacted, in part, to the charge that advances in science and
technology had hastened the Great Depression by displacing factory
workers from jobs. By taking proactive steps to work with govern-
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ment agencies, corporate liberals hoped to both preempt stricter fed-
eral control and to demonstrate that science and technology were
not the source of—but the solution to—the nation’s problems.

Many ideological and practical barriers to closer cooperation
eroded in the face of war. The Roosevelt administration made pro-
business concessions (such as accelerated amortization measures) to
encourage industry to make capital investments in strategically im-
portant sectors. Industry also became more willing to convert pro-
duction lines over to mobilization efforts and to accept low margin
contracts as the war intensified. Academic opposition to a techno-
cratic reorganization of the nation’s research and development ap-
paratus softened as well and universities redirected the activities of
their best researchers to government programs.

Remaining opposition to these cooperative arrangements was
tempered by an implicit understanding that all provisions would be
temporary. Irvin Stewart, deputy director of the OSRD, believed
this short-term mentality accounted for much of the organization’s
success. He wrote, “The organization was built on a temporary ba-
sis, drawing upon the best available men for relatively short periods
of time without disturbing their regular academic or industrial con-
nections in most cases. This was possible largely because of the
pressure of impending and actual war, which made men available
whose service could not have been obtained on any comparable scale
in normal times. The leaders of OSRD were always keenly con-
scious of this fact, which however completely escaped many people
on the outside who, seeing the success of OSRD, called for its reten-
tion in peacetime. This could never be done.”**

From the outset, there were signs that intense, coordinated effort
could not be sustained. Research and development contracts were
issued on a “no loss, no gain” basis. While these contracts covered
the cost of research to the performing institution, and occasionally
calculated overhead to cover indirect costs of research, they were
not designed to be profitable. Furthermore, wartime research did
not free investigators of their professional obligations entirely.
Richards noted that “although in most cases financial loss to the
nonprofit institutions was avoided, there can be no question of the

735

strain put on many of the investigators themselves.”” This was es-
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Figure 3.2. Federal Institutions Associated with World War II Vaccine Programs
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pecially true in universities and medical schools, where, in addition
to performing research under war contracts, research scientists and
physicians were expected to train new doctors at an accelerated
rate.

War placed high demands on the vaccine industry as well, pres-
suring developers to invest in an area with poor long-term commer-
cial prospects. The introduction of sulfa drugs in the 1930s, and
their success in combating bacterial infections, bred widespread
pessimism about the future profitability of bacterial vaccines. De-
velopers feared that antiviral medications would not be far behind.
According to an internal memo at the National Drug Company, one
of the oldest and most reliable vaccine producers for the military,
“the attitude at the time was that chemotherapy would eventually
bring about the complete dissolution of the biological industry.”*¢
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The Depression had further weakened consumer demand. By the
late 1930s, many companies were reducing their investments, clos-
ing plants, and consolidating activities. Even the National Drug
Company had embarked on a retrenchment program. They closed a
plant in Germantown, Pennsylvania, and consolidated all activities
into their remaining plant in Swiftwater, Pennsylvania.

As war became imminent, manufacturers reversed their retrench-
ment programs and scaled-up production to supply the armed forces.
To meet these high-volume orders, producers agreed to expand
manufacturing facilities, knowing that they would be left with ex-
cess capacity when demand slumped after the war. National Drug
expanded its biological facilities to five times the original produc-
tion capacity, to furnish the military with smallpox vaccine, tetanus,
and gas gangrene antitoxin.

Demand was almost entirely determined by military orders.
These orders, while large, were sporadic, and the government, as
the largest single buyer of vaccines, could negotiate lower prices.
These conditions did not translate into large profits for industry.

Looking back on these events, it seems remarkable that the mili-
tary was able to procure nearly all of the vaccines it needed, includ-
ing those with no foreseeable postwar market, through commercial
channels. The military procured not only vaccines for influenza and
tetanus, which did have a commercial future after the war, but also
a large number of limited-use vaccines for plague, botulism, and
Japanese encephalitis.’’

It is tempting to conclude that patriotic concerns trumped tradi-
tional profit motives. While companies certainly took every oppor-
tunity to reinforce this interpretation, industrial decision making
during national crises is more complex. Historians often reflect on
the capacity of a crisis to inspire large-scale political and economic
reform. Paul Adams argues that crises empower the government to
act unilaterally and to effect change: “World War II,” he contends,
“constituted a crisis in which state and capital were vulnerable to an
external military threat on one hand, and to internal pressures from
below (due to a compelling need for working class labor, loyalty and
sacrifice) on the other. In response to these threats, the state acted
authoritatively and relatively autonomously vis-a-vis the capitalist



60 Lo~ SHOT

class. Despite their suspicion of and hostility toward the state, capi-
talists were forced by the exigencies of war to submit to these statist,
collectivist developments.”38

Government-orchestrated vaccine development programs could
be considered examples of such “statist” developments in action, but
there is little overt evidence that the vaccine industry suffered from
a sense of grudging submission. Company presidents and research
directors appeared genuinely eager and proud to assist the war ef-
fort. Bush and Richards, upon their appointments as chairmen of
the OSRD and the CMR respectively, received countless letters
from pharmaceutical, chemical, and biological houses, sending con-
gratulations and offers of assistance.

Randolph Major, director of research at Merck & Company, wrote
Bush to assure him, “If we can so arrange our program as to be of
help in the Defense Program we shall be glad to do this.”? Major
followed up with a brochure detailing the research and manufactur-
ing capabilities of the company.*® Similarly, Hans Molitor, director
of the Merck Institute of Therapeutic Research wrote Richards: “[1
will] offer you whatever help or assistance the Merck Institute or I
personally might be able to give you. Of course you are familiar with
our general research program, which is right in line with national
defense, and with our facilities. However, since you were here last we
have further grown, both in personnel and facilities.” Richards,
prior to accepting his position on the CMR, had served as a scientific
advisor to the Merck Institute since 1929, so relations between CMR
and Merck in particular were friendly and familiar.

By all appearances, relations were amicable among the institu-
tions the WRS contracted to perform BW research as well. Accord-
ing to WRS director George Merck, the “majority of institutions
approached recognized the importance of the biological warfare
program and were eager to participate in this war effort. They gen-
erously loaned the services of their highly trained staffs and made
available, free of charge, their laboratories and equipment.”*

Cordial—if not enthusiastic—relations existed in part because an
external threat united their interests. An expectation of public rela-
tions benefits, coupled with the knowledge that all arrangements
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were temporary, may also account for industry’s willingness to over-
look immediate economic hardships. Industry may also have seen
the war as an opportunity to boost flagging productivity.

The National Drug Company emphasized the connection be-
tween vaccines and national security for this purpose. On Decem-
ber 12, 1941, every employee received a memo entitled “Remember
Pearl Harbor.” It explained: “With the actual declaration of hos-
tilities, this plant becomes, from a medical standpoint, a vital link in
the chain of National Defense, therefore it behooves us to observe
all precautions to maintain an uninterrupted flow of production.”®
Regardless of motive, rather than “submitting” to these programs,
the vaccine industry appears to have seized upon the opportunity to
improve public relations and boost productivity.*

Following a series of strikes in the defense industry, war planners
also made explicit efforts to stoke patriotism and to equate produc-
tivity with freedom. To make industry employees feel like vital
members of the war effort, the military awarded several commercial
vaccine producers with the Army—Navy “E” award, for excellence in
the production of war equipment. Addressing overworked produc-
tion crews, Lieutenant Colonel R. R. Patch emphasized the national
security value of the vaccines they were producing: “Some of you
may have questioned whether you were doing your part in the war
effort. Guns, tanks, planes and other agents of destruction are
quickly recognized by everyone as war materials. But those things
that save life or prevent the loss of life are not so easily recognized.
Yet they may be just as important as the destructive implements.
Those guns, tanks, and planes are useless without physically fit men
to operate them. You men and women have played an important role
in preventing sickness and keeping men fit to fight.”#

The Navy celebrated technological innovation and high-volume
industrial production as practical means to lofty ends. With the
presentation of each “E” award, all employees were reminded that
“by their unflagging spirit of patriotism . . . by their acceptance of
high responsibility . . . by the skill, industry, and devotion they [were]
showing on the production front of the greatest war in history . . .
they [were] making an enduring contribution not only to the pres-
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ervation of their country but to the immortality of human freedom
itself.”*6

Equating industrial productivity with freedom also offered an at-
tractive public relations opportunity. Drug stores displayed posters
depicting a pharmacist dispensing medicine, interposed between a
picture of the U.S. industrial complex and the shadow of a saluting
soldier. Apart from stoking patriotism and boosting sales, this im-
age allowed the pharmaceutical industry to present itself as the de-
fender of the nation’s health and security and it allowed corporate
liberals to depict science and industry in support of the national
welfare.

Federal programs administered through the OSRD and SGO
leveraged this wartime spirit of cooperation to forge new interinsti-
tutional and interdisciplinary alliances. While war provided the im-
petus for novel collaborative arrangements, wartime development
programs ensured their success. The top-down administration of
these programs enabled the rapid consolidation and application of
preexisting knowledge. This arrangement was particularly effective
for vaccine development, which requires the contribution of disci-
plines ranging from epidemiology, pathology, immunology, bacte-
riology, virology, and bioprocess engineering. Wartime development
programs united individuals with this diverse range of expertise un-
der a clear objective: to develop, test, scale up, and manufacture a
prespecified set of vaccines. Under this integrated structure, the
OSRD, SGO, and WRS accelerated development times by transfer-
ring people, technology, and ideas to the projects that needed them
most.

Top-down administrative structures also ensured that vaccine re-
search objectives matched military needs. The BICIED and CMR
worked closely with military planning committees to align what was
feasible with what was needed. Individual members of the CMR, for
example, held joint membership in the Division of Preventive Med-
icine in the SGO, the Navy Bureau of Medicine and Surgery, the
BICIED, the CWS, the Office of the Quartermaster GGeneral, and
in the Office of the Air Surgeon. In this manner, the CMR ensured
that military needs were well articulated and accounted for in all
research and development planning sessions. The BICIED and CMR
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also provided outside scientific and medical expertise through advi-
sory committees and professional networks. Outside experts vetted
development projects for scientific feasibility before they received
military sponsorship.

Research and military objectives were so well coordinated, in
fact, that some vaccines were developed in time for specific military
missions. The botulinum toxoid, for example, was developed for
D-day in response to inaccurate OSS reports that the Germans had
loaded V-1 rockets with the toxin. Similarly, the Japanese encepha-
litis vaccine was developed in anticipation of an Allied land invasion
of Japan.

In 1945, James Conant, director of the NDRC under Bush and
president of Harvard University, gave a succinct summary of the
method and rationale behind the OSRD’s success. In a letter to the
editor of the New York Times he wrote, “There is only one proven
method of assisting the advancement of pure science—that of pick-
ing men of genius, backing them heavily, and leaving them to direct
themselves. There is only one proven method of getting results in
applied science—picking men of genius, backing them heavily, and
keeping their aim on the target chosen. OSRD . . . had achieved its
results by the second procedure which is applicable to government-
financed research in war time because the targets can be chosen
with a reasonable degree of certainty . . . its objective was not to ad-
vance science but to devise and improve instrumentalities of war.”¥

Once research and development priorities were set, scientific,
technical, and operational decisions lay with the commission direc-
tors contracted through the BICIED and with the principal investi-
gators under the CMR. This practice was consistent with a principle
that Vannevar Bush referred to as “giving a man his head.” He ar-
gued that “this is more than a matter of scientific freedom, impor-
tant though that principle is . . . it is entirely possible to give a man
his head and yet to specify by agreement with him his objectives.”*?

These programs also benefited from simple, direct reporting be-
tween the scientists and high-level SGO, BICIED, and CMR offi-
cials. In each case, vaccine development programs placed managerial
authority with individuals who had the greatest scientific expertise.
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This top-down management structure eliminated layers of bureau-
cracy and contributed to speed and efficiency.

As Conant’s comments suggest, the success of World War II vac-
cine development programs was due less to scientific breakthroughs
than to the ability of these programs to distill and apply existing
knowledge. In many cases, the basic knowledge required to develop a
new vaccine had been available since the 1930s or earlier. Barriers to
the development of these vaccines were not scientific, but organiza-
tional, and they were best overcome through the coordination pro-
vided by these targeted research and development programs.

«~~ THE PNEUMOCOCCAL CAPSULAR polysaccharide vac-
cine was one of the most radical innovations to come from World
War II vaccine development programs. Not only did this vaccine
prevent pneumococcal infections for the first time, but it used an
entirely new method to confer immunity. As with most World War I1
vaccine development successes, a basic understanding of both the
pathogen and the disease had been established before the United
States entered the war. It was not until the war, however, that federal
programs facilitated efforts to assemble this knowledge into a new
vaccine application.

In 1927, Wolfgang Casper and Oscar Schieman at the Koch Insti-
tute in Germany, demonstrated that vaccines made from purified
pneumococcal capsular polysaccharides would immunize mice against
infection from the pneumococcal strains used to make the vaccine.
This research drew from Michael Heidelberger’s research at the
Rockefeller Institute, which indicated that substances other than
proteins could have antigenic properties. A capsular vaccine was
preferable because, unlike a whole cell vaccine that could cause
disease if bacterial cells are improperly killed or weakened, poly-
saccharide capsules could generate immunity without the risk of
causing disease.

In the 1930s, Thomas Francis, Walter Tillet, and Lloyd Felton
conducted a series of laboratory and clinical studies at the Rocke-
feller Institute to demonstrate that pneumococcal capsular polysac-
charides were immunogenic in humans. Their research identified
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the particular antigens on polysaccharide capsules responsible for
inducing an immune response and determined how to isolate and
purify these antigens to produce a vaccine. Pilot vaccines were tested
during the 1930s on volunteers from the West Coast Civilian Con-
servation Corps.*” These studies provided early evidence that poly-
saccharide vaccines offered sufficient levels of safety and efficacy.

Industry and academia lost interest in pneumococcal vaccines after
the antibiotic sulfapyridine was introduced in 1939, and physicians be-
gan substituting pneumococcal antisera with sulfonamides. Sulfon-
amides were less expensive, easier to administer, and considered safer
and more effective against a wide spectrum of pneumococci.

All efforts to develop a new vaccine to induce active immunity
would likely have come to a halt if the military did not have an en-
during interest in population-based preventive measures. Vaccines
remained more attractive to the military for the simple reason that
avaccine would reduce the overall number of sick days for the armed
forces more effectively than therapeutic measures. To this end, the
BICIED formed the Commission on Pneumococcal Diseases to
continue the search for a pneumococcal vaccine.

Since the scientific feasibility of this vaccine had already been estab-
lished, the remaining challenge for the pneumococcal commission
was to apply this knowledge. Their job consisted of coordinating the
expertise of scientists, engineers, epidemiologists, and physicians to
identify the appropriate bacterial subspecies, or serotypes and then to
develop, scale up, and test a vaccine containing these serotypes.

The commission conducted a survey of the most prevalent pneu-
mococcal types in the military. Based on this information, Michael
Heidelberger, who had joined the commission, supervised the pro-
duction of purified polysaccharides types 1, 2, 5, and 7 at a pharma-
ceutical plant of E. R. Squibb & Sons. As large lots of purified
polysaccharides became available, Heidelberger performed a series
of small-scale clinical studies to determine the optimal dosage of
polysaccharide required to obtain and sustain a sufficient immune
response.

Once Heidelberger established consistent production standards
and optimal dosages, the BICIED was ready to test the efficacy of
this new vaccine more broadly. The crowning achievement of war-
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time clinical research occurred under the auspices of the BICIED
when Colin MacLeod, a captain in the U.S. Army Medical Corps,
performed the first randomized, placebo-controlled trial of a quadra-
valent pneumococcal vaccine for the military.’® This study enrolled
over seventeen thousand men at the Army Air Force Technical
School between 1944 and 1945. Half received the vaccine and half
received a placebo. At the end of a seven-month observation period,
four men in the experimental group contracted pneumonia, whereas
twenty-six men in the control group contracted the disease. Heidel-
berger recalled that “the entire study, so beautifully organized and
monitored under MacLeod’s direction, showed that epidemics of
pneumococcal pneumonia in closed populations could be termi-
nated within two weeks after vaccination with the polysaccharides
of the causative types.””! This study, according to Heidelberger, set
the standard for all future clinical trials.’?

Much of the scientific groundwork for an influenza vaccine had
also been established before the United States entered World War I1.
In 1933, Patrick Laidlaw, at the National Institute for Medical Re-
search in London, isolated a filterable virus from a patient with in-
fluenza and determined that this agent (which became known as
influenza type A) produced flu-like symptoms in ferrets. In 1940,
Thomas Francis, at the New York University College of Medicine,
isolated the type B strain of influenza. In the early 1940s, in Austra-
lia, Macfarlane Burnet developed methods for growing the virus in
developing chick embryos. By the time the SGO formed the influ-
enza commission in 1941, investigators had already established the
etiology of the disease and developed methods for isolating, culti-
vating, and purifying components of an influenza vaccine. All that
remained for the influenza commission was to determine methods
to scale up the vaccine for industrial production and to evaluate it
for safety and efficacy before administering it to the armed forces.

Francis, recently appointed director of the influenza commis-
sion, worked with contracted CMR scientists and industry to de-
velop a vaccine. The CMR issued contracts to investigate technical
aspects of influenza vaccine development. Under these contracts,
investigators determined conditions for improving virus yields from
embryonated eggs and methods for improving titration accuracy
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and purification. In particular, investigators determined that they
could concentrate and purify portions of the flu virus more effi-
ciently with a Sharples centrifuge than they could with traditional
small-batch methods (red cell elution and precipitation).’

By 1945, the Army accepted the CMR’s production methods as an
alternative to these traditional methods. Months later, industry
adopted CMR production guidelines as well, and expanded produc-
tion to meet civilian markets by early 1946. The CMR’s Sharples
centrifuge purification techniques were considered state of the art
in the industry until the 1960s, when National Drug adopted a new
method (zonal centrifugation) from military labs.

As new methods of vaccine production became available, Francis
worked with industry to improve the potency and purity of vaccine
lots for clinical trials. The BICIED consulted with Parke Davis,
Lilly, Lederle, Sharp & Dohme, and E. R. Squibb & Sons to pro-
duce sample lots of the vaccine. Francis would then test these lots
in his own laboratory at the University of Michigan and compare
notes with industry to develop uniform standards for potency and
purity.

Together with the CMR, industry, and the SGO, Francis and his
team standardized the production procedures, record systems, and
viral and serological tests that would permit the uniform clinical
study of more than 12,500 members of Army Specialized Training
Program Units (ASTP) across the country. These men were vacci-
nated in October and November of 1943, just weeks before an influ-
enza epidemic hit the nation. Under the auspices of the BICIED,
Francis conducted field studies with the influenza A vaccine.

By early January, the influenza commission produced the first
conclusive evidence that they had a safe and effective vaccine against
epidemic influenza A. Based on these findings, the SGO requested
ten million doses of the vaccine for the U.S. Army in case of another
outbreak.’* Thus, within two years of initiating a development pro-
gram, the first influenza vaccine became available for general ad-
ministration in the military.

In 1945, the BICIED had an opportunity to test the B-strain vac-
cine as well when a wave of influenza B passed through U.S. Naval
and ASTP units in November and December. Since these units
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were already under observation at the University of Michigan and
Yale University, the BICIED was able to compare hospital admis-
sion rates between vaccinated and unvaccinated groups to demon-
strate the efficacy of this vaccine.

Not all vaccine development programs were equally successful.
When the underlying scientific principles were well established, as
was the case with pneumococcal and influenza vaccines, federal pro-
grams were able to develop new vaccines quickly. These programs
faltered, however, when the underlying science was less well under-
stood. As anthrax investigators discovered, it was neither possible nor
desirable to exercise top-down control before a basic understanding of
the disease was established.

The WRS contracted Louis Julianelle at the Public Health Re-
search Institute in New York City to investigate the bacteriological
and immunological aspects of anthrax. Julianelle found himself chal-
lenging pre-existing knowledge of the disease more quickly than he
could build from it. He began by testing the effectiveness of commer-
cial antisera, only to conclude that these antisera could not mitigate
anthrax infections. He determined that sulfa drugs were useless as
well. Penicillin, however, was effective in high doses. As penicillin was
in short supply, he then attempted, without success, to develop vegeta-
tive, capsular, and spore vaccines.

Julianelle reported to the WRS: “Text-book accounts all indi-
cated that the subject was pretty well closed as far as immunization,
and specific serum therapy was concerned. It came a good deal as a
surprise to discover how incomplete or unreliable was indeed the
existing knowledge. Consequently, it has been necessary to rework
a number of the more fundamental phases of ‘N’ [code for anthrax]
with the result that progress has been slow and the lag period of
relearning prolonged.”

Julianelle’s experience was characteristic of many WRS projects.
While the WRS mimicked the OSRD’s administrative structure
and targeted research strategies, it had a less impressive record in
vaccine development. Botulinum toxoid was the only human vac-
cine to come out of the WRS program. This may have been due in
part to the fact that WRS investigators were often asked to work
with more exotic organisms, such as coccidioides, brucellosis and
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tularemia, which had not been extensively studied by the general
scientific community.

Without a fundamental understanding of many of the biological
warfare diseases under study, the need for basic scientific research
undercut targeted research and development objectives and demor-
alized WRS participants. Some members of the WRS advisory
committee (known as the ABC committee) began to feel the WRS
program lacked direction.’® When the ABC committee was recon-
stituted in 1944 to oversee the expansion of the biological warfare
program within the CWS, Perry Pepper, a physician at University
of Pennsylvania Hospital and director of the new committee (known
as DEF) had a difficult time encouraging colleagues to renew their
commitment.’’

Ernest Goodpasture, a professor of pathology and viruses at the
Vanderbilt University School of Medicine and a former member of
the ABC committee, declined Pepper’s invitation to join its replace-
ment, the DEF committee. Goodpasture explained that he had for
some time tried, without success, to discern the objective of the
ABC committee: “I have the feeling that no critical survey of exist-
ing potentialities in relation to military needs has been undertaken
or at least has resulted in the definition of objectives suitable to
guide the work in laboratories. It appears that the military interests
are relying entirely on the laboratory worker to suggest application
to military uses concerning which the laboratory investigator has
no knowledge himself or direction from military experts.”®

A murky understanding of many of the pathogens of concern made
it difficult for scientists and military experts to identify or defend clear
development objectives. Scientific understanding was in its infancy,
and no amount of money or appropriate organizational support was
likely to yield new vaccines at that time.

c~~ WorLp War II vacciNE development programs were
most successful when they drew on the military’s direct experience
with a disease, as was the case with pneumococcal pneumonia and
influenza. Success can be attributed in part to the military’s status
as a “lead user,” a term coined by Eric von Hippel. Lead users “face



Vaccine Development during World War 11 71

needs that will be general in a marketplace but they face them
months or years before the bulk of that marketplace encounters
them, and lead users are positioned to benefit significantly by ob-
taining a solution to those needs.”” “Users,” according to von Hip-
pel, “are the generators of information regarding their needs.”’
The military, for example, has the most information about the par-
ticular medical interventions they need and the ways in which they
need those interventions to work. “Manufacturers, in contrast, have
poorer information on users’ needs and use contexts, and will prefer
to manufacture innovation for larger, more certain markets.”! User
needs, therefore, are a form of sticky information in that they are
hard to know outside of close relationship with the users themselves.
In short, lead-user collaboration “helps to reduce information asym-
metries between users and manufacturers and so increases the effi-
ciency of the innovation process.”®

One serendipitous outcome of World War II development pro-
grams was that industry was able to take full advantage of the mili-
tary’s experience with disease control and vaccine development.
The military had, and continues to have, vaccine requirements that
exceed those of the general population. Not only does the military
have to defend itself against biological weapons, but the effects of
natural disease are exaggerated under military conditions. Training
camps and battlefields produce dense populations of physically ex-
hausted and emotionally stressed individuals, which allow commu-
nicable diseases to spread like wildfire. Consequently, respiratory
and common childhood diseases, such as measles, mumps, and ru-
bella, present a greater threat to adults in military contexts than in
civilian life.

Troops are also exposed to a wider range of diseases. In the field,
troops are subject to unfamiliar disease vectors, such as mosquitoes
that transmit yellow fever, malaria, and dengue, or to arthropods
that spread rickettsial diseases. A memo to the U.S. Army R&D
Command explained that “because of the requirement placed upon
the Army to fight anywhere in the world at any time, certain other
areas of the world must be carefully scrutinized [for disease threats
that would compromise military campaigns]. The Tropics, includ-
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ing South Asia, the Middle East, almost all of Africa, most of the
Latin American countries, the majority of the Pacific Islands, and a
portion of Australia are of particular interest . . . Diseases encoun-
tered include many to which the American soldier has not previ-
ously been exposed. To a force operating in these areas on widely
dispersed battlefields, this fact would mean hospitalization of
roughly half the force within a year.”®® In the Korean War, for ex-
ample, “from July 1950 through July 1953, admission to U.S. hospi-
tals for disease was 66 percent of all admissions.”**

Before the Gates Foundation began supporting public-private
product development partnerships at the turn of the twenty-first
century, the U.S. military had been one of the few institutions with
the skills, resources, and motivation to organize effective research
and development programs for diseases in the developing world.
The reasons for this are not intentionally humanitarian. In contrast
to private medicine, in which care is triggered by illness, military
medicine is focused on improving daily noneffectiveness rates. The
military has a greater incentive to develop population-based preven-
tive measures, such as vaccines, which maintain mission readiness
by reducing sick days and recovery time. Private medicine, by con-
trast, fosters a higher demand for therapeutic measures.®

Apart from a predisposition to devise preventive measures, scien-
tists and physicians working in military contexts also had a num-
ber of specialized skills and organizational advantages. While the
OSRD and SGO provided clear direction on research objectives
and development needs, these scientists and physicians were also
skilled at identifying new diseases in military populations and de-
termining their etiology. Treating demographically homogenous
populations that ate, slept, and worked under shared environmental
conditions also made it easier to identify population-level character-
istics of new or familiar diseases in military contexts than in civilian
settings.

