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ABSTRACT | United States health care spending consumes nearly a fifth of the GDP [1]. While, in many respects, the
U.S. health care system is enviable and highly innovative, it is also characterized by elements of ineffectiveness, inef-
ficiency, and inequity. These aspects, resulting from pre-existing vulnerabilities within the system and interactions be-
tween the various stakeholders, were acutely highlighted by the COVID-19 pandemic. As health product manufacturers
and innovators (HPMI) took steps to mitigate the immediate crisis and simultaneously begin to develop a longer-term
sustainable solution, six common themes arose as areas for transformational change:

1. support for science,
data sharing,
supply chain resiliency, stockpiling, and surge capacity,
regulatory and reimbursement clarity and flexibility,
public- and private-sector coordination and communication, and
minimizing substandard care offerings.
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Within these categories, the authors of this paper suggest policy priorities to increase the effectiveness, efficiency, and
equity of the HPM| sector and writ large across the U.S. health care system. These priorities call for increased scientific
funding to diversify the pipeline for research and development, strengthening the nation’s public health infrastructure,
building and maintaining “ever warm” manufacturing capacity and related stockpiles, instituting efficient and effective
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regulatory and reimbursement frameworks that promote innovation and creativity, devising structures and processes
that enable more efficient collaboration and more effective communication to the public, and implementing rewards
that incentivize desired behaviors among stakeholders. This assessment draws from the collective experience of the
authors to provide a perspective for the diagnostics, hospital supplies and equipment, medical devices, therapeutics,

and vaccines segments.

While the authors of this paper agree on a common set of key policies, sub-sector specific nuances are important to con-
sider when putting any action priority into effect. With thoughtful implementation, these policies will enable a quicker,
more robust response to future pandemics and enhance the overall performance of the U.S. health care system.

Introduction

In the waning days of 2019, global news outlets began
reporting on a “mysterious viral pneumonia” infecting
residents of Wuhan, China [2]. The first recorded death
from what we now know as COVID-19, or the disease
state resulting from infection with the SARS-CoV-2
virus, was a resident of Wuhan on January 11, 2020,
and the first confirmed case of COVID-19 in the United
States was on January 20, 2020 [3,4]. The World Health
Organization declared COVID-19 a global pandemic on
March 11, 2020, and since then, COVID-19 has claimed
the lives of 828,000 Americans and 5.26 million indi-
viduals worldwide [103].

Although there were some examples of effective lo-
cal, state, and national responses, there were critical is-
sues and inconsistencies in the U.S. national pandemic
response that resulted in delayed and insufficient
availability of testing early in the pandemic, shortages
of basic supplies including personal protective equip-
ment (PPE), and strained health system capacity. Even
with the advent of efficacious vaccines and therapeu-
tics, COVID-19 and future novel viruses are expected
to remain a significant global health threat. Both the
direct and indirect effects of the pandemic have dis-
proportionately affected communities of color in the
U.S., as the virus has had a much higher mortality rate
in Asian and Pacific Islander, Black, Latino, and Na-
tive American patients as compared to white patients
[5,6,7]. Yet, even as the pandemic reveals or greatly
exacerbates critical system fragilities, the conditions of
the pandemic have also driven rapid progress in some
areas, such as greater acceptance of telemedicine.

The Emerging Stronger After COVID-19 series of dis-
cussion papers, of which this paper is one, will examine
nine sectors of the health care system, assessing both
their existing vulnerabilities and their greatest oppor-
tunities for driving system-wide transformation toward
effective, efficient, and equitable care for all Americans
in the wake of COVID-19 [8].

Major Organizational Components and Inter-
actions within the Health Product Manufac-
turers and Innovators Sector

HPMI research, develop, and produce a broad range of
products and services that are critical to the health and
well-being of people in the U.S. and around the globe.
HPMI rely on a global supply network to provide com-
ponents and ingredients to manufacture and operate
these critical products and an extensive distribution
system to ensure the delivery of these technologies
across the U.S. and globally.

Despite the efforts of HPMI aimed at improving and
extending lives, the COVID-19 pandemic has highlight-
ed a range of vulnerabilities across the sector. This pa-
per presents an individual assessment of the experi-
ences and dynamics over the course of the COVID-19
pandemic through the lens of five specific sub-sectors
— diagnostics, hospital supplies and personal protec-
tive equipment, Class Ill medical devices per the Food
and Drug Administration’s (FDA) classification system,
therapeutics, and vaccines — to uncover the vulner-
abilities and opportunities for sector-wide transforma-
tion (see Figure 7). Within each sub-sector’s analysis of
its experiences with COVID-19, the authors unravel the
challenges each sector faced in continuing operations
while responding to the domestic and global demands
of the pandemic. Collectively, these vulnerabilities un-
derscore the need for coordinated strategies to ensure
the U.S. is well positioned to respond to the current
and future public health crises and to enhance the sec-
tor's overall effectiveness, efficiency, and equity. As
such, this paper concludes with a synthesized overview
of priority actions that will aid in the navigation of fu-
ture pandemics and other public health crises.
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FIGURE 1 | Profile of the Health Products Sector

Individual Sub-Sector Analyses of COVID-19
Experiences, Dynamics Observed, and Vulner-
abilities

Diagnostics

Overview and Response - Diagnostics
The diagnostics sub-sector offers a wide variety of
products and services, including various diagnostics
related to COVID-19. In this paper, the authors focus
primarily on PCR molecular diagnostic testing, which is
considered the gold standard in diagnosing whether a
person is currently infected with the SARS-CoV-2 virus.
The diagnostics sub-sector includes manufacturers
of test kits as well as pre-analytical supplies (such as
swabs and tubes) and both public and private labs.
Public health laboratories perform research, disease
surveillance, emergency response support, and some
diagnostic and reference testing for the public health
agencies they serve, particularly for diseases with signif-
icant biosafety risks. Private labs include independent
labs, hospital labs, and physician office labs. Some labs
develop and validate their own tests that they perform
as services (laboratory-developed tests, or LDTs), some
labs run tests using manufactured test kits, and some
do both. Private labs serve a broad array of customers,
including physicians; patients; consumers; hospitals
and health systems; employers; managed care organi-
zations; biopharmaceutical, medical device and diag-
nostics companies; and governmental agencies.
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At the start of the COVID-19 pandemic, a particu-
larly prominent response shortfall was the failure to
rapidly launch a comprehensive national strategy for
the coordinated development and dissemination of
tests for COVID-19. Then, in late January 2020, once the
U.S. started to develop COVID-19 tests, national health
leaders permitted only the use of government-created
test kits, which were unable to be produced in num-
bers sufficient to match demand. Further constraining
supply was the discovery of technical flaws in these
test kits, which resulted in the decision to halt testing
to rectify the issue [9,10,11].

As a result of these shortfalls, and the response to
them, dynamics around diagnostics changed in at least
two notable ways. The first was the somewhat sudden
and widespread public awareness of the vital role di-
agnostics play in the nation’s ability to understand and
track the spread of COVID-19 — as well as to help treat
and manage the disease.

Secondly, the U.S. saw a rapid expansion of COV-
ID-19 testing capacity. Within days of the February 29,
2020 FDA guidance creating a pathway for private labs
to develop and offer validated COVID-19 tests in addi-
tion to state and local public health labs, diagnostics
companies responded by bringing tests to market and
rapidly ramping up capacity ahead of determinations
of payment or reimbursement [12]. Examples of ramp-
ing up capacity ahead of payment included purchasing
equipment, complex machines, and testing and col-
lection supplies; incurring costs for PPE; and investing
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in additional site cleanings for protection against CO-
VID-19. Companies that develop diagnostics expanded
the accessibility of testing to reach as many people as
possible, including health care workers, first respond-
ers, the hospital inpatient population, nursing homes,
the elderly and the vulnerable, as well as those in un-
derserved communities — through doctors, hospitals,
other health care providers, retail pharmacy chains,
drive-through testing sites and company websites.

Aside from COVID-19 testing, routine testing for
non-acute conditions such as diabetes and cancer was
paused during lockdown. Labs engaged with health
care industry leaders and technology companies to
raise awareness through national, large-scale cam-
paigns such as Stop Medical Distancing [13], a program
designed to explain the difference between social dis-
tancing and medical distancing to inform people about
the importance of continuing to receive timely medical
care.

Companies also offered employers and schools
services for their return-to-work and return-to-school
strategies. For example, certain labs offered return-to-
work solutions, including some offerings using medical
staff to administer health questionnaires when em-
ployees arrived, temperature screening, and specimen
collection. One service offered employers access to
testing solutions such as an at-home collection test kit,
a finger stick antibody blood test, and flu vaccination
services. The diagnostics sub-sector also developed
novel laboratory-based tests, began offering at-home
specimen collection and testing to expand access and
reduce demand for PPE, and launched combination
COVID-19 and flu tests.

Beyond greater testing capacity and access, new
treatments and ultimately new vaccines, two of which
have already received emergency use authorizations
(EUA) and one FDA approval, are critical. To that end,
many of the same laboratories and test kit manufactur-
ers launched antibody tests, and some are providing
testing to support COVID-19 therapeutic and vaccine
research studies and clinical trials.

Vulnerabilities and Opportunities - Diagnostics

The increased attention prompted by the pandemic to
the need for better testing capacity uncovered vulner-
abilities affecting both public and private labs and in
how public and private efforts are coordinated to cre-
ate surge capacity.

As mentioned earlier, at the onset of the COVID-19
pandemic, demand outstripped supply, leading to lon-
ger times for people to receive the results of their tests.
One of the reasons was due to a focus on government-

created testing. There is acknowledgement that in-
volving private-sector laboratories earlier would have
allowed for a more rapid scale-up of testing capacity.
If labs had begun receiving information earlier, when
other countries were facing the crisis, they could have
helped earlier [14]. Once private labs were allowed to
provide testing under emergency-use conditions, the
U.S.'s ability to test for the virus dramatically expanded.
The authors of this manuscript believe that engaging
both public and private labs early in the national re-
sponse to COVID-19 would have helped scale up test-
ing supplies and infrastructure more quickly.

The lack of excess capacity at labs, both public and
private, was also evident during surges in COVID-19
outbreaks. Despite the sub-sector’s significant efforts
in the early days of the pandemic to increase the num-
ber of testing platforms available, the complexity of the
machines, limited supply of machines and reagents,
and staffing shortages made it difficult to scale quickly
enough. Estimates of how many tests were needed var-
ied widely [15]. Some experts predicted the need for
millions of tests per day. However, some forecasts may
have been referring to COVID-19 tests needed for diag-
nosis, screening and population-level surveillance, in-
cluding both PCR as well as antigen tests, while others
may have been referring to PCR tests, the gold standard
for personal diagnosis. In any case, it was not until the
Fall of 2020 that the U.S. may have begun to frequently
hit 1 million or more diagnostic COVID-19 PCR tests
performed per day, according to news reporting citing
estimates from The COVID Tracking Project [16,105].

The response to the COVID-19 pandemic was also
marked by fragmented and conflicting communica-
tion from various authorities and thought leaders. As
the public searched for answers during the pandemic,
they were confronted with no “single source of truth.”
This threatened to erode public confidence and likely
resulted in people who did not need testing using up
limited capacity [17]. In some cases, patients were un-
sure who should be tested, which test should be per-
formed, and where a specimen could be collected.
Further compounding the confusion was the fact that
some doctors’ offices were temporarily closed begin-
ning in March 2020 [104]. As an attempt to mitigate
some of these challenges, companies sought to help
educate people about where and how to be tested, de-
livering important COVID-19 information to millions of
people through social media, traditional media, and di-
rect email channels, and sharing information with mil-
lions more via websites and through trade associations
[18,19].
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The single biggest vulnerability for the diagnostics
sub-sector illuminated during the pandemic is the need
for a fuller understanding of, and plan to address, the
complexity and multifaceted nature of the global sup-
ply chain. While the diagnostics supply chain is often
thought of as the test, the machine, and the result, in
reality, it entails all the components necessary to col-
lect the specimen, extract it, ship it, and test it — from
nasal swabs to reagents, pipette tips, sterile tubes, dry
ice, and complex machinery. Announcements of test-
ing capacity based solely on machinal capabilities could
be misleading without a reference to dependence upon
the availability of necessary supplies. For example,
while machines might be able to process a million tests
per week, such a claim could be meaningless if there
were only enough reagents to process a thousand tests.
In addition to understanding that the supply chain is
complex and contains many parts, it must be recog-
nized that the supply chain is global. In the beginning
of the pandemic, nasal pharyngeal swabs were being
sourced primarily from Italy. When Italy was affected
by the pandemic, obtaining swabs for U.S. use became
a major challenge, not only affecting COVID-19 testing
but also routine testing for conditions such as strep
throat and sexually transmitted infections. Similarly,
shutdowns in other countries such as China strained
America’s supply chain.

