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Lessons drawn from successes and failures with coronavirus
disease 2019 (COVID-19) and Ebola virus disease (EVD)
should help shaping a robust health innovation system for in-
fectious disease epidemics. Epidemic response research and
development (R&D) can be mobilized quickly for public health
priorities and yield medicinal products within months. Howev-
er, to resolve epidemics, technological advances must be equi-
tably accessible and deployed, and these examples expose the
limitations of a supply-driven, fragmented R&D ecosystem
relying primarily on the private sector to deliver health prod-
ucts. Efficient epidemic response requires a coordinated public
health-focused, end-to-end R&D ecosystem for the develop-
ment, registration, availability, and use of pharmaceutical
products. Because pivotal clinical trials can only be conducted
during outbreaks, significant preparation must be done before-
hand: strengthening clinical research capacity and developing
pre-positioned trial protocols and clinical characterization
protocols, as well as conducting discovery and pre-clinical
research, manufacturing, and early clinical testing of candidate
products. This will allow for speedy execution of clinical
research early into an outbreak and delivering products within
a short time. Effective interventions should be adopted and de-
ployed ensuring equitable access during the ongoing outbreak.
Measures to make products available where and when needed
must be integrated throughout the R&D value chain.
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THE CONTEXT
An epidemic is “an increase, often sudden, in the number of cases of a
disease above what is normally expected in that population in that
area.”1 Many conditions would therefore qualify as an epidemic,
including both communicable and non-communicable diseases—e.g.,
the ongoing “obesity epidemic”2 and the “opioid overdose epidemic.”3

Even when focusing on infectious disease epidemics, we still have very
different scenarios: seasonal or occasional outbreaks of endemic in-
fections (e.g., dengue and other arboviruses), seasonal spill-overs
from animal reservoirs (e.g., Ebola virus disease [EVD], Lassa fever,
and other viral hemorrhagic diseases, plague), new diseases (be it a
known pathogen introduced in a new geographical area, or a previ-
ously unknown pathogen for humans, like sever acute respiratory dis-
ease coronavirus 2). Most of these epidemics are geographically and
Mo
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time limited. The spread of an epidemic over several countries and
continents may prompt the World Health Organization (WHO) to
declare a pandemic.

Between the great influenza pandemic of 1918 and the COVID-19
pandemic, many epidemics have occurred, mostly under the radar
screen of media and public attention, but also neglected by science
and investments in preparedness or response capacity, including tools
development. Occasionally, some epidemics overcome this high toler-
ance threshold and trigger attention and reactions, essentially when
they are perceived as a threat to “global health security,” i.e., poten-
tially affecting high-income countries.4

Therefore, there is no one-size-fit-all approach to responding to infec-
tious disease epidemics. However, there certainly are cross-cutting el-
ements underpinning a successful prevention, preparedness, and
response system. They are the sum of reliable disease surveillance,
robust health systems, responsive medical innovation, equitable ac-
cess to medicine and health care—which means essentially reaching
the sustainable development goals 3 (good health and well-being)
and 10 (reduced inequalities).5
Epidemic preparedness and response research and

development

Diagnostics, treatments, and vaccines are critical health technologies
for public health emergency preparedness and response. Ensuring
their timely development and availability is, therefore, a collective
public health responsibility. However, even for well-known microbial
threats, such technologies are often not (sufficiently) available when
needed, or come late during an outbreak, are ill-adapted to the health
systems, or are only accessible for few.

It is important tounderstandwhy andhow these health technologies are
developed, how they are deployed, andwhatmakes them fail or succeed.
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At a different scale, both the West African EVD epidemic and the
COVID-19 pandemic have shown how dependent the success of pub-
lic health interventions is on accurate education and science commu-
nication and how misinformation can undermine epidemic response.
The pandemic has also revealed how collectively unprepared we are to
exposing unfiltered scientific debate—which feeds on diversity of
opinions—to public scrutiny, often resulting in either naive or malev-
olent misinterpretations. Scientific journals have also been over-
whelmed with submissions, also revealing the limits of the peer review
system and its overall capacity to critically absorb a large influx of pa-
pers, with sometimes negative consequences on decision-making.6

The dearth of available health technologies for epidemic preparedness
and response is commonly ascribed to “market failure”—an expres-
sion of the current health innovation ecosystem relying largely on
the private sector for pharmaceutical product research and develop-
ment (R&D) and supply. The general lack of commercial attractive-
ness of infectious diseases (often requiring short-term therapies, as
opposed to more lucrative chronic treatments)7 is compounded
with a weak “business case,” given the unpredictable size and timing
of “demand” in the case of epidemic outbreaks, and a reluctancy of
public health systems and the international community to invest in
structural interventions and preventive measures, including stock-
piles that might remain unused, expire, and needing replacement.

