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Review 

Accelerating clinical trial development in vaccinology: 
COVID-19 and beyond 
Lawrence Corey and Maurine D Miner   

The remarkable success of the US government-backed COVID- 
19 vaccine development in 2020 offers several lessons on how 
to effectively foster rapid vaccine discovery and development. 
Conceptually, the formation of a public–private partnership that 
included innovative government and academic involvement at 
all levels of the program was instrumental in promulgating and 
overseeing the effort. Decades of NIH-sponsored research on 
vaccine backbones, immunogen design, and clinical 
trial operations enabled evaluation of vaccine candidates within 
months of pathogen discovery. Operation Warp Speed fostered 
industry participation, permitted accelerated movement from 
preclinical/early phase to efficacy trials, and developed 
structured clinical trial testing that allowed independent 
assessment of, yet reasonable comparison between, each 
vaccine platform by harmonizing protocols, endpoints, 
laboratories, and statistical analytical criteria for efficacy. This 
coordinated effort by the US government, pharmaceutical 
companies, regulators, and academic research institutions 
resulted in the streamlined, safe, and transparent development 
and deployment of multiple COVID-19 vaccines in under a year. 
Lessons learned from this collaborative endeavor should be 
used to advance additional vaccines of public health 
importance. 
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Introduction 
The rapidity and magnitude of the COVID-19 pandemic 
resulted in an unprecedented response from the United 

States government (USG) for developing COVID-19 
vaccines that provides a historic case study for future 
vaccine development. Record speed from pathogen dis
covery to highly effective vaccines was achieved with 
several novel vaccine technologies. This was helped by an 
unparalleled influx of USG dollars to oversee the vaccine 
development process for all 5 of the companies involved in 
the initial effort and assist in moving vaccine products 
forward with oversight at all levels. Preclinical manu
facturing, animal studies, supply-chain logistics, initial 
Phase-1 and -2 clinical trial funding, provision of labora
tories for immunogenicity studies, preclinical use of non
human primate (NHP) challenge models, and funding of 
large-scale efficacy trials with a common design and 
overseen by a common Data and Safety Monitoring Board 
were all components of the program [1–3]. Importantly, 
government officials and government-supported con
tractors experienced in vaccine discovery, process devel
opment, and manufacturing served as constant liaisons 
with Operation Warp Speed (OWS) officials and the 
company executives involved in manufacturing and pre
clinical/clinical oversight of the program. Crucially, the 
USG agreed to buy at-risk from 50 to 100 million doses of 
vaccine from each company at ‘negotiated but market 
prices,’ essentially insuring both investment and devel
opment costs of their programs. In exchange, the USG 
assured that if the vaccine was useful, it would be dis
tributed to all its citizens free of charge. OWS, a partner
ship between the Department of Health and Human 
Services and Department of Defense (DOD), was im
pressively successful and expensive (estimated $37 billion 
as of November 2021) [4]. It has also led to striking profits 
for the companies developing the mRNA vaccines. While 
the other industry partners sponsored by OWS have yet to 
‘book such values’ in their bottom line, their subsidized 
costs from the OWS manufacturing and clinical trial pro
grams make it likely that significant margins were or will 
be achieved by all pharmaceutical participants in the 
program. It is clear that the value investment was worth it. 
The health and economic benefits of the vaccines — 
population health, medical expenses averted, and eco
nomic recovery — are far greater than these costs [5,6] and 
offer future models for vaccine and therapeutic drug de
velopment in high-priority areas. One avenue toward 
greater applicability to such models is making the vaccine- 
manufacturing program costs transparent and the effect 
sizes of the outcomes available publicly. 
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Public–private partnerships (PPP) for innovative vaccine 
design and development 
The time period from pathogen discovery to vaccine 
approval, 11 months for mRNA and 13 months for ade
novirus (Ad)-vectored vaccines, was in reality achieved 
from conscious planning and many years of prior hard 
work and scientific investment [7]. Derisking the entire 
process, both from the USG and the companies’ per
spective, resulted from a large, established effort in 
basic, clinical, and vaccine science that, for most com
ponents of these vaccines, extends back at least 15 years. 
Preclinical NHP studies and human clinical trials de
fining Ad26 vector dose and safety were previously 
conducted by publicly supported HIV and Ebola pro
grams [8–12]. Development of mRNA vaccine platforms 
that include efficient delivery systems and overcoming 
issues with innate immune stimulation has been ongoing 
for decades [13–15]. Extensive research on respiratory 
syncytial virus and human coronaviruses SARS-CoV-1 
and Middle East respiratory syndrome (MERS) de
monstrated that the spike protein could be an excellent 
immunogen [16–18] and its immunogenicity enhanced 
by stabilizing the prefusion conformation [19–23]. This 
proline-stabilized prefusion protein sequence [24], de
veloped at the National Institute of Allergy and In
fectious Diseases (NIAID) Vaccine Research Center, 
was used in all but one vaccine in the USG portfolio; 
AstraZeneca/Oxford had shown that the full-length 
MERS spike protein elicited high neutralizing activity 
against MERS [25] and used full-length rather than 
stabilized SARS-CoV-2 spike. Thus, the years of pub
licly funded national and academic lab research on the 
vaccine insert and backbones provided a critically im
portant ‘leg up’ going into the COVID-19 pandemic. 