Finally, while speed is critical in a pandemic, so is con-
tinuing to monitor, maintain, and ensure the accuracy
and reliability of tests. In the early days of the COVID-19
experience, a number of manufactured antibody test
kits of poor quality were left unregulated and flooded
the market, only to be withdrawn, further confusing
the public and threatening to undermine confidence in
tests and testing as a whole [20]. This included confi-
dence in LDTs. Though, unlike test kits, LDTs continued
to be regulated under the Clinical Laboratory Improve-
ment Amendments (CLIA). This issue highlights the
need for Congress to advance legislation to establish
new, transparent validation pathways for all in vitro
clinical tests to facilitate the prompt availability of ac-
curate and reliable tests while preventing an influx of
inferior products.

Hospital Supplies and Personal Protective Equip-
ment

Overview and Response - Hospital Supplies and Per-
sonal Protective Equipment

The hospital supplies and personal protective equip-
ment sub-sector develops products intended for use

by physicians, nurses, hospital personnel, researchers,
lab technicians, and others in health care. The sector
serves a wide range of businesses including hospitals,
clinics, and pharmaceutical companies. Products in-
clude a multitude of medical and surgical supplies, such
as respirators, gowns, gloves, disinfectants, and steril-
ization products.

As soon as suppliers of health and safety products
across the U.S. learned of the SARS-CoV-2 virus spread-
ing in China in late 2019, they began putting measures
in place to prepare. Manufacturers of hospital supplies
and personal protective equipment began accelerating
production and sourcing of PPE, notably respirators, in
early 2020 [21,22]. A heavier than normal flu season
was emerging in the Southern Hemisphere in the fall
of 2019, portending a similar trend in the winter in the
Northern Hemisphere. Signs of the novel and virulent
coronavirus, in addition to unfolding natural disasters
in Australia and the Philippines, triggered more steps
for such manufacturers to prepare as requests for PPE
started skyrocketing.

As the COVID-19 pandemic unfolded, manufactur-
ers of hospital supplies and personal equipment were
pressured to make appreciably more health and safety
products. Global demand for N95 respirators and other
respirators far exceeded the supply for the entire in-
dustry (rising as high as 20 to 40 times above normal
levels). Some companies were prepared to handle nor-
mal fluctuations in supply and demand, having built
and maintained excess surge capacity for worldwide
disease outbreaks and natural disasters. Companies
accelerated the process of adding new manufacturing
equipment and production lines by diverting engineers,
experts, and other resources from other departments
to hospital supplies manufacturing efforts [23,24].
However, even with the addition of significant capacity,
the unprecedented demand caused by the global pan-
demic outpaced production and supply.

By March 2020, production faced additional chal-
lenges as countries went into lockdown to help stop
the spread of COVID-19 and companies halted nones-
sential operations. Manufacturers of health and safety
products and suppliers of key raw materials assessed
whether their operations fit government guidelines re-
lated to being critical to the pandemic response. Once
that determination was made, they implemented safe-
ty measures such as those published by the U.S. Occu-
pational Safety and Health Administration (OSHA) to re-
duce the risk of exposure for their essential employees
and continued producing critical supplies such as PPE
and hand sanitizer, among other products [25].
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To further ramp up production of critical hospital
supplies, the U.S. federal government began invoking
the U.S. Defense Production Act (DPA) in spring of 2020,
which gave the Executive Branch certain authorities to
partner with and accelerate domestic industries dur-
ing national emergencies. DPA authorities were used
across several health care sectors including companies
like 3M, Hill-Rom, Royal Phillips, and Vyaire Medical.

Health care providers also sought to extend the use
of their PPE stocks by conserving respirators through
clustering or isolation of patients with the same dis-
ease in order to support a crisis capacity strategy of
not needing to change PPE after every patient contact.
They also reused disposable respirators through de-
contamination procedures approved by the FDA via
emergency use authorization (EUA).

Across suppliers of hospital supplies and personal
protective equipment, collaborations played a criti-
cal role in the pandemic response. Many companies
outside of health and medicine halted supply of their
traditional products to supply PPE and other needed
supplies for frontline health care workers and first re-
sponders. In addition, some initiated collaborations
with companies to support the health care industry.
A spirit of cooperation developed as hospital supply
manufacturers connected with the automotive, indus-
trial, or academic sectors to address various imminent
health care needs. These collaborations with other
companies to meet global challenges offer a model for
potential future innovation.

Vulnerabilities and Opportunities - Hospital Supplies
and Personal Protective Equipment
In the course of the sector's response to COVID-19,
manufacturers of hospital supplies and personal pro-
tective equipment faced a number of trade challenges
and export restrictions that impeded their ability to
more quickly obtain critical raw materials and finished
products such as PPE for health care workers and first
responders. Access to raw materials was limited due to
border closings and slowdowns in procurement, which
highlighted the importance of supply chain diversity
and resilience. These issues surface opportunities
that include a more robust global supply chain, a com-
prehensive national response plan with visibility into
stockpiles, and a framework to promote cooperation
and incentivize information sharing sooner and faster
during a public health crisis.

Trade challenges restricted the ability of hospital
supply and equipment manufacturers to respond
even faster during the pandemic. Some governments

imposed restrictions on companies exporting the PPE
made in one country to customers in other countries
[26]. At one point during the pandemic, more than
40 countries imposed PPE export restrictions, and al-
most 165 countries imposed tariffs [27]. Trade barri-
ers in some countries even extended to raw materials
required to manufacture PPE. Occasionally, trading
partners would retaliate by erecting reciprocal trade
barriers for the same or other products or raw materi-
als. Extensive, interconnected global supply chains in
medicines and medical equipment makes this an issue
faced by every nation around the world.

Limited supply chain diversity and redundancy
among some producers also poses another sub-sector
vulnerability. Certain companies experienced difficulty
acquiring enough raw materials to consistently meet
the needs for their factories. Many worked rapidly and
concurrently to hire and qualify new vendors. Some
manufacturers assumed additional costs for suppliers’
expansion expenses or to expedite their new produc-
tion equipment by air shipment. Moving forward, all
manufacturers need to ensure that they have a broad
supply chain of raw materials required for making
health care consumables. Potential issues may emerge
if manufacturers do not maintain a broad base of glob-
al suppliers, close to their factories, that can quickly
increase production of raw materials when necessary.
The global supply chain is only as strong as its weakest
link, a reality experienced clearly early during the CO-
VID-19 pandemic.

A granular view of what different states and locali-
ties needed at which time across the nation was lacking
as manufacturers sought to optimize their production
and distribution efforts. Some state health systems
had adequate supplies and began preparing for future
peaks of COVID-19, while others were working to ob-
tain enough supplies for daily operations. Coordinat-
ed, national response plans with visibility to national,
regional, and local stockpiles could enable a more ef-
fective and coordinated response to crises by shifting
resources to outbreak hotspots.

Companies are subject to anti-trust laws that prevent
them from sharing competitively sensitive information
with competitors about their sales and distribution.
One tool to help accelerate appropriate information
sharing during a crisis is the use of a Voluntary Agree-
ment overseen by the government under Section 708
of the Defense Production Act. This portion of the DPA
gives the federal government the authority to work
with the private sector to collect information and co-
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ordinate the manufacturing and distribution of critical
health care products and equipment during a crisis.
This can be a particularly effective means to help ef-
ficiently distribute PPE across the sector. And the addi-
tional certainty, structure, and protections afforded by
a Voluntary Agreement under Section 708 of the DPA
may help encourage greater openness and provide an
incentive for other manufacturers and distributors to
participate.

Therapeutic Medical Devices

Overview and Response - Therapeutic Medical Devices
The medical device industry manufactures a wide vari-
ety of products. For the purpose of this paper, the au-
thors focus on therapeutic medical technologies, gen-
erally falling into the FDA class Ill classification.

Therapeutic medical devices are typically devices
that are introduced or implanted into the body percu-
taneously, through a body orifice or minimally invasive
surgical incisions. As such, these devices are highly so-
phisticated and rely on intensive research and develop-
ment phases, requiring significant time, resources, and
financial investments. Having the potential of mod-
erate to severe risk, therapeutic medical devices are
subject to high regulatory requirements and require
intensive pre-market prospective clinical studies and
trials, as well as post-market clinical studies. Opera-
tions and clinical procedures involving medical devices
may be categorized by a patient’'s medical condition
and acuity: emergency operations and procedures for
life-threatening conditions; necessary, but not urgent,
procedures; and elective procedures. The application
of these technologies often requires medical device in-
dustry representatives' assistance during procedures
performed in hospitals and ambulatory surgical cen-
ters (ASCs).

Soon after the onset of the COVID-19 pandemic,
medical technology industry representatives experi-
enced a high variability of entry policies implement-
ed by medical facilities to limit the potential of viral
spread. These variable policies included SARS-CoV-2
polymerase chain reaction (PCR) or antigen testing
requirements along with testing frequency and test
sourcing, PPE sourcing (hospital versus medical tech-
nology company), representative physical positioning
in procedures and operations, and inventory manage-
ment. These policy variabilities and changing dynamics
reduced the number of procedures at some health care
systems and complicated the interactions of medical
device representatives with clinical staff and patients.

For example, some representatives had to source
their own PPE due to unexpected changes in hospital
inventory levels while also adhering to variable physi-
cal positioning mandates. These mandates, or rules
regarding personnel access and distancing for repre-
sentatives, not only varied significantly within hospital
settings (e.g., operating rooms, catheterization labs),
but between hospitals as well. Inventory management
(sourcing, stocking, and maintenance of supply levels)
was further complicated early on by changing medical
device inventory management between medical tech-
nology representatives and hospital procurement and
warehousing staff.

In response, many medical technology companies
and an industry group (AdvaMed) created their own
taskforces to work directly with hospital systems and
organizations such as the American Hospital Associa-
tion and Association of Perioperative Registered Nurs-
es to standardize entry to health systems and proce-
dure/operation participation while ensuring reduced
COVID-19 exposure to patient, hospital personnel, and
industry representatives.

Many of the hospitals affected by and, in many cases,
overwhelmed by COVID-19 have also historically been
involved in the execution of clinical studies and trials
of medical devices. As early as April 2020, it was widely
evident that initiation, execution, and continuation of
new and ongoing non-COVID-19 clinical studies and
trials were potentially distracting and interfering with
the needed hospital human resources that were being
repurposed from clinical research to COVID-19 patient
management and care. Thus, medical device manufac-
turers and innovators worked with hospitals, research
partners, regulatory bodies, and other relevant stake-
holders to:

+ assess the impact of COVID-19 on health care

research partners and support them accordingly
(e.g., reduction in non-COVID-19 clinical studies
and in-kind representative support),

* temporarily pause clinical studies and trials
where it was determined that local resources
would be better allocated to COVID-19 activities,

« convert follow-up procedures (where possible)
for those already enrolled in studies to remote
methods to ensure participant, clinical site staff,
and employee safety while maintaining proper
sponsor oversite (via telephone or video confer-
ence whenever possible), and to widen the win-
dows for follow-up from that designated in the
protocol,
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+ document COVID-19-related impacts on clinical
studies and trials, such as adverse events, CO-
VID-19 diagnoses, and protocol deviations, and

+ establish and engage ongoing communication
with sites to ensure proper adjustment of ac-
tivities as the pandemic situation continues to
evolve.

To respond to the rapid increase in demand for inten-
sive care unit (ICU) care beginning as early as Febru-
ary 2020, U.S. medical device manufacturers of venti-
lators and ICU monitoring equipment required over a
five-fold increase in production to meet the U.S. and
global demands [28,29]. This raised the need for busi-
ness continuity planning as many of the products re-
quired components sourced from suppliers that were
overwhelmed with demand. This rapid increase in
demand resulted in a wide variety of integrated de-
livery networks (IDN) and manufacturer responses to
deal with the pandemic. In terms of ventilators and
ICU monitors, medical device competitors worked to-
gether to ramp up production, and non-medical device
technology industries contributed by developing new
manufacturing lines to provide the critical components
needed for ventilator and monitoring equipment.

The COVID-19 pandemic thus produced unprece-
dented levels of collaboration across competitive man-
ufacturers, where a common goal to fight the pandemic
rose above the commercial concerns of collaboration.
While engineers were making critical product deci-
sions, the U.S. FDA was essential in streamlining the ap-
proval of needed technology to patients suffering from
the pandemic by dedicating additional resources to the
review process. Some examples included the approval
of new non-traditional ventilator component suppliers,
such as SpaceX, to provide against the growing unmet
demand, and expedited approval of splitter ventilator
systems that allowed more than one patient to be sup-
ported by a single ventilator [30].