While the COVID-19 pandemic may have temporarily transformed
epidemic preparedness and response R&D from an area of market
failure to a highly profitable market opportunity, it has still relied
on massive public investments and other policy interventions to
mobilize and reward the private sector. Despite the successful devel-
opment of multiple effective vaccines at unprecedented speed, access
to these vaccine remains profoundly unequal, which is a likely engine
of persistent transmission and mutations in viral genome.8 This lack
of a globally coordinated end-to-end R&D ecosystem and a public
health-oriented governance mechanism when it comes to the avail-
ability and use of interventions is hindering our capacity to effectively
prevent and curb epidemics—now and in the future—if radical
changes are not set in place.9,10
We need collective intelligence and coordination, not

fragmentation and competition

In responding to global health threats, governments and their health
authorities are naturally in charge of defining the response strategies
and outbreak control measures, from non-pharmaceutical interven-
tions like physical distancing, protective barriers, travel restrictions,
and lockdowns, to testing, treatment, and vaccination strategies. Pub-
lic health authorities would also be expected to (1) define which type
of pharmaceutical interventions they need—i.e. determining the
target product profile; (2) coordinate a portfolio of R&D projects
that covers priority health needs in order to identify and facilitate
the development of the most suited products; (3) oversee the research
methodology and study designs to ensure they address the most
important public health questions in a timely way; and (4) secure
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the availability, accessibility, and optimal deployment of the health in-
terventions for epidemic preparedness and response.

However, this is hardly the case. When infectious disease epidemics
arise, and especially when they are not just a public health concern
but are also considered a global health security threat, there is a flurry
of activities by the global health community to start R&D or revive
dormant workstreams, in what is often a very reactive and mostly
competitive—uncoordinated, uncollaborative—mode. The R&D
ecosystems functions like a conductor-less orchestra, with research
groups, public health institutions, funders, and pharmaceutical com-
panies each pursuing their objectives, but not necessarily in harmony
toward shared public health goals. For instance, the responsibility to
bring investigational products into clinical development and
subsequent registration is largely left to commercial product
developers that will select which proprietary technologies will be
progressed—whether it corresponds or not with the most desirable
public health interventions. At the same time, academic and other
public researchers—often competing for funding through research
financing mechanisms that are ill-adapted to respond to health
emergencies—will launch a variety of investigator-driven studies us-
ing available products or interventions (e.g., by repurposing or
combining drugs).

Figure 1 summarizes the critical disruptions at themain steps in prod-
uct development and use conspiring against mounting an effective
epidemic response system.

For instance, as of November 2021, 4,299 treatment trials (1,172 re-
cruiting, 1,044 completed, and 760 inactive, suspended, terminated,
or withdrawn) and 1,104 vaccine trials (1,104 recruiting, 513
completed, and 242 inactive, suspended, terminated, or withdrawn)
are registered just in clinicaltrials.gov.11 It is difficult to know which
of these trial results are published where, or when or if they will be
published at all.12 Without a mechanism to channel resources to
the most promising interventions and ensure global collaboration
and coordination rather than fragmented competition, there will be
too many ill-designed, underpowered, or otherwise inconclusive or
non-comparable trials.13,14 Companies also have no obligation to
ensure that products are registered, available, and accessible in coun-
tries where outbreaks occur, while research funders typically only
finance certain types of activities—for instance, clinical trials—but
not necessarily manufacturing, registration, availability, or access.
There is no clear division of labor and responsibility across the
R&D value chain, nor any agreed plans around ownership and
sharing of scientific data, intellectual property (IP) management, stra-
tegic use of manufacturing capacity, or allocation of final products in
the interest of global public health. Finally, there is currently no col-
lective mechanism to ensure end-to-end financing of epidemic pre-
paredness and response R&D, including equitable global access.
Given that the availability of financing is a critical driver of many ac-
tivities along the value chain, there is an important role for research
funders in directing the right kind of studies and coordination, and
put conditionalities as needed to the financing to ensure that research
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Figure 1. Medicinal product value chain from discovery to availability and use for health impact, providing examples of inefficiencies of the current
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efforts are pursued in ways that maximize chances to result in equi-
table access, including research data sharing.