Military installations, with their advanced record-keeping sys-
tems, controlled populations, and high disease rates, also offered an
unparalleled proving ground for new vaccines. One member of the
Preventive Medicine Division noted that “the practitioner of mili-
tary preventive medicine has at his disposal information on morbid-
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ity of a quality not available in any other social organization.”
Francis observed that field trials at military installations afforded an
ideal opportunity to assess the early vaccines developed by the In-
fluenza Commission. The installations “were stable populations and
subject to constant, uniform observations. It was possible to obtain
participation of entire units so that vaccinated persons and controls
could be properly designated rather than depending upon the less
desirable and unpredictable use of volunteers.”’

Even when well-planned clinical trials did not occur, the wide-
spread use of a vaccine in military populations could offer de facto
evidence of safety and efficacy. For example, the military experi-
enced such high rates of safety and presumed efficacy with their
tetanus vaccine that the American Pediatric Association recom-
mended routine use of this vaccine in the general population in
1944, without formal clinical trials.

As a lead user, the military often revealed problems and guided
improvements before particular vaccines were administered to the
general population. Prewar versions of the tetanus vaccine, for ex-
ample, were highly reactogenic, but in-house research conducted by
the Preventive Medicine Division identified peptones (protein de-
rivatives) in the nutrient media used to grow the bacteria as the
cause of allergic reactions. The SGO contracted J. Howard Mueller
at Harvard Medical School to develop a synthetic alternative to
these vaccine broths, and industry adopted the new process formula
for all future contract orders.

Military use of the yellow fever vaccine at the beginning of the
war revealed critical flaws as well. Scientists at the Rockefeller Insti-
tute added human serum to their vaccines to prevent them from
deteriorating and losing effectiveness. Soon after the army admin-
istered this vaccine, which had not been tested for safety, troops
began to contract “serum sickness.” It was later determined that
blood contaminated with hepatitis B had been mixed into the vac-
cine, resulting in fifty thousand cases of jaundice and sixty-two
deaths in 1942. The PHS developed a safer, non-serum-based ver-
sion of the vaccine that same year. As a direct result of the military’s
experience, scientists abandoned the practice of using human serum
to stabilize vaccines.
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While close collaboration with the military produced a record
number of new and improved vaccines in a short time frame, this
partnership had mixed outcomes for industry. On the one hand,
many of the companies that worked closely with the OSRD and the
BICIED found themselves at an advantage after the war since they
had been forced to adopt new production methods. According to
it
was necessary also to forsake academic methods of production

a National Drug memo, in order to meet military contracts, “

and to adopt more of the mass production methods found in other
industries.” The memo observed, “We can well assume that our
competitors were faced with many of the same circumstances and
that they too have adopted the same principles of operation. Subse-
quent visits to their laboratories have substantiated this assump-
tion.”*® Companies that invested in these industrial techniques were
well positioned to capitalize on growth in vaccine markets in the
postwar era.

On the other hand, military needs do not always reflect civilian
market demands, as evidenced by the military’s interest in tropical
diseases and biological warfare. Even when military and civilian in-
terests coincide, as they do for many respiratory diseases common
to North America, close collaboration with the military has on oc-
casion put industry too far ahead of civilian market needs, making it
difficult to reap financial rewards.

For example, after sulfonamides were introduced, both industry
and academia lost interest in a pneumoccocal vaccine. Only the mil-
itary continued to invest in a research program. By 1944, the deci-
sion to continue pneumococcal research proved wise, as training
bases began to reveal holes in the new antibiotic armamentarium.
An army air force training base in Sioux Falls, South Dakota, began
to experience recurrent epidemics of pneumococcal pneumonia de-
spite the use of sulfa drugs. The army urged E. R. Squibb & Sons to
prepare a quadravalent vaccine for clinical trials based on MacLeod’s
work with the commission. This was a risky proposition for Squibb
since it required them to build entirely new production facilities for
an unproven vaccine.

The army medical branch also asked Heidelberger to continue
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work on another capsular polysaccharide vaccine with pneumococci
types 1, 2, 5, and 7. Subsequent studies by Heidelberger demon-
strated the safety and efficacy of hexavalent vaccines as well.”” On
the basis of Heidelberger and MacLeod’s data, the army urged
Squibb once again to develop and market two different hexavalent
pneumococcal capsular polysaccharide vaccines. By 1945, Squibb
had poured millions into building and staffing new plants, simply to
produce the vaccine for clinical trials. In 1948, they agreed to mar-
ket one vaccine for adults and one vaccine for children, each con-
taining a slightly different array of serotypes.

Despite their proven safety and efficacy, pneumococcal vaccines
were a commercial failure. Antibiotic resistance to pneumococci
was not as widespread in civilian populations as it was in the mili-
tary by the end of World War II. Doctors, convinced of the value of
antibiotics in treating pneumococcal infections, preferred thera-
peutic to preventive measures, as a general rule.’! As the use of
antibiotics grew, Squibb could no longer afford to stay in the pneu-
mococcal vaccine business. In 1954, the company terminated pro-
duction of the vaccine. Levels of antibiotic resistance in civilian
populations eventually caught up with those of military popula-
tions, and commercial interest in pneumococcal vaccines resumed
by the 1970s, but it was far too late for Squibb to recover from its
financial losses.

The military has been a highly sensitive indicator of future dis-
ease threats, but it has put industry on the “bleeding edge” (rather
than the leading edge) of vaccine development on more than one
occasion. History repeated itself in the 1970s when the military en-
couraged industry to develop meningococcal vaccines—well before
commercial markets could support industry participation. Industry
eventually had to terminate production of this vaccine as well. As
was the case with pneumococcal vaccines, the decision to terminate
meningococcal vaccines proved premature, since civilian vaccine
protection needs eventually caught up with those of the military.

«~~ WHILE WARTIME PROGRAMS had ambiguous outcomes
for industry, their long-term impact on society has been more dubi-
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ous still. World War II programs developed an unprecedented num-
ber of new or improved vaccines, but many scientists working under
government biodefense contracts made more progress in learning
how to spread disease than in learning how to prevent it. Reflect-
ing on the history of war and technology, William McNeill ob-
served that there was “moral ambivalence implicit in every increase
in human power to manage and control our natural and social en-
vironment.””? Though he did not consider the moral ambivalence
of World War II vaccine development programs, there were few
projects that embodied a more contradictory mix of national welfare
and warfare objectives.”?

Wartime advances in methods for growing high-yield plague and
typhoid cultures, for example, could be used either to improve vac-
cine production or to accelerate the development of biological weap-
ons. The federal government often contracted scientists to ensure
that their inventions were available for both purposes. Rene Dubos, a
microbiologist, and Henry Hoberman, an infectious disease special-
ist, led two projects at Harvard Medical School during the war.”*
The public was aware only of the first project, which attempted to
improve typhoid vaccines. The second project, code named project
“Y,” determined methods for the mass production of the Shiga
bacillus. As was often the case, the offensive objectives proved easier
to accomplish than the defensive ones. While Dubos’s group made
no significant progress in the development of a more effective vac-
cine, it succeeded in developing production processes that pro-
duced high yields of the bacilli in record time.”” With several other
scientists working to obtain high yields of bacterial cultures for
offensive and defensive purposes, the OSRD rapidly transferred
Dubos’s high-yield production process to other scientists under
contract.

Dubos and Hoberman were not the only scientists to accept CMR
and WRS contracts to improve the technologies of disease preven-
tion and creation simultaneously. Karl Meyer, a biochemist at the
George William Hooper Foundation in San Francisco, accepted
contracts through both organizations to develop vaccines and weap-
ons with plague-causing bacteria. Norman Topping, a research sci-
entist at the NITH, accepted contracts to conduct offensive and
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defensive research on typhus. Lee Foshay, a professor in the De-
partment of Bacteriology at the University of Cincinnati, and Cora
Downs, a professor in the Department of Bacteriology at the Uni-
versity of Kansas, each worked independently on techniques to both
prevent and induce tularemia. Similarly, Forest Huddelson, from
the Department of Bacteriology at Michigan State College, worked
on brucellosis weapons and vaccines. J. J. Griffiths, from the NIH,
also developed cholera-based weapons and vaccines.

The line between defensive and offensive research could be ex-
ceedingly thin and moral dilemmas were unavoidable. To test vac-
cines, scientists had to produce infectious agents so that they could
perform challenge studies. To handle biowarfare agents responsibly,
scientists often had to develop vaccines. It made sense to accept con-
tracts that examined both sides of this problem.

Though it is hard to know how each individual resolved the
moral dilemmas of offensive research, Meyer justified his work in
part by pronouncing that he would not proceed with offensive re-
search until he developed effective defensive measures. “Irrespective
of what we may ultimately be able to accomplish in the offensive
direction,” he explained, “I am more than ever convinced that we
must first and foremost plan to develop the defensive. The risk to
workers is too great to venture even a pilot experiment on a small
scale.”7¢

Meyer did, in fact, succeed in developing an effective plague vac-
cine before he moved on to study methods of weaponization. He
proved to be an exception. According to activity reports from the
WRS advisory committee, few scientists managed to develop effec-
tive vaccines under WRS contracts because, in many cases, the dis-
eases under study were poorly understood.”’ Many other scientists
may have shared Meyer’s aspirations, but ultimately their efforts to
mass-produce and devise methods for the dissemination of various
pathogens were more successful.”®

It is likely that some participants were impatient with ethical del-
icacies in a time of war. At the very least, it was socially acceptable
to approach the subject with irreverent humor. Several years later, in
response to a request to join Merck’s board of directors, Bush
launched into a riff against medical ethics:
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I don’t suppose we would get into a lot of medical ethics; I'm
sure I couldn’t take that. I've had measles and flu and lot of
things that ordinary people have, but I've never had ethics, and
I know medical ethics doubles people all up sometimes. You
have to look out for these places where they get all hot and
bothered about curing folks’ diseases for them, there are likely
to be a lot of wild germs around that they are practicing on, and
one of them might get in your mucous membrane or your tibia
or someplace where germs multiply and give you ethics. I've
heard that when people get a real dose of medical ethics they
actually go nuts; I don’t mean they bite the furniture or assault
the keepers, but they get irrational and their logic becomes
screwy. I'm not too logical anyway when it comes to theo-
ries of human relations and highfalutin social schemes, and
I'm sure I couldn’t stand an attack of medical ethics. If you
think there’s any danger of infection we ought to quit right
here.”’?

George Merck, director of the WRS, and later a special consul-
tant on biological warfare to the secretary of war, was acutely aware
of the moral ambivalence inherent in biodefense research. Follow-
ing the war, however, when he returned to his duties as president
of the pharmaceutical company that still bears his name, he em-
phasized the positive spinoffs of offensive biological research ac-
tivities. In a 1946 article regarding U.S. biowarfare activities, he
asserted:

There cannot help but be important advances in knowledge—
many of them fundamental—and gains in scientific achieve-
ment—many of them capable of practical application. In fact, it
is quite impossible for work to be done in this field without
such results. It is inherent in the nature of the work. Perhaps no
other type of warfare can bring with it such a guarantee of
good: economic advantages in agriculture, parallel gains in
animal husbandry, and, above all, vital contributions to the
fight against human ills and suffering . .. While we perfect a
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biological weapon, we perfect the defense against it, thereby
destroying the weapon. Would that all weapons of war could be
liquidated from the earth as simply as this.®

Better welfare through warfare? In light of the final WRS activ-
ity reports, which outlined a far greater number of offensive than
defensive developments, Merck’s arguments appear disingenuous.
They do, however, shed light on the peculiar rationale that guided
scientists through offensive biological research and development
activities.®!

Merck’s comments also contain a kernel of truth. Heightened
concern for biological threats during this period inspired unprece-
dented military investments in vaccine research and commercial
vaccine development with positive outcomes for public health.
These vaccines were often crude by today’s standards, and some-
times unsafe, but on the whole they saved lives, maintained the op-
erational readiness of the armed forces, and paved the way for future
improvements. World War II development programs produced the
first licensed vaccines for influenza, pneumococcal pneumonia, and
plague. They also developed a new typhus vaccine after establishing
that the former vaccine had lost potency. In conjunction with the
WRS, they developed the first botulinum toxoid and Japanese
encephalitis vaccine. They also made significant improvements to
existing yellow fever, cholera, smallpox, and tetanus vaccines. Im-
provements to the safety of the smallpox and tetanus vaccines, in
particular, facilitated wider use of these vaccines in the general pop-
ulation after the war, making a significant contribution to public
health.

Why were vaccine development efforts so much more productive
during this period than any other period in the twentieth century?
In part, a sense of national urgency to defend against war-enhanced
disease threats fostered unprecedented levels of federal support and
a spirit of cooperation between military, industrial, and academic
scientists. Additionally, targeted research and development pro-
grams, administered under the federal government, provided a
structure that productively channeled this spirit of cooperation. A
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third, and more underappreciated source of innovation, however,
derived from the participation of the military itself. World War 11
development programs paired industrial vaccine developers with a
key lead user of vaccines to develop an extraordinary number of new
or improved vaccines.



4
Wartime Legacies

TueE BIRTH AND EXPANSION of research and
development-based firms after World War I1 is a common theme in
twentieth-century U.S. industrial history.! Just as wartime research
in electronics, aircraft design, and jet propulsion provided a founda-
tion for the expansion of postwar industries, it seems axiomatic that
vaccine research would have transformed what was formerly a cot-
tage industry into a full-scale research and development enterprise.
In the immediate aftermath of World War II, however, the growth
of the U.S. vaccine industry was far from assured.

Prior to the war, U.S. manufacturers would often look to their
European counterparts for new discoveries and applications. In a
letter to the director of Abbott Laboratories in Chicago, Richard
Slee, director of the vaccine laboratory that would become the Na-
tional Drug Company in Swiftwater, Pennsylvania, acknowledged,
“America may be a very bright nation, but between you and I, we are
really nothing but a nation of assemblers and we have built up our
reputation most largely on adopting European ideas, buying their
stock, stamping it together and putting a nickel plate or polish on it
and calling it a product of America.”

The war cut supply lines to European research, equipment, and
production, forcing U.S. manufacturers to develop their own capa-
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bilities. While firm capabilities had improved, military demand for
vaccines fell after the war, leaving companies with excess produc-
tion capacity and huge inventories of vaccines with little to no
domestic market. Sulfonamides and the recent introduction of pen-
icillin nearly eliminated demand for bacterial vaccines. The influ-
enza vaccine, which was expected to have wide market appeal, was
not doing well commercially because it caused sore arms and fevers.
Wartime testing had also demonstrated that several widely sold
antitoxins, toxoids, and vaccines in use before the war were ineffec-
tive and many were taken off the market, which eliminated another
traditional source of revenue for industry.

Federal vaccine development programs disbanded after the war,
depriving industry of an important source of innovation. The Com-
mittee on Medical Research (CMR) was dissolved and the War Re-
search Service (WRS) became part of the Chemical Warfare Service
(CWS), which was renamed the Army Chemical Corps. Only the
Board for the Investigation and Control of Influenza and other Ep-
idemic Diseases (BICIED), renamed the Army Epidemiology Board
(AEB) in 1946, retained a research arm.

With the termination of military contracts, commercial biological
houses began to reconsider their prewar retrenchment programs.
According to one internal memo at the National Drug Company,
“The major portion of government contract work was completed by
the end of 1946. At that time the attitude of management. .. was
somewhat pessimistic regarding the volume of biological business to
be anticipated during the post-war era. Plans were made to consoli-
date facilities and some attempts to increase efficiency were made.”

Meanwhile, the few government labs that had assumed manufac-
turing responsibilities during the war were anxious to drop these
duties in order to reclaim lab space and time for research. The sec-
retary of war directed the chief of the CWS to shift all military
vaccine production into the private sector “to the maximum practi-
cable extent.”

Ralph Parker, director of the PHS Rocky Mountain Laboratory,
questioned the role of the Public Health Service in vaccine production
as well. His lab had produced an aqueous—base yellow fever vaccine, a
typhus vaccine, and a Rocky Mountain spotted fever vaccine for the
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military. Now, however, he urged the director of the National Insti-
tutes of Health (NIH) to shift all government manufacturing respon-
sibilities to industry. This, he cautioned, would not be easy: “I have
been talking recently with Harold Cox of Lederle Laboratories. . .
Certainly there is little actual desire on the part of the Lederle Labo-
ratories to take over, due apparently to the fact that there would be
little in it for them financially.”

Remarkably, however, government efforts to shift the manufac-
turing burden often succeeded. In September 1948, Parker turned
responsibility for the Rocky Mountain spotted fever vaccine to Led-
erle and Sharp & Dohme. In the early 1950s, the Public Health
Service (PHS) also persuaded National Drug to manufacture the
yellow fever vaccine.

Industry did have a few reasons for cautious optimism. A sudden
jump in birth rates following the war boded well for pediatric mar-
kets. Widespread vaccine use in the armed forces had also reduced
public fears of vaccination. As servicemen returned home—most of
whom had received multiple immunizations with no ill effects—
vaccines began to develop a reputation as harmless, routine inter-
ventions.® “War,” one company memo noted, “was the greatest test
of the efficacy of biologics,” and it spurred cultural acceptance of
vaccines among doctors, scientists, and the public.” Thanks to war-
time immunization programs, “12 million men returned to their
homes with at least some knowledge of how and why they are used.”®
Public education campaigns further encouraged acceptance. The
memo noted that “the American public is becoming better informed
through current periodicals, movies, and broadcasts about the ‘shots’
that they formerly dreaded and now more than often request.”’

In a few short years, the Korean War boosted military demand
for vaccines once again. Additional orders did not, however, always
improve the bottom line. According to National Drug Company
records, government contracts connected with the Korean War
pushed sales to an all-time high of $2 million in 1951.1° Yet net earn-
ings continued to drop, as National struggled to balance develop-
ment costs against low returns on government contracts.

The federal government began to invest in biomedical research
during this period as well. Some of these investments were ideologi-
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cally driven. Bush’s treatise—Science: The Endless Frontier—reinforced
the idea that a strong scientific base was an investment in the eco-
nomic health and security of the nation. Wartime research contribu-
tions, he argued, provided ample political justification for continued
federal investments in science and technology.

Bush’s belief in the social value of science mirrored a broader
“postwar consensus” that federal investments in military research
and development, in particular, were also investments in the econ-
omy and the human condition.!! Two colonels from the Army Med-
ical School detailed this conceptin a 1951 article for the New England
Fournal of Medicine: “In accordance with our democratic traditions,
a small nucleus of Regular Army specialists has combined with the
civil medical profession to forge vast and effective organizations in
time of war. In peace, an increased sharing of responsibility has
eliminated barriers between military and civilian medicine and has
fostered the fundamental concept that government agencies repre-
sent the will of the people. Proof of the validity of these principles
lies in the steady reduction in disease morbidity and fatality of the
injured.”!?

A collection of well-placed science advocates fueled federal sup-
port for biomedical research throughout the postwar era. Alfred
Newton Richards, former chairman of the CMR and president of
the National Academy of Sciences, argued that “the experience of
OSRD has proved that none of the universities which were called
upon for OSRD work could afford to undertake it on the scale which
the emergency demanded at the expense of its own resources. Hence,
if the concerted efforts of medical investigators which have yielded
so much of value during the war are to be continued on any compa-
rable scale during the peace, the conclusion is inescapable that they
must be supported by government.”"* James Simmons, chief of the
Preventive Medicine Service, argued for continued federal sponsor-
ship as well, contending that “the security of the nation depends on
the health and physical strength of all its people, both military
and civilian, and that a continuing program of research in mili-
tary medicine is essential to its security.”'* In an appeal to protect
budgets in peacetime, he went on to explain, “The need for medi-
cal research by and for the Army bears no direct relationship to the
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size of the Army. The medical problems of a future war will be the
same regardless of the size of the Army during the intervening
years.”!

Richards’s and Simmons’s arguments were well received. There
was broad agreement among the public and within Congress that
federal investments in science and technology improved the secu-
rity of the nation, the health of the economy, and the human condi-
tion.!' Agreement broke down when the discussion turned to
questions of where and how the government should support bio-
medical research.

Congress debated proposals for several years following the war.!”
In 1950, when Congress finally agreed on a successor for the OSRD
in the shape of the National Science Foundation (NSF), it was clear
that the NSF would support only basic research. Responsibility for
more applied forms of biomedical research would fall partly to mil-
itary research institutions and partly to the NIH.

This was not the arrangement that Bush or Richards had envi-
sioned. They favored an independent agency (which they called the
National Foundation for Medical Research) to disperse grants-in-
aid to medical schools and universities. In their view, no preexisting
agency, including the NTH, was “sufficiently free of specialization
of interest to warrant assigning to it the sponsorship of a program so
broad and so intimately related to civilian institutions.”'® Bush and
Richards wanted to turn the government’s attention back to the
universities. They were concerned that federal planners might grant
too much credit for wartime innovations to the military labs them-
selves. Their proposed foundation was designed to expand on the
CMR’s success leveraging civilian science. Richards wrote: “It must
be emphasized that there is little in war medicine that did not have
its roots in civilian studies and practice. The pressure of war served
chiefly to accelerate the development and large scale application of
discoveries particularly applicable to military needs.”"’

When Bush’s and Richards’s agency failed to gain support, fed-
eral dollars for vaccine research began to flow to preexisting gov-
ernment research organizations, such as the NIH and, most notably,
the Army Medical Graduate School (AMS) and the Army Research and

Development Board. The AMS expanded their facilities throughout
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the 1950s and renamed the research branch of the AMS the Walter
Reed Army Institute of Research (WRAIR) in 1955. By 1958, the
Army Research and Development Board was reorganized into the
U.S. Army Research and Development Command, which controlled
a network of military labs and installations performing medical re-
search. Eventually, the network expanded to include fourteen labo-
ratories in the United States and overseas. After hovering between
$10.1 million and $10.5 million for the first half of the 1950s, the
command enjoyed successive budget increases after 1956, doubling
their budget by 1961.2°

In a postwar political climate that favored federal investments
in military-sponsored biomedical research, and in the absence of a
civilian successor agency to the CMR, military research laborato-
ries gained new importance as national centers for vaccine develop-
ment. By the 1960s and 1970s, the trend that Richards had observed
during the war began to reverse itself and it began to appear that
there was little in civilian vaccine development that did not have
roots in military research programs. Military research made sig-
nificant contributions to eight out of fourteen new vaccines licensed
in the second half of the twentieth century: the adenovirus, anthrax,
hepatitis A, hepatitis B, Japanese encephalitis, measles, meningococ-
cal meningitis, and rubella vaccines.?! Military sponsored research
also contributed to incremental improvements to influenza vaccines,
combined diphtheria tetanus vaccines, cholera, smallpox, and typhoid
vaccines.??

Political and military interests influenced both the direction of
vaccine research and the rate of innovation. The military’s presence
in Africa, Southeast Asia, and East Asia directed resources toward
tropical diseases, such as malaria and dengue fever that were of little
commercial interest to U.S. pharmaceutical firms.

WRAIR and the Armed Forces Epidemiology Board (AFEB) en-
hanced their epidemiological and clinical competencies through a
network of international laboratories and field stations.” This in-
frastructure facilitated efforts to improve the Japanese encephalitis,
typhoid, and cholera vaccines by working directly with the popula-
tions most affected.?*
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As the Cold War intensified, nuclear and biological warfare fears
also fueled investments in military medical research and develop-
ment. The Surgeon General’s Office (SGO) wanted to develop and
stockpile vaccines to ensure operational effectiveness and to stabi-
lize populations in the wake of a large-scale nuclear or biological
attack. One memo observed: “If we are to fight the kind of ground
war that is projected for the future, or if we are to pull ourselves to-
gether after a massive nuclear attack and prepare to support any
kind of war, we will be faced with circumstances under which our
control of the environment will be in many cases very greatly re-
duced. Therefore the threat of infectious disease, such as I have
noted above, may be vastly greater under these projected circum-
stances than it would appear to be if one merely looked around the
world today.”®

"The joint chiefs of staff and the secretary of defense also wanted
to expand military biological warfare research. The military had
long maintained a “no first use” policy toward biological weapons,
but the National Security Council (NSC) removed this restriction
in 1956.%6 At a 1959 AFEB meeting, General Hays (surgeon general
of the army) observed: “There has been in the last two years with
the Army Medical Service rather a shift-over in the picture of BW
[biological warfare]. I can remember just a few years ago when most
of our people took the attitude that nothing had been proved in this
field, and therefore, there was nothing to it. I think that the opinion
of our people has changed, and that we all feel that BW exists as a
potential weapon, and that we must very actively pursue research in
this field.”?’

There was a growing recognition that vaccines had strategic
value, not merely as a form of defense but as a diplomatic tool. Mod-
ern medicine, in general, and vaccines, in particular, had become
useful in the battle for the hearts and minds in contested regions.
One SGO memo argued that a military medical presence overseas
“establishes warm personal and professional ties with key individu-
als and the populations generally of countries in so-called ‘under-
developed’ regions—greatly enhancing the prestige of the U.S.
among nations of the world.”?® These programs were lauded for



88 Lo~ SHOT

many of their indirect strategic benefits: “the good will that they
create, the contacts that they establish, and the entrée that they pro-
vide for professional, diplomatic and other contacts within the areas
concerned.”?”

In 1962, Captain Leonard Freidman wrote an essay on “American
Medicine as a Military-Political Weapon” for the Army R&D Com-
mand Annual Report, in which he argued for sending public health
teams to Vietnam. He cited the success of General MacArthur’s
“use of American medicine in producing good will toward Ameri-
can aims” in postwar Japan.’® That program had vaccinated eighty
million Japanese against smallpox, thirty-six million against tuber-
culosis, and thirty-four million against cholera. He postulated that
the “failure of American military-political missions to stabilize
China between 1942 and 1949 could be based partially on the in-
ability, during World War II, to utilize medicine as an opening
gambit in approaching turmoil-ridden China.”®! He argued that
“training of medical sub-professional personnel—medics, nurses,
laboratory technicians, and teachers drawn from the people of a na-
tional minority—([could] lead to further acceptance of Western
ideas and ideals.” He suggested that: “Subsequently, the minority
group may be led to a wish to provide its own military contribution
to the Central Government, as a response to a feeling of concilia-
tion and concern on the part of the government, demonstrated
through introduction of modern medicine and education.”®? Such
insights inspired the Kennedy administration to launch the Peace
Corps and motivated the Johnson administration to try to pass an
international health and education act, which would have integrated
international medical aid with diplomatic objectives.*?