After the initial shock of the COVID-19 pandemic
and early adaptations implemented by the health
care industry, medical device manufacturers worked
with partners to evaluate how to resume elective pro-
cedures. To achieve this objective, three essential el-
ements needed to be in place: material availability,
people readiness, and hospital capacity.

Material Availability

Leveraging the supply chain momentum of the initial
phase of the disease outbreak (between February and
April 2020), manufacturers retooled supply chain pro-

cesses by establishing cleaning and testing protocols
so that medical testing sites were safe for employees,
contractors, and logistics partners. Likewise, new col-
laborations were formed between various manufactur-
ers and regulatory bodies to meet the rising demand
for medical devices such as ventilators. This helped
alleviate the fear of working among employees who
could have been exposed to COVID-19 and successfully
ramped up production in anticipation of demand. On
the other hand, to deal with the non-uniform resched-
uling and cancellation of surgical procedures in various
states, manufacturers partnered with IDNs to deter-
mine the potential peak rates and dates of procedures
by counties such that factory shutdowns and increases
in production could be planned accordingly.

People Readiness

As noted in the diagnostics and therapeutics sections
of this paper, patients’ willingness to reengage with the
health care ecosystem was a major challenge during
the early to mid-stages of the COVID-19 pandemic (see
Figure 2). More than two-thirds of Americans (68%) say
they or someone in their household delayed or can-
celed health care services due to COVID-19 [31]. This
was driven by multiple factors, including lack of medi-
cal knowledge about one’s own existing health condi-
tions, inconsistent and unclear messages from the gov-
ernment on the nature of the virus, and uncertainty in
the economic climate and personal finances. Medical
device manufacturers started campaigns such as “My
Health Can't Wait,” a public information effort and re-
source hub, designed to inform and raise awareness of
patients to prioritize their health and reach out to their
health care professionals about the risks of deferring
care [31].

Hospital Capacity
A major milestone in the safe restart of health and
medical procedures was realized when hospitals built
up capacity and optimized resources to serve non-COV-
ID-19 patients. This action paved the way for restarting
medical device engagement with front-line procedures.
As the health care system began stabilizing in its re-
sponse to COVID-19 by acclimation to new workflow
adaptations and non-pharmaceutical interventions
(NPIs), medical device manufacturers aimed to ad-
vance promising policies already in place, and recover
clinical study enrollment where safety concerns for pa-
tients and staff were perceived to be reduced.

Page 8

Published January 18, 2022



Health Product Manufacturers and Innovators COVID-19 Impact Assessment: Lessons Learned and Compelling Needs

Year over Year Growth — Elective Procedure Across Time Aligned Weeks

—l January '—ﬁ February H March l—.—' April '—.—' May i—.—‘ June i—.—( July i—H August m Sept. ‘

20%

%
I 2%
0% L o as n
= PRI N e e R
9% 8% L
2 . 4% 13% g5 1005 13% 109
g 0% s o AERATY o0 16% 15%
1 -8 2% ecemesssssssssswsessSSes
o " E--A e
5 -40% -36%
>
g L o 4%
£ 80%
£1%
-80% 78% . Y0oY === Cumulative Growth
B % -84%
ga%8T%
-100%
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Week

Source: IQVIA: Medical Claims Data Analysis, 2020; Week 1 2019 = W/E 1/11/2019; Week 1 2020 = W/E 1/10/2020, Week 36 2019 = W/E 9/13/2019; Week 36

2020 = W/E 9/11/2020

FIGURE 2 | Elective Procedure Volume Weekly Trends
SOURCE: IQVIA Institute Medical Claims Data Analysis 2020

Vulnerabilities and Opportunities - Therapeutic Medi-
cal Devices

As witnessed in other sectors of the health system,
therapeutic medical device manufacturers experienced
supply chain disruptions during COVID-19 due to short-
ages of materials, transportation limitations, and other
factors. The lack of sufficient resilience and diversity in
supply chains and distribution was, in large part, due to
a focus on efficiency optimization and reducing redun-
dancies that were prevalent prior to the COVID-19 pan-
demic. However, the rapid increase in the therapeutic
medical technology demand overwhelmed suppliers
and further highlighted the need for additional supply
chain redundancy.

Information latency has been another major chal-
lenge aggravated by the pandemic. Given that medical
device industry is highly fragmented with roughly 5,300-
5,600 companies of various sizes, it can take months to
develop an accurate industry-wide view on trends to
evaluate the impact and recovery of COVID-19-related
disruptions [32]. This is due to the lack of stable infor-
mation sources, underinvestment in information tech-
nology systems by hospitals, and the over-reliance on
human relationships such as those between surgeon
and clinical representatives. Such factors resulted in in-
formation and decision decentralization. It is therefore
challenging to make a data-driven decision on which
devices to manufacture and where and how to distrib-
ute them during a health crisis. Due to the delegation
of regulatory response to states, there were many dif-
ferent regulatory guidelines across the country, with

varied reactions to the crisis overall. The absence of
centralized structure left room for situations where
states were bidding against each other to acquire lim-
ited medical devices and other materials. Greater com-
munication and coordination are necessary to ensure
the fair distribution of a limited set of materials during
future public health crises.

More coordinated communication at the federal and
state levels is also necessary as it related to continued
operations of medical device trials and procedures
during pandemic events. In the early stages of the CO-
VID-19 pandemic, state and federal guidance differed
in specificity. For example, the CDC focused on general
guidance that could be applicable anywhere across
the U.S., while some states initially ordered stronger
mandates than federal guidance required. Some states
mandated that if 25%+ of hospital beds were occupied
by COVID-19 patients, then elective procedures would
have to be put on hold, while others made it optional or
subject to the discretion of the hospitals [33]. Further-
more, ASCs were not as impacted by the guidance and
mandates issued (depending on the state) and hence
continued business as usual. This variability required a
nuanced approach in how both manufacturers and end
consumers were able to engage with providers in each
geography. Thus, there is a strong need for clear and
fact-based guidelines from federal government and
regulatory bodies during future pandemic events, al-
lowing for clear action by all parties throughout health
and medicine.
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Therapeutics

Overview and Response - Therapeutics

Therapeutics refers to a class of pharmaceutical agents
used for the treatment or management of disease
symptoms. Manufacturers of therapeutics comprise
a broad range of companies with differing therapeu-
tic foci, operational capabilities, and global footprints.
During the COVID-19 pandemic, therapeutics manufac-
turers worked to identify treatments for COVID-19 and
associated secondary complications while continuing
to deliver brand and generic medicines.

The development of therapeutics against COVID-19
initially focused, for the sake of speed and limited his-
toric research in understanding coronaviruses, on re-
purposing existing medicines screened from within the
industry's extensive treatment libraries. Early identified
candidates included virus-directed small molecules
such as direct acting antivirals (e.g., remdesivir), immu-
nosuppressive and anti-parasitics (e.g., hydroxychloro-
quine), immune modulating monoclonal antibodies to
target the cytokine response (e.g., Interleukin-6 mono-
clonal antibodies), and immune modulating small mol-
ecules (e.g., dexamethasone). These efforts were en-
couraged through accelerated regulatory pathways, as
seen by FDA approval of remdesivir in October 2020
(only seven months after WHO declared COVID-19 a
global pandemic, in contrast to an average approval
time of 12 years in a non-pandemic context) [34]. In
parallel to these efforts, preclinical research for novel
therapeutics against COVID-19 rapidly expanded, with
efforts in target definition, screening, and hit-to-lead
optimization. These efforts include all modalities of
biological therapeutics (e.g., small molecules, biologics,
RNA-based therapies) of which there are over 300 can-
didates under consideration across various therapeu-
tic approaches [35].

The COVID-19 pandemic provided an opportunity for
institutions and organizations to work together in an
effort to maximize biomedical research resources in
testing preclinical compounds and prioritizing promis-
ing drug candidates. In April 2020, NIH launched the
Accelerating COVID-19 Therapeutic Interventions and
Vaccines (ACTIV) public-private partnership, which
brought together government, industry, non-prof-
it, philanthropic, and academic organizations [36].
Through ACTIV, NIH identified opportunities within CO-
VID-19 therapeutics development in three areas: de-
veloping a streamlined manner to identify preclinical
treatments, accelerating clinical testing of promising
therapeutics, and improving clinical trial capacity and
effectiveness.

Therapeutics manufacturers also invested in main-
taining the flow of medicines and progressing treat-
ments for COVID-19 by accelerating use of digital tech-
nologies. Machine learning techniques have been used
to support faster and more precise drug discovery and
development, including the identification of drug tar-
gets, responder groups, and new indications; qualifi-
cation and quantification of surrogate endpoints; and
acceleration of the time to drug formulation. Other
tools have also critically afforded the opportunity to
ensure patients still receive medical guidance and ac-
cess to therapeutic treatments through opportunities
to accelerate development via targeted patient recruit-
ment and site optimization and faster clinical trials via
remote monitoring.

Vulnerabilities and Opportunities - Therapeutics
Despite the efforts of many therapeutics manufactur-
ers to address COVID-19, the sub-sector encountered
challenges during the pandemic. Globally, there was a
swift and extraordinary research response to address
the unprecedented crisis. However, development of
COVID-19 therapeutics was hampered by poor coordi-
nation, limited incentives for collaboration, and lack of
prioritization of research questions and resources [37].
Within the U.S., the intent of the NIH ACTIV was to ef-
ficiently set priorities, design trials, and foster collabo-
ration and coordination across clinical trial networks.
Given that the U.S. clinical research enterprise does
not function as a single national coordinated system,
and since therapeutics innovators are often multina-
tional corporations, many investigational programs to
evaluate COVID-19 therapeutics were conducted exter-
nal to ACTIV.

Without a system of national prioritization, inefficien-
cies in the research infrastructure essential to deliver-
ing therapeutics highlighted critical vulnerabilities that
must be addressed in the coming years. The authors of
this paper have chosen to focus on the vulnerabilities
and opportunities that emerged during the early stag-
es of the pandemic, namely in the areas of therapeu-
tics development and clinical trial design. While there
are additional vulnerabilities and lessons learned, they
are not covered in depth in this paper.

These vulnerabilities included:

1. difficulty with providing patient care due to
the significant decline in physical interactions
between patients and their health care profes-
sionals, and

2. challenges to global operations and workforc-
es due to factors such as the closure of na-
tional borders, export restrictions, disruptions
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FIGURE 3 | Weekly Volumes of New Prescription (Rx) of Branded Therapeutics
SOURCE: IQVIA Institute National Sales Perspective and IQVIA Institute National Prescription Audit

to clinical trials and interactions with external
innovation partners (especially small biotech
enterprises and academia), and management
of virtual global employee bases.

Relatedly, COVID-19 also highlighted the strains on the
supply of equipment and therapeutics — including se-
lect critical generic drugs — particularly those used in
the hospital setting.

In response to these vulnerabilities, the industry
was able to utilize digital technologies to assist with
the challenges of patient care. Similarly, the industry
collaborated with regulatory bodies around the world
to identify opportunities for flexibility within existing
regulatory frameworks that allowed protocol modifica-
tions to ensure the continued development of thera-
peutics without undermining patient safety or clinical
trial data integrity.

Difficulty with providing patient care

Physical distancing measures and the surge in CO-
VID-19 cases across U.S. hospital systems impacted
patient care and patterns of pharmaceutical usage in
a number of ways. First, as initial concerns over phar-
maceutical supply were raised early in the COVID-19
pandemic, many hospital systems and patients over-
stocked medicines for chronic diseases. In the course
of the pandemic, there was also a significant differ-
ence in the number of new prescriptions for acute con-
ditions versus new or existing prescriptions to treat
chronic conditions, with demand for prescriptions to
treat acute conditions far less than those used to treat
chronic conditions. Prescriptions across all conditions

by the end of March 2021 returned to 94 percent of the
pre-pandemic baseline as per Figure 3 [38].

Second, diagnosed and undiagnosed acute diseases
and treatments requiring hospital visits (e.g., parenter-
ally administered cancer treatments) saw a 33 percent
reduction in prescriptions in April 2020 compared to
April 2019 [39]. More than two-thirds of Americans
(68%) say they or someone in their household delayed
or canceled health care services due to COVID-19 [31].
This delay, caused by physical distancing protocols, pa-
tients’ fears, and the health care system'’s focus on CO-
VID-19, may lead to unintended health consequences
in the future [40]. For example, during the pandemic,
the weekly number of newly diagnosed cancers, span-
ning six types, fell 46.4 percent [41]. Additionally, par-
enterally administered non-oncology treatments saw
even greater declines in volumes — 56 percent of the
April 2019 rate in April 2020 [41].