Figure 2 depicts the proposed essential elements of a global research
and response architecture for infectious disease epidemics.

Strengthening the clinical research architecture for outbreak

diseases preparedness and response

A specific challenge with medical innovation for epidemic diseases is
that interventions can only be tested clinically during an outbreak,
often as integral part of response. Since when and where an outbreak
will occur is often unpredictable, most of the preparatory work must
be done outside (ahead of) epidemics to enable a prompt and coordi-
nated response when an outbreak does occur. This requires strength-
ening clinical research capacity in “peacetime,” as during epidemics
health care systems are often stretched dealing with providing medi-
cal treatment to patients, which makes it difficult for them to absorb
and implement trials, especially in low-resource settings. It also re-
quires a public health-driven priority setting to ensure that the
most promising interventions are tested in priority, not just the
ones that were able to amass sufficient resources quickly.

We have seen various cases where trials did only start past the peak of
transmission or where research groups competed for access to pa-
tients, thereby fragmenting the effort, with the result that the pro-
jected sample size could not be enrolled due to declining number of
cases. A case in point are multiple treatment trials set up during the
2016–2018 West Africa EVD epidemic.15,16

Yet, neither the West Africa EVD epidemic nor the COVID-19
pandemic are the archetypal outbreak given their size and duration;
most epidemics are short lived, have low caseload, and may be
geographically dispersed. For instance, between 2003 and 2021, a total
of 862 laboratory-confirmed human cases of avian influenza A
(H5N1) have been reported from 16 countries.17 Similarly, 1,516 hu-
man cases of avian influenza A (H7N9) have been reported between
2013 and 2017, with the largest epidemic being 776 cases occurring in
China over 12 months in 2016 and 2017. Under these circumstances,
it is particularly challenging to conduct proper clinical trials to test
new interventions, despite their high case fatality rates (about one-
half and one-third, respectively) and evident epidemic potential.18

This warrants piloting innovative trial designs that can span multiple
outbreaks, in multiple countries, as was intended with the original
design of the Ebola PALM trial.19

The longer-lasting 2009–2010 influenza A (H1N1)pdm09 pandemic
represents instead a failed, belated response, and a hugely missed
opportunity to gather timely information essential to setting up an
effective response. The US Centers for Disease Control and Prevention
estimate that between 151,700 and 575,400 deaths,20 which, contrary to
seasonalflu, occurredmostly in a younger population. By the timea spe-
cific vaccine became available in large enough quantities, it was already
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late in the pandemic. Clinical researchwas of insufficient quality and the
results became available mostly well after the pandemic was over.21

Clinical research also requires observational studies to understand
clinical presentation and risks of unfavorable outcomes to inform
case management practices. This entails the development of pre-posi-
tioned and approved clinical record forms for rapid uptake to
generate harmonized datasets. These adaptable research tools exist.
The International Severe Acute Respiratory and Emerging Infection
Consortium (ISARIC) is a global federation of clinical research net-
works that work collaboratively to prevent illness and deaths from in-
fectious disease outbreaks. The ISARIC adheres to principles of open-
source research22 and collaboration instead of competition.23 The
ISARIC-WHO clinical record form was quickly adopted at the onset
of the COVID-19 pandemic,24 leading to a dataset of more than
700,000 COVID-19 cases at the time of this writing25 that can be ac-
cessed for analyses. This shows that a global collaborative approach,
based on research readiness in a peer-to-peer network, is achievable
and effective, and can be replicated for future epidemics.26

Last but not least: Ensuring availability and access

Too often, the battle about access is unsuitably centered on the final
product, when in reality it starts much upstream.

