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Abstract
The first rumblings about a new coronavirus spreading in China were heard in January 2020. By the end of that month,
the World Health Organization, recognizing the severity of the disease and the potential for global spread, had declared
a public health emergency. By February 2020, cases had been identified in multiple countries, clinical trials of treatments
with some biological plausibility had begun in China, and the initial steps of vaccine development were underway. In midMarch, by which time countries around the world were experiencing rapidly increasing numbers of cases and deaths, the
World Health Organization categorized the outbreak as a pandemic. This new coronavirus was designated SARS-COV-2
in recognition of its similarity to the coronavirus responsible for the severe acute respiratory syndrome outbreak in
2002–2003. The race is on to develop treatments that can mitigate the severe consequences of infection and vaccines
that can prevent infection and/or diminish the severity of disease in those who do get infected. Many challenges face
these development efforts. Some are similar to those faced in the past; others are new. The urgency of finding ways to
treat, and ultimately prevent, the consequences of this new and potentially deadly infection has led to unprecedented
focus on clinical trials.
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Writing about the evaluation of treatments and vaccines for an infectious disease in the midst of a pandemic is dangerous—things change from day to day.
This is especially true when the infectious agent is new,
one we are experiencing for the first time.
We have faced a number of frightening outbreaks in
recent years: HIV (1981–now), severe acute respiratory
syndrome (SARS; 2002–2004), H1N1 influenza (2009–
2010), and Ebola (2014–2015, 2018–2019). The
COVID-19 pandemic is different from each of these in
different ways. Unlike HIV, it is highly contagious and
does not require sexual contact or contact with infected
blood. Unlike SARS, infection may be transmitted by
individuals who are asymptomatic, who may comprise
a large proportion of those infected. Unlike H1N1
influenza, COVID-19 is more serious in older people
and those with co-morbidities and has a higher mortality rate. And unlike Ebola Virus Disease, COVID-19
has become a global menace, not confined to a limited
geographical region.
The clinical trials effort for COVID-19 got off the
ground very quickly. Awareness of a potential pandemic did not arise until February 2020; by mid-April,
over 70 agents had been registered with the Food and

Drug Administration (FDA) for trials of potential
treatments, and another 200 + agents were under discussion with the FDA. Nearly 1700 clinical trials (randomized as well as single-arm) had been registered on
clinicaltrials.gov as of 23 May 2020.
Clinical trials face special challenges when the
affected population is at high risk of death or a major
morbid event. In contexts without proven, approved
treatments, the challenges are particularly intense.
Patients and their families often demand access to any
treatment that shows promise of benefit and vigorously
protest the concept of placebo-controlled trials. We
have faced these challenges in the settings of advanced
cancer, amyotrophic lateral sclerosis, and Duchenne
muscular dystrophy, among others.1
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Infectious disease outbreaks create similar challenges
when the disease caused by infection is serious and
associated with substantial mortality. In the early days
of the AIDS epidemic, AIDS activists protested the
implementation of placebo-controlled trials, with particular ire directed toward trials of a drug intended to
prevent AIDS-related blindness (ganciclovir),2,3 but
leaders of the activist movements soon recognized that
well-designed, controlled trials would be the fastest way
to determine what treatments actually worked.4 During
the West African Ebola outbreak of 2014–2015, it was
not the patients as much as the humanitarian medical
groups that resisted placebo-controlled trials of potential treatments, despite the fact that no treatment had
been shown effective for this disease.5 The desire to try
something—anything—to save people who were horribly sick was understandable, but the result was that a
number of inconclusive uncontrolled trials were done;
one randomized treatment trial was initiated, but so
delayed due to debates over the ethics and logistics that
the outbreak waned, preventing that trial from yielding
conclusive results.6 It was not until the later outbreak
in the Democratic Republic of Congo in 2018 that trials
were able to be initiated early enough in the course of
the outbreak to produce definitive (and thankfully positive) findings for two drugs.7 (One vaccine trial using a
novel ring cluster design did complete successfully8.)
The COVID-19 pandemic is similar in some ways to
the Ebola outbreak, but different in many others.
Similarities include the lack of any known treatments
or vaccines, the urgency felt by everyone involved to
find effective treatments and vaccines, and the feeling
on the part of many medical personnel that everyone
must get a treatment, even if none had been proven to
be safe and effective. These issues have undoubtedly
created challenges for dealing with COVID-19. But
there are many important differences. First, COVID-19
is a global threat, something that was feared with
Ebola but fortunately did not materialize. Second,
those countries initially hit hardest were in the ‘‘first
world,’’ meaning they have modern health care systems
allowing for optimal supportive care, and modern communication systems, allowing information to be effectively transmitted. Third, because the coronavirus
causing the pandemic is quite similar to those responsible for earlier outbreaks, a number of vaccine developers were able to quickly modify vaccine candidates for
these earlier infections to fit the emerging SARS-COV2 virus. Finally, the rates of serious infection and death
for Ebola were much higher than those for COVID-19,
with increasing recognition that many of those infected
with this new coronavirus may not develop disease at
all; this will complicate the effort to identify infected
individuals, something that will of course be essential
in evaluating vaccine candidates.
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Evaluation of potential treatments
Clinical trials were initiated in China by February 2020.
The trials were of varying designs and sizes; some were
uncontrolled, some were controlled but open-label, and
some were placebo-controlled. None of those reported
trials have yielded definitive conclusions. By March,
clinical trials were being initiated in the United States
and other countries. Many of these trials were taking
place at single institutions, but the NIH and the World
Health Organization moved quickly to design and
enroll into larger multisite trials.