On occasion, U.S. and Soviet medical teams would compete for
the opportunity to curry favor with vaccines. A 1961 polio epidemic
in Kyushu, Japan incited one such skirmish. The surgeon general’s
early morning meeting minutes reported: “The Russians have of-
fered the Sabin vaccine for inoculations to the Japanese and natu-
rally, they feel they cannot refuse this offer from a political
standpoint. A polio inoculation program has never been established
in Okinawa because they have a natural program of immunization.
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Okinawa is a U.S. occupied and administered territory and it is be-
lieved (in order to avert adverse publicity) that these children should
be inoculated quietly and quickly although preventive medicine
people realize it is unnecessary. However, the Russians would enjoy
using this as a means for their propaganda.”*

For the most part, however, U.S. and Soviet activities in interna-
tional medicine were characterized by cooperation and had positive
consequences for international public health. The first live oral po-
lio vaccine was developed in close cooperation with the Soviet
Union. This transcontinental scientific collaboration began in 1956
when Albert Sabin transferred his strains to Soviet virology insti-
tutes for large-scale development, manufacturing, and clinical test-
ing.* Once these trials demonstrated that the vaccine was safe and
effective, the United States and the Soviet Union continued to col-
laborate, under the auspices of the World Health Organization
(WHO) and other international agencies, to administer the vaccine
abroad. Under this program, the number of polio-infected coun-
tries fell from 125 in 1988 to four in 2010.%¢ In 1967, through the
WHO, the United States and the Soviet Union engaged in another
collaboration, which eradicated smallpox from the globe. The last
known case of smallpox occurred in 1977, and the WHO declared

victory against the disease in 1981.%7

—~~ As Corp War investments in vaccine research grew,
WRAIR emerged as a center of excellence for infectious disease re-
search and vaccine development. According to one report, “Prior to
World War 11, medical research was rarely a full time duty assign-
ment for medical officers, and still more rarely a career. Much of the
research was done on an individual basis and on individual initia-
tive.”*8 After the war, however, military research labs boasted state-
of-the-art facilities and starting salaries that were competitive with
university and industry laboratories.’” WRAIR offered an attrac-
tive career option for young scientists graduating in the postwar
period and it was able to attract the nation’s top graduates. WRAIR’s
prestige grew as its alumni proceeded to top positions in industry,
academia, and government.
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One alumnus noted that, in addition to being an inherently at-
tractive place to work, WRAIR enjoyed unique human resource
advantages before the military discontinued the draft in 1973.
WRAIR, he explained,

was where all the bright young doctors graduating from medi-
cal school would go. This was a great way to evade service in a
productive manner. They would get all the best men. If you
were about to be drafted and a professor had someone with
tremendous aptitude, it would have been a waste to send them
out to an aid station—so they were referred to the Walter Reed
research program. They would do research in the field and had
a base at Walter Reed. They were so good that for a time, the
heads of many Infectious Disease and Pediatrics departments
had been at Walter Reed. They were an illustrious set of

alumni.*°

Through WRAIR, talented research scientists received unique
hands-on interdisciplinary training. Whereas academic researchers
were encouraged to focus on fundamental questions, military re-
search scientists were trained to work through the practical implica-
tions of their findings and to facilitate industrial adoption of their
research. A 1957 manual outlining WRAIR’s research objectives in-
structed staff scientists “to develop the production processes re-
quired to translate laboratory scale results for large scale production
by industry.”" To this end, WRAIR offered training fellowships
that sent their scientists to industrial labs to learn large-scale pro-
duction techniques for biological products.*

WRAIR bred the type of scientists who fit Bush’s ideal view of
science integrators. Bush often warned against the dangers of over-
specialization in disciplines and once proclaimed, “I should be in-
clined to establish a Nobel Prize for the integrator and interpreter
of science who can, in these days, serve his fellows far more than the
individual who merely adds one morsel to the growing, and often
indigestible, pile of accumulated factual knowledge.”®

At WRAIR, there was no formal division of labor or strict de-
partmental specialization. A former WRAIR scientist explained
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that they were explicitly “trained to go to the field and come back to
the laboratories.”™* Another member of WRAIR observed: “U.S.
Army scientists, as opposed to university scientists, are particularly
strong at bringing a vaccine through the whole development spec-
trum . . . They had expertise at each stage. The military has unique
assets/needs that are not driven by a fiscal bottom line but by the
need to generate a product.”¥

Industry recognized the value of this new breed and began to
turn to WRAIR scientists for collaborative research partners and
new hires. In 1957, for example, the SGO reported that the “De-
partment of the Army received a letter from the Pfizer Drug Com-
pany asking for five retired doctors who might be interested in some
interesting and lucrative positions with their company.”¢ In the
same year that Pfizer was plumbing the ranks of WRAIR, Merck &
Company hired Maurice Hilleman to head their new Virus and Cell
Biology Division. Hilleman was among WRAIR’s celebrated alumni,
working in the Department of Respiratory Diseases from 1948 to
1956. Referred to as the father of modern vaccines, Hilleman is
credited with developing more vaccines, and saving more lives, than
any other scientist.” The National Drug Company imported sev-
eral WRAIR scientists into key positions as well. This migration of
talent strengthened informal military-industrial networks and fos-
tered a highly productive collaborative community for vaccine de-
velopment in the postwar era.

¢~~~ PosTWwWAR INDUSTRIAL VACCINE development drew
heavily on the personal friendships, ideologies, and scientific networks
forged through World War II. The legacy of wartime research and
development programs was particularly strong at Merck. George
Merck believed that scientific research would play a key role in the
political and economic future of America and—no less impor-
tantly—his company. By raising the profile of scientific research at
his company, he was able to shed the pharmaceutical industry’s pre-
war reputation as a collection of underhanded snake-oil salesmen.*

After the war, Merck began to recruit prominent scientists onto
his board, a task made easier by his participation in wartime re-
search and development programs. As director of the War Research
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Service, Merck came into contact with the top research scientists
and administrators of his day, and he was positioned to persuade
many talented individuals to join the Merck board of directors.
These included Vannevar Bush (former director of OSRD), Edward
Reynolds (former brigadier general, SGO, in charge of medical
supplies), and Alfred Newton Richards (former director of CMR).
John T. Connor (former general counsel for the OSRD) joined the
company as a direct employee and eventually became Merck’s suc-
cessor as CEO.

Although Merck had a longstanding belief in the value of scien-
tific research in industry, the practice of inviting noted scientists
onto the board was new. Prior to the war, board membership was
largely restricted to bankers and lawyers. By recruiting a large frac-
tion of the OSRD, Merck imported a new collection of ideologi-
cal perspectives, political tactics, and research practices that had
gained currency during the war. Merck’s emphasis on a scientist-
heavy governance structure was, in itself, a wartime tactic that lev-
eraged the authority and the apolitical appearance of scientific
opinion.*’

Richards was the first of an elite group of scientists elected to the
board, joining Merck’s directorship in 1948. Soon after electing
Richards, Merck extended an offer to Bush as well. Merck conveyed
his offer through Richards, who had worked closely with Bush on
medical research at the OSRD. With a comical nod to the industry’s
prewar reputation, Bush replied, “The idea, I believe, is that you and
I would keep George Merck in line, that is, we would see to it that
he didn’t make too much money or get in jail or anything like that,
but on the contrary that he put out a lot of stuff that would cure
people’s ills. Between your knowledge of George and my knowledge
of chemistry I think we could do it and it certainly would be a grand
thing for people that had things the matter with them.”? He
warned,

I'd have to teach you a lot of chemistry, and maybe physiology
or something. I don’t know how you expect to run George’s
shop for him unless you get into those things. He makes a lot
of queer chemical substances, and people eat them, and that’s
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dangerous unless you know what the things are and what they
are likely to do to people’s innards. Now I understand George
himself doesn’t know what some of the chemicals are that he
makes, just gives them high sounding names, and can’t really
tell you what their formulas are, and maybe that’s all right, for
I understand he tries them out on his lawyers before he sells
any, and of course he can’t get into very serious trouble that
way. But somebody in the outfit ought to study a lot of chemis-

try, and I’'m not too sure how good a pupil you are.’!

Merck could rely on Bush for more than a good laugh. He knew
that Bush would support his efforts to enhance the scientific stature
of his company and to gain a competitive edge in the marketplace.
Bush joined the board of directors in 1949 and served as chairman
of the board from 1957 until his retirement in 1962. He played an
active role encouraging, not just the top management of Merck, but
the entire pharmaceutical industry to support scientific research. At
an industrywide conference, he argued, “Its presence [scientific re-
search] in the latter [industrial laboratories] is often highly advanta-
geous, for it tends to lift the tone of the whole effort, and it helps in
recruiting if there are nationally known scientists in the organiza-
tion. Encouraging the freedom of association with scientific socie-
ties and of publication . . . renders an industrial laboratory attractive

to creative minds.”?

With Merck at the helm and Bush on the board, Merck & Com-
pany made scientific research a fundamental part of their business
strategy after the Korean War. Merck was unusual among other
firms in the industry, having put their own money into research
projects as early as 1933. Even so, research expenses at Merck in-
creased 638.7 percent between 1933 and 1952.%3 At a strategic plan-
ning exercise in 1952, Merck resolved to invest even more heavily
in research in order to ensure a constant stream of product inno-
vations. Vannevar Bush observed in an internal memo: “The ad-
vent of really important new products can prevent the company
from being drawn into a situation where it is merely competitive in
the manufacture of conventional things, a role for which it is not
adapted.”*
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Merck was not the only company pursuing this strategy. By 1953,
National Drug was looking for ways to compensate for low returns
as well. In a message to stockholders, National’s president explained,
“it becomes more apparent each year that in order to maintain a suc-
cessful competitive position in the pharmaceutical and biological
markets, the company must rely on a creative and aggressive re-
search department.””

A 1955 Arthur D. Little report attests to Merck’s extraordinary
focus: “Research management now has the full support of the com-
pany officials and the directorate, and the importance of research
to the company’s future progress is probably more generally ac-
cepted in Merck than in virtually any other company in the process
industries.”*¢

Merck’s efforts did not go unquestioned. The Arthur D. Little
report criticized the company for “overemphasis on work which de-
velops and demonstrates the scientific stature of the organization,”
implying that these investments were made at the expense of more
practical research objectives.’’

Several board members shared this concern, but Bush urged pa-
tience, and explained that in the business of research, one does not
pull a rabbit out of the hat every five minutes.”® He went on to re-
mind them: “Since the war there have been two very large rabbits,
namely cortone and B12 . . . every one of them came out of the situ-
ation in which we were not only carrying out fundamental research,
if you please research of scientific stature, but also because we were
thoroughly in contact with others that were doing the same thing in
academic circles, and because we were thoroughly alert to the trends
in medicine . . . I hope we will not be so short-sighted as to lose our
touch with ‘development of scientific stature.” >’

Merck brought Bush on board not merely to advocate science but
to impart war-honed management principles. As one reviewer put it,
Bush was “much more than ‘wonderful window dressing’ ... He
[was] a skilled administrator.”? In particular, Bush encouraged the
OSRD practice of “giving a man his head.” Although he believed it
necessary to have someone at the helm to provide targets, he main-
tained that “to tell a fundamental scientist what to work on, or how
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to go about it, is just about as futile and disastrous as to try to tell
your wife what to cook and how to cook it.”¢!

Bush argued for a similar balance of power between the CEO and
his management committee of vice presidents. He explained, “Ev-
ery member freely expresses his opinion, but the president decides.
Such a relationship can be compared to a general in the field sup-
ported by his staff.”6?

Merck also perpetuated the wartime practice of soliciting outside
expertise. One former chief operating officer and vice chairman,
Antonie Knoppers, maintains that this was one of the most distin-
guishing features of managerial practice at Merck: “Outside advice
played a role in Merck. We were never in-bred, and we always had
information from the top people from the outside.”® This inclina-
tion, Knoppers argued, was at the source of Merck’s continued suc-
cess as a leading research and development company.

«~~ SooN ArFTER BusH joined the board, Merck & Company
decided to enter the vaccine business. In 1953, Merck orchestrated a
merger with Sharp & Dohme, a neighboring company with vaccine
research and development capabilities.5*

The business rationale for Merck’s move into vaccines was not
obvious. Historically, vaccine development had not been profitable.
Unlike most vaccine firms at the time, which already had all of their
resources tied up in vaccine development, Merck had other lucrative
investment opportunities in pharmaceuticals. Part of the motiva-
tion may have stemmed from the technological opportunities af-
forded by improvements to cell culture techniques in the 1950s,
which opened the door to large-scale production of a wider variety
of virus vaccines.® These techniques were being widely adopted
throughout industry to produce the polio vaccine, and Merck likely
felt pressure to build new competencies in this field. An internal
report from this period warned, “If Merck wishes to be a major
factor in the field, it seems inevitable that an adequate unit suffi-
ciently versatile to be modified for newer procedures and newer vac-
cines must be made available before the next major discovery is

announced.”®®
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While polio vaccines were a widely celebrated medical triumph,
cell culture techniques were still new and the future was uncertain.
Hilleman contended that Merck had taken a tremendous risk by
investing in vaccine research at that time: “It is to the credit of the
company that it initiated and funded a biological enterprise at a time
when the data base was limited, applicable precedents were lacking,
scientists with interest and relevant experience were few in number,
and there was little means for obtaining patent protection for dis-
coveries in biology that had been achieved at great cost from pio-
neering research and development.”®’

Given the risks and uncertainties inherent in the business, it is
possible that the decision to invest in vaccines did not rest entirely on
the promise of market returns or technological opportunities. Ac-
cording to one historian, there was a looming sense during the post-
war period that “breakthroughs in chemical or biological warfare
might at any time create an end run around the atomic balance of
terror.”®® Merck had already been developing chemical and biologi-
cal defenses for the military, in the form of nerve gas antidotes and
an anthrax vaccine. As Cold War tensions intensified, George Merck
and Vannevar Bush could not have been insensitive to the national
security importance of vaccines. It is possible that they approached
this investment with more than markets on their minds.

The threat of biological warfare weighed heavily on Bush. He
wrote, “I am personally somewhat terrified by what may happen on
this thing in the postwar world. It is new. But there may be a time
when it would be possible to build up by this [biological] means the
kind of sudden and devastating attack that would be overwhelming,
and the next dictator somewhere who has ideas of conquering the
world may see this as a means.”®’

Bush, not one to merely issue warnings, worked with Conant dur-
ing the war to contain the threat from biological warfare. In a memo
to Stimson, they proposed an arms control scheme in which an in-
ternational body—such as the United Nations—would police bio-
logical weapons.”®

It is likely that Bush did not believe that biodefense was the sole
responsibility of the U.S. government. Much like the prewar corpo-
rate liberals, he thought that industry had an obligation to protect
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the public and serve the government. He wrote, “The management
of a company and the directors, have a four-way responsibility: to
their stockholders, to the public they serve, to their labor force, and
to their government. Fortunately there is growing in the country a
management group with a distinctly professional outlook and a
sense of social responsibility of a high order.””! Eschewing a straight-
forward market-driven approach to industrial research and develop-
ment before a roomful of executives, Bush argued, “There is a genuine
need, from a patriotic standpoint, for industry to collaborate in the
research effort essential to national defense.””?

Merck echoed Bush’s sentiments on many occasions. He was fa-
mous for saying that “Medicine is for the people. Medicine is not for
the profits.” He regarded his company as “something in the nature
of a public trust.””} Addressing the George Westinghouse Centen-
nial Forum in Pittsburgh, he warned, “Those responsible for our
defenses and preparedness in this upset world are alert; they have
their programs ready. But they need support—support from scien-
tists, academic and industrial, which should be given generously
and in full measure—and it should not wait for an emergency call
of patriotism.””* National security and public health were clearly
linked in his mind, and he envisioned an activist role for his com-

pany.

«~~ THE YEAR 1957 marked a new era for vaccine research at
Merck & Company, with the opening of the Virus and Cell Biology
Division. Both Merck and Richards had retired two years before,
but Bush continued to oversee the company’s expanding role in
vaccine research. According to Hilleman, who was tapped to lead
Merck’s new division, Bush “conceived of the ultimate importance
of viruses to science and health and requested that Max Tishler,
then president of the Merck Research Laboratories, establish a ma-
jor research program in virology at Merck.”” Tishler agreed that
Merck should make a large investment in biologicals, and, with the
support of CEO John Connor and President Henry Gadsen, he be-
gan to build the new division.”®

Tishler recruited Hilleman from WRAIR, where Hilleman had
earned a reputation as a talented virologist for his work on influenza
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and adenoviruses. Hilleman fit Bush’s ideal of a “science integrator”
exactly. He was brilliant, multidisciplinary, and self-directed. Hille-
man thrived at WRAIR, where he was given free rein to direct his
own research. However, it was not clear that he would fit neatly into
Merck’s corporate culture.

Reflecting on his early introduction, Hilleman explained, “At
Merck I was like a big wart on an elephant’s butt.””’ He refused to
attend meetings that did not pertain to his research. Once when he
was confronted by a superior about his unorthodox approach to
administrative duties, Hilleman informed him, with characteris-
tic tact, “If I wanted an administrative job, I would be your boss
by now.””8

Fortunately for Hilleman, Bush was outspoken about the impor-
tance of granting freedom within the bureaucracy in order to retain
talent. Bush often argued, “The primary need is to find the really
great research scientists with an intense interest in parts of the prob-
lem and see to it that they have every possible support as they
work, on their own ideas and in their own manner, without admin-
istrative interference or control of any sort.””” The company fol-
lowed this dictim and granted Hilleman managerial control and
budget authority to pursue vaccine projects according to his own
vision.

Hilleman’s vision was shaped by his experience in military labs
and he began to introduce some of the same integrated research
practices that had served him so well at WRAIR. While working on
the adenovirus vaccine, Hilleman was “involved in every step in the
process,” including the earliest identification and isolation of a new
virus.®? He recalls, “I went on epidemiological trips at the drop of a
hat. I always had a bag packed and was ready to go by plane or train
or whatever it required. If there was a respiratory disease that looked
interesting, I would go out there and take a look, collect the speci-
men, see the patient.”!

Hilleman first isolated adenoviruses from military personnel in
1954.82 Several years later, Hilleman and his associates on the Com-
mission on Acute Respiratory Diseases of the AFEB traced a causal
relationship between the presence of adenoviruses and acute respi-
ratory disease among the military recruits.®® Hilleman found that



Wartime Legacies 99

going back and forth between the field and the lab facilitated vac-
cine development because it allowed him to forge links in the chain
of specialized epidemiological, clinical, and laboratory-based knowl-
edge necessary to develop a vaccine. In this role, he offered a one-
man solution to many of the technology and knowledge transfer
problems that can thwart vaccine development initiatives.

At Merck, Hilleman created organizational structures and rou-
tines to support the integrated research and development methods
he honed at WRAIR. According to former Merck CEO Roy Vagelos,
“All you had to do was walk into his [laboratory] to realize that he
had transformed [the department of ] virus and cell biology at Merck
into a military organization. Everybody knew what to do at the be-
ginning of every day.”®* He also created “crossover” teams to inte-
grate the expertise of members from different departments. These
teams were designed to “permit knowledge to be passed as neces-
sary from the immunology to the chemistry to the physiology de-
partment, etc.”%

Hilleman explained that, unlike most other companies at the
time, “we did field investigations, epidemiology, from clinic to
clinic, isolated viruses to attenuate. We had the complete spec-

trum.”86

This capacity for interdisciplinary problem solving set
Merck apart from their friends in academia. Tishler noted, “Some-
times university researchers [came] to us for help on something that
could be solved by a fellow on the floor below their own lab.”%

Hilleman explained why he chose to organize research in this

manner:

I've found it to be of extreme importance and help to have a
concentrated program of very great breadth, covering a diver-
sity of diseases and extending from the laboratory bench
through the clinic. By this I mean a program ranging from
discovery of the cause of disease and the assessment of its im-
portance through the development of means for control and
the proof of safety and efficacy of the method in large-scale
clinical studies in man. This provides for self-catalyzing spill-
over from one study to another and encourages progress to-
ward the target objective without the disruptions imposed by
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passing the successive stages of development from one research
group or department to another.

As was the case with World War Il vaccine development programs,
this interdisciplinary approach required a top-down management
structure to integrate work streams from a wide range of partici-
pants. At Merck, as at WRAIR, Hilleman “was the main coordina-
tor and link in the chain . . . I did all the field trials, I was involved in
every step and every decision . . . It was directed coordination.”® This
practice permitted quick decision making and enabled efficient op-
eration. It was also, in his experience, a necessary evil: “Researchers
like to deviate,” he commented, “chasing every which thing that
comes their way. I could walk out of the lab for one week—I'd come
back and I’d already find these bastards working on something else.
When you're gone three weeks, you hardly know the laboratory
anymore. You need to crack the whip.””°

As with all dictatorships, the quality of governance is a function
of the energy and intelligence of the individual in charge. Luckily
for Merck, Hilleman was a brilliant force of nature. While he was
the director of Merck’s Virus Cell and Biology Division from 1958
to 1984, Merck introduced forty-one licensed vaccine products to
the market. Six (the meningitis, measles, mumps, rubella, hepatitis B,
and varicella vaccines) were entirely new.”! “That system worked,”
he concluded.”” “Everybody was happy. They were overjoyed to be

productive. They could see these vaccines coming out.””?

«~~ WuiLe THE WorLD War 11 legacy of personal friend-
ships, ideologies, and research practices at Merck was somewhat
unique, WRAIR-based collaborative networks extended to other
industrial labs as well. The community of skilled research scientists
was small, so it was not unusual for individuals to know one another
from a prior stint at WRAIR. Common training and mutual re-
spect between current WRAIR researchers and WRAIR alumni in
industry facilitated collaboration between the two groups. They of-
ten shared research results, biological samples, and laboratory equip-
ment. An enduring sense of duty in the postwar period further
encouraged collaboration and industry often felt compelled to ac-
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cept vaccine development projects for the military. These combined
characteristics of familiarity and indebtedness are unique to this
period and evident in the postwar developmental history of the
meningitis and influenza vaccines.

The military scored their first success against meningococcal
meningitis during World War II. According to James Simmons, the
prophylactic use of sulfadiazine within the armed forces dramati-
cally reduced the incidence of meningitis. In 1944, he reported,
“The case fatality rate [from meningitis] which was 38 percent
in the previous war has been less than 5 percent.””* By the early
1960s, however, military doctors began to see patients infected with
sulfadiazine-resistant strains of Neisseria meningitidis. Recruitment
camps, in particular, began to suffer from outbreaks of bacterial
meningitis that did not respond to antibiotics. Occasionally, with no
other recourse, the military was forced to close down camps to stem
outbreaks. After one particularly severe outbreak among recruits in
1963, the AFEB initiated studies within military populations to de-
termine which strains of the bacterium predominated.” Within a
year, the army had set up a new research unit at WRAIR to study
the problems of vaccine development.

Malcolm Artenstein, a career military physician who had iso-
lated the rubella virus with Paul Parkman and Edward Buescher in
1962, headed the new unit. During this time, the army was able to
call up draft-eligible research scientists. Taking advantage of the
draft, Artenstein hand-picked a recent graduate from NYU School
of Medicine, Emil Gotschlich, to help develop a vaccine. Together,
Artenstein and Gotschlich decided to revisit Elvin Kabat’s research,
which had been conducted at Columbia University in the 1940s,
before the widespread availability of antibiotics had made the search
for bacterial vaccines seem unnecessary.

Kabat had identified immunogenic properties of bacterial poly-
saccharide capsules, which suggested that it might be possible to
induce active immunity against meningococcal meningitis with a
polysaccharide vaccine. Building on this research, Artenstein and
Gotschlich—along with Irving Goldschneider, another recent
draftee—began to isolate and identify polysaccharides in the cap-
sules of N. meningitidis. Their research demonstrated that these
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polysaccharides could generate antibodies to meningococcal types
A and C, the strains most commonly found in U.S. recruitment
camps. By 1969, they developed pilot lots of this vaccine and began
to test it for safety and efficacy on army recruits.”

Once the WRAIR team demonstrated the feasibility of a menin-
gitis vaccine, the army began to solicit offers from industry to man-
ufacture the vaccine on a larger scale. The contract had first gone to
Squibb, but they could not figure out how to obtain high yields of
polysaccharides. After working unsuccessfully for two years to scale
up production of the vaccine, Squibb pulled out and WRAIR con-
tacted Tishler at Merck.

When Tishler approached Hilleman with the military’s request,
he sent the scientist into a tailspin. “At the time that I came to
Merck,” Hilleman explained, “I didn’t want anything to do with
bacteria. Army officers talked to Max Tishler, trying to get him to
take the contract. Max then came to me and I said, ‘Meningicoccus?
Christ! That’s a bacterium, isn’t it? I don’t know anything about
bacteria. I've just heard of them. ”%

Having just developed the measles, mumps, and rubella vaccines,
Hilleman was anxious to continue work on new viral diseases. He knew
little about bacterial diseases and the sporadic nature of the disease did
not bode well for efforts to test or sell a meningitis vaccine. Yet his
sense of loyalty and indebtedness to the military ran deep, and he felt
obliged to comply with their request. “I thought, oh my God, this
would be a real disloyalty to the military so I said, oh OK, I'll take it
over.””

Before Hilleman accepted the contract, two scientists at the Na-
tional Drug Company in Swiftwater, Pennsylvania, had already
started to investigate this project. This work was directed by James
Sorrentino, who, like Hilleman, had trained at WRAIR and had
recently transitioned to a job in industry. From 1960 to 1967, Sor-
rentino had been a research scientist in WRAIR’s biologic group
under Joseph Lowenthal.?” Sorrentino’s training and experiences
were not unlike those of Hilleman, who had been director of
WRAIR’s virus and respiratory disease division in the 1950s. Sor-
rentino explained, “I learned every aspect of vaccine development. I
never could have done that anywhere else because I would have been
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pigeonholed as a development guy, or a research guy or a manufac-
turing guy. I learned the animal part of evaluation of vaccines in
terms of efficacy and safety. I learned the manufacturing aspects of
vaccine development, the research aspects of what comes before and
after vaccines are developed . . . it was unique training.”!%

Sorrentino, like Hilleman, was frustrated to discover that, in in-
dustry, “everyone was a specialist.” He explained: “They didn’t
know what went before or after their piece of it. You get bias by the
researcher and the manufacturer. They have their own agendas and
it gets in the way of smooth development of the drug.”!!