A key characteristic of market failure is that market demand-and-
supply dynamics do not leverage R&D, availability, and access
when the purchasing power of those affected is too small to attract
commercial interest. Fixing the market failure for R&D—for instance,
through public funding or other market incentives—does not guar-
antee that the resulting interventions will be registered, available,
and accessible in countries where outbreaks occur. Outside an
ongoing outbreak, there may be little urge for companies to seek
product registration, or for countries or public health authorities to
purchase (for stockpiling) the new product if registered—unless moti-
vated by reasons like health security. As a result, critical health tech-
nologies that have been developed are not necessarily available where
and when an outbreak occurs.
1804 Molecular Therapy Vol. 30 No 5 May 2022
Since licensure is granted to pharmaceutical
companies, even if the research was done by
broad consortia of public and private partners,
the control over product availability—how
much is being manufactured and sold to
whom and at what price—is essentially in the
hands of the private sector. A company typically
holds both IP rights via patents on products and
technologies and retains exclusivity on the use
of data contained in the regulatory dossier, pre-
cluding others to produce and sell the products.
Such monopolies compound the fragility of an
already precarious supply chain. Reliance on a single source for the
supply of critical health technologies is a recipe for scarcity, high pri-
ces, or both, with major impact on equitable access. The inequalities
in COVID-19 vaccine access in Africa for instance are explained in
part to the lack of vaccine manufacturing capacity on the continent
(currently importing 99% of all vaccines used).27

Too often, companies will prioritize licensure in markets of interest,
primarily the United States, Europe, and a handful of other countries
that may be interested in establishing strategic stockpiles for certain
diseases of epidemic potential. For products that are eligible to receive
a US Food and Drug Administration (FDA) priority review voucher,
an incentive to stimulate the development of drugs or vaccines against
neglected tropical diseases, filoviruses (including Ebola), rare pediat-
ric indications, andmedical countermeasures for certain global health
security threats,28 the financial reward is obtained upon registration at
the US FDA. Unfortunately, obtention of the reward is not linked to
any obligation for availability or access where needed.29

LESSONS LEARNT FROM EVD AND COVID-19
As illustrated below, EVD and COVID-19 are two examples of excep-
tional epidemic R&D efforts where, despite much heralded successes
in product development, inadequate public health-focused leadership
and governance has resulted in unfinished research agendas, critical
availability gaps, and major access inequities. While different in size
and health and economic impact, both benefited from massive public
investments to support and accelerate the development and availabil-
ity of medical technologies to help curb the epidemics. Yet, this was
not accompanied by commensurate public oversight and end-to-
end steering to ensure maximal impact of investments, with major
public health, access, and ethics implications.

Ebola virus disease

While known since the 1970s, EVD is a typical case of market failure:
no treatment, diagnostic, or vaccine was available when a long-ex-
pected, major outbreak devastated Guinea, Liberia, and Sierra Leone
in 2014–2016, killing more than 11,000 people and creating a global
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panic.30 Yet, thanks to an impressive mobilization of public health in-
stitutions, governments, researchers, philanthropic organizations,
pharmaceutical companies, and humanitarian actors coming together
on an ad hoc basis, a burst of R&D activities ensued, which continued
throughout the 2018–2019 outbreaks in the Democratic Republic of
Congo (DRC).

By early 2021, there were two vaccines and two treatments registered
by FDA or European Medicines Agency (EMA), an impressive
achievement, yet their availability, affordability, and effective use
for current and future EVD outbreaks remain wrought with questions
and uncertainties.

Of the four new Ebola products that received FDA or EMAmarketing
authorization, only the rVSV-ZEBOV vaccine (Ervebo) produced by
Merck is registered in DRC and in a few other Ebola-prone African
countries. It is also WHO prequalified. In January 2021, a GAVI-
funded global emergency stockpile of 500,000 doses was created un-
der the auspices of the International Coordinating Group on Vaccine
Provision, accessible to all countries.31 While lower income countries
can obtain vaccines for free, it is not known how much other coun-
tries will be charged, nor the price Merck has charged GAVI. It is
also not clear how the supply will be sustained in the future.

Johnson & Johnson’s (JNJ) prime-boost vaccine (Zabdeno [Ad26.
ZEBOV] and Mvabea [MVA-BN-Filo]) was WHO pre-qualified, is
being used in further studies but is not yet registered in African coun-
tries. The two treatments, Regeneron’s Inmazeb (the association of
three monoclonal antibodies: atoltivimab, maftivimab, and odesivi-
mab-ebgn) and Ridgeback Biotherapeutics’ Ebanga (the monoclonal
antibody ansuvimab), are also not registered in any African country.
It is thought that the US government has established stockpiles of at
least one, if not both, Ebola treatments, but no details of size and price
are publicly available.

