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Abstract
Background The pandemic associated with the new SARS-CoV-2 coronavirus continues to spread worldwide. The most favor-
able epidemic control scenario, which provides long-term protection against COVID-19 outbreak, is the development and
distribution of an effective and safe vaccine. The need to develop a new COVID-19 vaccine is pressing; however, it is likely
to take a long time, possibly several years. This is due to the time required to demonstrate the safety and efficacy of the proposed
vaccine. and the time required to manufacture and distribute millions of doses.
Objectives To accelerate this development and associated safety testing, the deliberate infection of healthy volunteers has been
suggested. The purpose of this short communication is to describe the ethical aspects of this type of testing,
Results Deliberate infection of volunteers with a dangerous virus such as SARS-CoV-2 was initially considered unethical by
researchers; but the current pandemic is so different from previous ones that these studies are considered ethical if certain criteria
are met. Participants in human challenge studies must be relatively young, in good health and must receive the highest quality
medical care, with frequent monitoring. Tests should also be performed with great caution and specialized medical supervision.
Besides, the fact that obtaining vaccines faster through deliberate infection studies of healthy people has greater benefits than
risks, has been demonstrated by obtaining other vaccines in other historical pandemics such as: smallpox, influenza, malaria,
typhoid fever, Dengue fever and Zika.
Conclusions One possibility to shorten the time required for the development of COVID-19 vaccines is to reduce clinical phases
II and III by using human challenge studies through eliberate infection of healthy volunteers with SARS-CoV-2 after adminis-
tration of the candidate vaccine. Accelerating the development of a COVID-19 vaccine even for a few weeks or months would
have a great beneficial impact on public health by saving many lives.

Daniela Calina, Thomas Hartung and Anca Oana Docea contributed
equally to this work.

* Daniela Calina
calinadaniela@gmail.com

* Aristidis Tsatsakis
tsatsaka@uoc.gr

1 Department of Clinical Pharmacy, University of Medicine and
Pharmacy of Craiova, 200349 Craiova, Romania

2 CAAT-Europe at the University of Konstanz,
78457 Constance, Germany

3 CAAT, Bloomberg School of Public Health, Johns Hopkins
University, Baltimore, MD 21287, USA

4 Department of Toxicology, University of Medicine and Pharmacy of
Craiova, 200349 Craiova, Romania

5 Laboratory of Clinical Virology, Medical School, University of
Crete, 71409 Heraklion, Greece

6 FSBSI “Chumakov Federal Scientific Center for Research and
Development of Immune- and Biological Products of Russian
Academy of Sciences”, 108819 Moscow, Russia

7 Russian Academy of Sciences, Moscow, Russia
8 D.I. Mendeleyev University of Chemical Technology,

125047 Moscow, Russia
9 UCIBIO, REQUIMTE, Laboratory of Toxicology, Department of

Biological Sciences, Faculty of Pharmacy, University of Porto,
4050-313 Porto, Portugal

10 Department of Analytical and Forensic Medical Toxicology,
Sechenov University, 119991 Moscow, Russia

11 Department of Forensic Sciences and Toxicology, Faculty of
Medicine, University of Crete, 71003 Heraklion, Greece

12 Laboratory of Toxicology, Medical School, University of Crete,
70013 Heraklion, Greece

DARU Journal of Pharmaceutical Sciences
https://doi.org/10.1007/s40199-020-00371-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s40199-020-00371-8&domain=pdf
http://orcid.org/0000-0002-1523-9116
mailto:calinadaniela@gmail.com
mailto:tsatsaka@uoc.gr


Keywords COVID-19 vaccines . Risk taking . Human challenge studies . Randomized clinical trials

Introduction

For COVID-19 disease, caused by the SARS-CoV-2 corona-
virus, there is still no approved curative treatment available to
fight the infection and no vaccine to immunize the population
against the virus [1]. Medical practitioners worldwide have
repurposed various existing drugs for the treatment of patients
with COVID-19, with various effects and difficulties in the
assessment of the treatment efficacy [2]. As the COVID-19
pandemic spreads worldwide, acceleration in obtaining an
ideal vaccine against SARS-CoV-2 has become the critical
demand of medical practitioners and scientists, even if this
might involve a more ‘relaxed’ approach to established pro-
cedures [3]. Notably, already in early April 2020, 105 vaccine
development projects were counted [4].