Finally, therapeutics research relies on a seamless
interface between investigators and clinical care pro-
viders. Local investigators enrolling potential subjects
in a trial rely on clinical colleagues to refer patients for
screening. At the height of the pandemic, hospitals,
emergency rooms, and urgent care clinics were over-
whelmed with managing acutely ill COVID-19 subjects,
while many office-based general and specialty clinics
were closed to reduce the risk of transmission of CO-
VID-19. Similarly, researchers themselves were pulled
away from working on clinical trials to provide clinical
care where the pandemic threatened to overwhelm
emergency medical systems. The health care work-
force was stretched so thin that the American Medi-
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cal Association even published resources dedicated to
caring for caregivers on the front lines [42]. Given the
logistical challenges associated with precise execution
of investigational therapeutics trials, clinical colleagues
may have viewed participation in a study as a distrac-
tion, while prioritizing clinical care for acutely ill sub-
jects [37].

Challenges to global operations and workforce

Industry experts were concerned that drug produc-
tion could be heavily impacted due to severity of the
pandemic in Asia and Europe, two regions that manu-
facture significant quantities of ingredients and/or fin-
ished pharmaceuticals. Ultimately, therapeutics man-
ufacturers were able to sustain the supply of needed
drugs well through the pandemic as companies used
dual-sourcing to lower the risk of local dependency
and greater inventory strategies. However, the devel-
opment of further redundancy in the system — includ-
ing alternative shipping methods — is important for
future pandemics.

Clinical operations were also heavily disrupted
across the industry despite use of virtual platforms
where possible. Estimates indicate as high as roughly
80 percent of non-COVID-19 clinical trials across the
industry paused or stopped during the COVID-19 pan-
demic [43]. In light of this, the virtualization of clinical
trials is a key opportunity area for further development
and validation by agencies for the future. Finally, work-
forces were supported heavily to work remotely and
the success of this unplanned pilot has accelerated a
move toward distributed working across the industry.

Acceleration of digital technology use

Necessitated by physical distancing measures institut-
ed to prevent the spread of COVID-19, the introduction
of new or existing technologies to meet existing and
emerging health needs have been integral to replacing
previous physical interactions and enabling real-time
clinical decision making, applying targeted treatments,
and improving patient engagement. This uptake of dig-
ital tools includes rapid growth in telehealth utilization
(43.5% of Medicare primary care visits were provided
via telehealth in April 2020 versus less than 1% in Feb-
ruary 2020), online pharmacy refills (total prescriptions
filled online increased 25% year-to-year at start of pan-
demic), and virtual clinical trial monitoring. However,
patients receiving a prescription for a new medicine
for the first time (new to brand prescriptions) via tele-
health services were down from between 18 percent to
44 percent relative to pre-pandemic rates depending
on the specialty [38,44,45]. These figures demonstrate

the significant decline in number of patients being both
diagnosed by a health care provider and subsequently
receiving a prescribed medicine where appropriate.
Regulatory and reimbursement frameworks that re-
quired physical visits to health care professionals led to
the underutilization of digital solutions that already ex-
ist and potentially disincentivized further expansion of
these technologies. Whether this level of digital inter-
action can be maintained after the pandemic subsides
and whether the initial positive effects are sustainable
in a post-pandemic setting will in part depend on clar-
ity of reimbursement for provider networks and the
acceptance of these research modalities within clinical
trials regulations. Early indications for telemedicine in-
dicate a reduction in use from the peak of the pandem-
ic but a new base level of 1 percent of all health care
engagements done via telemedicine before the emer-
gence of COVID-19 versus 9 percent as of April 2021
(see Figure 4). The broad implementation of telehealth
during the COVID-19 pandemic is more thoroughly dis-
cussed in this paper's companion pieces focusing on
care delivery [46] and digital health (forthcoming).

Changes to FDA guidance and protocols

The FDA demonstrated a willingness to listen to chal-
lenges faced by the health care system and acted rap-
idly to provide guidance on emerging needs by intro-
ducing adaptability in addressing COVID-19-mediated
clinical trial impacts. This included patients directly re-
ceiving investigational medicinal product (IMP) at their
home as opposed to the IMPs being provided at the
research site by the trial staff, virtual clinical trial moni-
toring, local bioassay assessments (as opposed to the
standard centralizing assessments), tele-visits, home
nursing, and remote electronic access for data source
verification. These nimble flexibilities were applicable
both for COVID-19 and non-COVID-19 therapeutics and
vaccines.

Prior to the COVID-19 pandemic, the FDA had en-
couraged use of novel clinical trial methodologies to
mitigate the effect of missing data (e.g., due to patient
withdrawal from trial participation) on trial integrity
and endpoint assessment. These same methodolo-
gies can also be used to analyze datasets of on-going
clinical trials disrupted by the pandemic. In June 2020,
FDA released a guidance document to provide recom-
mendations to sponsors on methods to consider for
minimizing the impact of COVID-19 disruptions on trial
integrity [47]. Some of these disruptions have led to
“unforeseen intercurrent events; that is, they affect
either the interpretation or the existence of the mea-
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FIGURE 4 | Telemedicine Use Among Healthcare Provider Organizations
SOURCE: IQVIA Institute Medical Claims Data Analysis, April 2020

surements associated with the clinical question of in-
terest while others prevent relevant data from being
collected and result in a missing data problem.” [48]
The estimand framework developed by the Interna-
tional Council on Harmonization provides strategies to
assess and mitigate the risk of seriously compromising
the integrity and interpretability of clinical trials, as also
acknowledged by the FDA and the European Medicines
Agency [49,50,51]. These considerations provide guid-
ance on the handling of missing data due to, “for ex-
ample, the inability to perform important procedures
like biopsies during the pandemic or government re-
strictions,” which prevented subjects from attending
scheduled visits [48,52].

Furthermore, suitable adaptive design methodol-
ogy is available to, for example, implement unplanned
interim analyses of an ongoing trial with the aim to
better assess the impact of the disruptions due to the
pandemic or help resizing the trial in terms of its dura-
tion or sample size [52]. Finally, supportive approach-
es could aim to integrate data from external sources,
supplement the control arm, or merge trial data with
results from previous or concurrent trials [53]. Regula-
tory authorities will need to consider approvals based

on a higher-than-normal level of uncertainty and use
relevant post-approval data to complement the pre-
registration study(s), where feasible.

Vaccines

Overview and Response - Vaccines

The field of vaccine development includes manufactur-
ers and innovators involved in the research and devel-
opment, manufacturing, sales, and distribution of vac-
cines.

Vaccine discovery and development is a failure-
prone, lengthy, and expensive process, frequently cost-
ing over $1 billion from start to finish, and manufac-
turing is technically challenging and expensive. A large
portion of vaccine development projects never make
it to regulatory approval. Despite substantial industry
and government efforts, only about two dozen vac-
cines have been successfully developed and deployed
in the last 100 years [54]. In spite of these challenges,
vaccines have made significant contributions to global
health, including the eradication of smallpox and near
eradication of polio [55]. Additionally, they have been
credited by the CDC for saving nearly $406 billion in po-
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tential health care expenses associated with prevented
disease and $1.66 trillion in total societal costs, like loss
of productivity, since 1994 [56].

When SARS-CoV-2 emerged, the field had no off-
the-shelf vaccines available for this entirely new vi-
rus. However, the U.S. government, U.S. regulators,
and numerous global biopharmaceutical companies
acted quickly and collaboratively to accelerate the vac-
cine development process, which traditionally takes
a decade or more, to yield over 200+ distinct vaccine
candidates, 11 candidates in Phase 3 trials, and two
approved for distribution with Emergency Use Autho-
rization (EUA) and one fully approved as of October 1,
2021 [57,58,59]. Developing, manufacturing, and dis-
tributing a vaccine in a year is a landmark achievement
in health care. The high efficacy against serious disease
of the first three candidates (over 90% effectiveness)
places the COVID-19 vaccines on par with other highly
effective vaccines in use today (e.g., measles) [60,61].

While vaccine developers are solving many chal-
lenges in the development process, it is also essential
to anticipate potential supply chain and distribution is-
sues. A recent report by the U.S. Government Account-
ability Office highlighted the challenges of scaling up
mass production of the vaccines, which would interfere
with the effective rollout [62]. Given the need for hun-
dreds of millions of vaccine doses in the U.S. and bil-
lions globally, there is a dire need for manufacturing
capacity, achievable through new capacity or by shift-
ing capacity from other products. Furthermore, there
is a limited supply of products such as glass vials, stop-
pers, needles, and syringes that are typically not rate-
limiting but proved at various times in the last year to
be unexpected bottlenecks for the immensity of scale
required [63]. Beyond goods and materials, pandemic-
related disruptions such as changes in worker avail-
ability and export restrictions could severely impact
the supply chain’s ability to meet the demand. Lastly, in
terms of distribution, it is important to recognize that
there are different requirements for storage and trans-
portation depending on the vaccine. For example, the
vaccines from Pfizer/BioNTech and Moderna prefer-
ably require freezing at - 94 degrees Fahrenheit and -4
degrees Fahrenheit respectively for safe storage, which
pose meaningful challenges when trying to inoculate
the global population. Both vaccines can be stored at
higher freezer temperatures, but for a limited duration
[64,65]. The vaccines from Johnson & Johnson and As-
traZeneca, on the other hand, can be stored at refriger-
ated temperatures [66]. As the industry moves into the
critical phase of delivery, supply resilience will need to
be front-of-mind for every link in the value chain.

While upholding the highest safety and regulatory
standards, several factors facilitated the delivery of
multiple vaccine candidates to the publicin 18 months.
One factor was the use of new biologic platforms that
had been developed by investments made in past
years, supported by reliable intellectual property sys-
tems (e.g.,, MRNA and adenovirus platforms). Addition-
al factors included:

« earlier and frequent engagement with regula-

tors,

+  expedited regulatory reviews,

+ vastinvestments in private and public resources
for vaccine development and delivery,

+ enhanced collaboration within and between
public and private sectors (see Table 1),

«  at-risk manufacturing at commercial scale well
ahead of entering the vaccine candidate into hu-
man trials, and

+ compression of Phase 1/2a dose ranging studies
and manufacturing timelines.

Beginning in May 2020, coordinated government sup-
port for promising vaccine candidates was provided
through Operation Warp Speed (OWS), a partnership
among the Department of Health and Human Services,
the Department of Defense, and private-sector com-
panies. The aim of the partnership was to “accelerate
the development, manufacturing, and distribution of
vaccines, therapeutics, and diagnostics for COVID-19"
without compromising on safety, quality, or efficacy
[67]. OWS has impacted vaccine development through
over $10 billion dollars of support for vaccine develop-
ment efforts, manufacturing capacity scale-up, and at-
risk manufacturing, and through coordination with FDA
on technical matters and with Department of Defense
on vaccine distribution channels. As of February 2021,
the White House COVID-19 Response Team assumed
the responsibilities of OWS. Government support also
continues to be available through the participation of
NIH Vaccine and Treatment Evaluation Unit trial sites
in Phase 3 clinical trials for preventive vaccines, such as
the Moderna mRNA vaccine and the Johnson & John-
son vaccine [68,69].

Vulnerabilities and Opportunities - Vaccines

In responding to COVID-19, the field of vaccine devel-
opment contended with several vulnerabilities brought
to the fore by the pandemic. The authors of this paper
have chosen to focus on the vulnerabilities and oppor-
tunities that emerged during the early stages of vac-
cine manufacturing and innovation, namely in the ar-
eas of discovery, development, and clinical trial design.
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Company

Collaboration

Vaccine type

Description

Johnson &
Johnson

Beth Israel Deaconess
Medical Center; BARDA

Non-replicating viral
vector

DNA sequence for coronavirus
spike protein delivered via
adenovirus type 26 vector

Pfizer

BioNTech

MRNA

Genetic instructions for the
coronavirus spike protein are
encoded in mMRNA, delivered
via lipid nanoparticle

Moderna

NIAID; Lonza

mRNA

Genetic instructions for the
coronavirus spike protein are
encoded in mRNA, delivered
via lipid nanoparticle

AstraZeneca
PLC

Oxford University

Non-replicating viral
vector

DNA sequence for coronavirus
spike protein delivered via
chimpanzee viral vector

GlaxoSmith-
Kline

Sanofi

Protein-based

Coronavirus-derived pro-

tein produced in insect cell
lines, extracted and delivered
alongside an adjuvant to target
spike protein

CanSino
Biologics

Precision NanoSys-
tems

Non-replicating viral
vector

DNA sequence for coronavirus
spike protein delivered via
adenovirus type 5 vector

Sinovac

Dynavax

Inactivated virus

Combination of chemically
inactivated SARS-CoV-2 and
immunological agent to target
spike protein

Novavax

Takeda, Emergent
BioSolutions, Serum
Institute of India

Protein-based

Coronavirus-derived pro-

tein produced in insect cell
lines, extracted and delivered
alongside an adjuvant to target
spike protein

TABLE 1 | Examples of collaborations which emerged during COVID-19
SOURCE: Department of Health and Human Services. 2020. COVID-19 Vaccines. Available at: https://
www.hhs.gov/coronavirus/explaining-operation-warp-speed/index.html (accessed December 19,

2020).
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While there are additional vulnerabilities and lessons
learned in areas like distribution and supply chain ca-
pacity, they are not covered in depth in this paper.