Critically, none of these registered products seems readily available
for use in disease-endemic countries, including the DRC, which
has been experiencing a series of EVD outbreaks. During the 2018–
2020 Kivu EVD outbreak—the second largest recorded outbreak—
control efforts made use of remaining clinical supplies of the still-
investigational products with little transparency on how to access
these stocks, and with often restricted conditions for use because still
under restrictive “study conditions.”

In addition, many outstanding research questions remain around both
vaccines and treatments, and there is no pathways or clear responsibil-
ities as to how to address them. The fact that none of these products
can be bought through regular procurement channels (there are also
no official prices, and secrecy over prices paid for the stockpiles) has
hampered operational research to better understand how to best
deploy these different tools for epidemic preparedness and response.

The pivotal efficacy trial for Merck’s rVSV-ZEBOV vaccine in Guinea
was designed as a reactive cluster ring vaccination study—whereby
contacts and contacts of contacts of cases are randomized to receive
vaccine or placebo. The subsequent use of this vaccine in the DRC fol-
lowed the same approach, and the WHO Strategic Advisory Group of
Experts on Immunization (SAGE) continues to recommend it as
primary strategy in case of an EVD outbreak, partly because of limited
supplies.32 Other questions still unresolved include duration of protec-
tion and effectiveness when used as a preventive vaccine—i.e., given at
population level, whether individuals had been already exposed or not
to a source of infection. The difference is important. The ring vaccina-
tion approach is triggered by an ongoing outbreak, as opposed to vacci-
nating a population to prevent outbreaks altogether.

The deployment of rVSV-ZEBOV as a primary outbreak response has
effectively rendered demonstrating clinical efficacy of the JNJ’s Ad26.
ZEBOV/MVA-BN-Filo prime-boost vaccine practically unworkable.
This vaccine was granted marketing authorization by the EMA in
2020 based on correlates of protection—animal studies and levels of
immune response in humans—and was pre-qualified by the WHO
in 2021. This approach, whereby the prime and boost are administered
eight weeks apart, makes this vaccine “not suitable for an outbreak
response where immediate protection is necessary.”33 Meanwhile,
since antibodies were detectable up to 2 years after immunization,
and a booster shot with Ad26.ZEBOV resulted in a rapid increase of
specific antibodies,34 the WHO SAGE now suggests that countries to
consider pre-emptive vaccination of EVD response teams with the
prime-boost vaccine. However, wider use a as preventive vaccine re-
mains questionable, primarily for the lack of clinical efficacy data.

The case of these two vaccines shows a failure to look collectively
beyond single trial designs and to understand the consequences of
the fact that there typically is only a one-off chance to gather pivotal
safety and efficacy evidence in clinical trials, and thus ensure that the
most important public health questions are answered. Here, early trial
design choices and unattended evidence gaps now stand in the way of
a regional and public health-focused disease control strategy,
including targeted preventive vaccination.

As for treatments, research questions include their potential as post-
exposure prophylaxis, possible dose optimization (related also to the
cost of goods and therefore potentially price), or their use in combi-
nation with other antivirals. The lack of straightforward availability
for use and follow-on research, including the reportedly prohibitive
pricing (lack of transparency precludes knowing how much), reflects
a failure to apply public health-focused conditionalities to the agree-
ments between public and private partners involved in the develop-
ment. Such governance challenges illustrate the mainly voluntary
“coalition of the willing” nature of the research partnerships, with
gaps and lack of transparency around decision-making and account-
ability, against the background of complex power dynamics.

The case of both EVD vaccines and therapies also shows an inade-
quate distribution of ownership and control between the many part-
ners involved in clinical research and implementation. For instance,
trial data ownership and decision-making over industrial and
Molecular Therapy Vol. 30 No 5 May 2022 1805
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regulatory strategy lies solely with the commercial partner, which also
controls availability (manufacturing decisions) and access (local
registration, availability, and price). Yet, as is typically the case for
epidemic R&D, most of the Ebola research was financed through pub-
lic and philanthropic resources and was conducted by public and
non-profit institutions. Still, the financial rewards such as the pro-
ceeds of the FDA’s priority review voucher go solely to the company,
without any obligation to commit to invest in further research or even
to make the product equitably available at an affordable price. In fact,
it will be the same public resources (US government and other multi-
lateral health donors) that finance the creation of stockpiles (often at
undisclosed prices) of products for which they had already largely
financed the development. Meanwhile, a lack of coordination and
transparent decision-making between local, national, and interna-
tional health authorities results in sub-optimal response strategies.