In an effort to overcome these departmental separations, Sorren-
tino forged an alliance with Don Metzgar, who had joined National
a year earlier, after spending five years working with Hilleman at
Merck.!”2 Metzgar was hired as a senior virologist and Sorrentino
had been hired to manage vaccine development and manufacturing
operations. Within months of Sorrentino’s arrival, the two were
sharing offices and, to a certain extent, a budget, as they began to
coordinate work across research, development, and manufacturing.
According to Sorrentino, “We had those three aspects and so the
only thing we had left to control was quality control; so we did it by
brute force.”!%

The first project they chose was to develop a highly purified influ-
enza vaccine. Prior to 1970, influenza vaccines were not widely used,
in part because they were highly reactogenic. Sorrentino recalled,
“Heretofore, you had a flu vaccine that took your arm off.”1%* In the
1960s, influenza vaccines were purified, using a Sharples centrifuge,
with methods developed under CMR contracts in World War II.
Summarizing what was state of the art for influenza vaccine produc-
tion at the time, Sorrentino explained, “All they did was spin down
the egg material, took the sludge, re-hydrated it, diluted it, put a
preservative in it, and shot it into your arm.”!%

While at WRAIR, Sorrentino worked on an eastern equine en-
cephalitis vaccine. His search for ways to purify the virus intro-
duced him to new density gradient techniques developed at WRAIR.
It occurred to Sorrentino that he might use these techniques to fur-
ther purify influenza vaccines if he could find a way to get the virus

to band according to its density gradient. By purifying the influenza
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vaccine in this manner, he could reduce reactogenicity and improve
demand for the vaccine.

Charlie Riemer, at Eli Lilly, had recently published a paper de-
scribing how his team had adapted a high-speed gas centrifuge,
originally developed by the Atomic Energy Commission to enrich

uranium to purify viral materials.!%

Inspired by this paper, Sorren-
tino set out to devise his own method for separating viral material
from the allantoic fluid in a more purified form.

National did not have an ultracentrifuge and they were unwilling
to invest in one to test Sorrentino’s idea. Undeterred, Sorrentino
tapped his network of military research scientists for assistance. He
went to see Norman Anderson, director of the Molecular Anatomy
Program (MAN) at Oak Ridge National Laboratory, who had also
adapted an ultracentrifuge to work with biological agents. Sorren-
tino was thrilled when Norman Anderson just “opened his lab to
me.” He recalls, “I would go out and seek help from the government
and the program at Oak Ridge and get ultimate collaboration.”!?

He began to fly down to Tennessee regularly, with his influenza
samples on the seat next to him. He ran them through the gov-
ernment’s centrifuge and peered at the results through the gov-
ernment’s electron microscope—unencumbered by licensing fees,
material transfer agreements, or any other intellectual property
concerns.

In short order, Sorrentino was able to demonstrate that the pro-
cess worked. With this data in hand, he convinced National to in-
vest in the new technology and facilities required to manufacture
the vaccine. Once National put this new vaccine on the market, Sor-
rentino recalled, “We ended up forcing the entire industry to purify
their product.”1%8

Soon after developing his purified influenza vaccine, Sorrentino
was restless for a new project and anxious to try his purification
techniques on a new vaccine. He recalled from his time at WRAIR
that “Meningitis was one of those things on the burner that needed
to be done.”'” Sorrentino had just joined the biologics research
group at WRAIR and started work on a meningococcal vaccine be-
fore leaving for National. Sorrentino called Sanford Berman, an-
other former colleague at WRAIR, to check the status of the project.
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Berman relayed that WRAIR had taken the development as far as
they could but that the vaccine required further purification. Thus
far, no one had managed to produce it commercially. Sorrentino
agreed to try immediately. This time he had little trouble getting
National to sign off on his project. “After I gave them flu,” he
boasted, “I could come to them with anything. I was like Maurice
Hilleman to National Drug.”!!?

During the 1950s, 1960s, and early 1970s, vaccine development
was unfettered by intellectual property or liability concerns and
military-industrial collaboration was characterized by a freewheel-
ing, informal collegiality and trust. When National agreed to de-
velop the meningitis vaccine, Sorrentino claims that no contracts,
licenses, or patents changed hands: “It was free-exchange. I didn’t
sign a single paper.”!!! Metzgar recalled the simplicity of the ar-
rangement with amusement and chagrin: “Jim brought back this
bottle of paste [WRAIR’s seed stock of Nisseria meningitidis]. We
had no authorization and no budget.”!!?

Familiarity with personnel in WRAIR’s biological research divi-
sion significantly facilitated National’s efforts to develop the mili-
tary’s vaccine. Sorrentino and Metzgar soon discovered, however,
that technology transfer, even under the most favorable conditions,
is rarely straightforward. Artenstein and Gotschlich had published
their work on the vaccine, but “Like everything in the literature,
when you start trying to follow what they say in the literature, it is
not exactly reproducible.”® Whenever Sorrentino ran into a road-
block, he merely had to “pick up the phone for Joe Lowenthal and
say, ‘Hey Joe, I've had a problem with this step.””'* Similarly, Sor-
rentino and Metzgar had full access to Gotschlich, who on several
occasions gave them firsthand advice on how to translate WRAIR’s
research in their own labs at National. Even so, they found that it
took months merely to adapt what Artenstein’s group had done at
WRAIR.

Once they were finally able to reproduce WRAIR’s results, Sor-
rentino and Metzgar were confronted with the problem of scaling
up pilot lots. Sorrentino explained, “It’s good for the manufacturer
to know what the developer does, but there are a lot of things you
have to change when you start scaling up. A lot of things that aren’t
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as efficient and that aren’t as sensitive; yields are different. So there
have to be a lot of changes that are made in the process.”'’’

One such change consisted of learning how to grow Nisseria men-
ingitidis in large fermenters. Nisseria meningitidis, Metzgar recalled,
was a fussy organism, and growth rates were highly sensitive to me-
dia construction, temperature, and other environmental condi-
tions.6 To some extent, Metzgar explained, it was never reduced to
an exact formula: “As a matter of fact, we are still working on the
yields of that product.”'

Nonetheless, Sorrentino and Metzgar made tremendous head-
way. They devised methods for separating the polysaccharide cap-
sules from the bacterial cells and distinguishing among them by
size. Applying Sorrentino’s density gradient techniques to larger
polysaccharide molecules proved difficult at first. He recalled that
this particular problem stumped them for about a year until they
devised a way to exclude molecular sizes on columns according to
molecular weight using gel permeation chromatography. With this
method, Sorrentino and Metzgar were able to select the larger mol-
ecules, which elicited a better antibody response for their vaccine.
Once they cleared this hurdle, they were poised to manufacture a
large quantity of vaccine for clinical trials.

Proving efficacy presented another problem. Sorrentino recalled
that meningitis attacked two in every fifteen thousand people in the
United States at that time. They would have to immunize hundreds
of thousands of subjects to do an efficacy trial of any statistical sig-
nificance. To circumvent a large, expensive and time-consuming
trial, National entered into an agreement with the South African
health minister to conduct clinical trials in gold mines, where the
disease was both endemic and epidemic. “If you go down in the gold
mines 2,000 feet,” Sorrentino explained, “it is an ideal environment
for transmitting. We went from a very low rate to 15/1,000 people
that come down with meningitis in the mines.”!!®

Meanwhile, the army was anxious to provide efficacy data to the
NTIH’s Bureau of Biologics (BOB) to get the vaccine licensed as soon
as possible. The BOB arranged to pool efficacy data from Merck’s
and National’s clinical trials to halve the time required for clinical
testing.!"” Sorrentino explained, “It was something that happened
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back then because we were very collaborative.”’?’ Metzgar fur-
ther attested to the collegial atmosphere surrounding the project,
recalling, “Jim had come from Walter Reed and knew the people
there, and I came from Merck. I knew who the players were—who I
could pick up the phone and call if I had a problem with some-
thing.”1%!

The meningitis vaccine was a tremendous technological and clin-
ical success. It offered safe and effective protection against a deadly
and previously unpreventable disease. Subsequent tests revealed that
Merck’s vaccine was effective in the most vulnerable age category:
very young children.!?? There was also strong global demand for the
vaccine, but high demand did not translate into high profits for in-
dustry. The greatest demand came from countries such as Brazil
and Africa, who could not afford the vaccine at full price. The ma-
jority of U.S. sales went to a travelers’ market, which was quite small,
and to low-margin military contracts. The rest was donated to
countries suffering a high incidence of the disease.

Despite the technical success, clinical effectiveness, and medical
need for the vaccine, Merck eventually decided that meningitis out-
breaks were too few and far between in their primary market to
justify further investments in producing the vaccine.!” National
continued to manufacture it and suffered low returns for decades
until U.S. civilian markets slowly caught up with military needs.
Demand for the meningitis vaccine has increased in recent years, as
antibacterial resistance has spread more widely throughout the gen-
eral population and as meningitis outbreaks on college campuses
have become common.!?* The military was, once again, a premature
but accurate indicator of an emerging public health threat.

Neither Merck nor National (then a division of Richardson-
Merrell) made a strict business decision when they decided to de-
velop a meningitis vaccine in the early 1970s. The project reflected
a duty-driven spirit of vaccine development that existed within some
firms during the postwar era. During this period, it was not unusual
for some executives to consider their public duties, alongside their
fiduciary duties, as George Merck and Vannevar Bush often did.
These firms had more freedom to make vaccine development deci-
sions that reflected a wider range of values and long-term develop-
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ment plans than they did later when companies began to focus more
intently on annual, and even quarterly, earnings. The WRAIR
alumni who staffed Merck’s and National’s scientific divisions rein-
forced this sense of obligation to the military, and they supported
military requests to develop vaccines even when there was not a
compelling business rationale.

Industry’s willingness to develop a meningitis vaccine for the mil-
itary suggests that, on occasion, Merck’s and National’s vaccine divi-
sions operated according to the principles of what anthropologists

and sociologists call a “gift regime.”?

Economic anthropologists
distinguish between gift and commodity exchanges as a way to track
the shifting social and moral identity of objects exchanged within a
variety of cultural contexts.!?¢ Whereas commodity exchanges exact
a price, gift exchanges are personal and exact a sense of social debt.!?”
The former operate in a market of arm’s-length transactions, whereas
the latter operate in the context of shared experiences and intermin-
gling personal histories of the sort observed among veterans of war-
time development programs and WRAIR alumni.

The personal connections that sustained this culture were par-
ticularly strong at Merck & Company, where a number of OSRD
members, including Vannevar Bush and Alfred Newton Richards,
followed George Merck into the pharmaceutical industry. Personal
connections to military research labs were reinforced as WRAIR
developed a reputation as a center of excellence for infectious dis-
ease research and as companies began to seek collaborative partners
and new hires at WRAIR.

Bruce Smith observed that the political and cultural landscape of
the postwar era was characterized by “patriotism and broad public
support, deference to executive leadership, and the subordination of
partial interest to the larger national interest.”'?® Military planners,
industrialists, and research scientists recognized the value of vac-
cines to national security and public health. Industrial leaders who
had participated in World War II research and development pro-
grams were predisposed to invest in research to accept military con-
tracts for the public good. Early Cold War anxieties reinforced this
predisposition, driving military and industrial investments in vac-
cine research. For a time, vaccines enjoyed the economic and social
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status of a public good, or of a “gift” granted out of a sense of social
obligation. As such, vaccines were not always subject to a straight-
forward, rational calculation of costs and returns in the postwar
period.

According to one internal study, Merck concluded that “the rea-
sons [why companies stayed in the vaccine business were] mostly
NOT of the ‘rational strictly business’ type. The major one for many
[was] political.”? Merck was no exception; Vannevar Bush and
George Merck accepted military contracts and urged the rest of the
industry to uphold their public duty and do the same. Similarly, Hil-
leman accepted the army’s meningitis contract not because he
thought this vaccine would be profitable, and not because he had a
professional interest in bacterial polysaccharide vaccines, but be-
cause a failure to do so would be disloyal. Sorrentino described Na-
tional’s attitude in a similar vein: “It may sound syrupy, but they
[National] really believed that they had something special and if they
could give it to the government, they would. No matter how little
money they made, they felt that if the government needed it, they
had to respond to that. They were always working around the clock.
I can’t tell you how many times I saw those old Army trucks pulling
to the back of those bays to pick up a supply.”!3°

Duty-driven postwar collaborative networks between WRAIR
and industry catalyzed innovation in part because they maintained
an important link between users and developers. These informal
networks replaced the formal arrangements that had facilitated the
translation of research into products during World War II. The
migration of talent from WRAIR to industry sustained an impor-
tant community of practice for vaccine development and ensured
that the research practices of “science integrators,” such as Maurice
Hilleman and James Sorrentino, were adopted by industry. As de-
velopment of the meningitis and influenza vaccines revealed, inte-
grated tactics, combined with a sense of personal obligation and
loyalty to the military, had a significant and positive influence on
industrial vaccine innovation throughout the postwar period.



5
The End of an Era

By 1979, a highly productive era of vaccine innovation
was drawing to a close. Many manufacturers had either exited the
vaccine business or seriously considered getting out. While several
factors discouraged private sector vaccine investments at this time,
industry observers often credit the swine flu affair with setting a
wave of industry consolidation into motion.!

In 1976, an army recruit at Fort Dix died of an upper respiratory
ailment after an overnight hike. The New Jersey Health Depart-
ment isolated an unusual strain of influenza that was normally found
in pig populations from this soldier and many others at Fort Dix.
Ever since the 1918 pandemic, virologists had feared a reoccurrence.
Since both antigenic proteins on the surface of this virus were sig-
nificantly different from any known viral antigens circulating at
that time, some feared that a pandemic was imminent.? After a se-
ries of urgent meetings and heated debates, the federal government
proceeded with a program to develop and administer a swine flu
vaccine to the entire U.S. population before flu season returned in
the fall and winter of 1976-1977.3

Vaccine producers agreed to assist the government with this cam-
paign and launched programs to produce record quantities of vac-
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cine on short notice. Some manufacturers reportedly “committed
their manpower, plants and working capital to the operation before
pinning down profit and loss factors.” These companies (Parke-
Davis, Merrell-National, Wyeth, and Merck) did, however, demand
liability protection from vaccine-related injury claims. As with all
vaccines, the swine flu vaccine was likely to produce adverse reac-
tions in a small but certain percentage of the population. Because
this vaccine was going to be administered to everyone, the overall
number of adverse reactions was bound to be higher.

In June of 1976, the director of the American Insurance Associa-
tion announced that they would not provide coverage for swine flu
producers and that any preexisting coverage would be terminated
on June 30.° Manufacturers held that without liability protection
they could not shoulder the risk of participation.® Faced with the
impending collapse of the immunization program, President Ford
urged Congress to draft legislation that would allow the govern-
ment to provide liability protection so the program could proceed.
Congress passed legislation that offered companies liability protec-
tion on the condition that they did not profit from swine flu vaccines
sold to the government. Companies upheld their agreement to pro-
duce the vaccine, despite the no-profit clause.” Immunizations be-
gan in October.?

Within months of the first vaccinations, there was no evidence of
a pandemic, but a small number of vaccinees developed Guillain-
Barre syndrome, a disease affecting the peripheral nervous system.
Concerns about this rare side effect prompted the CDC to termi-
nate the program. While industry did not suffer directly from prod-
uct liability suits filed against the swine flu vaccine, publicity about
the hypothesized adverse effects of the vaccine raised public aware-
ness of the risks associated with vaccination in general.

Ironically, public attitudes toward vaccination were taking a neg-
ative turn just as a combination of vaccination and sanitation cam-
paigns had brought the incidence of infectious disease to an all-time
low in the United States.” With few salient reminders of disease,
individuals began to worry more about the potential side effects
from a vaccine than the disease it prevented. Don Metzgar marveled
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at this generational shift, which strongly contrasted with his own
experience growing up: “There were no vaccines. There was polio
running rampant and people can’t relate to that any better than they
can relate to World War I1.”10

Public concern about vaccine safety launched an avalanche of
product liability suits for other vaccines not protected by the indem-
nification act.!! Merck recorded annual increases in the number of
vaccine-related lawsuits from fifteen filed in 1979 to a total of forty-
seven in 1986.!2 Merrell-National also felt the sting of what they
called “a national crisis of product liability.”"* In 1985, Connaught
(which had acquired Merrell-National) reported that a total of
$5 billion in claims had been filed, with $3 billion in lawsuits filed
against manufacturers of the combined diphtheria, tetanus, and
pertussis vaccine (DTP).1*

The growing risk of product liability suits strained an industry
that was already struggling with low profits. Merrell-National com-
plained that senior managers “were spending more than half of their
time on a business segment that only amounted to about 5 percent
of their revenues.”” Frustrated by low returns, Merrell-National
decided, along with half of the industry, to divest its vaccine divi-

16 Of the companies that remained in the business, many, such

sion.
as Merck, stopped manufacturing D'TP and influenza vaccines alto-
gether and scaled back on other vaccine research and development
investments.

It is often argued that product liability suits strained budgets and
accounted for declining rates of innovation and supply in the 1970s.
Product liability was not a new phenomenon, however. Courts be-
gan awarding large sums to individuals claiming vaccine injuries by
the early 1960s, when vaccine innovation was still relatively robust.!”
Low profits were not new either. A 1979 report stated that industry
had long suffered from “big capital investment requirements, com-
plicated manufacturing processes, burdensome licensing proce-
dures, a static market for established vaccines, and, until recently, an
overabundance of competition.”!® This same report noted that “in
more than 10 years, Merrell National, one of the nation’s largest
pharmaceutical companies, is reported to have failed to turn a profit
in vaccines.”!” And yet, these conditions did not prevent this com-
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pany from investing in ambitious meningitis and flu vaccine proj-
ects in the 1970s.

While the economic argument for vaccine investments changed
somewhat in the wake of the swine flu affair, the political argu-
ment changed dramatically. The swine flu experience damaged the
reputation of immunization campaigns and overturned a belief
that the social obligation to respond to government vaccine re-
quests (and the associated public relations benefits) outweighed the
financial costs. This belief—a descendent of the corporate liberal
movement in the 1930s—was forged during World War II and
honed in the postwar years, but it did not survive the swine flu
affair.

When the federal government announced that it would vacci-
nate the nation against swine flu, Robert Hendrickson, director of
Merck’s manufacturing at the time, recalled, “Suddenly we got hit
with this tremendous requirement for millions of doses—in a very
short time span. So we geared up like mad to try to do this thing.”?°
Hendrickson explained that developing and scaling-up the vaccine
for high-volume production was an extraordinary accomplishment
undertaken for no profit. Yet “it ended up engendering nothing
but bad will despite a really massive effort to try to do something
for the benefit of the country . . . We got nothing but criticism from
the whole program because, as it ended up, the vaccine wasn’t
needed . . . You start out with something which is being done as a
goodwill gesture for the benefit of mankind, and like many things
that happen in the industry, it gets turned against you because of
suspicion that you did something wrong, that you put out a harmful
product.”?!

As public relations benefits evaporated, many companies cast off
their vaccine divisions to focus on more profitable product lines.
Merrell-National, Eli Lilly, Pfizer, Parke-Davis, and Dow Chemi-
cal were among the large U.S. firms to exit the business. By 1985,
only Merck, Wyeth, Lederle, and Connaught remained.?

After years of industry consolidation, economic prospects for the
remaining players improved considerably. Merck held 60 percent of
the U.S. market for vaccines, Lederle 18 percent, Connaught 14 per-
cent and Wyeth 8 percent.” Each company also held quasi-monopolies
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over individual product lines, which gave them the freedom to raise
vaccine prices.

Reflecting on business in the 1980s, Metzgar recalled, “Ironically,
Connaught began to make money when litigation became so preva-
lent.”?* He explained: “[ The company] started to charge money to
cover self-insurance needs and raised prices. There was a period of
time when we didn’t sell anything—almost drove ourselves out of
the market. Eventually, other companies began to look at what we
were doing and followed suit.”?

In an effort to stem price hikes and to prevent more manufactur-
ers from exiting the industry, Congress passed the 1986 Vaccine
Compensation Act to relieve manufacturers of liability for nonnegli-
gent vaccine-related injuries sustained in compulsory immunization
programs.?¢ This legislation reduced product liability costs (com-
pared to the 255 D'TP suits filed in 1986, only four were filed in 1997),
but vaccine prices continued to rise.?” From 1980 to 1995, vaccine
prices rose at a greater rate than the Consumer Price Index or the
Producer Price Index.?® Lance Gordon, vaccine research scientist
and CEO of the ImmunoBiologics Corporation, explained, “When
I entered commercial vaccine development in 1980, the aggregate
U.S. market for the core pediatric vaccine, D'TP, was approximately
$6 million, a market that was shared by nine manufacturers . . . [Af-
ter 1986], sales of the D'TP vaccine in the U.S. had grown to almost
$300 million.”” Gordon claimed, “The larger sales were due almost
entirely to product liability price increases.” One study attributed
price hikes, in part to the rising cost of research and product liability,
but it concluded that a large portion of the price hikes were consis-
tent with monopoly pricing behavior and reflected the growing mar-
ket power of remaining vaccine producers.’® Initially, price hikes
may have reflected self-insurance needs, but after 1986, they began
to generate profits.

Before the market improved, Merck had also considered exiting
the business in 1979. Roy Vagelos, director of Merck Research Lab-
oratories at the time, recalled a gloomy internal planning report: “I
couldn’t argue with the figures, which were correct. One curve
showed the total revenue from vaccine sales and another the costs of
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Hilleman’s vigorous research program. The two lines were drawing
together ominously for the future of Merck vaccines.”*! Ultimately,
Merck decided to stay in the business because, according to Vagelos,
it “had a well-deserved reputation for social responsibility. It was the
major America vaccine innovator and producer, and it had a power-
tul obligation to carry forward in that role and to try to make the
business profitable.”??

In reality, however, Merck began to treat vaccines like any other busi-
ness opportunity. Douglas MacMaster, president of Merck Sharp &
Dhome in the mid-1980s, warned Congress that even though Merck
decided to stay in the business, the days of Merck’s industrial patrio-
tism were over: “The vaccine business is a high technology business,
not a commodity business, and profitability is not determined by a
sales minus costs basis. Profitability is determined by assessing our
total business situation, looking at the elements affecting our total
business including cost of promotion, capital expenditures, produc-
tion costs, costs of raw material and the cost of research and develop-
ment.”* In a carefully worded statement, he explained, “Merck has a
long standing commitment to vaccine research. We believe it is a
matter of public trust to remain in the marketplace as long as possible.
Nevertheless, the extent to which we are able to allocate resources to
the development of new vaccines is certain to turn in part on the
profitability of such products.”**

The manner in which Connaught (the new owner of National
Drug’s manufacturing facility) chose its next vaccine development
project also revealed a new emphasis on market-driven vaccine de-
velopment. In contrast to the duty-driven spirit in which National
assumed work on the influenza and meningitis vaccines in the early
1970s, Connaught decided to develop a Haemophilus influenzae B
(HIB) vaccine strictly on the basis of market potential. Market-
ing director Doug Reynolds commissioned Rutgers University to
conduct a survey asking physicians whether they would routinely
administer meningococcal meningitis vaccines in their office prac-
tice. The survey indicated they would not, but that they would be
interested in a vaccine to prevent HIB infections (another source of
meningitis) in young children.*> As a result, Connaught promptly
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dropped all military contracts to develop a vaccine against group B
meningococcal meningitis and started working with the NIH to
develop HIB vaccines.

Once industry executives began to evaluate vaccine development
projects on their commercial merits alone, industry scientists had
less freedom to pursue their own projects and serendipitous oppor-
tunities for military-industrial collaboration diminished. Metzgar
recalled that “prior to that time, vaccines were a sideline. They were

not market-driven research investment decisions.”?¢

He explained:
“Corporate willingness to collaborate relaxes when the product po-
tential for a reasonable profit does not exist. This mentality of small
revenue and community service prevailed when vaccines were a
boutique enterprise, whereas now vaccines are a mainstream reve-
nue producer for manufacturers that are still in business.”” Metzgar
observed that the “most productive collaboration happened when
the vaccine business was less than 5 percent of the revenues of Na-

tional Drug.”*8

«~~ PoriticaL AND sociaL transformations in the 1970s
encouraged the public sector to underinvest in vaccines as well.
During the Cold War, the DOD supported international vaccina-
tion campaigns to win hearts and minds and built international epi-
demiological networks to detect new and emerging diseases that
posed a threat to military personnel. As the United States began to
pull out of Vietnam and other contested countries, the military’s
commitment to these strategies began to slacken. The DOD began
to cut back on its international laboratory network in particular, and
“epidemiological surveillance in these countries slowed to a crawl.”

These labs had furnished the military with uniquely strong capa-
bilities in epidemiological field operations and clinical trials because
they allowed basic research scientists and field investigators to work
side by side where diseases of military significance were endemic.
The Walter Reed Army Institute of Research (WRAIR) has long
recognized that “one must go to the source of the problems in order
to study them.”*? According to a memo to the director of WRAIR,
“supporting laboratory services [were] best brought in as close as
possible to the actual site of work rather than left to be maintained
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at a long distance where transportation problems, perishability of
shipments over long distances, inadequacy of communication, etc.,
all play their partin reducing the efficiency of the field operation . . .
To take one specific example,” the memo noted, “studies on cholera
infection in mice have been carried out for years in all parts of the
world, and have contributed practically nothing to our understand-
ing of the nature of the disease ... combined American and Thai
teams working in Bangkok last spring resulted in some major ad-
vances in our knowledge of certain aspects of cholera, and this is
only a small beginning achieved in a two months’ period.”!

Despite the advantages of this system, in 1979 Congress considered
handing the DOD’s international laboratories over to civilian con-
tractors, if not eliminating them entirely. While the DOD managed
to retain some international lab capacity, Philip Russell, former chief
of virology at the U.S. Army SEATO lab in Thailand, observed that
budget cuts slowly starved the remaining labs of critical resources:
“There is some strength left in those labs, but they don’t have the
same freedom of action and capability that they once did.”*

The fate of offensive biological programs during the 1970s was
even more dramatic. President Richard M. Nixon unilaterally re-
nounced the development, possession, and use of biological weap-
ons in 1969, and the United States began to dismantle its offensive
programs as the Biological Weapons Convention opened for signa-
ture in 1972.%

Nixon did not eliminate biological warfare programs because
they were ineffective. To the contrary, a series of open-air tests con-
ducted in the Pacific near the Johnston Atoll and Eniwetok Atoll
demonstrated that pathogens could be effective mass casualty weap-
ons.** Biological weapons were poor deterrents, however, and they
had limited retaliatory value due to their delayed effects. Further-
more, after a decade of biological weapons research, investigators
rediscovered what World War II biodefense scientists already knew:
that offensive measures were far easier to devise than defensive mea-
sures. Whereas offensive weapons could be formulated in two to
three years, effective countermeasures (usually vaccines) took any-
where from seven to ten years to develop. Some scientists, most
notably Harvard biologist Mathew Meselson, were concerned that



118 Lo~ SHOT

the U.S. offensive program was generating more problems than it
solved.