One potential risk in the traditional approach that has
been adopted for vaccine development for COVID-19
is the limited diversity of candidate vaccine designs as
a result of the limited variety in their antigen targets.
Specifically, all the vaccines are monovalent, relying on
one antigen protein, which is SARS-CoV-2 spike protein
[70]. If the protein target had yielded safety or efficacy
issues in humans, all candidate vaccines would be at
risk of being unstable and unsafe. Though Phase 3
testing has proven that this is not the case, industry-
wide vaccine development effort might have faced an
overall lower degree of risk if incentives were in place
to drive increased target diversification. The parallel
pursuit of alternative protein antigens, multivalent vac-
cines, and T-cell vaccines would have mitigated the risk
and increased the overall likelihood of success. A relat-
ed vulnerability that may yet play out is the possibility
of mutations occurring to the spike protein, this would
impact the entire collection of vaccines. Several vari-
ants of the virus have now emerged, including variants
with one or more mutations to the spike protein. New
vaccines or boosters accounting for these variants will
need to be brought forward quickly if needed.

The limited diversity of approaches in vaccines R&D
also reflects the limited diversity of biopharmaceutical
R&D overall. This limited diversity is understandable
in the context of market dynamics, where the indus-
try disproportionately invests in diseases for which
reimbursement and pricing is well-established such as
cancer, autoimmune diseases, and rare diseases. How-
ever, the lack of investment into understanding virus
strains impedes the industry’'s understanding of future
pandemics, making vaccine development challeng-
ing, and reflects a more general lack of investment in
basic and translational science and technology. Areas
in need of substantially increased government invest-
ment include (Note: Examples provided refer specifi-
cally to pandemic preparedness and are not encom-
passing of all research needs):

*  Fundamental human biology - e.g., in the
case of pandemic preparedness, better un-
derstanding of the innate immune response
to infections and how it differentiates “friend
vs. foe”

* Therapeutic modality research - e.g., the
use of RNA therapeutics for rapid response

to pandemic threats either as antiviral or as
vaccine

*  Human toxicology science

* Manufacturing science - especially of new
therapeutic modalities

e Clinical trial design - e.g., modifications to
design that allow for non-placebo-controlled
trials in conjunction with the use of data sci-
ence to generate better controls and identify
other ways to assess comparator arms

While the areas listed above are critical, it is equally
important that investments encourage diversity with
regards to the entire clinical trial ecosystem, from
enhanced, culturally appropriate recruitment of trial
participants to recruitment and training of diverse in-
vestigators and site coordination staff. It is important
to incentivize research in primary care and, further,
ensure that trials address a diverse and representa-
tive population. Achieving this requires a commitment
to identifying new investigators, trial sites, and more
sustained commitment in underrepresented commu-
nities to establish trust and confidence in the clinical
trial process.

A second vulnerability illuminated by COVID-19 in-
volved data sharing and application across govern-
ments, global health bodies, and industry parties.
Historically, the stakeholders involved in vaccine devel-
opment, manufacturing, and distribution were siloed,
preventing data from being shared across organiza-
tions to maintain a competitive advantage. Further-
more, the available data on prevalence and impact of
diseases were inconsistent and of low quality. This led
to the creation of the COVID-19 R&D Alliance, which
was organically established by heads of pharmaceu-
tical R&D companies to improve information sharing,
helping vaccine developers move quickly and with con-
fidence without jeopardizing competitiveness or intel-
lectual property rights [71]. While this proved effective
as a short-term solution to data sharing during the
pandemic, a longer-term arrangement is not assured.
Therefore, itis important that the lessons learned from
the Alliance be codified to inform the response to fu-
ture infectious disease outbreaks.

In standard vaccines development, Phase 1 studies
test for safety and tolerability of the candidate vac-
cine and yield data on immune measurements of an-
tibodies and T-cells that are induced by the vaccine. In
subsequent, lengthier Phase 2 and 3 studies, vaccine
efficacy, or protection from the disease is measured.
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At the end of a Phase 3 study, it is possible to quantita-
tively relate the magnitude of immune measurements
to the magnitude of efficacy, thereby providing a road-
map to other vaccine developers and an ability to move
subsequent vaccines forward more quickly than would
otherwise be possible. Consideration should be given
to how best to rapidly construct immune-efficacy cor-
relates (i.e., the nature and magnitude of the various
forms of immune induction by the vaccine, and how
they predict its efficacy), and how best to incentivize
early vaccine developers to share these roadmaps to
accelerate solutions across the full industry ecosystem.
In the case of the present pandemic, such roadmaps
have not happened. Additionally, there is an opportu-
nity to apply advanced analytics to real-world data to
accelerate clinical trials and deliver vaccines faster.

The COVID-19 pandemic also highlighted the oppor-
tunity to incorporate alternative clinical trial designs
to randomized control field trials to deliver a vaccine
more quickly. Once randomized clinical vaccine trials
are underway, time to completion is inversely propor-
tional to the incidence rate of infection. For example,
when there is less freely circulating virus, the clinical
trial takes longer to complete, and the inverse is also
true. An alternative form of trial, the human challenge
trial, has been used for some viruses, including influen-
za and respiratory syncytial virus. These human chal-
lenge trials involve exposing consenting subjects to a
weakened strain of the virus in controlled and safe en-
vironments. While the data generated has limitations
(given the use of weakened strains) and there are ethi-
cal considerations (given that subjects are intentionally
infected), challenge trials are substantially smaller and
faster than randomized control trials since they are un-
coupled from disease incidence and many believe that
careful adoption of them would benefit society. The
UK government has been an early adopter of human
challenge trials, investing £33 million to carry out the
first human challenge trials to accelerate a COVID-19
vaccine [72]. While well worth exploring, it remains un-
known as to whether these types of trials could fully
replace more traditional Phase 3 studies.

Today's vaccine clinical trial protocols enroll sub-
jects to be randomized equally between an arm that
receives a vaccine and an arm that receives a placebo.
Recruiting large numbers of placebo patients takes
time, is expensive, and raises ethical questions about
giving individuals a placebo in regions of high disease
burden. Using real-world data (structured and unstruc-
tured electronic health records, claims data, imag-

ing, genetics, and laboratory data) in a circumstance-
matched (propensity-matched) set of subjects to
construct an “external control arm” (sometimes called
“synthetic control arm”) would reduce the need for as
many placebo-dosed subjects. The net effect would be
to reduce the time to recruit and conduct the trial and
reduce the number of subjects that are intentionally
left unvaccinated. Additionally, with EUAs issued to the
Moderna and Johnson & Johnson vaccines and full au-
thorization to the Pfizer/BioNTech, there is an ethical
dilemma in keeping individuals in a placebo arm for
other randomized clinical trials, especially considering
that companies are intentionally enrolling vulnerable
populations that are especially in need of protection
by a vaccine. Several alternatives to placebo controls
exist, such as head-to-head randomized trials that
compare a novel candidate vaccine with a previously
authorized vaccine, or multigroup platform trials [73].
Synthetic control arms are another alternative; howev-
er, the technical and regulatory hurdles of a synthetic
control arm are significant and would need to be ad-
dressed to gain broader adoption.

Inequities Observed During COVID-19 by
Health Product Manufacturers and Innova-
tors

The COVID-19 pandemic has highlighted the acute and
chronic nature of disparities in the U.S. health care
system. Most well-known are racial disparities in rates
of COVID-19 infection, hospitalizations, and mortal-
ity. As shown by several recent studies, Black, Latino
and Indigenous peoples have been disproportionately
impacted by COVID-19, and factors such as age, gen-
der, economic, and environmental factors further ex-
acerbate these effects [74]. For example, in a recent
study involving 2,595 patients tested at a Milwaukee
hospital for COVID-19 from March 12 through March
31, 2020, Black patients were 5.4 times more likely to
test positive than other races. Males had increased risk
of testing positive (1.5 times more likely than women)
as did people of increased age (twice as likely if over
60 years old) [77]. Strikingly, ZIP code explained 79
percent of the overall variance in positive test results.
Economic variance across ZIP codes further delineated
outcomes. “After adjusting for ZIP code, Black patients
were 1.9 times more likely to require hospitalization,
while those living in poverty were 3.8 times more like-
ly.” [75]

Certain comorbidities such as cancer, chronic kidney
disease, chronic obstructive pulmonary disease, heart
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disease, obesity, sickle cell disease, and type 2 diabetes,
which disproportionately affect some minority commu-
nities, have been identified as factors contributing to
poorer outcomes for patients with COVID-19. Some ad-
ditional diseases have limited reported data but might
contribute to an increased risk for severe illness from
COVID-19, including asthma, cerebrovascular disease,
hypertension, immunocompromised states, and liver
disease. Minority communities are particularly suscep-
tible to these diseases due to the interplay of structural
inequities across the social determinants of health
(SDoH) including housing conditions, economic stress-
ors, and limited access to nutritious food.

As major drivers of health inequities, SDoH have been
the topic of much discussion. Yet, they are seldom ad-
dressed in the design or implementation of systems of
health care. For example, despite efforts described ear-
lier in the diagnostics section of this paper to expand
the accessibility of testing through site identification on
the internet, drive-through testing and at-home Kits,
certain underserved communities experienced dispari-
ties in access to COVID-19 testing. Part of the reason is
that these solutions do not solve the issue of patients
without access to a car, or of those without a home ad-
dress where a specimen collection kit could be mailed.
Lack of access to the internet was also a barrier for
some patients. Similarly, the lack of predictability of re-
imbursement and the variety of cost and out-of-pocket
burdens on patients likewise has a direct bearing on
these health inequities. These examples suggest the
need for careful analysis of the entire range of factors
impacting health status, along with acknowledgement
of and strategies to address implicit bias in health care,
and health access as health solutions are designed and
rolled out.

Another set of critical issues that have been given
considerable attention is the inclusion of communities
at greater risk of infection, hospitalization, and death
from COVID-19 in clinical trials of diagnostics, thera-
peutics, and vaccines. COVID-19 vaccine sponsors have
faced difficulties in recruiting diverse populations for
Phase 1 and 2 trials (despite a desire to do so), resulting
in approximately 90 percent of volunteers being white
[76]. This illuminates the overall lack of diversity in the
clinical trial process, especially of Black, Latino, and In-
digenous populations. Without representative patient
populations enrolled in clinical trials, results may not
fully reflect the clinical response (efficacy, side effect
profile, etc.) that will be seen in the real world.

Attempting to increase inclusion in clinical trials dur-
ing the pandemic has had its own unique set of chal-

lenges. However, some of the strategies developed
prior to and during the pandemic in addition to innova-
tions in design and execution of clinical trials serve as
a solid foundation. These modifications include the use
of virtual visits and monitoring, ensuring inclusion and
exclusion criteria do not inadvertently exclude diverse
patients, and increasing capacity of minority investiga-
tors and centers serving minority communities. Funda-
mental changes are necessary to make representative
inclusion sustainable.

Trust and Communication Across All Sub-Sec-
tors of Health Product Manufacturers and In-
novators

Trust and communication were vulnerabilities that ap-
peared across all five sub-sectors discussed in this pa-
per during the COVID-19 pandemic. Inequities across
HPMI point to a larger problem of lack of trust in health
care, national preparedness, and public health coun-
termeasures. The biopharmaceutical industry and
health care overall are amongst the lowest-rated indus-
tries in the U.S. for overall public sentiment (along with
oil and gas and the government), though polls indicate
that there has been an improvement in the public per-
ception of the biopharmaceutical industry during CO-
VID-19, due largely to the role the industry has played
in responding to the pandemic [77,78].