COVID-19
The COVID-19 epidemic response R&D has differed substantially
from EVD’s, especially for vaccines. The exceptional size and scale
of the pandemic made it the primary health and economic concern
of wealthy countries, generating huge commercial and political inter-
est. Early on in the pandemic, pharmaceutical companies quickly took
up vaccine R&D, building on existing proprietary technology plat-
forms, already developed or under research for other indications
(e.g., messenger RNA [mRNA],35 adenoviral vector vaccines36);
some also partnered with academic groups with promising technolo-
gies that they acquired under exclusive licence.37 At the same time,
unprecedented amounts of government funding are mobilized to sup-
port and de-risk the companies, by both directly financing the R&D
and making advanced market commitments.38 This meant that these
companies were confident to start industrial development and scaling
up vaccine manufacturing ahead of safety and efficacy demonstration
in clinical trials, thus accelerating considerably the process toward
marketing. In addition, key regulatory agencies like the US FDA
and EMA signaled willingness to consider accelerated review and
approval pathways based on preliminary data, such as the Emergency
Use Authorization, to speed up the availability and deployment of the
vaccines.

As a result, vaccine R&D was set in motion and progressed at an un-
precedented pace. The first vaccine to receive regulatory authoriza-
tion for use in August 2020 was the adenoviral vector-based vaccine
Sputnik from Gamalea (authorized in Russia), followed by the first-
ever mRNA vaccines by Moderna and Pfizer (US FDA emergency
use authorization in December 2020, followed by regulators in other
countries), and Astra Zeneca (UK MHRA emergency use authoriza-
tion in December 2020, followed by regulators in other countries). As
of November 2021, 23 vaccines have received emergency use or full
regulatory authorizations, 107 vaccines are reportedly in clinical tri-
als, and more than 75 are in preclinical testing.39

The concomitant development of several effective COVID-19
vaccines in just a year is a testimony of our global scientific and tech-
nological capabilities and shows what is possible when political will
1806 Molecular Therapy Vol. 30 No 5 May 2022
exists and (public) resources are made available. However, the stark
inequities in access to these innovations, fueled by a combination of
private sector control over the IP rights and manufacturing capabil-
ities, together with vaccine nationalism by wealthy country govern-
ments (hoarding the majority of dosages), are leaving large parts of
the world exposed to the risk of COVID-19 and its health, economic,
and societal consequences.40,41 As of November 19, 2021, high-in-
come countries have administered on average more than 145 doses
per 100 persons and are rolling out booster shots, while many people
in low-income countries are yet to receive their first dose (the average
number of doses per 100 people is 7).42 This collective failure to trans-
late technological progress into an effective global health response to
the pandemic and protect the most vulnerable everywhere is not only
a moral failure, as WHO Director General pointed out,43 but also a
colossal failure in R&D governance to respond to the most important
challenge of our time.44 It is also a hugely miscalculated strategy as
letting the virus free to replicate unchecked exposes the same high-in-
come countries to the risk of more transmittable and less controllable
virus variants.45

As global demand for equitable access to COVID-19 vaccines inten-
sifies, health and socio-economic justice advocates supported by
global leaders like the UN Secretary General and WHO Director-
General are calling for vaccine manufactures to share IP, know-
how, and technologies to enable the scale up of vaccine production
in low- and middle-income countries.46 However, it is clear that com-
panies dominating the market are unwilling to give up control over
their vaccines, in particular IP and production technology and
know-how. This, with full endorsement of high-income countries un-
willing to use the leverage of their massive public investment to force
companies to share critical technologies for pandemic preparedness
and response47 means that global access will, for now, continue to
rely on the goodwill of vaccine manufacturers to produce sufficient
quantities and sell vaccines at prices they deem the buyer is willing
to pay according to ruthless demand-supply market dynamics.