Nixon’s decision did not prohibit the DOD from investing in de-
fensive research, but it did limit progress in the field. In 1971, Gen-
eral William Creasy, head of the U.S. Army Chemical Corps,
argued that it was difficult to pursue a robust defensive research
program without offensive research. Testifying before Congress, he
explained, “You cannot know how to defend against something un-
less you can visualize various methods which can be used against
you, so you can be living in a fool’s paradise if you do not have
a vigorous munitions and dissemination-type program.”® Given
the interdependence of offensive and defensive research, the aboli-
tion of the former was felt by the latter. The Pentagon slashed the
biological research and development program budget in half and
many military-sponsored vaccine development projects lost mo-
mentum.*6

Other political and social shifts began to limit federal support for
DOD-sponsored biomedical research during this period as well.
During the Vietnam War, politicians began to question Vannevar
Bush-inspired notions that federal investments in research and de-
velopment served the public interest. It was no longer as accepted, as
it may have been in 1951, that “government agencies represent the
will of the people.”” According to Daniel Kevles, “science” became
guilty by association with an unpopular war. As the war escalated,
he argued, “critics turned to searing attacks on science for its close
identification with the military, including its advisory relationships
to the armed services and DOD’s salient presence in academia and
training . . . by the late 1960s, the dissidents had produced a coalition
that brought a halt to the geometrical growth rate in federal science
(while the federal budget had risen elevenfold since 1940, the re-
search and development budget had exploded some two-hundred-
fold).”*® These attempts were fairly successful, he concludes, since
“by the mid 1970s, the federal R&D budget, then about $19 billion,
had fallen in constant dollars about 20% below what it had been in
1967.7%

Political pressure to curb federal research and development ex-
penditures led Congress to amend the military procurement and



The End of an Eva 119

research authorization bill of November 1969 with what became
known as the Mansfield Amendment. This legislation prohibited
the DOD from financing research not directly related to a military
function or operation. Although the language was modified a year
later to permit appropriations for a wider range of research activi-
ties, this amendment reflected a growing predisposition to roll back
federal support for non-weapons-related research in the DOD.

In 1969, Congress began to cut through a wide swath of the mili-
tary medical research budget.’® As the United States began to lose
the Vietnam War militarily, the Armed Forces Epidemiology Board
(AFEB) discovered that military medical research was beginning to
lose politically. One member noted, “A few years ago, Vietnam was
a good word. Now with the de-escalation over there, what is the
objective?”’!

In 1971, the DOD announced that it would conduct a manage-
ment survey of AFEB operations. As rising oil prices, international
industrial competition, and stagflation trampled the U.S. economy,
the AFEB was only one of many government organizations under-
going budgetary review in the early 1970s. However, there was also
a new movement within Congress to eliminate conflicts of interest
within the government. The survey concluded: “The present sys-
tem violates the spirit, indeed if not the letter of the law. It is im-
proper to hold a government contract and be an official member of
the review group that technically approves one’s research proposal
even if the advisor leaves the conference room during the discus-
sion.” On the recommendation of this report, the AFEB was
stripped of its research function and reduced to an advisory role.

Firsthand familiarity with sponsored research was, in the words
of one WRAIR alumnus, “a reason that the AFEB system was so
successful in the early days.” He conceded, however, that by 1972,
“the conflicts of interest inherent in the system were too obvious to
”33 Other members felt this ethical gain came at the expense
of progress in the field as well. At the annual AFEB meeting in the

ignore.

following year, one speaker noted: “With the demise of the Com-
mission as we’ve had it in the past, we are really faced with a para-
dox. The field state of the art is getting to the point where I think
rapid and important advances could be made on a modern biological
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basis. Never before have we had the tools that we have right now. At
the same time, we are losing the one major organization in this
country that has held the field together and has provided the major
stimulus for all of this.”*

Budget cuts within the AFEB, and the Military Medical R&D
Command more generally, dovetailed with shifting research priori-
ties. Colonel Greenberg from the Preventive Medicine Division of
the Army reported: “At the present, all of the infectious diseases are
in competition with environmental pollution. Federal legislation
and congressional interest now requires us to give a lot of attention
to this.””

Vaccine research began to suffer at WRAIR as well, but for rea-
sons that had less to do with budget cuts than with a growing col-
lection of institutional and professional factors. Chief among these
was the termination of the doctor draft after the Vietnam War. An
internal army report from 1974 warned, “Filling the junior staff po-
sitions, although adequate at the moment, is seriously threatened by
the end of the draft.”*® Without the draft, WRAIR lost an impor-
tant recruiting tool at a time when scientists and physicians were
already beginning to question a career in military medicine.

An independent review of DOD medical research programs con-
ducted in the 1960s foresaw many of the professional and personnel
problems that would contribute to the exodus of talent from mili-
tary research institutes after the Vietnam War. The report identi-
fied the salary structure for senior scientists as a major source of the
problem: “Fixed by statute, it cannot compete with industrial salary
structures.”’ Excellent facilities and competitive salaries seduced
talented scientists early in their training, but poor long-term pro-
fessional opportunities within the military made it difficult to re-
tain good scientists. In particular, “when [a scientist] reaches the
level of senior investigator, a reverse process takes place. At this
level, government salaries and other benefits are below those of uni-
versities and industry. Consequently the government is deprived
largely of the peak productivity of a professionally mature scientist.
This in turn makes it more difficult to hold the younger scientists as
there are so few outstanding men left to attract them.”® As a conse-
quence, “during the past seven years, a staff of investigators, once
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recognized as one of the strongest of its kind in the world, has been
literally decimated by resignations.”””

Maurice Hilleman and James Sorrentino were among those who
resigned from WRAIR for industry positions. During the postwar
era, when military-industrial networks were still strong, these moves
were not a zero-sum game for the military for they often reinforced
working relationships with the vaccine industry. Once military-
industrial collaboration weakened in the late 1970s and 1980s, however,
the exodus of talent had few positive spin-offs for military research.

A growing professional divide between military officers and mili-
tary scientists was also beginning to compromise research activities.
Vannevar Bush believed that World War II had wrought a perma-
nent solution to this problem. In 1970, he wrote: “The obstruction-
ism of military systems, as it existed for a thousand years, ended
with the last Great War. It is far more possible today to maintain a
productive collaboration between military men on the one hand and
civilian scientists and engineers on the other than it ever was be-

fore.”®

0 He noted that prior to this war, “Military laboratories were
dominated by officers who made it utterly clear that scientists or
engineers employed in these laboratories were of a lower caste of
society. When contracts were issued, the conditions and objectives
were rigidly controlled by officers whose understanding of science
was rudimentary, to say the least.”®!

After the Vietnam War, the military suffered a relapse of creep-
ing obstructionism and rigidity that bore an uncanny resem-
blance to prewar military organizations. The U.S. Army Medical
R&D Command, which directed the activities of WRAIR and
the U.S. Army Medical Research Institute for Infectious Diseases
(USAMRIID), began to embrace an ever-growing repertoire of
standard operating procedures to direct research, development,
and procurement. Over time, this bureaucracy began to restrict
the freedom of scientific directors to manage their own labs and
relationships with collaborators. By the mid-1980s, lab directors
lost much of their authority to professionals and procurement
specialists.

Philip Russell, director and commandant of the WRAIR from
1979 to 1983 and commander of the U.S. Army Medical R&D Com-
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mand from 1986 to 1990, witnessed many of these transformations
firsthand: “I was the last director that let laboratory commanders
run their own organization . . . Iwould let department directors decide
how to use their own resources. Now research is micro-managed by
the R&D Command.” According to Russell, “There was a concept
pushed from the DOD on down to the Department of the Army that
lab scientists can’t manage anything and that you need professional
managers.” Now, he observed, “military labs operate as contractors.
They have to petition the bureaucracy to get money.”%?

This form of management from nonscientists, or what Russell

” “always results in weak

affectionately called “headquarter weenies,
programs.”® These new managers did not appreciate the complexi-
ties of vaccine development. Their efforts to improve efficiency and
cut costs also undermined WRAIR’s collaborative research net-
works. According to Russell, “It takes the scientists to know where
the cutting edges are and who is really doing the good work in the
field.”** When scientists lost managerial authority, their research
programs began to suffer from disjointed missions, short-term plan-
ning, and high turnover.

Thomas Monath, former chief of virology at USAMRIID (1989-
1992), felt that the military medical research bureaucracy cut both
ways. “On the one hand,” he explained, “there is so much scien-
tific review, institutional review and infrastructure to help you out.
They can back you up with a clinical lab; you could easily put your
hands on the necessary expertise, etc. Yet the system was compli-
cated and it was difficult to order supplies, and the bureaucracy was
so large that there were a lot of junior irrelevant people to get in
your way.”®

Monath, like many other experienced vaccine research scientists
during this period, eventually left the military for industry.5 The
DOD’s failure to “give a man his head”—as Bush once advised—was
slowly destroying the capabilities of its research organizations and
causing them to bleed talent.

Military efforts to obtain an adenovirus vaccine showcase the ef-
fect of these bureaucratic changes on the gradual breakdown of the
military-industrial partnerships. Adenoviruses, which cause upper
respiratory disease, often infect military recruits in the first few
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weeks of training. Prior to the development of the vaccine, up to
80 percent of new recruits suffered from acute respiratory disease
(ARD), with 20 percent requiring hospitalization in the winter
months.?’

In the early 1950s, Hilleman isolated one of the first adenovirus
strains at approximately the same time that Wallace Rowe, working
in Robert Huebner’s lab at the National Institutes of Health (NIH),
isolated several related strains.®® Hilleman and Rowe quickly devel-
oped formalin-inactivated vaccines grown in monkey kidney cells.
With the help of WRAIR’s Preventive Medicine Division, they
worked with military clinicians and epidemiologists to test the
safety and efficacy of these vaccines.®” By 1957, Lederle licensed
WRAIR’s bivalent vaccine for adenovirus types 4 and 7 and Parke-
Davis licensed the NTH’s trivalent vaccine for types 3, 4, and 7.7°

Since WRAIR had already conducted in-house safety and efficacy
trials, it was a relatively small step for industry to license and manu-
facture the vaccine. Even so, it was not easy to persuade industry to
take on this project. Adenovirus-associated ARD runs rampant
among new military recruits, but it does not threaten civilians to the
same degree, which makes these vaccines commercially unattrac-
tive.”! In a letter to Thomas Francis, president of the AFEB, Colonel
Arthur Long, Chief of the Preventive Medicine Division, noted:

The road to the commercial production of adenovirus vaccine
appears to have been a very rough and rocky one. This came to
our attention shortly after the original invitations to bid [for a
second vaccine that combined adenovirus and influenza] were
issued in the early summer of 1958. The various manufacturers
concerned . . . demonstrated neither capability nor interest. . .
there were numerous technical difficulties involved in the pro-
duction of a satisfactory vaccine. It was also learned as time
went by that there were some management problems involved
as well since this agent could be expected to have relatively

little, if any, civilian appeal.’?

WRAIR considered producing the vaccine in-house, but soon
discovered the limitations of that approach. Long observed: “At
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WRAIR there is no experience in or facility for the large scale tis-
sue culture production of vaccine. It is also realized that a great deal
of time and cost would be involved in that institution reaching the
current level of the commercial manufacturers’ ability.””?

With new appreciation for their dependence on industry’s exper-
tise, the Preventive Medicine Division reapplied itself to the prob-
lem of engaging the private sector. Colonel Long prevailed on the
executive vice president of the Pharmaceutical Research and Manu-
facturers’ Association (PhRMA) “to interest management in the
military problem.””* In the 1950s, responding to military needs still
conferred public-relations benefits for industry. With a little extra
pressure from PhRMA, “increased interest became apparent.””
Colonel Long reported that now “at least two and possibly other
companies [were] interested in bidding on a purchase proposal.”’®

Once the military secured a regular supply of the vaccine, rates of
ARD went down considerably. The Surgeon General’s Office (SGO)
noted in 1960 that hospital admission rates were down one-third
from the year prior, stating, “We hope this is due to adenovirus vac-
cine but we do not want to give out any advance publicity until we
are certain.”’’ Just as the army was making headway against this
disease, they began to experience supply problems with the manu-
facturer. The SGO stated, “Our stock of adenovirus is now depleted.
We have indicated to the manufacturers that we are most unhappy
with the supply of this vaccine.”’®

The situation worsened when researchers determined that the
monkey kidney cells used to grow the virus were contaminated with
SV-40, a cancer-causing virus. Safety concerns prompted the BOB
to terminate the Lederle and Parke-Davis licenses in 1963 and the
military ran through their existing stocks within the year. The SGO
reported, “There has been no adenovirus vaccine available for rou-
tine use since early 1964. Commercial producers in coordination
with U.S. Army Medical Research and Development Command
have expended considerable effort to find the solution to production
problems.””’

Scientists at WRAIR (Edward Buescher) and the NTH (Robert

Channock) worked quickly to reformulate a safer adenovirus vac-
cine. They developed a live oral adenovirus vaccine grown in hu-
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man embryonic kidney cells. When swallowed, it infected recruits
by an alternate route and caused them to develop immunity to the
more serious respiratory form of the disease.

In contrast to Hilleman’s and Rowe’s efforts, which had been
competitive, this second collaboration was more congenial. Accord-
ing to Russell, “The two [Buescher and Channock] were close
friends, both had been fellows in Albert Sabin’s laboratory and both
had served at the army’s 406 General Medical Laboratory in Japan
conducting virus research. Between them, they overcame the insti-
tutional rivalries of the past and, in collaboration with Ben Rubin at
Wyeth Laboratories, provided the leadership that resulted in the
very successful development of the type 4 and type 7 oral adenovi-
rus vaccines.”80

NIH and WRAIR investigators tweaked the vaccine to ensure
safety and efficacy and worked closely with Wyeth to develop pro-
cesses to grow the virus, lyophilize the vaccine, and compress it into
a tablet that would maintain stability. Wyeth began producing the
vaccine for routine use in the military under Investigational New
Drug (IND) provisions in 1971. According to Russell, once the mil-
itary initiated routine vaccinations, “the large hospital wards at re-
cruit camps formerly used to treat ARD cases were closed.”8!
According to a study from the 1970s, this vaccine saved the U.S.
Army $7.5 million in medical costs after two years of routine use,
whereas the vaccine itself incurred only $4.8 million in development
and testing costs.?” The impressive safety record compiled from re-
cruit vaccinations over the years allowed Wyeth to obtain a license
for the vaccine in 1980.%

Despite the clear value of the adenovirus vaccine, it received in-
sufficient support from DOD procurement officers. When military
officers asked Wyeth to manufacture their new live-oral adenovirus
vaccine, Rubin countered that the proposed contract was unrealis-
tic. He explained that more research, requiring long-term, consis-
tent funding, was needed before the live-oral vaccine could be scaled
up for production, and his lab could not perform this work with-
out compensation.?* Increasingly inflexible military funding prac-
tices made it difficult for them to accommodate Wyeth. One AFEB
member explained, “Because it takes so much time to get from there
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to here, this is not compatible with military funding.”® Rubin con-
cluded the meeting with a warning: “Let’s make it perfectly clear.
Wyeth is going to get out of the business, and furthermore, most of
the other companies that are producing vaccines are going to get
out of the business too, and it’s probably going to be a lot sooner
than you think.”86

In 1984 Wyeth asked the DOD if they would assist with the cost
of renovating the adenovirus vaccine facility—estimated at $5 mil-
lion. The DOD refused. According to Monath, “At the time, they
probably just didn’t have the extra money needed. There was no way
to advance the funds and so they couldn’t negotiate.”®” He explained
that Wyeth threw up their hands and countered, “We’re not making
any money from it. It is just a service.”®® Wyeth ceased producing
the vaccine, and by 1996 the military, once again, stopped vaccinat-
ing troops. Monath explained, “We’re now having epidemics in re-
cruits of adenovirus types 4 and 7 again, as well type 3. And there
has been no manufacturer. The Army has been unable to find a
manufacturer because the market is so small. So it’s a real embar-
rassment. Now it will cost them $50 million at least to reconstitute
this thing. You could have done it for $5 million 5 years ago—just
absolute crass stupidity.”®’

Some preventive medicine officials were shocked when they had
to terminate their adenovirus vaccination program due to a mere
supply problem. They should have reserved their amazement for the
fact that they had been able to engage industry in a low-margin,
limited-use vaccine contract for as long as they had. Some older
AFEB members were less surprised by this outcome.

Several decades earlier, the AFEB had explored the option of
building a government-owned, company-operated (GOCO) vaccine
development facility when it was struggling find an industrial part-
ner to develop the meningitis vaccine. In 1972, Colonel Robert Cut-
ting explained that “as a result of Squibb’s withdrawal from the
meningitis vaccine, and after a great deal of hand-wringing in an-
guish, an internal emergency committee was created at the DOD
level, Dr. Wilbur’s office, for the purpose of addressing this very

specific question.””°
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The Commission on Acute Respiratory Diseases recommended
that “the AFEB in collaboration with the DOD and the PHS, investi-
gate the feasibility that the U.S. Government develop a facility whose
major function would be the research and development of vaccines.
The possibility of the production of certain vaccines might also be
considered for those preparations that are not commercially profit-
able.””! Floyd Denny, a member of the Commission on Acute Respira-
tory Diseases emphasized, “There is indeed a huge problem. This
applies not only to adenovirus vaccines but other vaccines as well and
I think this needs to be addressed very, very emphatically now.”*?

The SGO had already had some success with this model. In 1960,
they built a contract manufacturing facility to develop limited-use
vaccines at the National Drug Company in Swiftwater, Pennsylva-
nia. They eventually donated the facility to the Salk Institute, which
operated as a nonprofit on the Swiftwater campus until 1998.” The
Salk Institute continued to develop pilot lots of limited-use vaccines
for WRAIR for another twenty years. Between 1960 and 1998, this
facility filed INDs for vaccines against Junin virus, chikungunya
virus, eastern equine encephalitis, western equine encephalitis,
Venezuelan equine encephalitis, Q fever, Rift Valley fever, and tula-
remia. Most INDs were filed in the 1960s and 1970s, and manufac-
turing ceased for most of these limited-use vaccines in the 1970s
and 1980s (see Table 1.2, Chapter 1).

Encouraged by their experience with the Swiftwater facility, heads
of the preventive medicine divisions of all three services wrote let-
ters in support of building a GOCO to develop and manufacture a
wider range of vaccines for the military. In a move that would be-
come increasingly uncommon, however, industry stepped in and
saved the day. According to Colonel Cutting, “People were dancing
around, trying to come to grips with this problem when all of a sud-
den Merck decided that they would make the meningitis vaccine.””*
Merck agreed to make the vaccine, not for business reasons, but
because Hilleman’s former colleagues at WRAIR were able to pre-
vail on his sense of loyalty and obligation.

Russell suspected that industry’s former willingness to take on
military vaccine projects stemmed less from than an abstract sense
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of duty and had more to do with the personal relationships between
scientists at WRAIR and in industry.” As professional managers
began to assume more responsibility for administrative duties that
traditionally fell to the scientists themselves, such as contract nego-
tiations, long-standing working relationships and personal ties were
broken. Under these circumstances, both sides often chose to cancel
existing contracts and to reject new ones.

The “professionalization” of management within the DOD was a
response to a bipartisan push to import private-sector practices to-
ward the end of the Cold War. Reforms consisted of downsizing,
centralizing in-house activities, and outsourcing the rest. As com-
mercial innovation began to outpace military contributions in elec-
tronics and computing, there seemed to be little room for argument.
In a comparative study of new warships and M14 rifles, Aaron Fried-
berg demonstrated what most already believed: that “private firms
consistently gave better value for the tax payer’s dollar.”? How-
ever salutary these techniques may have been for national defense
as a whole, it crippled military vaccine research and development
activities.

In a bout of centralization in the 1990s, the DOD placed respon-
sibility for biodefense vaccine procurement in the Joint Development
Office (JDO). According to Russell, this was a “disastrous policy
decision,” for it isolated the research process from the medical de-
partments and from anyone who understood the vaccine industry.”’
The crowning blow to WRAIR came in 1994, when the DOD
moved the operational capabilities of the Preventive Medicine Divi-
sion from WRAIR to Aberdeen Proving Ground in Maryland. This
reorganization was part of a larger effort to centralize preventive
medicine activities at WRAIR, the SGO and the Environmental
Hygiene Laboratory into the Center for Health Promotion and
Preventive Medicine (CHPPM) at Aberdeen. According to Patrick
Kelley, former director of Global Emerging Infections Surveillance
at WRAIR (DOD-GEIS), this move made sense from “an organi-
zational command and control point of view” because it consoli-
dated operational public health activities for the army, but the
quality of research may have suffered as a result.”® Joel Gaydos, who
directed the clinical preventive medicine program at the newly
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formed CHPPM, thought that this move offered a tremendous op-
portunity to strengthen epidemiologic capabilities. At CHPPM,
WRAIR’s epidemiological consultation teams (EPICON), which
conduct fieldwork such as disease identification and clinical trials,
were given a well-defined role, an adequate budget and staff, and a
policy function that afforded long-term strategic planning. In hind-
sight, however, he conceded that the reorganization did not live up
to its promise.

CHPPM became bogged down in routine occupational health
and environmental medicine service requirements and strategic
planning for vaccines drifted into the background. Responsibility
for the strategic planning and public health assessment of military
vaccine needs became disaggregated and important problems fell
through the cracks. According to Gaydos, preventive medicine and
infectious diseases physicians tried unsuccessfully for years to simply
identify the office or organization responsible for addressing the
most important military vaccine problem at the time, the loss of the

adenovirus vaccine.”?

Transferring EPICON teams to CHPPM “was a bad move,” ac-
cording to Russell, “because it removed the field capability that the
preventive medicine division had from the intellectual interaction
they had with the research folks at WRAIR. To separate the two
was monumental stupidity.”!%

Prior to the move, WRAIR possessed a fully integrated set of
epidemiological, clinical, and lab capabilities. These groups worked
together under WRAIR’s Preventive Medicine Division to capture
lead-user insights and to integrate field and lab research. Russell
recalled that he could put together teams from each division to
“solve almost any problem.”’”! Unlike many of the vaccine candi-
dates that came out of university labs, or even the NIH, WRAIR
was able to hand industry candidates that had been fully developed
and tested through their clinical trial infrastructure at home and
abroad. In this way, the military was able to assume much of the cost
and risk of vaccine development for industry.

When WRAIR lost the operational arm of the Preventive Medi-
cine Division to CHPPM (and many of their international labs),
they were not able to generate and test new vaccine candidates with



130 Lo~ SHOT

the same rigor. This created a lacuna in the development cycle for
vaccines, especially biodefense and global health vaccines, which
had enjoyed military sponsorship in the past.

The DOD revisited the GOCO issue in 1993 when it failed to
procure sufficient amounts of anthrax vaccine and botulinum anti-
toxin prior to the first Gulf War. A triservice task force concluded
that a GOCO would not only generate a stable supply of medical
countermeasures (MCMs) but could provide much-needed surge
capacity in a crisis.!?

To alleviate supply constraints in the short term, the FDA passed
an interim rule waiving informed consent requirements for the use
of investigational new drugs and vaccines (INDs) to protect the
troops.!® This decision was later widely criticized as INDs such as
pyridostigmine bromide and botulinum toxoid fell under suspicion
for causing the Gulf War syndrome. Medical and political fallout
from the Gulf War syndrome, coupled with the impracticality of
adhering to informed consent regulations in a rapid mobilization
scenario, prompted military officials to require FDA approval for all
MCMs.

This new requirement prompted the DOD to create the Joint
Vaccine Acquisition Program (JVAP) and hire a lead system inte-
grator (LSI), DynPort, to farm out military contracts to procure
vaccines in the marketplace. When DynPort failed to attract good
industry partners, a panel of military and industry experts con-
ducted another investigation of the DOD procurement strategy in
2001. Their report (the Top Report) questioned the longstanding
predilection for market-based solutions to military research and de-
velopment needs and, once again, proposed a compromise between
“out-sourced” and “in-house” solutions. The report acknowledged
that “large, well-established pharmaceutical industry manufactur-
ers [were] unlikely to reverse their decades-long trend of relatively
inconsequential support for DOD vaccine production require-
ments.”'% It also noted that “the scope and complexity of the DOD
biological warfare defense vaccine requirements were too great for
either the DOD or the pharmaceutical industry to accomplish
alone.”'% To overcome these obstacles, the panel proposed a GOCO
vaccine research, development, and manufacturing facility to de-
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velop, license, and manufacture vaccines for biological warfare agents
and endemic disease threats of military significance.

The DOD ultimately shelved the Top Report in favor of contin-
ued efforts to procure vaccines through commercial channels. While
government officials and legislators objected to the cost ($1.56 bil-
lion to build, maintain, and operate the facility over a twenty-five-
year period), industry objected to the proposal on principle. Industry
had thus far been unwilling to develop the handful of limited-
use vaccines under consideration, even with a host of government-
sponsored cost- and risk-sharing options. Nonetheless, they feared
that the project could encroach on viable markets. Wayne Pisano,
executive vice president of Aventis Pasteur, elaborated on industry’s
concerns in mildly apocalyptic terms: “If the government enters
the vaccine manufacturing business, industry may ultimately be un-
able to compete with a subsidized operation. The result is, poten-
tially, the withdrawal of private manufactures from the U.S. market
and the loss of innovation and timely introduction of new products
into the U.S.”106

This proposal was also unpopular with many policy makers. The
federal government, they argued, should not be in the business of
producing anything. Even though NASA had put a man on the
moon as a result of in-house engineering and manufacturing, any
mention of the agency was less likely to evoke these historic suc-
cesses and more likely to conjure memories of faulty O-rings (the
1986 Challenger disaster) and faulty thermal shields (the 2003 Co-
lumbia disaster). As the Dow Jones Industrial Average continued to
climb through the 1990s and early 2000s, military planners and leg-
islators were increasingly willing to place their faith in the private
sector.