As HPMI mobilized to address challenges across
supply chain networks, the politicization and associ-
ated spread of misinformation related to repurposed
or new therapeutics and critical supply availability
negatively impacted efforts to slow or halt the spread
of COVID-19. The touting from some quarters as to
the health benefits of newly developed and existing
therapeutics (e.g., azithromycin, hydroxychloroquine,
chloroquine, REGN-COV2) to treat symptoms associ-
ated with COVID-19 reflected inconsistencies in com-
munication of efficacy from clinical trial data and, in
some instances, were bolstered by issuance of EUAs.
However, the FDA revoked some EUAs after certain
drugs were proven to provide no clinical benefit and
were shown to increase risk [79]. Although industry
responses strived to maintain public confidence in pri-
vate-sector COVID-19 countermeasures, various com-
munication obstacles remained. During the pandemic,
primary modes of industry engagement and commu-
nication with the public were limited. Consumers re-
ceived downstream updates from the federal govern-
ment on COVID-19 safety and containment measures
and guidance on the purchase of PPE [80,81]. However,
these communication streams, among others (e.g., so-
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cial and mass media platforms and health department
COVID-19 sites), contended with misinformation about
vaccine development procedures, COVID-19 test qual-
ity and availability, and PPE distribution.

A considerable increase in counterfeit masks and
respirators posed an additional obstacle to maintain-
ing and fostering public security and trust. Shortages
in these critical supplies led to increases in the market-
ing of unsafe and substandard masks and respirators
to hospitals, clinics, and the public at large [82]. With
counterfeit supplies posing a threat to industry stan-
dards and the health and safety of those who wore
these substandard masks and respirators, companies
and federal agencies took quick action to alert health
care workers, first responders, consumers, and the
general public [83,84]. In addition, companies and fed-
eral agencies moved quickly with warnings about false
rapid COVID-19 tests and unverified vaccine research
and development protocols to protect consumers and
to combat what was being deemed as “an erosion of
public trust in science.” [85,86]

A lack of trust in biomedical science is especially
acute in subsets of minority communities due to a his-
tory of discrimination in science, misguided R&D prac-
tices by various stakeholders, and a lack of access to
accurate information. This problem exacerbates the
fact that these populations are at the highest risk of
infection and death from COVID-19 [87]. Many sources
point to scarce representation of and discrimination
against minority populations across the STEM work-
force as sources of mistrust [88]. Despite the nation’s
STEM workforce having grown more diverse over time,
numbers in these fields are still far below the level of
diversity represented in the general population [89].
These concerns have also extended to the low levels
of diversity relative to the general population in clinical
trial enrollment for therapeutic procedures and drug
development — an issue the FDA continues to address
in its most recent guidance on enhancing the diversity
of clinical trial populations [90,91]. Finally, memories of
medical injustice, as was present in cases such as the
Tuskegee syphilis study, still raise suspicion among mi-
nority communities most affected by health disparities
[92]. Acknowledgement of and action to address key
structural inequities that have perpetuated mistrust of
biomedical science in minority communities should re-
main a sector priority as it considers ways to enhance
effectiveness of future pandemic responses.

Information and activities that address building
trust in biomedical science need to be more diligent-
ly studied. Diversification in clinical trial enrollment

and disaggregation of clinical trial data signal efforts
to better represent the general population in the de-
sign, implementation, and efficacy of solutions for pan-
demic preparedness. Additional considerations for in-
demnification coverage frameworks, along with viable
mechanisms to compensate individuals in the event of
unintended harm from emergency use of rapidly devel-
oped products could promote wider public confidence
in industry efforts and sustained sector action to en-
sure equitable distribution of pandemic resources as
a priority. Sub-sectors across HPMI — whether or not
they have been primarily or peripherally cited for prac-
tices that have contributed to public mistrust — have
a responsibility to assess and reform their practices if
necessary to become more trustworthy among those
(especially minorities) who would use their products
and services. The need for consistent and coordinated
communication and proactive, innovative actions to
combat mistrust and misinformation is clear. Policy
makers, the HPMI sector, and the health care industry
need to work together to solve these problems that
have been present all along but were exacerbated and
made more evident by the COVID-19 pandemic.

Consolidation of Priority Actions Needed
Across the Field of Health Product Manufac-
turing and Innovation

Across all sub-sectors of HPMI, several vulnerabilities
exposed by COVID-19 have been described above.
These vulnerabilities suggest a clear set of critical areas
of opportunities, seen in Figure 5.

1. Support for Science: Encouraging the diversity
of basic scientific approaches toward research,
development, and implementation to support
the development and implementation of di-
agnostics, vaccines, medical equipment, and
treatments for coronavirus infections, influen-
za, infectious diseases, and other global health
threats.

2. Data Sharing: Setting standards and process-
es for data collection, sharing, and application
across governments, global health bodies, and
industry parties in ways that are mutually ben-
eficial but that also maintain competitive dynam-
ics.

3. Supply Chain Resiliency, Stockpiling, and
Surge Capacity: Establishing supply chain and
infrastructure redundancy, including the avail-
ability of “ever warm” manufacturing capacity
and stockpiling.
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FIGURE 5 | Opportunities for Sector-Wide Transformation

4. Regulation and Reimbursement Clarity and
Flexibility: Enhancing efficiency and effective-
ness through modernizing regulatory processes
and providing clarity on coverage and reim-
bursement to support and incentivize innova-
tion.

5. Coordination and Communication: Driving
improved domestic and international (private
sector and government) stakeholder coordina-
tion to enable consistent and transparent com-
munication.

6. Minimizing Substandard Offerings: Address-
ing and mitigating the emergence of substan-
dard, falsified, and counterfeit PPE, treatments,
and diagnostics during a public health crisis.

The authors of this paper have proposed a set of dis-
crete federal policy actions to address these vulner-
abilities and improve efficiency, efficacy, and equity
across the U.S. health care system. Supporting detail
pertinent to each HPMI sub-sector is below each over-
arching policy area.

Identified Policy Opportunities for Health
Product Manufacturers and Innovators

Support for Science

Proposed policy: The budget proposed by the Presi-
dent of the United States to Congress should con-
tain unified policy across agencies such as NIH,
BARDA, FDA, Centers for Medicare and Medicaid
Services, CDC, National Institute for Occupational
Safety & Health, OSHA, NSF, VA, DOD, and DARPA,
with guidance for allocation across areas of great-
est need, including basic science, applied technol-
ogy, advanced development of diverse scientific
approaches, and training of medical technologists
and academic labs to improve response time and
probability of technical success in future pandem-
ics. Every year the budget should contain a section
that lists projects and initiatives that would en-
compass a domestic, unified preparedness agenda
across federal agencies. It would provide guidance
to Congress across appropriations committees and
serve as both a strategy document and a clear de-
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scription of what is required to ensure prepared-
ness for ongoing and future pandemics.

In the U.S., the NIH funds most medical research
dedicated to uncovering the root causes of disease
through research grants to more than 2,500 institu-
tions across the country. The research undertaken by
NIH-funded investigators is a critical foundation for
scientific discovery, enabling health care companies
to build on this research and develop new health care
products. Furthermore, NIH-funded research often al-
lows otherwise risky and massive investments of mon-
ey, time, and manpower to be focused on shepherding
medical treatments through regulatory approvals.

Investment in fundamental research and new tech-
nologies to address potential future pandemic viruses
would substantially improve America’s public health
preparedness. For example, such investment could in-
clude sequencing strains of coronavirus that are incu-
bating in zoonotic species such as bats to better under-
stand potentially emerging diseases. The availability of
protein sequence data for dozens of strains could yield
a dataset that allows vaccine innovators to act well in
advance of a pandemic.

Within the therapeutics and vaccines sub-sector,
government funding should focus on a few select pro-
grams per biological target for a given indication. Sus-
tained investments in both early-stage research at NIH
and advanced development activities at the Biomedi-
cal Advanced Research and Development Authority
(BARDA) are needed. This approach would encourage
pursuit of a more diverse set of vaccine and therapeu-
tics candidates, leading to a higher probability of suc-
cessful approvals. The new science entity proposed by
President Joseph Biden in Spring 2021, known as the
Advanced Research Projects Agency for Health (ARPA-
H), is currently under design and may also provide
funding channels appropriate for investment into in-
novative, breakthrough medical treatments [93,94].

There are also challenges to large-scale manufactur-
ing for each vaccine platform. The government should
invest in fundamental research in manufacturing at
scale on new platforms of interest (e.g., viral vectors,
mRNA, novel adjuvants) with the capability of respond-
ing to multiple pandemic threats. It is critical that these
investments target improved yield, speed, and purity
of these scale-ups by also focusing on the accompa-
nying technologies that support the production of
vaccines at scale, such as the purification and biopro-
cessing machinery used in the engineering of vaccine
modules.

Federal investment should extend beyond biologi-
cal and biomedical science disciplines. For the hospital
supplies and personal protective equipment sub-sec-
tor, sustained funding in materials science can bol-
ster innovation of new formulations of materials that
strengthen the integrity and effectiveness of vital sup-
plies such as PPE and test swabs. By inventing alterna-
tive materials with similar or improved chemical and
physical properties as their predecessors, these mate-
rials can be readily manufactured “on shore” and the
sector can avoid global supply disruptions.

For the diagnostics sub-sector, support for science
must involve funding for more training programs to
address shortages of medical technologists and to
train academic lab staff to assist in pandemics in com-
pliance with CLIA.

Proposed policy: Address the lack of diversity in
the clinical trial system by reducing barriers to en-
rollment of representative minority populations,
those from low socio-economic backgrounds, and
children in clinical trial recruitment, and increas-
ing the numbers of diverse clinical investigators,
coordinators, and site staff.

COVID-19's disproportionately devastating impact
on minority communities in the U.S. has focused at-
tention on the underrepresentation of communities
of color in clinical trials. This underrepresentation is
due to systemic obstacles as discussed in the Trust
and Communication section of this paper, from lack of
diversity in clinical trial investigators, historical events
leading to distrust of the medical establishment, and
socioeconomic factors such as inadequate access
to affordable transportation to clinical trial sites and
childcare. As there are a variety of causes of this prob-
lem, it will take a variety of policy solutions, including
investment in and greater partnership with diverse
communities, to achieve meaningful change.

While the FDA has developed guidance documents
focusing on enrollment practices and Health and Hu-
man Services (HHS) has developed an action plan on
inclusion of demographic subgroups in clinical trials, a
broad range of stakeholders, including trial sponsors,
need to take additional efforts to expand clinical trial
diversity. The health care industry needs to create dia-
logue and relationships with a more diverse array of
stakeholders to advance initiatives aimed at success-
fully recruiting underserved and underrepresented
patients and apply new tools to increase enrollment of
diverse populations in clinical trials. Clinical trial prac-
tices can mitigate barriers by leveraging lessons from
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successful recruitment efforts and educating commu-
nities about the importance of clinical trials and the
importance of diverse participation. Targeted outreach
efforts can be employed to increase the diversity of in-
vestigators and site staff. Additional efforts to broaden
trial participation could include conducting decentral-
ized clinical trials that ease burdens on participants,
ensuring that materials are translated and cultur-
ally appropriate, and making necessary investments
to conduct trials with community health centers and
physically locate sites where communities of color re-
side. Foundationally, HPMI can remedy diversity blind
spots by recruiting talent that represent a variety of
perspectives and cultivating the early entry of people
from diverse backgrounds into STEM fields through sci-
ence apprenticeships and scholarship programs.

Data Sharing

Proposed policy: The Federal Trade Commission,
Department of Justice (DOJ), FDA, CDC, the Office
of the National Coordinator for Health Information
Technology (ONC), and the Office of Inspector Gen-
eral (OIG) should develop a framework for indus-
try stakeholders to enter data-sharing agreements
during national emergencies for pre-clinical and
clinical development results in a way that is mutu-
ally beneficial while also maintaining competitive
dynamics and addressing privacy concerns.

Impediments to sharing of patient data among hos-
pitals and health care systems is not a new challenge
related to the pandemic. However, the pandemic has
highlighted the imperative to address the barriers to
the flow of these data, not just for future pandemics,
but throughout health care.

In collaboration with HPMI, regulators such as the
Federal Trade Commission, DOJ, and relevant HHS
agencies such as the FDA, ONC, CDC, and OIG should
create a legal and regulatory structure that incentivizes
data sharing and ensures trust and competition by
maintaining traditional protection of intellectual prop-
erty and trade secrets, but allows HPMI to share other
manufacturing, safety, and early efficacy and validity
data amongst themselves and with the federal govern-
ment. This type of agreement may require review of
antitrust guidelines and applicable privacy laws, and
the timing of data sharing should be done in consid-
eration of competitive dynamics. Where there are in-
ternational interfaces for data sharing, there should be
clear protocols established and alignment of the gover-
nance and requirements to enable relevant data to be

shared in a protected and secure manner between dif-
ferent territories. Data sharing at the international lev-
el must take into account that several countries have
data localization and privacy laws that would restrict
the export and sharing of personal data.