Study designs
As in prior outbreak settings, there was some initial
resistance to placebo-controlled designs, especially for
the sickest patients. Drugs with some theoretical basis
for having an effect on the virus were used; anecdotal
reports of benefits fueled further interest. The most
notable of these was hydroxychloroquine, a drug originally developed to treat malaria, currently used primarily for rheumatoid arthritis and lupus, but which was
known to have some antiviral activity. Other drugs
tried included the combination of lopinavir-ritonavir, a
regimen used for HIV; plasma obtained from survivors
of COVID-19; and high-dose vitamin C, all of which
could be obtained without having received regulatory
approval for treatment of COVID-19. Drugs with
known antiviral activity and those with potential capability to prevent or diminish the ‘‘cytokine storm’’ that
leads to some of the most serious sequelae of infection
have been of greatest interest.
Randomized trials, however, were in fact initiated
quickly. Some involved head-to-head comparisons of
as-yet unproven treatments or compared different dose
levels of an unproven treatment. For example, one
study compared a 5-day versus a 10-day course of
remdesivir and observed no difference in outcomes.9
Unfortunately, similar outcomes in this type of design
can only suggest that the regimens were equally effective or equally ineffective. Many trials undertaken by
academic institutions have compared an investigational
treatment in an open-label fashion to those receiving
standard of care, with trials undertaken by pharmaceutical companies mostly incorporating a placebo control
group.
Many trial sponsors have recognized the need to
adapt to emerging findings. Because the disease is
acute, and both recovery and death due to disease
occur relatively soon after diagnosis, a follow-up period
of 1–2 months is adequate to assess the clinical outcome of almost all individuals diagnosed with COVID19. Additionally, because of the rapid spread of disease
and the corresponding large number of individuals
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being hospitalized, the potential population for clinical
trials is quite large. Therefore, trials may be completed
quickly, and positive results may suggest changes in
other ongoing trials, such as modifying their control
group to include the treatment newly identified as effective. Because of the ability to accrue quickly, some
trials are evaluating multiple agents simultaneously,
using designs that allow for dropping unpromising
treatments and including newly emerging candidates.

Selection of endpoints
The mortality among people who are diagnosed with
infection (who represent a subset of all infected, as it
appears that many who are infected remain asymptomatic) is low enough that researchers have looked to
earlier endpoints to evaluate treatment effects, especially in the less severely ill. Some studies have considered endpoints based on resolution of fever, resolution
of or increased need for supplemental oxygen, or other
markers of the disease. An ordinal scale approach,
looking at outcomes ranging from full recovery to
death, with intermediate categories based on outcomes
like need for supplementary oxygen and need for
mechanical ventilation, has been considered.10 Because
this type of endpoint requires a certain amount of clinical judgment and because many trials, especially those
testing multiple regimens that may be delivered by different routes, are not conducted in a double-blind manner, other investigators have advocated using simpler
outcomes that can be determined with less subjectivity.
For example, an NIH-sponsored trial of remdesivir
began with an ordinal endpoint, but partway through
the trial changed to the endpoint ‘‘time to recovery,’’
defined as the time the first of any of the following: not
hospitalized; with no activity limitation; not hospitalized, some limitation and/or requiring home oxygen;
and hospitalized but not requiring supplemental oxygen.11 A large global trial mounted by the World
Health Organization established mortality as its primary endpoint.12

Control groups
Unlike in the AIDS and Ebola outbreaks, there has
been relatively little pushback on the use of placebo
controls, probably because the vast majority of
COVID-19 patients eventually recover—in the early
days of AIDS the infection was anticipated to be uniformly fatal, and mortality due to infection with the
Ebola virus was substantial. Some trials, particularly
those in single centers, are being conducted with a
‘‘standard of care’’ control arm, typically when matching placebos cannot be readily obtained. Some trials
are designed to adapt to early findings such that a treatment found effective would replace placebo or standard
care as the control. In late April 2020, a large
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multicenter, multi-arm placebo-controlled trial sponsored by the National Institute of Allergy and
Infectious Diseases announced that remdesivir had
shown benefit on its primary endpoint of time to recovery (with suggestive but not definitive reduction in mortality) and that treatment became the control arm as
the trial continued to study other treatments. Two
other trials of remdesivir, one being carried out by its
manufacturer Gilead and the other as part of a multicenter global collaboration sponsored by the World
Health Organization, remain ongoing and may ultimately provide definitive evidence regarding remdesivir’s effect on mortality.