Policy makers and acquisition managers were drawn to market-
based governance schemes in which they outsourced a growing ar-
ray of critical functions to reduce the role of the government as the
provider of goods and many services. The DOD began to outsource
an ever-greater portion of research. According to one study, navy
labs outsourced 50 percent of their workload in 2000, up from 26 per-
cent in 1969. Army labs outsourced 65 percent, up from 38 per-
cent.!” By 2009, even NASA—one of the most visible government
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agencies with production capabilities—agreed to start contracting
with private companies to design, build, and service their own rock-
ets and spacecraft.

The DOD soon began to outsource the task of managing extra-
mural research and development as well by hiring LSIs to manage
large federal acquisition programs. LSIs are primary contractors
that manage a collection of secondary contractors for the armed
forces. After critical MCM shortfalls and safety concerns bedeviled
biodefense in the first Gulf War, the JDO established JVAP in 1994
to bring experimental biodefense vaccines to licensure. JVAP turned
around and awarded $747 million to DynPort, a British-American
company, to contract private firms to develop and test seventeen
biodefense vaccines.

Once the DOD established JVAP and hired DynPort to farm out
military contracts for biodefense vaccines, it decommissioned the
Salk Institute in 1998. While the objective was to upgrade military
biodefense vaccine manufacturing capabilities, this move eroded yet
another traditional source of hands-on vaccine development knowl-
edge. Even when the Salk Institute failed to perform on a contract,
it still developed skills, maintained working relationships with
WRAIR scientists, and retained an institutional memory of lessons
learned. Today, however, when DynPort fails, its failure is complete.
DynPort terminates the contract and former collaborators may
never work together again. Results are not published and lessons are
not retained.!%8

Hiring an LSI to farm out JVAP contracts also compounded re-
search and development governance problems by disaggregating
the process further. According to Robert House, DynPort’s chief
scientific officer, “We are responsible for designing most of the ex-
periments, as well as interpreting the results. In this respect, you
might say we are conducting our research via remote control.”%”
When contractors do not conduct research of their own, it can be
harder for them to make informed decisions about the quality and
progress of subcontracted work. This has become doubly true for
the Pentagon, which must now work through the additional layer
of bureaucracy that LSIs impose. Over time, the Pentagon leader-
ship has become so far removed from the research and development
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that underlies its acquisition options that it “is losing its ability
to tell the difference between sound and unsound decisions on in-
novative technology and is outsourcing key decision-making as
well.”110

New cadres of professional acquisition managers at the Pentagon
did not appreciate the time, cost, and complexity of vaccine develop-
ment, in particular. Monath observed that the army began to suffer
from the conception that “the process of product development was
a mild modification of how the army develops a new tank . . . getting
to that last step with products was exceedingly difficult because the
tank mentality doesn’t apply to pharmaceuticals very well.” He con-
cluded: “So there are a lot of people who get involved at the end
stage here who really don’t know what they are doing.”!!!

The Pentagon was seduced by another popular management
technique: breaking down development tasks into pieces and con-
tracting them out to the lowest bidder. This modular approach
presumes a near-perfect understanding of a process that can be pre-
specified and made to order. Unlike some military hardware, which
can be assembled to specification through an interchangeable net-
work of subcontractors, vaccine-relevant knowledge can be difficult
to quantify and transfer. The vaccine development process is fickle
and often resists accurate cost projections, timing, and yield esti-
mates. The knowledge required to successfully grow and manipu-
late biological material is contextual and often tacit.

Vaccines are not tanks. They are not easily reduced to a blueprint
that can be passed down a chain of arm’s-length transactions. Yet
this is what happens when LSIs outsource development projects.
While our understanding of biological processes may one day allow
a more rational approach to vaccine design, modularity—and the
horizontal governance structures that it permits—is an inappropri-
ate model for many aspects of vaccine development.

In addition to disaggregating the research process, outsourcing
vaccine research and development exacerbates preexisting market in-
centive problems. When the DOD hired DynPort to manage JVAP,
they simply shifted acquisition responsibilities further into the mar-
ketplace, without removing any of the original barriers to market-based
solutions. These contracts remain unattractive to large, experienced
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biopharmaceutical companies regardless of who administers them.
Instead, contracts go to smaller, less experienced companies that do
not carry the same opportunity costs as larger firms. As these com-
panies struggle to perform the work of a large integrated firm, con-
tracts inevitably have to be renegotiated, extended to a wider array
of companies, or terminated. This process elevates the time, cost,
and failure rate of these projects. To date, this program has failed to
license a single new vaccine.

~~— As MILITARY MEDICAL research labs began to lose tal-
ent, funding, and prestige during the post-Vietnam period, the
NIH began to gain in all three areas. NIH support for academic
research continued to grow in the midst of the government wide
budget cuts of the 1970s, initiating a trend that persisted through-
out the 1980s and 1990s.!12

In 1980, the NTH’s National Institute for Allergies and Infectious
Diseases (NIAID) designated itself as a center for “next-generation”
vaccine research and initiated a Program for Accelerated Develop-
ment of New Vaccines. According to one report, “The incentive for
an expanded effort lay in new knowledge and processes emerging
from recombinant DNA and hybridoma technologies, and in the
better understanding of the workings of the immune system.”!!3 The
idea was to select high-priority vaccines, leverage new recombinant
technologies, and target research objectives to accelerate their devel-
opment. By 1986, however, the program had contributed to the de-
velopment of only one vaccine containing antigens derived from
recombinant DNA expressed in yeast cells, the hepatitis B vaccine.

William Jordan, director of the Microbiology and Infectious Dis-
eases Program at NIAID, acknowledged that the development of
genetically engineered vaccines was not proceeding as quickly as
expected.!'* Jordan catalogued a number of scientific setbacks: syn-
thetic oligopeptides were not as antigenic as hoped, it was difficult
to demonstrate the safety of antigens produced in continuous mam-
malian cell lines, and polysaccharides had to be coupled with pro-
teins to be immunogenic in young children.!”’ The problems facing
NIAID’s vaccine development programs were, from Jordan’s point
of view, entirely scientific in nature.
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Military and industrial vaccine research scientists familiar with
NIAID’s vaccine development program disagreed. They identi-
fied a number of organizational and managerial characteristics that
they felt were counterproductive for vaccine development. Colin
MacLeod, former AFEB president, compared the organization and
efficacy of AFEB commissions against the value of NTH study sec-
tions. He explained that AFEB commissions were made up of ex-
perts in a well-defined disease-oriented area who devised targeted
research programs in collaboration with medical departments of the
military services. NIH study sections, on the other hand, “are not
goal-oriented and usually do not have any responsibility for the de-
velopment of a program . . . They are passive, judicious bodies whose
function is to review applications sent to them.”!16

Hilleman also took a dim view of NIH contract research pro-
grams: “These are little cottage industries, aren’t they? And they
are different disciplines, different programs. Now, in these little
cottage industries, you can’t bring central focus . . . All of these inde-
pendent diddleworks never get coordinated to provide solutions.”!!

The NTH does not offer an oversight body to integrate findings
or to bring research projects in line with a cohesive vaccine develop-
ment plan. Rather, they encourage scientists to pursue individual
lines of inquiry simultaneously. This independent investigator-
initiated, peer-reviewed grant system generates scientific knowledge
and publications, but it falters when the government requests tan-
gible results, as it did when the organization was called upon to pro-
duce a vaccine to prevent AIDS.

In 1984, Robert Gallo announced that he, along with his col-
leagues at the National Cancer Institute (NCI), had identified the
virus that causes AIDS. In a few short years, NIAID led the search
for an AIDS vaccine, under Antony Fauci, with a budget of $261 mil-
lion. By 1999, the budget would grow to $1.8 billion, but no vaccine
was in sight.!1®

HIV viruses present unique challenges that would have thwarted
vaccine research scientists under the best of circumstances. Some
contend, however, that scientists would be much closer to a vaccine
if the NIH had organized research differently. Hilleman argued
that the NIH’s “fractured organization, centered on individual
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investigator-initiated ROI1 grants, allowed it for too long a time to
pursue a subunit envelope vaccine against AIDS as a continuing
paradigm to the highly effective subunit hepatitis B vaccine of 1981
and 1986 that can prevent infection by antibodies alone.”'"” Had
there been more top-down oversight, he argued, efforts would have
been redirected towards an examination of cell-mediated immune
responses much sooner.

In some respects, NIAID was a victim of its own success. Van-
nevar Bush foresaw the dangers of excess funds in the 1950s, just
before large appropriations for biomedical research became the
fashion. He was concerned that excessive funding would permit me-
diocre research and encourage overspecialization, leading to the
construction of a scientific “Tower of Babel” that would thwart ef-
forts to integrate findings and coordinate research programs.!?
While Bush was concerned for the future of integrative research
efforts in general, this issue was particularly relevant to vaccine re-
search scientists who need to integrate findings from a diverse num-
ber of fields and specialties.

Hilleman suggested that additional money and research were un-
likely to yield a vaccine but that a reorganization of the research
program itself could. He blamed the NIH grant system for encour-
aging scientists to pursue “what is the more doable at the expense of
what is more urgently needed (. . .) the total of basic knowledge in
AIDS, particularly its immunology and molecular biology, is over-
abundant and is highly complex . . . the more fundamental problem
for achieving an AIDS vaccine may lie with organizational struc-
ture and management than in attaining the needed science itself.
Pursuit of an AIDS vaccine could be benefited greatly by a determi-
nation of what areas of missing information are important and how
these needs could be organized into defined areas of emphasis for
investigation by separate team efforts.”!?!

Hilleman’s call for a more top-down approach, while abhorrent
to some scientists, began to hold sway with others. In 1996, the
Levine Committee (a committee of one hundred scientists and ac-
tivists, which had a “list of participants that read like a Who’s
Who in academic AIDS research” issued a report on the state
of vaccine research at NTH.!?? The report concluded unequivo-
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cally that “HIV vaccine research and development is in crisis” and
that “the entire AIDS vaccine research effort at NIH should be
restructured.”!?}

The committee argued that “the NIH must be prepared to go
beyond its traditional role, for the discovery and development of a
vaccine demands more than just the acquisition of fundamental
knowledge; it requires that the information be applied and resultant
vaccine strategies appropriately evaluated.”'?* To accomplish this,
the Levine Committee advocated OSRD-style top-down coordina-
tion and integration of research objectives. In particular, they rec-
ommended an interdisciplinary study section for vaccine research
that would set priorities and direct research objectives. It was, how-
ever, difficult to implement integrated programs in the context of
the NIH’s strong bottom-up culture and the Clinton Administra-
tion decided to construct a separate Vaccine Research Center to co-
ordinate these efforts.!?

Industry scrambled to profit from the mountains of data coming
out of the NIH and academia as well. Recombinant techniques
promised new opportunities to design vaccines with greater speci-
ficity and predictability. The prospect of being able to engineer an
antigen apart from its pathogen represented a significant opportu-
nity to develop vaccines with fewer side effects. This was particu-
larly attractive for vaccine producers operating in the litigious
climate of the 1980s.

The explosion of technological opportunities in molecular biol-
ogy and genetic engineering made it progressively more difficult for
any one firm to assemble the optimal array of in-house development
expertise. The 1980 passage of the Bayh-Dole Act exacerbated ef-
forts to integrate insights generated by the biotechnology revolu-
tion. This legislation allowed universities, small businesses, and
nonprofits to obtain intellectual property (IP) rights to their inven-
tions. Gone were the days of “free exchange” that accelerated mid-
century vaccine development. Increasingly, firms had to navigate
multiple patents to assemble the necessary knowledge and tools re-
quired to develop a vaccine. Upstream discoveries and research tools
were underused because a tangle of IP protections made them inac-

cessible and expensive.!26
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Biotechnology entrepreneur Robert Carlson notes that “the cost
of participating in the market is not just the capital and the labor
required to produce a new object for sale; it includes the cost of pro-
tecting the resulting intellectual property.” He further observed,
“In my case, the entire capital cost of product development was sub-
stantially smaller than the initial transaction costs of writing and
filing a patent.”!?’

Commercial vaccine developers responded to the rising complex-
ity, cost, and risk of development much in the same way that mili-
tary labs did, by expanding their reliance on outsourcing and
technological cooperation agreements. While some firms invested
in in-house capabilities, others formed contractual arrangements
with smaller biotechnology start-ups and academic and government
research institutions.!?8

Many industry observers regard this trend towards decentraliza-
tion as an unalloyed boon to productivity. Outsourcing and tech-
nology cooperation agreements, they argue, help firms cope with
the rapidly changing landscape for technology development.!?? Sub-
contracting is attractive because it allows firms to specialize in areas
where they have a competitive advantage and to outsource in areas
where they do not.’® Technology cooperation agreements, they
maintain, allow firms to seize new opportunities while managing
their risks and costs.!!

Luigi Orsenigo argues that horizontal arrangements are not only
an efficient solution to the growing cost and complexity of production,
they are a valuable source of innovation."*? In theory, vaccine compa-
nies have much to gain from close working relationships with partners
that share heterogeneous, yet complementary, research and develop-
ment capabilities. These dense networks of collaborative relationships,
he argues, serve as “organizational devices for the coordination of het-
erogeneous learning processes by agents characterized by different
skills, competencies, access to information and assets.”*?

Early evidence from industry seemed to support these ideas.
Merck leaned heavily on outside networks to develop a recombinant
hepatitis B vaccine in the 1980s. This vaccine was the product of a
four-way collaboration between Merck, two university laboratories

(one headed by William Rutter at the University of California and
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the other by Benjamin Hall at the University of Washington), and
Chiron, a California-based biotechnology company.'** Together
they developed a system to express hepatitis B surface antigens in
yeast, resulting in the first safe and effective recombinant vaccine,
licensed in 1986.

The success of this collaborative model was, however, hard to
replicate. Apart from SmithKline Beecham’s version of a recombi-
nant hepatitis B vaccine (introduced in 1989), CBER has licensed
only two other recombinant vaccines: a Lyme disease vaccine (li-
censed in 1998, withdrawn in 2002) and the human papilloma virus
vaccine (licensed in 2006).

Champions of highly decentralized governance structures under-
estimate the extent to which these “dense networks” carry high
transaction costs and often fail to deliver the advertised knowledge
spillovers. When the information required for technological prob-
lem solving is sticky, as it is in vaccine development, these collab-
orative ventures can be less effective.

"The research habits of NIH-trained scientists complicated efforts
to maintain broad, interdisciplinary and translational research pro-
grams. By 1982, the NTH was the unquestioned leader in the field of
molecular biology, having spent an estimated $380 million on research
in this area.!” As industry hastened to acquire biotechnology capa-
bilities, their interest was further deflected from the military and to-
ward the NIH as a source for new hires and collaborative partners.
This had a profound impact on the composition, capabilities, and
practices of vaccine research and development communities.

Asked why Merck had not produced more than two new vaccines
in the 1990s (hepatitis A and varicella), Hilleman replied, “I believe
it is because Hilleman is not there anymore.”’*¢ Beneath the self-
effacing humor, he made a valid point. Hilleman brought WRAIR-
style bench-to-batch scientific management to Merck. His crossover
teams worked together to transition vaccine candidates from test
tubes, to fermentation tanks, to field tests. After Vietnam, however,
as WRAIR lost talented researchers, funding, and operational capa-
bilities in the field, this unique talent pool of “science integrators”
began to disappear.

By contrast, the NIH bred specialists. When Hilleman retired in
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1984, Roy Vagelos hired his replacement, Edward Scolnick, from
the genetics division of the NCI. Under Scolnick’s leadership, Merck’s
vaccine division reverted to a more bureaucratized form of scientific
management with greater separation by specialization.

As integrated research and development practices fell by the way-
side in government and industrial labs alike, the number of new or
improved vaccine licensures declined (Figure 2.1). There was a gen-
eral sense among viral vaccine developers that the technological op-
portunities afforded by cell culture techniques had been largely
exploited. According to Hilleman, “Much of the pioneering for
vaccines had been completed by 1984 . . . this was true for the entire
industry.”?’

Dwindling technological opportunities cannot, however, fully
account for falling rates of innovation during the latter half of the
century. Just as what some industry observers have called the “virol-
ogy cycle” was winding down, a new cycle based on molecular biol-
ogy techniques was winding up.*® An entirely new industry had
grown up around biotechnology to support the development and
application of these tools. Nonetheless, access to new technologies
and firm capabilities failed to yield the same high rates of innovation
witnessed in the 1940s through the 1960s.

There was also a sense that economic opportunities for vaccine
development had diminished as liability and regulatory costs rose
and vaccine producers exited the industry in droves. Industry con-
solidation, however, left the remaining firms with virtual monopo-
lies over individual vaccine product lines. In many cases, firms raised
their prices without having to make additional investments in their
vaccine products. Profits rose, but new profits did not always trans-
late into new vaccine products.

"To understand the downward shift in vaccine innovation in the
1970s, it is important to look beyond these traditional measures to
consider broader changes in the landscape for vaccine development.
These changes range from public relations fiascos, to a shift in the
balance of power from the DOD to the NIH, to the rise of stronger
intellectual property regimes, and the collapse of open exchange
collaborative research networks. These changes disrupted working
relationships within and between military and industrial labs. As
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military-industrial collaborative networks began to dissolve, indus-
try lost access to a valuable development partner and had to work
harder to translate NIH and university-based research into licensed
vaccines.

A host of political, institutional, strategic, and historical factors have
sustained this trend. Reintroducing integrated research practices
would require a fundamental shift in scientific training opportuni-
ties and professional incentive structures for vaccine development.
Whole-scale change of this nature would have to overcome opposi-
tion from scientists, politicians, and industrialists who are invested
in the current model. Just as World War I restructured the political
economy for vaccine development, one might expect that another
national emergency could hasten this change. The terrorist attacks
of 2001 presented one such event, creating both greater challenges
and opportunities for the future of vaccine development.



6
Biodefense in the
Twenty-First Century

BIODEFENSE INITIATIVES BOOMED after the airliner
and anthrax attacks of 2001. While the overall budget to fight ter-
rorism doubled after 9/11, the bioterrorism budget quadrupled.!
New vaccines “to fight anthrax and other diseases” were featured in
the 2002 State of the Union address, and the Bush administration
championed a biodefense vaccine development campaign that seemed
destined to rival the successes of World War II programs.?

Yet, a decade after these attacks, the United States has licensed
only one new biodefense vaccine—the ACAM2000 for smallpox.?
Notably, this vaccine was developed before post-9/11 vaccine devel-
opment programs took effect. Why are twenty-first-century pro-
grams producing vaccines at such a glacial pace compared to earlier
efforts undertaken during World War II?

World War II programs succeeded where current programs have
failed on one critical dimension: the ability to consolidate and apply
vaccine-relevant knowledge and skills. Then, as now, this ability
hinged on close public-private collaboration because critical late-
stage development skills and manufacturing capacity resides in the
private sector.

Higher levels of cooperation were easier to achieve in the 1940s in
part because public and private interests were united by a severe
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external threat. The urgency of war provided the fuel for these ef-
forts and the OSRD and SGO provided the focus, concentrating
funding streams and attention spans on the immediate problem of
getting new vaccines to the troops.

Subsequent wars (Vietnam, Iraq, the “war on terror”) invoked
threats and responses that were less acute and more disputed. The
external threat was not as high and industrial, academic, military,
and congressional interests were not aligned. Without strong, tar-
geted programs backed by all four groups, vaccine development
proceeded in a relatively uncoordinated fashion.

Personal histories mattered too. Pathogenic threats were particu-
larly salient to the World War II generation, which had survived
childhood and World War I without the benefit of pediatric vac-
cines or antibiotics. Many war planners experienced the ravages of
the 1918 pandemic firsthand and had deep respect for the humani-
tarian and military value of vaccines, whereas postwar generations
have been more hesitant to initiate vaccine campaigns. The legal
fallout of the 1976 swine flu affair and unanswered questions about
the Gulf War syndrome linger in the public memory today, and
concerns about the side effects of a vaccine often outweigh concerns
about the disease itself.*

The 2001 terrorist attacks suspended this hesitant mood for a
short time. Fear and uncertainty about new biological attacks at
home encouraged both industry and the government to break out of
established routines to find new ways to cooperate on vaccine de-
velopment. After decades of fruitless efforts to develop limited-
use vaccines, federal agencies were suddenly besieged with offers to
help.’

The pharmaceutical industry began to use patriotic rhetoric that
was reminiscent of World War II-era proclamations. Alan Holmer,
president of the Pharmaceutical Research and Manufacturers’ As-
sociation (PhRMA), claimed that there was an “overwhelming desire”
on the part of the pharmaceutical industry to help the government
because “We’re Americans first.”® Alluding to the extraordinary ef-
forts of pharmaceutical companies during World War II to develop
antibiotics and vaccines, he boasted that “American pharmaceutical
companies have been there in the past for the country in times of
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national crisis.”” In a press conference with Health and Human Ser-
vices (HHS) Secretary Tommy Thompson, Holmer announced, “We
are offering the government all of our resources . .. We are united
with our government and the American people. We are not going to
let the terrorists succeed.”®

In the fall of 2001, industry support was not merely rhetorical.
Pharmaceutical executives rushed to Washington with biodefense
proposals. Gail Cassell, vice president at Eli Lilly and Company,
was concerned that attacks with other agents would follow. She “tore
through paperwork that normally would have taken months, put
samples of the drugs on a plane and flew them to government labo-
ratories in the Washington area to be tested against smallpox.”’
Should one of Lilly’s drugs prove effective, Cassell promised to ini-
tiate a crash development program, stating, “We are absolutely will-
ing to do that. I would emphasize that we would do it for the good
of the country, not for the good of Lilly.”1

Large pharmaceutical manufacturers began to respond to De-
partment of Defense (DOD) and HHS requests to fill contracts for
smallpox and anthrax vaccines. Just weeks after the attacks, a host of
companies—including Merck, GlaxoSmithKline, American Home
Products, and Baxter International—submitted formal proposals to
produce a smallpox vaccine.!! In another move reminiscent of World
War II, pharmaceutical companies offered to lend their own scien-
tists to federal laboratories to work on new vaccines and therapeu-
tics in what they described as a “gift to the nation.”!?

Government officials were equally responsive. Carol Heilman,
division director at NIH, told reporters in November, “This has
been a shock to so many people . . . People aren’t sleeping anymore.
Everybody is working as much as they possibly can. Bureaucracy is
not a word that’s acceptable anymore.”" HHS processed these pro-
posals in record time. Within a month, they announced that Baxter
International, in cooperation with Acambis, a British-American
biotechnology company, had won a $428 million contract to pro-
duce 155 million doses of smallpox vaccine.

Much like the early days of World War 11, companies did not

compete for the smallpox contract with the expectation of large fi-



Biodefense in the Twenty-First Century 145

nancial rewards. An analyst at Morgan Stanley Dean Witter warned
investors that it would be difficult for Baxter to turn a profit: “It’s a
competitive business, and in this sort of bidding situation, there’s no
way you can make money.”!*

In another parallel, genuine motives to serve the public were in-
termingled with opportunistic ones. Baxter had been casting about
for a good public relations opportunity after it had been found liable
for the deaths of over fifty individuals undergoing treatment with its
dialysis machines.”® Firms such as Merck and GlaxoSmithKline had
also been losing public-relations battles in which they were accused
of price gouging, thwarting generic manufacturers with patent ex-
tensions, and failing to provide affordable AIDS drugs to poor coun-
tries. Offering to assist the national biodefense effort gave these
companies an opportunity to burnish their public image.

Industry’s response cannot be wholly written off as a public rela-
tions ploy. The commercial appeal of developing a biodefense vac-
cine for the U.S. government was no stronger in 2001 than it had
been in 1940. Yet over three hundred companies reported that they
could develop technologies to defend against bioterrorism.!® The
United States was experiencing a wave of threat-induced industrial
patriotism similar to the one witnessed on the eve of World War II.
This time, however, the U.S. government failed to harness this
sense of urgency into effective development programs.

During World War II, the OSRD and the Committee on Medi-
cal Research (CMR) acted quickly to convert patriotism into solid
commitments by drawing top talent from industry and academia
into a product development program. Vannevar Bush and Alfred
Newton Richards were widely respected in industry and academia.
They lent visibility and credibility to the relatively novel project of
accepting federal contracts to conduct research and development.
By dint of their professional reputations, political acumen, and bud-
getary power, they created a central clearinghouse for wartime re-
search and development projects. In short order, the best firms and
universities knew where to bring their proposals.

By contrast, no single organization or administrator emerged in
the aftermath of 9/11 to corral research and development initiatives.
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Early success with the smallpox vaccine contract soon proved to be
an exception to the rule. Enthusiasm turned to frustration as vac-
cine developers struggled to determine who was in charge. Mem-
bers of the industrial and academic community testified that they
had workable proposals but that they did not know where to send
their ideas or to whom they should talk. Worse still, they noted that
the agencies themselves often did not know where to direct these
calls.”

While the majority of medical biodefense research and develop-
ment is concentrated within HHS and the DOD, these departments
mirror the overall pattern of pluralism and decentralization that
characterizes the national biodefense effort. The National Institute
of Allergy and Infectious Diseases (NIAID) sponsors over fifty in-
dependent biodefense initiatives through intramural and extramu-
ral programs.!® The NTAID is able to support multiple projects in
parallel, but it is not designed to coordinate these projects across
disciplines. DOD biodefense programs are scattered over a broader
array of intramural and extramural programs administered through
the Walter Reed Army Institute of Research (WRAIR), the U.S. Army
Medical Research Institute for Infectious Diseases (USAMRIID),
the Defense Threat Reduction Agency (DTRA), and the Defense
Advanced Research Projects Agency (DARPA). In addition to these
programs, the CDC, the Department of Energy (DOE), the Envi-
ronmental Protection Agency (EPA), the Food and Drug Adminis-
tration (FDA), and the Department of Homeland Security (DHS)
also own pieces of the biodefense research agenda.

Biodefense efforts in each of these departments and agencies have
proceeded through congressional initiatives that reflect a wide range
of constituent interests and agency missions rather than a nationally
coordinated program. Una Ryan, CEO of Avant Immunotherapeu-
tics, which licensed a prototype recombinant anthrax vaccine to the
DOD, argued that, at a minimum, “there needs to be a clearinghouse
for information that would let me know exactly which government
agencies, offices, and labs are responsible for research, development,
procurement, and policy relevant to my products.”"