For the discovery of a new COVID-19 vaccine, the process
from the fundamental concept to the administration of the vac-
cine preparation to the population is a long and tedious one [5].
The purpose of vaccination is to ensure effective prevention
[6]. This journey can take a long time, even decades, as the
logical reasoning on the mechanisms of action of the newly
designedmolecule, investigates the toxicity and immunogenic-
ity characteristics of the preparation [7]. It takes typically, on
average 10.7 years [8]. New drugs/molecules usually are ini-
tially tested on animal models, through preclinical studies, and
at a later stage in humans, through clinical studies/trials [9].
Intending to expedite the process of obtaining COVID-19 vac-
cines, a unique situation has arisen: animal testing is not being
performed [10]. This is in part because animal models of
COVID-19 are only emerging. The problem is to find an ani-
mal that reflects not only significant aspects of COVID-19
pathology but also a similar immune response to the vaccine
candidate. This opens up for the use of new approach methods,
i.e., alternatives to animal experiment [11].

Clinical studies involving vaccines have the same method-
ology as other drug development processes: In phase I, the
safety profile of the vaccine is examined on healthy volun-
teers. Subsequently, in phase II, the adverse reactions are fur-
ther investigated, together with the immune system reaction
and the identification of the appropriate dose and frequency of
administration. Last but not least, in phase III, the effective-
ness of the vaccine is verified to determine its effectiveness in
preventing infection with the targeted virus [11]. A major
difference though, is the preventive application of a vaccine
[12]. This means that typically a large population of healthy
people, often a group of high risk patients of the infection to be
studied, are vaccinated to quantify the effect of vaccination on
the probability of contracting the infection and the severity of
its course [13]. Obtaining a vaccine against the novel

coronavirus is a time-consuming issue, mainly due to the long
duration of tests performed in the third stage of obtaining a
vaccine. It is that stage in which thousands or tens of thou-
sands of individuals are voluntarily being included in the test-
ing of the product [14].

In this process, some receive the experimental vaccine,
while others do not; the results involve determining whether
those who received it become immune to coronavirus.
However, this is a time-consuming process, and scientists,
under the pressure of the pandemic, are considering whether
this test should be replaced with another. The variant would be
human testing on a small group of volunteers by administering
the vaccine following exposure to the coronavirus, to deter-
mine whether they become immune to the virus [15].

The current prevalence of COVID-19 in the US population,
for example, is about 40 in 10,000 people as per 30May 2020
according to the US Center for Disease Control (CDC) [16].
This means that 10,000 people have to be studied to observe
less than 40 infections, which usually would occur. With the
current low numbers in new infections in Europe, such studies
can hardly be done: infections peaked on 9 April, and declined
by 80% 2 months later [15] with a prevalence until now of 2.8
per 10,000. Using high risk groups such as health care
workers improve somewhat the statistical odds, but these sim-
ple number plays may serve to illustrate the challenge.

Taking further into account that no vaccine is 100% effec-
tive, it becomes even more challenging: If we take influenza
as an example, over the last decade, CDC reported efficacy for
influenza vaccine between 19 and 60% [16]. This represents
an enormous statistical challenge, given besides substantial
limitations of COVID-19 test accuracies.

In the search for the ideal COVID-19 vaccine, some re-
searchers have proposed expediting the standard procedure
for validating a vaccine proposal by voluntarily exposing
healthy individuals to COVID-19 [17]. Deliberate infection
of individuals is a challenge in the context in which there is
no approved drug or antibody therapy for COVID-19 disease.

Authorities in the medical field who support the benefits of
SARS-CoV-2 infection studies describe a crucial advantage:
accelerating the process of studying and approving an effec-
tive vaccine. However, the question of whether voluntary in-
fection with COVID-19 is ethical needs to be addressed [18].
Assuming again, the efficacy of the influenza vaccine would
imply a substantial number of volunteers going through a full
infection and perhaps at even higher rate considering that
these are experimental vaccines only. Given the case of influ-
enza vaccination fatality rate of about 0.2% in the age groups
from 20 to 30 [19] the most likely age groups to be considered
for such courageous experiments, this means that likely 2 out
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of 1000 volunteers would die without vaccine efficacy and
one assuming efficacy [20].

Our most recent research [21] indicates that SARS-CoV-2
infects human brain cells, in line with a high prevalence of
neurological symptoms in patients. As the human brain is
immune privileged, i.e., immune cell invasion and inflamma-
tion are rarely observed, it is not clear whether such infection
is eradicated. This illustrates that the questions for these vol-
unteers is not only to take a risk and die or survive, but they
could also suffer from chronic infection with possible impact
on long-term health such as the progression of neurodegener-
ative diseases [21].

On the positive side, in addition to vaccines, infection stud-
ies can prove to be helpful for the following reasons: i) to
better understand the immune process developed in response
to the infection; ii) validate diagnostic tests; iii) provide more
data on the dynamics of the infectious process; iv) determine
whether the individual can transmit the virus following the
remission of symptoms [22].

Human challenge studies have been used successfully in
history for smallpox, yellow fever, and malaria. More recent
examples of infectious diseases whose vaccines have been
developed more rapidly using this methodology include ty-
phoid fever, cholera, and influenza [23].