Another damaging characteristic of market-based R&D is its reliance
on competition rather than collaboration and collective intelligence to
bring health interventions forward, even during epidemics.48 Instead
of taking a portfolio approach to enable complementary technologies
(from an epidemic control perspective) to advance in parallel, it in-
centivizes a race for the first to obtain regulatory approval—often
emergency use authorization based on preliminary evidence.49

After a critical review of the global response to COVID-19, the
Independent Panel for Pandemic Preparedness and Response has
started to lay out a framework for future “pre-negotiated systems
for a global health commons approach to mobilize pandemic tools,”
including an end-to-end R&D platform, predictable financing,
adequate industrial policies, inclusive governance, and regional plat-
forms.50 Similarly, global health leaders have begun to articulate
what biomedical R&D toward the global public interest must look
like,51 which is also echoed the WHO Council on the Economics of
Health for All.52
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TRANSPARENCY—AND A LACK THEREOF
For the public to accept measures such as lockdowns, vaccination, and
other interventions against epidemics, trust is essential, and trust re-
quires transparency both about research results and decision-making.
Sadly, such has not been the case for COVID-19,53,54 but that is not
new. An example in the recent past is oseltamivir (Tamiflu) and the
controversies over the lack of public availability of clinical trial data
and the interpretation of the results of company-sponsored trials
that informed the decision byWHO to include the drug on the essen-
tial medicines list and by various governments to stockpiling this
medication.55 Many have challenged the fact that pharmaceutical
companies retain full control over clinical trial data, including what
and when to publish, which is the norm in the sector, and a growing
number of policies are being adopted to increase disclosure and trans-
parency requirements,56 but progress has been slow.57

In contrast with company-sponsored trials, the publicly funded
RECOVERY trial has made available the results of putative
COVID-19 treatments tested in more than 44,000 hospitalized
patients, all being immediately actionable, including the use of
inexpensive, available medicines.58 They have shown that the im-
mune-modulators dexamethasone59 (tested in 6,429 patients) and to-
cilizumab60 (n = 4,169), and the casirivimab-imdevimab antibody
cocktail61 (n = 9,785) work, and also shown that many other do not
(hydroxychloroquine,62 lopinavir-ritonavir,63 convalescent plasma,64

aspirin,65 azithromycin,66 and colchicine67).

Meanwhile, results frompharmaceutical company-sponsoredCOVID-
19 treatment and vaccine trials, and the ensuing policy decisions
including major procurement contracts, do not seem to deviate from
the secrecy patterns.68 Examples abound in the past year of announce-
ments made through press releases, that, among other things, have
huge effects on stockmarkets, as was the case again after the recent an-
nouncements by Merck of positive trial results from its drug candi-
date.69 The transparency adopted by the US FDA when they reviewed
applications for COVID-19 vaccines, including the online publication
of the company’s data as well as an independent analysis performed
by the US FDA scientists, and a public hearing with experts, during
which these are discussed, stands as a lone and positive example of
the type of data transparency that can be achieved to build trust. How-
ever, the same authorities were criticized for a lack of transparency and
non-evidence-based decision making around other applications.70

Finally, governments must strengthen surveillance systems and
ensure timely sharing of information on circulating pathogens, which
is essential for directing research efforts to rapidly deliver appropriate
health technologies for epidemic response.
CONCLUSIONS
Infectious disease epidemics occur all the time, but only those
perceived as global health threats attract attention and investments
toward the development of countermeasures like vaccines, diagnos-
tics, and treatments. To mount an effective preparedness and
response strategy for epidemics, one-off opportunistic partnerships
of the willing are not always adequate to overcome the many chal-
lenges and gaps of an R&D ecosystem that is geared to seize market
opportunities rather than addressing public health needs, especially
for populations in low-resource countries.

As shown during both the COVID-19 and EVD epidemics, with suf-
ficient public investments it is possible to overcome market failures
and harness our collective knowledge and technological capacity to
speedily develop and test new medical interventions. However, we
fell short of scaling up vaccine manufacturing for the speedy
deployment and failed on vaccine equity. The lack of a coordinated
end-to-end R&D architecture to steer the development, registration,
availability and use of pharmaceutical products hampers our collec-
tive capacity to effectively prevent and curb epidemics and exposes
the limitations of a supply-driven and fragmentary R&D pipeline
that relies primarily on the private sector to deliver these products.

What we need instead is to accept that epidemic preparedness and
response is a public responsibility requiring global health focused
leadership and adequate financing to build and manage a portfolio
of R&D projects that can adapt to the changing needs for epidemic
control, and has equitable access built-in component from the start.
This requires strong public health direction to build symbiotic part-
nerships between public and private sectors toward the shared goal
of delivering appropriate health interventions as common goods,
not private commodities.
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