Other Bush administration missteps dampened industry’s enthu-
siasm further. In the midst of the anthrax attacks, HHS Secretary
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Tommy Thompson decided to stockpile 1.2 billion doses of the
antibiotic Cipro. Bayer offered to sell the drug to the government at
a discounted price, but Thompson demanded the antibiotic at ap-
proximately half of their discounted offer. When Bayer resisted the
demand, Thompson threatened to break their patent to procure a
cheaper generic version of the drug. Ultimately, Bayer came down
further on their price to avoid a patent-breaking debacle.?’
Although Tommy Thompson got the price he wanted, he lost an
opportunity to form critical alliances with industry. HHS sent a
clear signal that intellectual property rights could not be guaran-
teed in the event of an emergency. Meanwhile, prospective industry
partners asked themselves, “When else might stockpiles of bio-
defense vaccines and therapeutics be used if not in an emergency?”
A second incident, over a year later, alerted potential industry and
academic partners to the liability of working with select pathogens
that fell under new biosecurity regulations promulgated under the
U.S.A. Patriot Act of 2001 and the Public Health Security and Bio-
terrorism Preparedness Act of 2002.?! In January of 2003, Thomas
Butler, chief of Infectious Diseases at Texas Tech University Medi-
cal School, ran afoul of these regulations when he failed to docu-
ment the destruction of thirty vials of plague. Unable to account for
the vials, Butler suggested that they might have been misplaced or
stolen. More than sixty federal, state, and local law enforcement
agents descended on the university, and the media splashed his name
across the news. Convicted of forty-four counts of research miscon-
duct, Butler surrendered his medical license, lost his university ap-
pointment, and was sentenced to two years in federal prison.??
Post-9/11 biosecurity regulations increased the cost and the risk of
research and development in sensitive areas of biology, thereby fur-
ther reducing the likelihood of future industry and academic par-
ticipation in vaccine development programs.? These regulations
restrict the possession, use, and transfer of select agents and restrict
the activities of foreign research scientists. They generate uncer-
tainty and delays for research both within and outside of the United
States. Rick Smith, director of Regulatory Affairs at Aventis Pasteur
(now Sanofi-Aventis), observed that, whereas international collabo-
ration was once relatively effortless, routine attempts to exchange
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seed strains between the United States, France, and Canada are now
bogged down for weeks in paperwork and delays.?* Michael Donne-
berg, associate chair of Microbiology and Immunology at the Uni-
versity of Maryland School of Medicine, argued that the additional
bureaucratic and financial costs of conducting research on select
pathogens “weighs into the question of whether to work with these
agents.”?
crobiology, echoed these sentiments, noting, “If I had select agents
in my lab, I think I'd give serious consideration in the morning as to

Ronald Atlas, president of the American Society for Mi-

whether I really want to do this or not.”?® Given the professional
risks and the uncertain cost and liability of working with select
pathogens in a volatile and rapidly evolving regulatory environment,
academic and industrial scientists are unlikely to opt for biodefense
projects when viable research investment alternatives exist.

Even if these disincentives had not been present, it is not clear
thatlarge firms could have sustained a high level of assistance. Large
manufacturers are not as free to respond to the call of patriotism as
they were in the 1940s when they were stand-alone firms. All of the
major vaccine firms have become part of larger publicly-owned com-
panies that are highly sensitive to near-term earnings. After the
vaccine industry consolidated, decision-making power was diffused
not only among shareholders but also among nations. According to
Walter Vandersmissen of SmithKline Beecham,

All major vaccine companies have become global; operating
from a European or American base has become irrelevant. That
means that the industry, wherever it is based, is operating ac-
cording to a number of principles, which have become virtually
identical. Hence, economic, financial, and industrial feasibility
are the main drivers that will determine what scientific or tech-
nical [projects] can be pursued . ..Vaccine manufacturers are
no longer independent companies; they have become divisions
within pharmaceutical companies where competition for re-
sources is intense . . . To manage R&D, capital investment, [and]
marketing expenditures to eventually come up with a new
vaccine is now done with much less of a free hand than in
the past.?’
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While the DOD struggled to get industry to accept vaccine de-
velopment contracts, they also had difficulty getting service person-
nel to take the few vaccines they did have. In December of 1997,
William Cohen, the secretary of defense, announced that the DOD
would immunize all service personnel with the anthrax vaccine.
Biodefense preventives and therapeutics were already under suspi-
cion for having caused symptoms of the Gulf War syndrome so
fears ran high among service personnel that the vaccine was unsafe,
and several risked their military career by refusing the vaccine.

Congress fueled the fire. Referring to the DOD’s anthrax immu-
nization program, Congressman Christopher Shays (R-CT) ranted,
“We’re supposed to trust the military—and I wonder why, based on
past experience, whether it was Agent Orange, whether it was people
my office has had to help that have been exposed to radiation—we’re
supposed to trust the military to do the right thing . . . they have no
basis in which to say, trust us.”?® For good measure, he added, “I'm
not comfortable with generals practicing medicine, and I'm not
comfortable with doctors planning wars, and, frankly, I'm not com-
fortable with doctors planning war doing medicine.”””

Congress didn’t place much faith in the pharmaceutical industry
either. When Tommy Thompson asked Bayer to reduce the price of
Cipro, Bayer’s resistance spawned a vitriolic reaction. Senator
Charles Schumer (D-NY) led the charge, stating, “we should not
put our best response to anthrax in the hands of just one manufac-
turer.”?’ Schumer identified five generic manufacturers who were
willing and able to produce Cipro for the government and urged the
FDA to approve them for this purpose. Just in case Bayer missed
the message, Congressman Bernard Sanders (I-VT) explained:
“When you have a national crisis, you do not have to give enor-
mously profitable pharmaceutical companies the price they want.
That is why we're here, to protect the American people, and if they
want profits rather than serving the people, I think the law is very
clear, that we have a right to go outside of that company [to break

their patent].”*!

¢~~~ AFTER SHOWCASING THE NEED for biodefense vac-
cines in the 2002 State of the Union Address, the Bush administra-
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tion tried to resurrect biodefense efforts with a number of civilian
push and pull programs, allocating $1.7 billion (annually) to the
NIH for bioterrorism research and another $5.6 billion (over ten
years) to encourage industry to develop biomedical countermea-
sures through Project BioShield.

Under these programs, the NIH overtook the DOD as the lead
agency for directing civilian biodefense research and development
(Table 6.1). Whereas the NTH had planned to spend $93 million
on research related to bioterrorism prior to September 11, 2001,
$1.7 billion was set aside for this purpose in FY 2003, nearly a 2,000
percent increase. According to Anthony Fauci, director of NIAID,
this was “the biggest single-year request for any discipline or insti-
tute in the history of the NITH.”*? Fauci indicated he would set aside
$441 million for basic research, $592 million for drug and vaccine
discovery and development, and another $522 million to build new
laboratories that could accommodate dangerous microbes. The rest
of the funds, he explained, would be used to sponsor drug trials.”*

This huge influx of funds is unlikely to have a significant effect on
biodefense vaccine innovation rates, regardless of how Fauci chooses
to distribute them. The NTH excels at generating new knowledge at
the early stages of research, but it is fundamentally ill-suited for
targeted research and development initiatives. NIH intramural and

Table 6.1 Medical Biodefense Funding in Millions

FY00 FYO01 FYO02 FYO03 FY04
HHS:NIH 43 49.7 275 1,700 1,600
DOD:?
CBDP 363.5 377.6 569.5 598.1 559.6
DARPA 72.6 87.7 97.9 78.6 137.3
Total: 479.1 515 942.4 2,376.7 2,296.9
% Total NTH: 9% 10% 29% 72% 70%

a. Figures include the medical biodefense R&D component of the Chemical and Bio-
logical Defense Program and the Defense Advanced Research Projects Agency. The
2004 figures represent the president’s FY2004 budget request.

Sources: AAAS R&D Analysis FY04, www.aaas.org/spp/rd; Institute of Medicine, Giv-
ing Full Measure to Countermeasures: Addressing Problems in the DOD Program to Develop
Medical Countermeasures (Washington, DC: National Academies Press, 2004), 32-33.
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extramural grant programs are highly specialized, and promotion is
based on publications, not products. Consequently, NIH scientists
are often less willing and able to bridge the basic-applied gap than
their counterparts in military research institutions had been in pre-
vious decades. Unless the current shift of biodefense research and
development resources from the military research labs to the NIH
is met with some parallel shift in the governance structure for tar-
geted vaccine development, numerous publications but few actual
vaccines, will come out of NIH-sponsored biodefense programs in
the future.’*

In addition to funds to push new biodefense vaccines through the
research phase, the Bush administration proposed $5.6 billion under
Project BioShield to pull these vaccines through commercial devel-
opment. Project BioShield was intended to (1) guarantee funding for
a ten-year period to procure seven medical countermeasures (MCMs)
to fight five pathogens; (2) authorize the FDA to make countermea-
sures under development available to the public in an emergency;
and (3) bolster NIH resources to hire personnel, expedite peer re-
view, and procure laboratory materials on short notice.”

Insulating the purchase fund from the annual appropriations
process was heralded as a significant inducement to vaccine mak-
ers.’® Five billion six hundred million dollars, however, is woefully
insufficient to pull seven MCMs onto the market, let alone create a
viable commercial biodefense industry.’” According to the Congres-
sional Budget Office, it will cost approximately $8.1 billion to develop
seven MCMs over the next ten years, a 45 percent increase over the
original White House estimate.”® Subsequent estimates have been
far higher, estimating $14 billion through FY 2015 to pull eight
MCMs through with a 90 percent chance of success.*”

The high failure rate of vaccine and drug candidates is a com-
monly cited cost driver. Rising estimates account for the need to
fund multiple companies simultaneously to assure one successful
outcome. Failure rates are not an independent variable, however.
Low contract prices afforded under BioShield invite a higher failure
rate because these contracts only appeal to small, inexperienced bio-
technology companies in search of funding to stay afloat. BioShield
margins were not to exceed 10 percent for individual contractors.



152 Lo~ SHOT

While these margins are standard in the defense industry, large ex-
perienced biopharmaceutical firms command margins closer to
28 percent to 31 percent in the commercial sector.*” Since MCMs
will be stockpiled, overall sales promise to be low as well. As a con-
sequence, BioShield failed to attract the firms that were most likely
to deliver licensed MCMs in a timely fashion.

Originally, legislators did not think that they would have to pay
premium prices to engage competent manufacturers. The 2004
BioShield and 2006 BARDA legislation was designed to lure these
companies with market guarantees, tax incentives, liability protec-
tions, accelerated regulatory review, and subsidized early-stage R&D.
Because the government is in a position to reduce the cost and risk of
vaccine development in this way, officials assumed they could nego-
tiate lower contract prices. Experience has shown, however, that
these inducements cannot compete with other opportunities in the
market.

The opportunity costs for accepting government contracts are
much higher today than they were in the 1940s and 1950s, when there
were dozens of stand-alone vaccine companies. Now most developers
are part of pharmaceutical conglomerates like Merck and Sanofi-
Aventis that have a wider array of attractive product development and
market opportunities. To meet manufacturing requirements for bio-
defense vaccine contracts, they would have to displace vaccine lines
with viable commercial markets or invest in new facilities for biode-
fense vaccines. To date, they have been unwilling to do either.

As venture capital funding has become scarcer in recent years, a
growing number of cash-starved biotechnology companies have ac-
cepted government biodefense contracts. In April 2002, the DOD
planned a joint conference with the Biotechnology Industry Orga-
nization (BIO) to coordinate military needs with industry capabili-
ties for biodefense. To their surprise, 360 biotechnology industry
executives, twice the expected number, attended the briefing.*! As
Una Ryan, CEO of Avant, informed Congress at a hearing on bio-
defense vaccines, “We are not the pharmaceutical industry. We'’re
small, we’re nimble, we’re unencumbered by profits, and we are ex-

tremely motivated to help the government.”*
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Many felt these smaller companies were the answer to the gov-
ernment’s quest for affordable procurement options, but this avenue
contained hidden costs and inefficiencies. Unlike large pharmaceu-
tical companies, smaller biotechnology companies rarely have the
expertise or infrastructure to perform late-stage vaccine develop-
ment or manufacturing so they end up contracting out for these
capabilities to fill government orders.” As chapter 5 illustrated, how-
ever, outsourcing can disrupt integrated research and development
practices and the working relationships that support them.

The few integrated biotechnology companies that do exist are still
relatively small and cannot handle large orders on their own. Acam-
bis, for example, a biotechnology firm based in Cambridge, England,
and Cambridge, Massachusetts, began producing limited quantities
of the first cell-culture version of the smallpox vaccine for the CDC
prior to 2001.** The CDC increased its order in the wake of the an-
thrax attacks, which forced Acambis to forge additional partnerships
to fill the order. Acambis formed an alliance with the Baxter Health-
care Corporation to manufacture the vaccine in bulk in Austria,
Chesapeake Biological Laboratories to package the vaccine in Balti-
more, Maryland, and with the BioReliance Corporation to test the
vaccine in Rockville, Maryland.

Similarly, BioPort (now Emergent BioSolutions), a small vaccine
manufacturer in Michigan, won a contract to manufacture the
DOD’s anthrax vaccine even though the facility had failed FDA in-
spections in 1996 and failed multiple potency and sterility tests since
1998.% As BioPort struggled to meet the requirements for current
Good Manufacturing Practices (¢(GMP), the DOD was forced to re-
negotiate costlier contracts and scale back its Anthrax Vaccine Im-
munization Program. It was not until BioPort contracted out its
filling operations to another plant in Spokane, Washington, that the
company was finally able to obtain FDA approval (a manufacturing
supplement) in January 2002 at additional cost to the DOD.*¢

Cost overruns were not entirely due to incompetence. While
BioPort/Emergent BioSolutions was inexperienced in vaccine de-
velopment, it became skilled at using political contributions and
lobbyists to negotiate outsized contracts. Emergent SEC 10-K fil-
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ings revealed that their political handiwork produced markups of
300 percent for DOD BioThrax sales.*” Company executives argue
that the risks of vaccine development justify the markup. While
Emergent did invest in making BioThrax cGMP compliant, they
failed to acknowledge that most of the work on this vaccine had al-
ready been accomplished with taxpayer support over the last thirty
years.*8

BioT hrax is not substantially different from the vaccine produced
by Michigan Public Health labs in 1970. The current vaccine is
still impractical for emergency use (requiring five shots over eigh-
teen months to induce immunity), has adverse effects, suffers from
lot-to-lot variation, and has a short shelf life. While the DOD was
unwilling to pay a premium to engage a competent manufacturer up
front, in the end it paid a premium for a product that was both sub-
standard and late.

HHS struggled with biodefense contracts as well. The first large
BioShield contract was a spectacular failure. In 2004, HHS awarded
VaxGen (a small biotech company in California that had never suc-
cessfully produced a licensed vaccine) a whopping $877 million to
deliver a next-generation recombinant protective antigen (rPA) an-
thrax vaccine. HHS and Vaxgen contend that this contract, which
required VaxGen to bring a Phase II candidate through licensure
within two years, was overly ambitious and reflected wishful think-
ing on both sides.* When VaxGen ran into technical difficulties (for
which it had no in-house expertise), it had to outsource the work.
After a two-year extension, VaxGen was still struggling to resolve
stability problems with the vaccine. Under pressure from lobbyists
working for VaxGen’s rival—Emergent BioSolutions—HHS can-
celed the contract, setting back the target date for a next-generation
anthrax vaccine indefinitely. HHS underestimated the complexity of
vaccine development and overestimated the manufacturing ability of
small companies, much as the DOD did with BioPort.

HHS’s protracted struggle to develop their highest priority coun-
termeasure—a next-generation anthrax vaccine—illustrates how
vaccines fall victim to the “valley of death.” This phenomenon refers
to the growing number of technologically feasible vaccines that fail
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for financial and/or organizational reasons. The majority of the cost
and risk of vaccine development occurs in the late development stages
with approximately 60 percent to 75 percent of the overall costs in-
curred during clinical trials and the start-up of the manufacturing
phase.’® Furthermore, only 20 percent of all drugs entering Phase 1
clinical trials are ever approved for commercial distribution.’! While
these numbers reflect some scientific obstacles, many are technical,
organizational, and financial in nature. Small biotechnology com-
panies rarely have the financial resources, facilities, or expertise to
tackle these challenges on their own.*

Recognizing these advanced development challenges, Congress
passed the Pandemic and All-hazards Preparedness Act (PAHPA,
PL 109-417) in 2006. This legislation created the Biomedical Ad-
vanced Research and Development Authority (BARDA) to address
many of the governance issues encountered under BioShield. In
particular, BARDA was created to provide central oversight and fi-
nancial flexibility for mid- and late-stage MCM development ac-
tivities, allowing for milestone grants (up to 50 percent of the final
contract) to be awarded when the company achieves prespecified
milestones in the development process. This legislation also created
the Public Health Emergency Medical Countermeasures Enterprise
(PHEMCE) Governance Board to serve as the interagency body
for coordinating and communicating MCM priorities and the Na-
tional Biodefense Science Board (NBSB) to provide outside expert
advice.

Milestone grants offer an immediate solution to the challenges
facing small biotechnology companies trying to fill government
contracts, but they do not solve the larger problem of engaging large
experienced manufacturers that have a higher chance of success.’
Under BARDA, HHS reissued a request for proposals (RFP) for
another company to develop the rPA vaccine, only to discover that
none of the applicants had the expertise to bring a vaccine—even
one in the final stages of development—through licensure. In De-
cember 2009, BARDA canceled the RFP and issued a Broad Agency
Announcement for smaller projects related to rPA vaccine develop-
ment. In support of BARDA’s shift toward milestone grants, Con-
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gress removed $884 million from BioShield’s Special Reserve Fund
in 2009, placing $304 million in NIAID research programs and
$580 million with BARDA to manage late-stage development pro-
grams.’*

These transfers undercut the BioShield’s market guarantee, which
was designed to help industry to manage its risk. With these moves,
BARDA has retreated from the original concept of BioShield as
a market-pull mechanism that encourages industry to assume the
cost and risk of development in exchange for advance purchase
guarantees. The entrepreneurial model envisioned in the 2004
BioShield legislation was a hands-off approach that allowed industry
to pursue any development strategy of its choosing. Financial reward
was contingent on a single endpoint—FDA licensure—regardless
of how a company achieved it. Milestone grants depart from this
model and require BARDA officials to micromanage the develop-
ment process.

For the entrepreneurial model to work as intended, BARDA must
offer larger procurement grants or expand the market. The first op-
tion is unlikely to work because awarding grants with a 31 percent
margin to highly profitable pharmaceutical companies would be
wildly unpopular, if not politically impossible, in Congress. BARDA
is exploring the second option by encouraging members of the G-7
to purchase MCMs to build strategic stockpiles of their own. This
avenue seems unlikely to work as well, given that there is little inter-
national agreement on the need for emergency stockpiles or on what
they should contain.”

BioShield suffers from an additional problem that is more funda-
mental than its failure to attract competent manufacturers. BioShield
is predicated on a fixed-defense stockpiling strategy (Chapter 1).
Given the time, cost, and risk of vaccine development, it does not
make sense to stockpile a long list of vaccines that can be quickly
overcome by human engineering or natural evolution. Our powers
of prediction are weak and the sheer number of possible threats will
quickly outstrip our drug development resources.

The PHEMCE implementation plan under PAPHA recognizes
this strategic limitation and aspires to a more flexible defense strat-
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egy, calling for “broad spectrum solutions” such as multiuse thera-
peutics, technologies, and processes that reduce the cost and time of
development.’® In support of this plan, in June of 2009, BARDA,
solicited proposals to accelerate drug development tasks ranging from
rapid diagnostics to new methods of bioprocess development and
manufacturing, vaccine stabilization, and delivery.

While these are the types of investments that will eventually
allow the United States to react to unforeseen threats more
quickly and effectively, it is not clear that BARDA will be able to
pursue this strategy over the long term. The PHEMCE imple-
mentation plan also pursues fixed defenses, calling for several
pathogen-specific MCMs, and BARDA operates under an exceed-
ingly constrained budget, which limits its ability to pursue both
strategies simultaneously. In its first two years of operation, BARDA
received under a third of the $1.7 billion authorized for fiscal years
2006-2008.

BARDA, like BioShield, has been underfunded, in part, because
there has been relatively weak institutional and professional support
for biodefense initiatives. Senator Bob Graham and Senator Jim
Talent, chairman and vice chairman of the bipartisan Commission
on the Prevention of Weapons of Mass Destruction Proliferation
and Terrorism, point out that “There is no senior-level advocate
for bio-preparedness in the Administration. Currently, there is a
patchwork quilt of offices and agencies with more than two dozen
Presidential-appointed, Senate-confirmed individuals with some
oversight responsibility, but no single person in charge.”’ Without
a high-level advocate, they argue, “no one focused on this priority
during the debate on the stimulus legislation in February. As a re-
sult, the government missed an opportunity to adequately fund sev-
eral biopreparedness initiatives including the Biomedical Advanced
Research Development Authority or BARDA—one of the most im-
portant biodefense organizations in the United States.”’8

While BARDA has been underfunded, some would argue that
NIH biodefense programs have been overfunded. In 2005, over 750
microbiologists signed an open letter to the NIH, arguing that
the glut of new biodefense funding was corrupting research in the
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life sciences and ultimately threatening the health of the very public
that biodefense programs were designed to protect.”’

Referring to White House budget requests, President Bush ex-
plained, “It’s money that we’ve got to spend. It’s money that will
enable me to say we’re doing everything we can do to protect Amer-

ica.”®

% Too often, however, the discussion of how to improve biode-
fense programs has centered on whether these programs are receiving
too little money or too much. Instead, planners should devote more
attention to the organization of the research and development pro-
cess itself.

Vannevar Bush, seasoned veteran of federal research and devel-
opment mobilization efforts, cautioned against any approach that
involves too much money and too little coordination. Concerned
by the expansion of federal research and development budgets dur-
ing the Cold War, Bush warned, “If the country pours enough
money into research, it will inevitably support the trivial and the
mediocre. The supply of scientific manpower is not unlimited.”!
The key to success, he argued, lay not in the sum of money but
in “the form of the organization” and the ability of “military offi-
cers, scientists, and engineers [to work] together effectively in part-
nership.”¢?

Post-9/11 biodefense programs failed to heed this advice and dem-
onstrated a poor understanding of the forces that drive vaccine in-
novation. The combination of push and pull programs currently in
place will not bridge the valley of death because they reinforce the
balkanized structure for research that grew in the 1980s and 1990s.
Thus far, the government’s preference for procuring goods through
arm’s-length transactions in the marketplace has only exacerbated
efforts to achieve timely innovation.

In the following chapter, I outline a research and development
program that will allow the United States to move toward a reactive
model of biodefense in which MCMs can be developed in months
rather than years. Far from being a whimsical aspiration, this is a
strategic goal with a solid historical precedent. Many vaccines were
produced in similar time frames during World War II without the
benefit of twenty-first century process improvements. To accom-

plish this goal, however, the United States will have to devise an
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emergency MCM program that can withstand the vicissitudes of
congressional support, administrative transitions, industrial sup-
port, and threat salience. The following chapter extracts lessons
from the history of U.S. efforts to develop vaccines for national
emergencies to inform these efforts going forward.



/
The Search for
Sustainable Solutions

BrorocicaL wEAPONs “received serious consideration
on the part of all the combatants,” cautioned Leroy Fothergill, tech-
nical director of the Chemical Warfare Service during World
War I1.! Fothergill predicted that enemy nations facing heavy in-
dustry and armament restrictions would “explore more subtle meth-
ods of warfare” by “prostitut[ing] facilities in the medical and
biological fields for the purposes of developing biological warfare.”
Despite these warnings, the national security community largely
turned its attention away from biological threats after the 1960s.

By the turn of the twenty-first century, however, biological threats
had become impossible to ignore. Fothergill’s prediction proved
correct, and several countries, the Soviet Union in particular, in-
vested in biological weapons under the guise of biomedical research.
The anthrax letter attacks and the subsequent emergence of SARS
and novel flu strains also served as disturbing reminders that disease
is an enduring, if not a growing, threat to national security and pub-
lic health.

While pathogenic security threats have survived the test of time,
our ability to respond to them has not. Our protracted effort to de-
velop a next-generation anthrax vaccine is symptomatic of a growing
national struggle to generate timely innovation. This example is par-
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ticularly humbling since it is on the easy end of the spectrum of
medical countermeasure (MCM) challenges; the rPA vaccine is a
technologically feasible candidate that industry is able, if unwilling,
to manufacture. If the Department of Defense (DOD) had persuaded
Merck to accept the anthrax vaccine contract in 2001, for example,
the United States would have licensed a new vaccine years ago.?

Unfortunately, few biodefense challenges are this straightfor-
ward. The most devastating pathogenic threats will be unforeseen
and unfamiliar. Given the wide range of threats and our limited
powers of prediction, extensive stockpiling is not merely wasteful
but hubristic. The United States needs to build an emergency MCM
program that will allow us to respond to new threats as they arise.

Midcentury vaccine development programs can inform these ef-
forts, but they do not offer a perfect template for today. World War II
vaccine development programs were cobbled together under emer-
gency conditions. They pooled the talents of the best scientists and
industrialists of their generation, focused their attention on targeted
research and development objectives, and demanded products in a
short time frame. Their efforts were heroic and their accomplish-
ments were historic, but these programs were not designed to endure.
Irvin Stewart, deputy director of the Office of Scientific Research
and Development (OSRD) observed, “Once the pressure of war
lifted, the key men upon whom its success depended responded to the
more urgent calls of their regular activities and not all the king’s
horses nor all the king’s men could hold the group together.”

Given the protracted and unpredictable nature of future disease
threats and the long-range challenge of accelerating development
times, a modern-day emergency MCM program must be sustain-
able if it is to succeed. Securing steady funds to support long-term
research and development objectives will be a key challenge. While
the market supports the development of some enabling technolo-
gies, it does not support the large-scale system building required
to make them work. Efforts to integrate functions both before
and after traditional drug development tasks, such as surveillance,
detection, diagnosis, and distribution, will be more effective if
they are supported and conducted outside of the private sector.
This can be accomplished through a government laboratory or
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a quasi-government partnership such as a government-owned,
company-operated (GOCO) or a public-private product develop-
ment partnership (PDP).