Ethical recommendations for planning
a possible SARS-CoV-2 infection study

It is challenging to develop an infection study methodology
that respects the principles of modern medical ethics, and at a
superficial glance, it may seem almost impossible. However,
experts from the World Health Organization and other insti-
tutions have developed a series of principles that, once follow-
ed, ensure the safe conduct of the study, without limiting the
rights and freedoms of the volunteers included. A study in-
volving the intentional exposure of volunteers to the virus
requires sound scientific justification, and it must have the
potential to make a significant contribution to a critical public
health issue [24].

In other words, it must bring significant amount of new
data and make a decisive contribution to the development
and use of new vaccines or public health policies - data that
could not be obtained by other methods without affecting
speed or efficiency [24].

Scientific justification A study involving the intentional expo-
sure of volunteers to the virus requires strong scientific justi-
fication, must bring a significant amount of new data and
make a decisive contribution to the development and use of
new vaccines or public health policies - data that could not be
obtained by other methods, without affecting speed or effi-
ciency [24].

Risk and benefit balance The benefits of such a study must
outweigh the risks, not only for the participants but also for
society and the community. The efforts of researchers must
continuously focus on minimizing the risks and maximizing
the benefits, comparing this balance with that of other study
methodologies. It is recommended to quantify these abstract
notions accurately, for example, the benefit consists in an
exact number of people whose infection and severe evolution
was prevented by the development of that vaccine, an appear-
ance on the market of the vaccine in a shorter period, and a
more rapid social and economic recovery [25].

The risks for volunteers with the expected benefit to society
of discovering a treatment are weighed. These ‘human chal-
lenges’ must be ruled out in the case of diseases, such as
anthrax or Ebola, with a high mortality rate [25].

The study methodology should be discussed, and represen-
tatives of society, medical practices, regulators and the phar-
maceutical industry should work together to adapt this. All
these stakeholders have the role of ensuring the acceptability
in the community, the transparency and the minimal impact of
the research, through the most rapid method, at a local and
international level. To ensure the maximum beneficial impact
of infection studies, they must be integrated into a coherent
research program. They must be carried out in such a manner
as to affect society as a whole, and the results obtained should
be published as soon as possible. Subsequently, good cooper-
ation with regulatory bodies is warranted (which must analyze
the data and reach a decision on the approval of vaccines)
[25].

Choosing the most appropriate organizer of the study To
ensure the scientific rigor and safety of the volunteers, the
study must be conducted in a carefully selected institution.
This should include laboratories capable of producing and
safely administering the vaccine and the targeted coronaviral
strain, as well as performing all necessary tests at the state-of-
the-art quality (PCR diagnosis, serological tests, general as-
sessment of the biological status of the volunteers). Volunteer
isolation and prompt treatment facilities may also be required,
including intensive care units [26].

Collaboration of researchers In order to ensure the maximum
beneficial impact of infection studies, they must be integrated
into a coherent research program, conducted in such a way as
to affect the normal functioning of society in the least possible
way, and to publish the results obtained as soon as possible.
Subsequently, good collaboration with regulatory bodies is
needed (which must analyze the data and make a decision
on the approval of vaccines) [26].

The right candidate for inclusion in study From the epidemi-
ological data on SARS-CoV-2 obtained to date, it can be
deduced that a young adult, without comorbidities, has
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minimal risk in the short- and long-term, if he suffers from the
infection [27].

The challenges that medical specialists will face are not
limited to ethics, but also to the criteria for accepting volun-
teers into the program. Volunteers must be between the ages
of 18 and 30 and must be clinically healthy without adjacent
conditions. Also, ethical principles dictate that this volunteer
is already at medium-high risk of infection (COVID-19 high-
risk residents), for the additional risk posed by the study to be
minimal. In addition to the ideal candidate, the ideal institution
that would organize the study is also important: It must allow
the continuous, careful monitoring of volunteers, and have the
capacity for supportive treatment established rapidly, includ-
ing intensive care if necessary [27].

Study participants To ensure the minimal risk to which vol-
unteers can be subjected, it is vital that they are selected ac-
cording to rigorous criteria. First, the recommended age group
should be between 18 and 30 years [28]. Subsequently, prior-
ity should be given to volunteers who are already at a high risk
of being infected in the community which leads to a minimal
additional risk caused by the study. Second, volunteers may
be selected from people who have already been exposed to the
new coronavirus infection. Volunteers should come from
areas profoundly affected by the coronavirus epidemic in or-
der to ensure the natural likelihood of the infection. Through
extensive medical tests, it can be guaranteed that none of the
participants have comorbidities or conditions that are known
to increase the risks of COVID-19, such as respiratory issues.
These volunteers should also be prioritized to obtain the best
possible treatment for complications following coronavirus
exposure. Following the completion of the experiment, partic-
ipants should remain isolated from the remainder of the pop-
ulation for 14 days, which corresponds to the period when
they could be contagious, to minimize the risk of the contam-
ination of relatives [28].