For the medical devices sub-sector, there is an op-
portunity to enable and encourage information shar-
ing via consortia and government guidance to improve
data completeness, accuracy, and latency. Affordable
Care Act initiatives today mandate this type of sharing
in primary care and eye care — which could be expand-
ed to hospital products for the betterment of all par-
ties. Unfortunately, the health care industry is current-
ly moving in the opposite direction. Many states have
begun to discuss restricting the sharing of data, and
California has passed a Consumer Privacy Act which al-
lows consumers to opt out of the sharing of their infor-
mation [95]. It is critical that these types of regulations
do not extend to health data that is used for research
and clinical purposes (in a HIPAA-compliant manner).
During times of crisis, this type of data sharing will also
help to identify safe opportunities for localized therapy
for medical devices.

For the hospital equipment sub-sector, as compa-
nies worked with government agencies like the Federal
Emergency Management Agency (FEMA) and others to
distribute products, agencies needed to ensure that
companies’ competitive information remains propri-
etary and is not being shared with other companies.
Stronger protection of sales, supply chain, and distri-
bution information in emergency scenarios may en-
courage greater openness and an incentive for other
manufacturers to participate.

In addition, more clarity to manufacturers and dis-
tribution networks about supply levels at health care
systems and other essential sub-sectors from federal,
state, and local governments would help appropri-
ately targeted and coordinated PPE distribution during
an emergency. During the pandemic, many networks
could have benefited from needs-based assessments
across various levels to inform distribution plans. A
federal dashboard or control tower structure would
provide more visibility to companies regarding where
the distribution of their product is needed most.

Lastly, many of the drivers of inequities in health
outcomes are poorly understood. The potential ex-
ists to strengthen data collection, sharing, analysis,
and application, specifically regarding demographic
data needed for public health analyses. Platforms and
repositories such as the National Interoperability Col-
laborative, which accelerated understanding in other
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areas of study such as rare diseases, may be applicable
in informing a response to future public health emer-
gencies. Strengthening demographic data collection
and diversity of participants could inform a more eqg-
uitable approach to distribution of supplies as compa-
nies work to support communities most in need.

Proposed policy: In cooperation with FDA, CDC, and
ONC, develop guidelines and data standards for
health authorities and appropriate industry stake-
holders to report and accept pre-defined data dur-
ing national health emergencies to allow for more
rapid and effective responses.

Within the therapeutics, vaccines, and medical de-
vice sub-sectors, data standards should be adopted
to enhance analytics of baseline epidemiologic trends
and to improve the interpretability of therapeutics de-
veloped to treat COVID-19. Furthermore, within the
therapeutics sub-sector, mechanisms should be in
place to facilitate sharing compound libraries that en-
able rapid screening.

For the vaccines sub-sector, it is essential to estab-
lish a platform with a standardized format for vaccine
innovators to share safety and efficacy data following
early trials to increase the overall availability of data
and to improve the statistical accuracy and efficiency
of vaccine creation, with appropriate limitations for
patient data protection and protection of proprietary
information. Further, with the availability of vaccines,
real-time data capture should be facilitated, which can
be vital in vaccine surveillance and monitoring post-
market safety.

Although the diagnostics sub-sector reports public
health data about infectious diseases to local health
departments and federal entities on a regular basis,
the COVID-19 pandemic highlighted the opportunity
for data-reporting systems and procedures that are
faster, more complete, and more transparent — and
not duplicative or demanded in non-standard formats.
To that end, demographic data needed for public
health analyses, but not necessary for performance
of laboratory testing, should be collected and report-
ed directly to public health authorities by health care
providers who have direct contact with patients, not by
laboratories that typically have no such direct contact
with patients and to whom such data is typically not re-
ported by ordering health care providers. Laboratories
should report test result data in a standard format to
public health authorities to help with contact tracing
without duplication of reporting to multiple entities for
the same jurisdiction. Public health authorities should

be adequately resourced and have the technical capa-
bilities to receive required data in standard electronic
formats and should not demand reporting of data that
they are not capable of receiving in such formats.

Supply Chain Resiliency, Stockpiling, and Surge Ca-
pacity

Proposed policy: Ensure federal policies encourage
manufacturers and laboratories to invest in and
maintain sufficient redundancy at all levels of the
supply chain across geographies and distribution
channels.

Federal policies, particularly relating to trade, cus-
toms, and manufacturing, should encourage manufac-
turers to maintain sufficient redundancy at all levels of
the supply chain, including ensuring the reciprocity of
the free flow of medical goods across borders. Within
the diagnostics, medical devices, and hospital supplies
and personal protective equipment sub-sectors of
HPMI, a resilient supply chain requires a holistic view of
all components needed from start to finish. For exam-
ple, having an abundance of testing machines will have
minimal positive effect on a public health crisis without
supplies to collect specimens or reagents to run the
tests. There must be coordination between every link
in the supply chain. To accomplish such coordination,
mechanisms and infrastructure should be established
for standardized communication of supply needs and
supply availability among and between manufacturers,
their customers, and government, where appropriate.
Congress and the current Presidential administration
should invest in an IT system that has pre-identified
supplies and suppliers that can be called upon in real
time to assess the supply chains and surge capacity of
suppliers.

To avoid shortages, products must be continually
shipped and received. In the early stages of the CO-
VID-19 pandemic, global air cargo throughput de-
creased ~20 percent year-to-year, primarily due to a
sharp decline in passenger demand and the grounding
of commercial air traffic, creating logistical challenges
never seen before [96].

In addition, contingency supply chains and dual
mechanisms play critical roles in ensuring redundancy.
Policies should incentivize manufacturers to build and
maintain robust supply networks to mitigate the risk of
delayed shipment or other breakdowns along the sup-
ply chain (including local supply chains to avoid geo-
graphic bottlenecks during future crises). Border clo-
sures or delays due to changes in customs procedures
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or decline in the number of personnel to conduct in-
spections can impact essential supplies from reaching
their destination in a timely manner. Correspondingly,
all stakeholders should consider which critical compo-
nents should be stockpiled and/or manufactured in
the U.S. and at what volumes to ensure patient access,
if global logistics are interrupted. Consideration should
be given to whether a North American “compact” might
expand manufacturing and strengthen supply chains
across the U.S., Canada, and Mexico.

Particularly for medical supplies and equipment
relied upon by health care providers, policy makers
should evaluate the public health implications of trade
restrictions for flow of goods through their borders.
Countries that erect export restrictions may score a
short-term win, but supply chains inevitably adjust and
flow around them, leaving “islands” with less access
to supplies. Additionally, public-private partnerships
should be developed to ensure mobility through pri-
oritized and effective distribution of limited resources.
Government planners that work with manufacturers
with the capacity to manufacture at scale, with access
to needed raw materials at scale, and with access to
existing and robust distribution channels are able to
get product quickly to those who need it the most.
Centralized government direction during a crisis and
public-private partnerships can help ensure that sup-
ply chain systems and distribution networks focus on
public health priorities. Governments should facilitate
the appropriate collection and analysis of distribution
and use data to help ensure resources are properly
distributed to those who need it the most.

For the therapeutics and vaccines sub-sectors, poli-
cies should protect and preserve industry’s ability to
procure active pharmaceutical ingredients and medi-
cal components from multiple, diverse sources, which
are essential to ensuring patient access to life-saving
and preventative medicines, medical technologies, and
treatments.

Proposed policy: As has been suggested in previ-
ous reports, Congress should appropriate robust,
sustainable funding to incentivize the building and
maintenance of continuous “ever-warm” manu-
facturing capacity and stockpiles [97]. The HHS As-
sistant Secretary of Preparedness and Response
should lead a process to describe what supplies,
medicines, and devices should have an “ever-
warm” manufacturing capacity able to respond to
immediate spikes in demand. This process should
work in coordination with updates to the Strate-

gic National Stockpile strategy, which focuses on
which products should be maintained by the gov-
ernment and which should be maintained in ven-
dor-managed inventories that are funded by the
government.

The U.S. Strategic National Stockpile and state stock-
piles, which are designed to provide supplies, medi-
cines, and devices during public health emergencies,
should be viewed as an insurance investment ready
in the event that a catastrophic disaster strikes. If not
used in the short term, it is not a wasted investment,
just as buying home insurance is not viewed as a wast-
ed expenditure.

Particularly for responding to pandemics, epidemics,
and natural disasters, excess surge capacity is critical
to meeting the rapid and enormous spike in demand
for all manner of health care products and services. For
example, a way to be prepared for the next inevitable
health crisis is to invest in a national “stockpile” of di-
agnostic machines and platforms at key public and pri-
vate labs that are up to date, running, and calibrated,
with spare capacity supported by the supply chain ar-
chitecture [98]. This includes investing in both private
and state-run health labs for seasonal and pandemic
event operations. Equally, policymakers should pro-
vide clear guidelines on required stockpiles of emer-
gency use equipment to be maintained at provider
sites, manufacturers, and elsewhere. Additionally, a
consistent and coordinated approach, based on pub-
lic-private collaboration, should be taken to allocate
hospital capacity (e.g., beds) for emergencies and non-
crisis-related ongoing procedures in a standardized
fashion to reduce morbidity and mortality in future
crises.

Relatedly, within the therapeutics and vaccines sub-
sectors, multi-stakeholder efforts should focus on
increasing capacity for biologics and vaccines manu-
facturing to shorten the period between product de-
velopment and its broad availability to the public.
Emergency global procedures for rapid repurposing
of existing facilities, as facilitated by virtual inspections
and concurrent reviews by national health authorities
using previously agreed upon criteria, would support
such efforts. The government should expand use of
“warm base” facilities that provide a minimum level of
funding and task orders each year to ensure availabil-
ity of priority facilities during a pandemic.

For hospital supplies and medical devices stockpiles,
procedures should be developed to ensure replenish-
ment of expired products. National stockpile programs
need a robust and transparent distribution framework,
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accurate data, and tactical plans to ensure supplies
reach those in need. Policymaking efforts at both fed-
eral and state levels should be oriented toward ensur-
ing the availability, integrity and funding of stockpiles
for future health emergencies.

The federal government could encourage these ca-
pacity-building efforts by incentivizing the industry to
invest in new capacity-increasing technologies. Modu-
lar manufacturing, robotics, and digitalization of supply
chains will be critically important for future pandem-
ics. Investments in digitalization would enable supply
chains to improve end-to-end visibility, which will help
in making better and faster trade-off decisions. For
instance, while 3D printing is currently expensive, it
can quickly change production capacity. It would also
help in vaccine and therapeutic research by speeding
up processes and producing the necessary tissues for
testing. 3-D printing of biopharmaceuticals could like-
wise be introduced to help with shortages during dis-
ruptions.

Regulation and Reimbursement Clarity and Flex-
ibility

Proposed policy: Provide clarity on indemnification
coverage for rapidly developed products in cases of
emergency use to boost the public's confidence in
being vaccinated and in their government.

HPMI and various others in the policy arena have
long held that a comprehensive indemnification cover-
age framework is critical across the vaccines, therapeu-
tics, medical devices, and hospital supplies sub-sectors
— especially in emergency use pandemic situations.
For instance, COVID-19 vaccines are critical to control
the pandemic. This is a major undertaking requiring a
significant portion of the world population to be vacci-
nated [99]. Achieving this objective requires a high and
sustained level of public confidence in these vaccines.
Key tools in supporting this confidence are no-fault
vaccine injury compensation programs [100]. These
are not intended to provide a “free pass” for willful
misconduct, criminal activities, or violations of regula-
tory requirements. While pharmaceutical companies
developing COVID-19 vaccines are working to follow all
applicable laws, regulations, safety protocols, and prin-
ciples of good manufacturing practices designed to en-
sure the safety of vaccines, liability protections ensure
that there is an appropriate framework in place to ad-
dress the unique risks posed by a pandemic.

Governments must assure availability of public
health EUA regulatory powers as part of their public

health laws to enable rapid access to substantially
equivalent supplies, such as PPE, without regulatory
delays.

Proposed policy: Provide regulatory and reim-
bursement flexibility in defined circumstances to
encourage greater use of innovative approaches,
such as emerging technologies, aimed at increas-
ing health care system effectiveness and efficien-
cy. Regulation should be transparent and provide
clear guidelines on when flexibility is permitted,
such as during national health emergencies.