From the beginning, the PPP strategy assumed that each 
vaccine platform would be different, thus likely de
risking the USG investment. Subsequent clinical trial 
data have shown that vaccine efficacy (VE) and dur
ability, as well as the flavor and magnitude of immune 
responses, are influenced by the regimen in entirety: 
platform, dose, and schedule [26–31]. It is remarkable 
that several very different vaccine platforms did indeed 
work well [29,30,32,33]. When widespread vaccine 
rollout demonstrated some safety complications that 
varied by platform and age [34–36], this plurality ap
proach was appreciated and instrumental to public 
health. The lesson learned is that government-backed 
approaches with a little of bit of scientific competition 
and transparent, uniform assessment of safety, im
munogenicity, and preclinical VE provide for an even 
playing field; thus allowing clinical trial assessments and 
implementation science to define future development. 

The seamless movement from Phase 1–2 to 3 relied on 
rapid and thorough review of safety and efficacy data 
with the prenegotiated commitment that if endpoints 

were met and regulatory review was achieved, ad
vancement to efficacy trials would ensue. Public funding 
of efficacy trials meant that the cadence of development 
moved efficiently, quickly, and with momentum. It also 
erased the need for the significant pauses (months to 
years) that most companies insert before initiating a 
large and expensive Phase-3 investment. The initial 
corporate-designed trials ranged from 5000 to 8000 vo
lunteers and did not stipulate those at greatest risk — 
such as Black and Latinx populations — would be en
rolled with adequate power for subpopulation VE ana
lyses. Public funding allowed the Phase-3 trials to be 
many times larger, with 30 000–40 000 participants, and 
analyses of subpopulation effects and evaluation of risk 
factors associated with efficacy made it possible to in
fluence public policy decisions. Importantly, persons at 
highest risk and highest benefit were enrolled in the 
trials, ensuring knowledgeable population effects within 
each trial and collectively. All of this was altered through 
the PPP and by the power that public money and trial 
oversight by government/academic officials provided. 

The ACTIV model 
The plurality of vaccine platforms and manufacturers 
necessitated an open forum to discuss and deliberate 
problems/issues that arose, including how to define 
study endpoints, which laboratory assays would be most 
appropriate, and ensure use of robust statistical analysis 
plans. This forum was facilitated through the 
Accelerating COVID-19 Therapeutic Interventions and 
Vaccines (ACTIV) program coordinated by the NIH and 
Foundation for the NIH [37]. ACTIV is comprised of 
the Biomedical Advanced Research and Development 
Authority, Centers for Disease Control & Prevention, 
US Food and Drug Administration (FDA), DOD, Ve
terans Affairs, Countermeasures Acceleration Group 
(CAG, formerly OWS), representatives from academia 
and pharmaceutical companies, and, at times, European 
Medicines Agency regulators. Government officials and 
government- supported contractors experienced in vac
cine discovery, process development, and manufacturing 
served as liaisons with CAG officials. The ACTIV Vac
cine Working Group (Figure 1), held weekly meetings 
April–August 2020 to fine-tune every component of each 
vaccine study. These deliberations led to consensus 
modifications that were acceptable to all parties in
volved. 

Transparency was fundamental to this system, and thus 
while individuality of manufacturing processes occurred, 
the clinical trial programs were placed into a common 
framework that allowed a level playing field in clinical 
efficacy and safety. While each company developed their 
own vaccine product for testing, the trials were designed 
to have the same timepoints, sampling, and lab proce
dures to allow reasonable cross-trial comparisons [2]. 
This approach has stood the test of time and even non- 
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USG-sponsored companies have modeled their efficacy 
trials after the USG approach [38]. 