Exclusion criteria must take into account, including the risk
factors identified by epidemiological studies, and must be
adapted as new data emerge.

Informed consent Volunteers must accurately understand the
risks associated with such a study and participate only if they
have assessed the risk-benefit balance, but also the un-
knowns associated with a new virus such as SARS-
CoV-2. The consent must also be provided during the
study, as new data emerge. Researchers considering the
study of infection also suggest a preliminary step, to
expose a separate group of volunteers to the virus, to
determine the amount of virus required for infection,
and to confirm that no more severe forms of the disease
develop through infection. This stage follows an ethical
principle of minimizing the risk associated with partici-
pation [29].

A special attention must be given to volunteers from vul-
nerable populations with resource-poor settings. The ability to
provide informed consent rests on two pillars: the ability to
properly understand the potential risks and benefits related to
the proposed trial, and the ability to refuse participation. On
both accounts, volunteers in resource-poor settings are vulner-
able: their literacy levels may not enable them to properly
understand what risks they may expose themselves to, and
the financial compensation provided for their participation
can become an undue financial inducement if they are in no
position to refuse it [29]. An added complication is that some
participants covertly enrol in several studies simultaneously,
in order to increase their income, conceal underlying medical
conditions, intake of concomitant medications, or substance
abuse. This may expose the volunteers to medical risks, and
potentially biases study data [28, 29].

Data analysis The methodology and results of the study
should be reviewed by an independent committee of experts,
such as epidemiologists, infectious disease experts, clinical
pharmacists, virologists, bioethics experts, etc. (Fig. 1).

Discussion

Historically speaking, the ‘human challenge studies’ ap-
proaches are not at all unprecedented. Vaccine studies have
only recently been standardized and apply extremely demand-
ing ethical requirements to minimize the risks. In the early
1970s, a French hepatitis B vaccine was first tested on volun-
teers from the medical staff most exposed to the virus [30].

The path of a vaccine from laboratory testing to the popu-
lation in need begins to become complex only when its effects
on humans begin to be studied. Testing with human subjects
has long been a part of the history of medicine. The deliberate
infection of volunteers provides more rapid results, although
inevitably, it also involves certain risks [27].

The human challenge is the contamination of 100 healthy
volunteers, some of whomwould receive a candidate vaccine,
i.e., at an advanced stage of testing, in order to expedite the
process of establishing a treatment, which will become avail-
able to the general public [24].

New approach methods might accelerate preclinical testing
[6] this approach renders unnecessary the first stages of testing
of the usual procedure - in the laboratory, then on animals.
However, it is very different when it comes to testing on
humans, which is the most time-consuming stage.
Traditionally, the candidate vaccine is widely administered
to a population of approximately 3000 individuals [11].
These individuals then return to their healthy lives, and re-
searchers then aim to determine whether those receiving the
treatment are more resistant to the disease than those receiving
the placebo. The main difference from the approach promoted
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by researchers is that it is not the medical practitioners who
expose the volunteers directly to the disease.

Conclusions and future perspectives

Increasingly, policy-makers, scientists and general public are
claiming that the world is in dire need of an COVID-19 vac-
cine, warranting the risk of volunteer infection studies; thus,
regulators and funders of research projects should already be-
gin the necessary preparations, weighing whether such studies
can commence with human infection after potential vaccines
have completed the initial safety tests.

The use of tests with human volunteers would be useful in
order to expedite the procedures for the development of a
COVID-19 vaccine if such a project is approved by ethical
specialists. On the other hand, the deliberate infection of indi-
viduals poses a problematic ethical issue, in the context in
which there is no drug or functional therapy for the treatment
of SARS-CoV-2 infection.

Despite these benefits and the tradition that would militate
in favor of taking these risks to the health and lives of volun-
teers, this type of experimental approach faces severe ethical
obstacles. Deliberate infection of individuals is a challenge in
the context in which there is no approved drug or antibody
therapy for COVID-19 disease. In case of infection studies,
after the administration of the vaccine, the volunteer is ex-
posed in a controlled way to the virus targeted by the vaccine.
Thus, conclusions can be drawn from the study of a smaller
number of volunteers, and the vaccine that offers the most
sustained protection will differentiate more clearly and faster
from other vaccines studied. An infection study can play the
role of phase III testing, or it can act as an intermediate stage,
accelerating phase III, which selects the most viable candi-
dates from the developed vaccines.

However, such studies must offer both volunteers and pro-
fessionals involved maximum protection against any effect of
infection, including the long-term health outcomes, which are
only becoming known. Although this procedure raises serious
ethical concerns, medical authorities who support the benefits
of voluntary SARS-CoV-2 infection studies describe a crucial

advantage: speeding up the study process of approving an
effective vaccine.
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