Within the therapeutics sub-sector, there is a need
to improve clinical trial data acquisition and enhance
clinical trial participant recruitment and retention with
the incorporation of some of the flexible trial modali-
ties introduced during the early stages of the COVID-19
pandemic, when physical distancing protocols were at
their most strict. Methods such as home nursing study
visits for drug administration or endpoint evaluation,
direct to patient shipment of investigational medici-
nal product, remote electronic medical record access,
remote monitoring, greater acceptance of real-world
evidence, electronic informed consent, and methods
for imputation of missing data should be assessed for
their potential as tools to improve trial operations out-
side of a pandemic situation.

For the vaccines sub-sector, it is important to adapt
regulatory policies to support innovative trial design.
Specific proposals include:

« convening of an ethics committee to evaluate
the use of human challenge trials to signifi-
cantly accelerate vaccine creation timelines,

« adoption of synthetic control arms that draw
on real-world data to simulate comparator
sets of patients such that control arms are
smaller, and

+ leveraging of advanced analytics to acceler-
ate standard randomized controlled stud-
ies through predictive modeling of incidence
rates.

Itisimperative to modernize reimbursementin the U.S.
to offer the opportunity to increase patient access and
reduce costs across the health care system. One way to
support this reimbursement modernization is to make
permanent the reimbursement flexibility instituted
during the COVID-19 public health emergency. Chang-
es should be implemented as appropriate across the
entire health care spectrum, not just for prescription
drugs, so that the significant savings from appropriate
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medication usage can be deployed in other payment
systems.

To encourage the use of value-based pricing models,
it is important to incorporate analyses that use real-
world evidence for outcomes-based reimbursement
processes and for decisions regarding labelling and
standard of care. For the vaccines sub-sector, achieving
this objective would require incentives and regulatory
guidelines in support of the development of validated,
real-world endpoints for registrational studies and real-
world evidence generation for reimbursement. Use of
this data is highly dependent on their validity, traceabil-
ity, and ability to meet clinical endpoints agreed on with
regulators.

In addition, traditional government contracting
mechanisms are not suited for rapid development and
manufacturing activities needed during a pandemic.
Echoing previous recommendations [97], Congress
should consider providing additional authorities to
relevant agencies (e.g., BARDA, DOD) that would allow
for flexible “plug-and-play” contracts to support the de-
velopment of multiple vaccine and therapeutic candi-
dates.

Lastly, for the diagnostics sub-sector, there should
be a quick path to reimbursement at levels appropriate
for what a pandemic requires. In addition, diagnostics
should be covered by public and private health plans
without patient cost sharing, medical management,
or utilization limitations, and they should be available
at a reasonable price that enables sustainable access
and continued growth of capacity. Since COVID-19 and
other pathogens may be transmitted by asymptomatic
individuals, coverage exclusions for asymptomatic in-
dividuals — or for purposes such as enabling return to
work or school or for surveillance — are counterpro-
ductive and should be avoided. Since delays in result
delivery times during pandemics are typically caused
by spikes in demand and supply shortages, varying test
reimbursement based on result delivery time will not
decrease result delivery time. Punishing labs by cutting
reimbursement during demand spikes will exacerbate
result delays due to reduced resource availability. In
addition, such policies could have unintended conse-
quences, such as a disparate adverse impact on cer-
tain patient populations, for example, patients in rural
areas who are geographically more distant from labs.
Therefore, such variable reimbursement proposals
should be avoided.

Coordination and Communication

Proposed policy: Develop a robust national strate-
gic plan for pandemic preparedness and response.
The plan should highlight key elements of compre-
hensive supply strategy, coordinated communica-
tion to the public, regulatory laws to align industry
responses, and mechanisms to pressure test pan-
demic response structures.

Aclearly defined public health defense strategy would
help address the dynamically changing demands and
needs at different stages of a crisis, and suggest how to
balance the tradeoffs between quality, speed, and cost
at key junctures. Components of this plan should ar-
ticulate a strategy for how to use various tests and how
to effectively distribute stockpiled hospital products in
times of public health emergency. Establishing early,
continuous, and action-oriented dialogue between in-
dustry and the various HHS departments during public
health crises is critical to making quick decisions, espe-
cially to ensure timely and equitable access to testing,
vaccines, therapeutics, and medical devices.

For the diagnostics sub-sector, the focus at the start
of the pandemic response was on PCR molecular diag-
nostic testing, which was and continues to be impor-
tant as the gold standard for use in diagnosing CO-
VID-19. However, other forms of testing also became
available that can play important roles in certain sce-
narios, including point of care, antigen, and antibody
tests. Outlining a clear role for each test at each junc-
ture of a public health crisis — and engaging both pub-
lic and private labs from the outset — furthers public
understanding and efficient resource deployment. In
addition, it took too long to scale up low-cost, widely
available testing for surveillance. The focus on quality
was and is important, but there also needed to be a
focus on quantity for lower-cost alternatives and point-
of-care testing. While these tests may have lower reli-
ability, they still serve a significant purpose for screen-
ing and surveillance.

Testing is also used in vaccine development. As not-
ed in an October 2021 white paper from the American
Clinical Laboratory Association (ACLA): “Assessing the
effectiveness of a vaccine is directly related to its abil-
ity to induce immunological response. Tests measur-
ing anti-SARS-CoV-2 IgG concentrations and neutraliz-
ing antibody titers to the SARS-CoV-2 virus targeted to
spike protein and receptor binding domains have been
used in the phase 2 and phase 3 clinical trials to corre-
late with the efficacy of vaccines under development.”
Therefore, as the science evolves, as the ACLA puts it,
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“There may or may not be a role for similar SARS-CoV-2
serological assays to determine the efficacy, durability,
and the need for a booster dose.” [102]

Finally, allocation of tests and supplies should be ac-
complished through coordination and communication
of capacity and need rather than through mandates. It
is important to recognize and accommodate different
suppliers’ and service providers’ operational models —
specifically, national labs that work across the country
versus in a state or region.

For the hospital supplies and medical devices sub-
sectors, there is an opportunity in the U.S. for this plan
to assess which items and quantities of supplies are set
aside for emergencies and to call for the development
of systems for assuring stockpiles are at adequate lev-
els to assure minimum response expectations required
for various disaster scenarios, including pandemics
(see the section of this paper titled Supply Chain Resil-
iency, Stockpiling, and Surge Capacity). Globally, what
most plans are lacking is a metaphorical appendix
within each plan of the needed goods and services for
frontline workers to conduct their daily duties. Adopt-
ing a methodology that helps ensure a continuous sup-
ply that is able to be used prior to its expiration date,
perhaps with incentives to encourage manufacturers
to participate, is an important option for public-private
partnership.

Laws like the DPA are important tools in the U.S.
government's response to a public health emergency.
However, when invoking the DPA, the playing field
among competitors is not always even. The federal gov-
ernment might consider calling on all manufacturers in
a sector to participate in accelerating manufacturing so
that a few companies are not disproportionately bur-
dened. Involving all entities within the health product
manufacturers and innovators sector might indeed
help accelerate increased access to additional levels of
much-needed supplies.

It is critical that a national preparedness plan be
developed in coordination with an international joint
task force that would explore opportunities for global
regulatory cooperation (“pandemic proofing”) and for
coordinating global scientific messaging. For develop-
ment of the national preparedness plan as well as for
development of proposals for sector-specific respons-
es, an advisory panel composed of qualified and repre-
sentative government and private-sector subject mat-
ter experts might offer a formal mechanism to present
a consistent, evidence-based set of recommendations
for the pandemic’s response.

In addition, efforts to increase medical awareness
should be implemented in a clear, consistent, and local-
ized manner to avoid confusion, uncertainty, and mis-
information while boosting public confidence in seek-
ing care. This is relevant for all health care sub-sectors
that depend on a citizenry remaining actively engaged
in behaviors that stem the spread of disease, especially
during a pandemic. For the diagnostics sub-sector, in
particular, it is important that providers, test kit man-
ufacturers, laboratories, and the public have clear,
timely, and actionable guidance and recommendations
from government authorities and thought leaders re-
garding prioritization of testing and how to access it.

Proposed policy: Encourage greater collaboration
through partnerships between governments and
the private sector.

In early April 2020, the NIH, FDA, BARDA, FEMA, aca-
demia, and pharma R&D leaders met to identify how
to rapidly accelerate the response to COVID-19. A key
outcome was the formation of the ACTIV public-private
partnership. In this partnership, all industry partners
agreed to contribute their clinical trial capacities to-
ward the shared goal of bringing forward therapeutic
and vaccine candidates. This partnership was different
from others in the past in that regulators were involved
from the very beginning, enabling a speedier forma-
tion [36]. Another example of fruitful public-private
partnerships during the pandemic is the Gates Foun-
dation/Wellcome Trust/MasterCard COVID-19 Thera-
peutics Accelerator [101], where up to $125 million in
seed funding helped to identify, assess, develop, and
scale up new treatments for COVID-19. The partners
are committed to equitable access, including making
products available and affordable in low-resource set-
tings. However, ongoing and enhanced government
engagement across public and private partners should
be encouraged. This translates to federal agencies tak-
ing a holistic approach to connecting with hospital sup-
ply manufacturers, raw material developers, and trade
associations such as the ACLA and the Association of
Clinical Research Organizations at the start of a public
health crisis. Such partnerships should be encouraged
as they have the potential to accelerate the develop-
ment of new vaccines, therapeutics, diagnostics, and
hospital supplies, and broaden their reach.
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Minimizing Substandard Offerings

Proposed policy: Establish a procedure to update,
communicate, and monitor standards for diagnos-
tics, hospital supplies and equipment, and medical
devices over the course of a pandemic to ensure
product integrity and reduce circulation of sub-
standard and/or counterfeit products.

There should be government- and industry-wide ef-
forts to monitor, mitigate, and prevent sub-standard,
falsified, and counterfeit medicines, health care prod-
ucts, and health care services during public health
emergencies.

For the diagnostics sub-sector, public confidence in
testing is in part dependent upon the awareness of the
manner in which tests have been validated for their in-
tended use and public education regarding different
regulatory pathways that can be taken for validation.
While there should be a mechanism for tracking the
status and quality of both manufactured test kits and
LDTs that have been submitted to the FDA for EUA,
there should also be a mechanism for tracking LDTs
that have been validated by laboratories under CLIA.
Congress should advance legislation to establish new,
transparent validation pathways for all in vitro clinical
tests to facilitate the prompt availability of accurate
and reliable tests while preventing an influx of inferior
products, which we saw during this pandemic’s early
stages.

Finally, for the hospital supplies and personal pro-
tective equipment sub-sector, export restrictions and
global supply shortages led to a significant increase
in fraud, counterfeiting, and price gouging of certain
products as health care customers and governments
sought to procure the supplies and equipment they
needed. Governments should coordinate with law en-
forcement, customs authorities, and the private sec-
tor to set science-based performance standards that
prevent fraudulent and counterfeit products from ap-
pearing in global and domestic markets. The effect can
be dramatically improved when stakeholders in this
arena also employ advanced barcoding and authenti-
cation systems to address counterfeit issues.

Conclusion and Vision for the Future

The global COVID-19 pandemic has tested the HPMI
sector and led it to respond and adapt to crisis in a
multitude of ways. While the pandemic has revealed
significant vulnerabilities, it has also demonstrated
important resiliency, adaptability, and contributions of
the sector.

The COVID-19 pandemic also has highlighted several
opportunities for needed change. By leveraging the
collective learnings and experiences gathered from
across the sector, reforms and actions can be devel-
oped to ensure strengthened post-pandemic health
care. With careful reflection, the COVID-19 pandemic
can act as a much-needed catalyst for actions to cor-
rect long-present issues in the American health care
system.

As health product manufacturers and innovators,
the authors of this paper propose greater investments
in areas of unmet need, updated guidelines that in-
centivize innovation, processes to improve coopera-
tion and coordination, and reward structures that
incentivize desired behaviors among stakeholders.
Such priority actions will fundamentally change the
context in which manufacturers and innovators op-
erate, resulting in improved effectiveness, efficiency,
and equity overall. For example, incentives for HPMI
to invest in areas of high unmet need that may have
otherwise been financially unsupportable are crucial.
Additionally, sustained funding and relevant trade poli-
cies will enable those manufacturers and innovators to
add much-needed redundancies to their supply chains
without negatively affecting operational efficiency.

The authors of this paper recognize that putting
these action priorities into practice will be challenging.
However, with the right operations, resources (e.g.,
funding, personnel, material, technology) and prioriti-
zation mechanisms, they will result in a more efficient,
efficacious, and equitable health care ecosystem. As
health product manufacturers and innovators, we are
committed to doing our part in achieving these prior-
ity actions with a spirit of service, deeply vested in as-
suring that our nation’s patients, frontline health care
workers, and society more broadly have access to the
diagnostics, hospital supplies and personal protective
equipment, devices, therapeutics, and vaccines they
need.
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