Evaluation of potential vaccines
There is great interest in identifying a vaccine against
SARS-COV-2. Many companies are studying candidate vaccines, some of which are being developed using
novel manufacturing approaches that have not been
used for any currently licensed vaccine. Because SARSCOV-2 is very similar in its molecular structure to
other coronavirus such as SARS-COV-1 (responsible
for the SARS outbreak in the early 2000s) and MERS
(Middle East Respiratory Virus) for which some vaccine development work had already been done, vaccine
researchers had a head start in looking for approaches
to combat SARS-COV-2.
Vaccine developers face many important challenges,
both scientific and logistical. First, we do not know
whether people who have recovered from COVID-19
are protected against re-infection and future illness—
and if they are, for how long. Most researchers speculate that there will be a period of protection, perhaps at
least a year or two, but this is not known for certain at
present. Second, we do not know what antibody level
offers protection. Although it is clear that infected individuals do develop antibodies against the virus, these
levels can vary substantially13 and it is not clear whether
there is some threshold that defines protection. Third,
with multiple candidates possibly ready to go into field
testing by late summer or early fall 2020, and given the
continued emphasis on social distancing, wearing of
masks, and so on even as stores and service providers
begin to re-open, it is not clear that enough infections
will occur to allow adequate efficacy assessment of all
the vaccine candidates going into trials. Fourth, enough
cases will need to be observed to assess safety, including
the potential of the vaccines to enhance the disease
symptoms, an issue that has been seen before with some
vaccine candidates in other disease contexts14 and
which has been raised as a potential concern. Given
that the proportion of those infected who ultimately die
or suffer irreversible morbidity appears to be around
1%15 (although it may be still lower since many of those
infected remain asymptomatic and may never be

4
identified as having been infected), assurance of safety
is particularly important.
Finally, once a vaccine candidate is shown to be safe
and effective in phase 3 trials, there are two more hurdles. One aspect of vaccine development relevant to all
new vaccines but of special relevance to vaccines manufactured using novel technologies is the need to demonstrate that the vaccine can be manufactured
consistently from batch to batch. The FDA oversees
the manufacturing process with meticulous care; stringent oversight of vaccine manufacture was put in place
following the disaster with early polio vaccines whose
flawed manufacturing processes resulted in many children contracting polio from the vaccine.16 And once
the manufacturing process is deemed satisfactory, there
will be the challenge of producing enough vaccine to
meet the demand, requiring not just the vaccine itself
but the vials and syringes, at a time when the supply
chain is under severe duress.
An alternative approach to evaluating a new vaccine
is a ‘‘challenge trial,’’ in which volunteers are vaccinated and then deliberately exposed to the virus to
assess whether the vaccine is protective. Such trials
have been done in other settings, including malaria, but
never in a context in which the disease has potentially
severe consequences and there is no known cure. While
some have advocated for such an approach as a way to
speed evaluation of efficacy,17,18 others have questioned the ethics of such a trial and have argued that it
would not necessarily accelerate the availability of a
proven safe and effective vaccine.19

Some general issues
As of this writing, it is not clear how long this virus will
continue to threaten global health. A possibility is that
the infection rate will wane, possibly to the extent that
ongoing trials (particularly the vaccine trials, as noted
above) may not be able to complete successfully in the
projected time frame. Such an experience during the
West African Ebola outbreak in 2014–2015 has led to a
proposal that for intermittent but regularly occurring
outbreaks, a clinical trial that falls short of its projected
sample size and/or primary events by the time the outbreak wanes should put the trial ‘‘on pause,’’ and
restart when infections begin to re-appear, rather than
publishing a report with inconclusive data.20 The
World Health Organization’s global trials of treatment
and vaccine candidates have been designed under this
model, which may be quite relevant currently since
many expect recurrent waves of infections.
Another issue all trials will face is determining criteria for early termination, should emerging results
appear either extraordinarily positive, highly unlikely to
yield positive findings, or strongly suggestive of harm.
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The global urgency to identify effective treatments and
vaccines has the potential to put a lot of pressure on
data monitoring committees, trying to balance between
making sure the data are reliable, and wanting to get
potentially life-saving treatments to patients as soon as
possible. Trial designers will need to give careful consideration to the criteria for early termination, to provide
clear guidance to these committees as they review emerging results.

Final thoughts
The urgency to identify effective treatments and vaccines for COVID-19 has led to extraordinary efforts to
design and mount clinical trials over an extremely short
period of time, and to unprecedented levels of collaboration among governments, pharmaceutical companies, non-governmental organizations, and academic
institutions worldwide. If the ongoing battle with
COVID-19 has any silver lining, it may be to identify
ways to make the process of drug and vaccine development more efficient and to be better prepared for the
next global infectious disease pandemic.
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