One could argue that federal funding for a new vaccine initia-
tive is not sustainable either given the current fiscal constraints of
the U.S. government. It is important, however, to put this proposal
into perspective. History demonstrates that purely private sector
solutions are unreliable and some level of government investment
is necessary to protect public health and national security objec-
tives. Moreover, redirecting resources in this fashion could reduce
the net cost of an emergency MCM program, since it would replace
an expensive and lengthy stockpiling strategy that is likely to fail
(Chapter 1).

Since this emergency MCM program will focus on process, rather
than product, innovation, the economic argument for a market-
based approach becomes weaker still. Industry makes money from
new products, whereas process improvements may only improve
productivity on the margin and often require regulatory validation.’
Disincentives exist in academia too; scientists build their careers on
publications, and they may have little to gain professionally from
improving research tools. Redirecting federal resources to design
an emergency countermeasure development system will provide the
incentive structures and career paths that would build skills and
spur investment in this critical, yet neglected, area of research.

It is not immediately obvious to historians, industry observers, or
policy makers that the government should assume a more direct re-
sponsibility for vaccine development. Industry continued to respond
to low-margin military vaccine requests and continued to generate
high rates of innovation long after the United States dismantled
wartime development programs. The productivity of the postwar
era encouraged Louis Galambos and Jane Eliot Sewell to conclude
that a mixed system of industry, government, and academic players,
each of which responds to a different set of economic, political, and
scientific incentives (effectively the status quo), generates the high-
est rate of innovation. They argue that this tripartite system, when
left to its own devices, best serves the public’s long-term interest in
disease control.®
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Studies based on publicly available vaccine license data support
this conclusion and give the impression that the vaccine industry
has effectively responded to economic and technological opportu-
nities as they arose. However, as chapter 2 demonstrates, this inter-
pretation is at odds with more historically accurate innovation
patterns. Most notably, the current tripartite system has not re-
sponded to the public’s long-term interest in global health (Table 1.1)
and national security (Table 1.2).

This system generated high rates of innovation in the postwar
period, but as chapters 4 and 5 reveal, success cannot be attributed
to the inherent value of a tripartite system that ultimately allows
corporations to decide which vaccines will be developed. This sys-
tem was able to function ungoverned only insofar as the informal
culture that supported military-industrial collaboration remained
intact. During this period, collaborative networks fueled by patrio-
tism, social obligation, familiarity, and trust offset the inherent lack
of economic incentives for industry to participate in the develop-
ment of socially valuable vaccines. What appeared, therefore, as a
high-functioning system was in reality based on a uniquely produc-
tive partnership that began to unravel during the 1970s.

The 2001 anthrax letter attacks raised the visibility of biological
threats and reestablished vaccines as an instrument of national secu-
rity. In this post-9/11 atmosphere of urgency, the Bush administra-
tion requested large sums for vaccine research and development.
Unlike World War II programs, however, the push and pull pro-
grams devised were inappropriate and insufficient to ensure timely
innovation (Chapter 6).

Could industrial, academic, and government labs eventually self-
organize as they did in the post World War II era? Political, institu-
tional, legal, and economic transformations to the landscape for
vaccine research and development (Chapter 5) make this outcome
highly unlikely. Today, vaccine research scientists are more likely to
hail from academia or the National Institutes of Health (NIH) than
from a military lab, and they are less likely to possess the interdisci-
plinary skills required for targeted vaccine development. Even if
they did have the proper training, today’s science integrators face a
more difficult task since vaccine development expertise has become
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more specialized and distributed among a balkanized set of institu-
tions. Given the growing structural challenges to integrated re-
search and development, emergency MCM programs are going to
require more government support and direction than the current
tripartite system allows.

Government ownership and/or control over product development
is an old and unpopular idea. The repeated rejection of vaccine
GOCO proposals in the United States (Chapter 5) reflects a pervad-
ing faith in the superiority of private-sector approaches and a desire
to reduce the government’s role as a producer. In 1998, Harvard
economist Andrei Shleifer observed, “Today, the war and the de-
pression are no longer as vivid, and the communist economies have
collapsed. As importantly, the quality of contracting and regulation
has improved, competition has become more effective, and the dan-
gers of politicization of production have become self-evident, and
the appreciation of the innovative potential of entrepreneurial firms
is at a new high. For all these reasons, the benefits of reducing the
role of government as a producer are becoming apparent and are
beginning to be exploited.”’

Shleifer perceived that the need for patriotic gestures had dimin-
ished and the cost of doing business was lower in the private sector
than in the public sector. The prevailing view has been that—all
things being equal—private firms offer higher-quality improve-
ments (innovation) at a lower cost when owners are in a position to
capture the returns on their investment.®

All things are not equal in vaccine development, however. Market
competition is a demonstrated means of improving efficiency and
innovation in many fields, but this model has not always worked as
well for vaccines as it has for other technologies.” This is particu-
larly true for vaccines of high social value (national security and/or
public health), but low commercial appeal. As DOD and Health and
Human Services (HHS) procurement efforts have demonstrated,
the cost reduction, quality improvement, and innovation advantages
inherent in market solutions do not apply to vaccines when the gov-
ernment fails to engage fully integrated and experienced manufac-
turers. High opportunity costs put integrated manufacturers out
of a politically acceptable price range, and smaller companies carry
hidden costs in the form of chronic contract renegotiations, supple-
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mental subcontracting, longer development times, and higher fail-
ure rates.

Ideological opposition to GOCO proposals may have caused law-
makers to overlook their value in the case of biodefense vaccines.
The question of whether to build a GOCO is akin to the routine
“make versus buy” decisions that commercial firms face. These de-
cisions weigh the relative transaction costs of developing a good in-
house versus contracting for a good in the marketplace or developing
it through mixed-mode relationships, such as joint ventures.!” The
level of risk inherent in particular projects and the level of trust
between contracting parties influences transaction costs, which in
turn determine the appropriate governance structure for product
development.

Peter Ring and Andrew Van de Ven developed a model that in-
corporates risk and trust variables into transaction cost analyses to
explain governance choices across the market-hierarchy spectrum.!!
While they developed this model to explain individual firm behav-
ior, it sheds light on the changing nature of business/government
arrangements to develop commercially unattractive vaccines. Risk,
in this analogy, refers to the probability of bringing a countermea-
sure through licensure given a range of scientific, technological,
regulatory, and market (in this case, government demand) uncer-
tainties. Trust refers to “confidence in the other’s goodwill.”!?

Ring and Van de Ven argue that when risk and trust are high,
relational contracts (such as joint ventures) tend to work best. Rela-
tional contracts cover transactions that occur over an extended pe-
riod of time. Under these circumstances, contracts can be awarded
years in advance of development and licensure. The terms of ex-
change can be uncertain and open to ongoing negotiation, and dis-
putes are resolved endogenously (i.e., often without appealing to
market norms and lawsuits). “Trust” in this scenario “is the princi-
pal mode of social control among parties, using recurrent or rela-
tional contracting as a means of governance.”® When trust is strong,
contracting parties can afford informal and flexible contract ar-
rangements, which are desirable given the risk and complexity of
vaccine development.

Vaccine developers have to manage scientific and technological
uncertainties, long development times, shifting regulatory require-
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ments, and often uncertain government demand. Even so, high levels
of trust characterized many midcentury military vaccine development
ventures. Longstanding working relationships, personal friendships,
and a revolving door between military and industrial labs bred trust
and a sense of social obligation.!* These collaborative networks em-
ployed freewheeling relational contracts with relatively few safe-
guards to enforce them. Collaboration in the 1950s and 1960s was
highly productive and relatively unfettered by intellectual property
and liability concerns.

When trust began to deteriorate during the 1970s, relational con-
tracts also began to fail (Chapter 5). The cost and risk of vaccine
development rose with the emergence of intellectual property (IP)
thickets and larger clinical trials. Government and industry adopted
more safeguards in their contracts and moved toward arm’s-length
market transactions to complete discrete pieces of the vaccine devel-
opment puzzle. While these transactions looked efficient on paper,
they did not work as well for vaccines as they did for military hard-
ware acquisitions because it is more difficult to prespecify contracts
for new vaccines with a high level of predictability.

Ring and Van de Ven observe that high-risk, low-trust transac-
tions operate best under more hierarchical governance structures
where “institutional role arrangements attenuate the dependency
on personal trust characteristic of behavior in socially embedded
relationships.””® Under hierarchical arrangements, employment
contracts and authority structures, rather than market norms and
relational contracts, are used to resolve conflicts.

"This is not, however, how the United States approached difficul-
ties associated with vaccine development in the late twentieth cen-
tury. Rather than trying to integrate research, development, and
manufacturing activities vertically, industry and government mi-
grated toward more horizontal arrangements. The 1980s and 1990s
witnessed the emergence of small biotechnology firms as early in-
novators and the growth of lean organizations that contract for ser-
vices in the marketplace. While this was a rational reaction to the
explosion of specialized (and increasingly stovepiped) knowledge in
the life sciences, vaccine development became increasingly disag-

gregated.
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Since this high-risk, low-trust environment persists today, hierar-
chical governance structures may be a more prudent way to rejuve-
nate biomedical countermeasure development in the near term.
According to Ring and Van de Ven, such structures eliminate the
need for “complex and costly negotiations to anticipate properly the
totality of investments and all possible outcome contingencies that
may be entailed in undertaking a high-risk venture through a dis-
crete contract-based market transaction.”!¢

An emergency MCM program could provide the hierarchical
structure required to navigate this new environment for MCM de-
velopment. Despite the chronic unpopularity of GOCO proposals,
building a biopharmaceutical facility in the national interest could
address other important aspects of sustainability as well. Doing so
could ultimately reduce the overall cost of development because the
DOD or HHS would not have to pay a premium to engage qualified
manufacturers. Mostimportantly, however, a government-sponsored
facility would provide a stable environment to rebuild integrated
research practices. Top-down control, integration across develop-
mental phases and disciplines, and robust communities of practice
are the three main ingredients of historically successful vaccine de-
velopment programs. Building an emergency MCM development
program offers a unique opportunity to reintroduce these research
practices and to rebuild vaccine development capabilities.

While many midcentury research strategies have long since fallen
out of fashion, James Conant’s advice on research and development
planning has as much merit today as it did during World War II.
The former chairman of the OSRD’s National Defense Research
Committee concluded that the only way to advance pure science
was to fund geniuses and allow their findings to trickle from the
bottom up, whereas the only way to achieve results in applied sci-
ence was to recruit the best talent in the field, give them a target,
and manage research and development from the top down."”

A modern-day emergency MCM program will have to operate
along the parallel tracks that Conant described. Some of the tech-
nologies and methods required to accelerate development times are
in their infancy. HHS can designate funds toward early-stage re-
search in this area within their preexisting bottom-up structures,
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which are well funded and high functioning. The NIH’s new Na-
tional Center for Advancing Translational Sciences (NCATS)
promises to stimulate early-stage research in these critical areas.
According to NIH Director Francis Collins, “NCATS’s mission is
to catalyze the generation of innovative methods and technologies
that will enhance the development, testing, and implementation of
diagnostics, therapeutics, and devices across a wide range of human
disease and conditions.”!®

An emergency MCM program should employ technology watch
teams to scan the horizon for relevant technologies and insights that
emerge from these bottom-up processes and bring them in-house for
further development and testing. The technology watch function is
less passive than the name implies. These teams should also actively
seek discoveries through new public-private consortia, such as the
Biomarkers Consortium, and open-source innovation venues, such as
InnoCentive. In many cases, it will be useful to bring the original
discovery teams into emergency MCM program facilities to transfer
their research and/or technology into this new context (Figure 7.1).

While discovery is well supported by the bottom-up structures
and incentive systems that govern the NIH and academia, targeted
programs to capture these discoveries and integrate them into an
accelerated development system are lacking.!” For these new discov-
eries and process innovations to bear fruit, they need a place to go to
reach maturity. Rapid diagnostics, protein expression systems, and
flexible trial designs (to name a few) must be incorporated into a
broader system that will eventually be able to streamline the process
from the identification of a novel pathogen to the development, test-
ing, and distribution of new countermeasures. Even the newly pro-
posed NCATS, which is intended to stimulate translational research,
will explicitly “avoid a top-down management approach.”?? Industry
is unlikely to provide the necessary leadership as well. Companies
may adopt new processes that trickle up from these translational sci-
ence initiatives in an incremental fashion, but they are unlikely to
devise and implement a radical overhaul of drug development systems
that would disrupt existing revenue streams.

To succeed, targeted development programs must support inte-
grated research and development practices. Vaccine development
remains an inherently interdisciplinary endeavor, requiring the in-
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Figure 7.1: Emergency MCM Program Architecture

put of epidemiologists, laboratory scientists, regulatory scientists,
and bioprocess engineers. World War II vaccine development pro-
grams and subsequent efforts at WRAIR, Merck, and National
Drug succeeded when teams collaborated across disciplinary bound-
aries and development phases. This practice develops and preserves
sticky knowledge and overcomes the type of technology transfer
difficulties that have beleaguered MCM research and development
initiatives in recent decades.

MCM development, and vaccine development in particular, is
still tethered to a location and a community. Direct observation and
on-site collaboration among developers, manufacturers, and user
populations promotes effective technology transfer. This type of
collaboration works best among individuals with mutual respect
and repeated interactions. An emergency MCM facility would give
sticky knowledge a place to live and grow and it would breed new
communities of practice, much as WRAIR once did.



170 Lo~ SHOT

Hierarchical governance solutions are often interpreted as a deci-
sion to bring a function “in-house” or “under one roof.” While the
“under one roof” strategy can facilitate sticky knowledge transfer,
World War II vaccine development programs demonstrated that
it was not necessary to co-locate all research, development, and man-
ufacturing activities, provided that a single development team or
scientific director followed the vaccine across development phases.
Organizing research in this way allowed academic and military re-
searchers to work closely with epidemiologists, patient populations,
and manufacturers. Similarly, top-down coordination in the indus-
trial context allowed project director/scientists like Hilleman to co-
ordinate research, clinical, and manufacturing teams with discovery
teams and lead users in the field. Enabling project teams to travel
from one development location to another will be essential to the
success of this emergency MCM program.

Wartime project directors were also effective because they had
the full support of the Surgeon General’s Office (SGO) and the
OSRD, which had both the perspective and the power to shift
money, personnel, and/or equipment as necessary to facilitate high-
priority projects. These offices, in turn, benefited from strong advi-
sory bodies that coordinated the strategic objectives of the military
with the technical and logistical capabilities of both academic scien-
tists and industrial engineers. Close coordination among defense
planners, research teams, and industrial planners ensured that op-
erational needs, scientific hurdles, and manufacturing consider-
ations were factored into research and development plans.

While World War IT and WRAIR vaccine programs were highly
targeted, they gave project directors a large degree of autonomy.
Project directors were told what to develop but not how to de-
velop it. The 2004 version of BioShield was intended to function the
same way, but officials from the Biomedical Advanced Research and
Development Authority (BARDA) have been unwilling to adopt
the hands-off approach of their predecessors. The 2006 version of
BioShield permits BARDA officials to micromanage MCM devel-
opment through the use of milestone grants. By assigning discrete
portions of the work in a piecemeal manner, BARDA officials take
responsibility for product development out of the hands of those
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who are closest to the work and best able to chart a course for devel-
opment. BARDA's growing reliance on milestone grants also requires
them to use a tightly controlled set of carrot-and-stick incentives
associated with “extrinsic motivation,” which often impairs the abil-
ity of individuals and teams to arrive at creative solutions to ill-
defined problems.?!

Reinvesting scientists with the resources and authority to manage
projects across the development spectrum is an important key to suc-
cess. Not only would it support creative problem solving, but it would
facilitate sticky knowledge transfer, improve situational awareness
of product development needs, and permit timely decision-making.
In this sense, integrated research is similar to the military concept
of Command and Control.

The DOD defines Command and Control as “[t]he exercise of
authority and direction by a properly designated commander over
assigned and attached forces in the accomplishment of the mis-
sion.”?? The objective is not unilateral control but coordinated ac-
tion that adapts to on the ground reality in a manner thatis consistent
with overriding strategic objectives. Effective command and con-
trol, therefore, depends heavily on the feedback, insight, and initia-
tive of subordinate teams.

The command and control analogy captures the tension between
the need to target research objectives and the importance of allow-
ing investigators to use creative initiative and to implement tacit
knowledge. It also emphasizes the importance of situational aware-
ness in uncertain (research) environments to improve timely “go,
no-go” decisions. Just as war can be viewed as a dynamic learning
environment, so too can vaccine research. This is especially true if
the research objective is to accelerate development times. Military
commanders and research directors alike contend with on-the-
ground information that is difficult to interpret out of context. They
must optimize interoperability and situational awareness to ensure
timely decision making. Effective command and control allows
adaptive tempo changes that confer strategic advantages, whether
the adversary is an insurgent or a rapidly evolving microbe.

This analogy also provides a framework for understanding how
governance structures can shift over time to accommodate changes in
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the research environment. Just as military command and control sys-
tems must adjust top-down control to pursue greater and lesser de-
grees of certainty, so too must integrated research systems.? While
the OSRD and the SGO imposed strong top-down direction during
World War 11, less direction was required during the postwar period
when integrated research practices and collaborative networks were
high functioning. As trust diminished and the risk and complexity of
vaccine development increased, networks disintegrated and integrated
research became more difficult to practice, an indication that vaccine
development could benefit from greater top-down control once again.
Over time, our approach to vaccinology may become less empirical
and more rational, and other trust and risk variables may improve,
which would allow us to migrate back towards more horizontal gover-
nance structures.

Emergency MCM project directors will function at times both as
developers and as systems integrators—testing, validating, and link-
ing prototype technologies and systems together. One can argue
that these two functions should be kept separate. On the one hand,
separation prevents the system integrators from becoming too in-
vested in a particular technology and locked in to a suboptimal tra-
jectory. On the other hand, the most objective party can also be the
most uninformed. As the DynPort case demonstrates, this can spell
disaster for vaccine development. Emergency MCM project direc-
tors may be more attracted to technologies and approaches that are
similar to in-house projects, but this hands-on experience will equip
them to make informed purchasing decisions about emerging com-
ponent technologies in the commercial sector. Bias may also be less
of a concern if this facility operates as a nonprofit and is therefore
not compelled to protect a business base.?*

It will be important for emergency MCM project directors to
have the authority to manage their own projects and to maintain
close ties to high-level planning groups and lead-user populations.
In their study of the defense industry, Peter Dombrowski and Eu-
gene Gholtz argue that systems integration is not simply a matter of
ensuring interoperability, but of linking performance to strategic
goals and making decisions about performance tradeoffs in the over-
all system architecture.”” The ideal systems integrator, therefore,
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should (1) engage in development projects of its own so it can evalu-
ate contractees on the basis of firsthand knowledge; (2) understand
how military and civilian populations will use these technologies in
practice; and (3) be a part of high-level strategic discussions about
how MCM:s will be used on the battlefield and in homeland defense
scenarios.?

Successful midcentry vaccine development projects had one other
important feature in common: reliable access to late-stage develop-
ment and manufacturing facilities. Transformations to the land-
scape for vaccine development have constrained government access
to these facilities and capabilities in industry, which is a leading
cause for the valley of death phenomenon (Chapter 6).

In an effort to improve access to these facilities, a 2010 review of
the Public Health Emergency Medical Countermeasures Enter-
prise (PHEMCE) implementation plan recommended building a
government-sponsored manufacturing facility for MCMs. Without
invoking the term “GOCO,” HHS has requested proposals from
potential industry and academic partners to build a center for in-
novation in advanced development and manufacturing (ADM).?’
The idea behind a public-private partnership of this nature is to
draw on industry’s manufacturing skills, the expertise of an aca-
demic research center, and federal funding to supplement develop-
ment costs when the social returns from developing a particular
vaccine exceed the financial returns.

Unfortunately, HHS’s ADM request solicits skills that are not
readily available. A dearth of late-stage development and manufac-
turing expertise has complicated federal efforts to launch expanded
targeted vaccine development initiatives in the past. Anna Johnson-
Winegar, former deputy assistant to the secretary of defense on
Chemical and Biological Defense, noted that “the biotechnology
and pharmaceutical industry as a whole is facing shortages of skilled
personnel.”?8 This problem is a direct result of industry contraction
in the 1970s and 1980s.?” Biomedical research and training has also
become more specialized and stovepiped, causing fewer researchers
to receive the type of hands-on, cross-disciplinary training required
to develop new systems and products.

An emergency MCM program will have to rebuild a work force of
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“science integrators” through training and education, much like
WRAIR once did.*® This program will also create a viable career
path for scientists and engineers pursuing interdisciplinary work
and offer industry-competitive salaries.

While ADMs take a promising step toward integrating develop-
ment activities such as pilot development, scale-up, and manufac-
turing, they do not go far enough. An emergency MCM program
must integrate clinical and lab activities as well. One way to do this
is to expand on the NIH’s concept of Vaccine Treatment and Evalu-
ation Units (VTEUs). Through VTEUs, the NIH partners with
large academic health centers to enroll large numbers of volunteers
into clinical trials. These trial centers played a key role in efforts to
rapidly evaluate an HINI vaccine for the 2009 flu season.

Under their current configuration, VI'EUs could play a critical
role in the rapid evaluation of emergency MCMs. However, much
can be gained from expanding the VTEU concept further to inte-
grate clinical testing and evaluation with other epidemiological and
laboratory activities such as disease tracking, diagnostic develop-
ment, and target identification (Figure 7.1). WRAIR’s vaccine de-
velopment projects were most effective when Epidemiological
Consultation (EPICON) teams were able to collaborate closely with
laboratory researchers on site, for they enabled both parties to coor-
dinate clinical, environmental, and laboratory requirements. Inte-
grating clinical and lab functions at VTEU sites would facilitate
efforts to detect and diagnose pathogen-borne illnesses, character-
ize unknown pathogens, identify novel biomarkers, develop and
employ new diagnostics, devise faster clinical trial designs, and rap-
idly test MCM prototypes.

Last, but not least, it is essential to integrate regulatory research
into the emergency MCM program. Unlike vaccines, which are typ-
ically given to healthy populations, emergency MCMs will be used
in postattack scenarios where the risk of infection could outweigh
risk of taking an investigational new drug or vaccine. Developers
will need to work with regulatory scientists to establish rapid valida-
tion methods and with physicians to develop emergency-use proto-
cols for this scenario. New diagnostic tools, biomarkers, adjuvants,
manufacturing processes, and delivery systems will have to be devel-
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oped in cooperation with regulators who understand the require-
ments of an emergency development system. To this end, Center for
Biologics Evaluation and Research (CBER) teams need to establish
research programs and maintain labs at emergency MCM program
development sites to inform and evaluate development efforts earlier
in the process than is typical for nonemergency drugs and vaccines.

Integrating research and development in this manner will remove
organizational obstacles to vaccine development and introduce new
efficiencies into the development process. When epidemiologists,
clinicians, lab scientists, bioprocess engineers, and regulators are
united under a single research objective (i.e., accelerating develop-
ment times) and when they are intimately familiar with upstream
and downstream requirements of their collaborators, they will be-
gin to visualize and solve problems in new ways. For example, inte-
gration creates incentives to design detection systems that provide
critical diagnostic information, diagnostics that facilitate the search
for drug targets, and MCM candidates that are easily adapted to
manufacturing platforms and validated for testing. Unlike the Joint
Vaccine Acquisition Program (JVAP) or BARDA, this program will
retain an institutional memory for approaches that do and do not
work. Traveling teams and on-site learning afforded through this
program will facilitate sticky-knowledge transfer.

A robust emergency MCM program will also build research com-
munities that reunite lead users with product developers. Integrat-
ing clinical and lab activities in the context of academic medical
facilities, like VTEUs, puts developers into direct contact with ci-
vilian lead-user populations such as health care workers. It will be
important to maintain integrated clinical and lab facilities in mili-
tary settings as well. Due to unique living and working conditions
and the need for geographic flexibility, the military will always have
protection needs that exceed those of the general population and a
predisposition to invest in preventive measures. The military also
continues to have unique infrastructure advantages, such as special-
ized facilities to study dangerous pathogens and their network of
international labs, which offer tremendous advantages to research-
ers who need to work closely with populations most directly affected
by disease.
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Despite budget cuts to, and mismanagement of, the military labo-
ratory system, WRAIR and USAMRIID researchers continue to
make significant contributions to vaccine development. In the 1980s,
WRAIR worked with SmithKline Beecham to license the first hep-
atitis A vaccine. In the 1980s and 1990s, DOD overseas labs orga-
nized clinical trials that led to the licensure of a next-generation
Japanese encephalitis vaccine and that defined safety and efficacy
for typhoid and cholera vaccines.’! The underlying research and
technology used for next-generation anthrax and smallpox vaccines
(the rPA vaccine and the ACAM2000, respectively) also originated
in military labs. The military is heavily invested in malaria and HIV
vaccine research as well, and new developments are likely to emerge
from their investments in these areas.

Finally, wartime programs succeeded because they motivated the
best minds of their generation. A world war is a powerful recruiting
tool. A peacetime program, by contrast, will have to brand itself as
the place where the best minds go to tackle the most pressing global
health problems as WRAIR once did and as places like the Gates
Foundation do today. Restructuring the vaccine and drug develop-
ment process to accelerate development times is an essential but im-
modest goal and it cannot be accomplished by bureaucratic fiat. It
will be important to choose someone to lead this effort who, like
Vannevar Bush or Maurice Hilleman, can attract talent, build sup-
port, form alliances, and effect change. This program must also
provide viable career paths and confer prestige on the participating
clinicians, scientists, and engineers.

Constructing systems that will allow us to respond to emerging bio-
logical threats more quickly may seem like a long shot—particularly
when one considers that our efforts to develop a next-generation
anthrax vaccine are over twenty years old—but this project is not
without historical precedent. World War II vaccine development pro-
grams were remarkably productive and responsive to emergency
needs and flu manufacturers already develop vaccines for new strains
on a six-month time line every year. These response times were pos-
sible even before developers began to exploit currently available
process improvement technologies (i.e., reverse genetics and cell cul-
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ture techniques), much less invest in new ones. Reintroducing inte-
grated research practices and shifting the strategic focus of biodefense
programs will address problems that have beset vaccine develop-
ment for the past several decades and restore our capacity to respond
to a rapidly evolving array of threats to global health and security.
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