Manufacturing oversight 
Another unique, and perhaps most innovative and im
pactful, OWS/CAG feature was that the USG actively 
monitored the areas of manufacturing and preclinical 
development. With the government footing the bill, it 
was deemed both necessary and appropriate for outside 
experts to oversee supply-chain logistic issues, the pace 
of preclinical studies, and manufacturing processes. 
Here the experience of the DOD was sought out. 
Outside logistic and manufacturing consultants with 
biological/vaccine expertize ensured that the contract- 
manufacturing organizations would meet specifications 
and deadlines with transparency. Corporate partners 
with the USG, outside consultants, and FDA regulators 
identified problems and defined appropriate solutions. 
There were many manufacturing delays, quality- control 
issues, and need to redefine process development; issues 
that rarely come to scrutiny outside corporate walls. 
Decisions were public and such transparency in this 
back-room part of vaccine production was un
precedented. This inside look at corporate performance 
was instrumental in achieving the deadlines required for 
rapid public vaccination campaigns. As manufacturing 

delays, often from underresourced management over
sight, are common in vaccine development, the trans
parency of contractual expectations was an exceptionally 
important part of the OWS/CAG program and its inclu
sion in all future PPP should be considered. 

Engaging the public 
One advantage of the PPP model over a traditional 
company-led Phase-3 trial was the ability to engage and 
recruit individuals for enrollment from diverse popula
tions. This factor was especially critical for COVID-19, 
which has affected Black and Brown Americans 3–5 
times more frequently than Caucasians [39–41]. The 
NIAID supported COVID-19 Prevention Network 
(CoVPN), which helped design the Phase-3 studies and 
served as the operations center for academic clinical trial 
sites, initiated a large-scale education campaign that in
cluded developing public service announcements, an 
online registry for volunteers interested in enrolling in 
the efficacy trials, and relationships with local commu
nity experts (e.g. faith leaders) to disseminate accurate 
information to their communities. The clinical trial 
protocols were posted online, so that experts in affected 
communities could review the studies. Educational 
materials distributed to clinics helped with recruitment, 
and a webinar series focused on Black, Indigenous and 

Figure 1  
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ACTIV Vaccines Working Group membership and objectives. The working group consisted of 26 members from academia, regulatory organizations, 
industry partners, and funding bodies. FHCRC, Fred Hutchinson Cancer Research Center; UCSF, University of California at San Francisco; U 
Maryland, University of Maryland; UPenn, University of Pennsylvania; UW, University of Washington; EMA, European Medicines Agency; AZ, 
AstraZeneca; GSK, GlaxoSmithKline; J&J, Johnson & Johnson; BMGF, Bill & Melinda Gates Foundation; NCI, National Cancer Institute; VAED, 
vaccine-associated enhanced disease.   
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People of Color (BIPOC), and COVID-19 have been 
virtually held since the inception of the trials. These 
programs facilitated COVID-19 vaccine-trial participa
tion of individuals seeking to positively affect their 
communities rather than to help company product li
censure. 

The decades-long community engagement infra
structure developed by the NIAID- supported HIV 
Vaccine and Prevention Network programs played a 
critical role in successfully enrolling BIPOC individuals 
into the vaccine trials. In fact, because the Moderna- 
supported contract research organizations were initially 
unsuccessful in recruiting BIPOC communities, the trial 
enrollment period was prolonged by reducing enroll
ment of Caucasian subgroups, so that effective evalua
tion of VE in Black and Latinx populations could be 
assessed [42]. 

Another facet of the CoVPN public engagement strategy 
was to mitigate any perceived lack of credibility in the 
scientific process resulting from rapid vaccine develop
ment and approval. A symposium in October 2020 co
sponsored by Johns Hopkins University and the 
University of Washington targeting journalists, reg
ulators, companies, and other political stakeholders fo
cused on several key areas: 1) science behind the 
COVID-19 vaccine efficacy trials; 2) protecting scientific 
integrity; 3) frameworks for assessing vaccine safety and 
efficacy; 4) ethical aspects; 5) trial inclusivity and di
versity allowing assessment of highly affected commu
nities; and 6) vaccine access and allocation [43]. This 
well-attended symposium highlighted the importance of 
each trial maintaining its scientific integrity. The process 
of each company submitting trial data to the FDA for 
Emergency Use Authorization was not affected by the 
2020 US presidential election and, instead, proceeded on 
a scientific rather than political timeline. The sub
sequent vaccine hesitancy and vaccine protest that has 
occurred over the course of 2021 and now into 2022 can, 
unfortunately, be partly attributed to political ideology. 

Conclusions 
The success of the US COVID-19 vaccine program 
raises the question of why ever go back to the old days 
when industry chose the immunogen and conducted the 
trial at its pace and value evaluation? This question is 
not to demonize the past, but to state that more effective 
models of success do exist. Involving academia and the 
government makes the entire process more transparent, 
of higher quality, quicker, and more applicable to public 
health. In addition, corporations achieve success for a 
product already approved by key stakeholders. 
Companies are needed to manufacture and distribute 
vaccines, as well as democratize therapy and vaccination 
availability. Conversely, government and academia can 

provide intellectual and practical resources to the entire 
discovery landscape. The COVID-19 pandemic has re
vealed a roadmap for successful vaccine development, 
and we now have a path to follow. It is imperative to 
continue this strategy going forward. 
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