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HIGHLIGHTS

• Human challenge trials are advantageous for
studying emerging disease and vaccine efficacy but
have a controversial history

• Challenge trials for COVID-19 began in 2021
and invigorated the debate around the ethics of
intentionally exposing trial participants

• Few regulations currently exist for challenge agents,
possibly limiting implementation in future epidemics

Human challenge trials (HCTs) have the potential to lay
groundwork for critical advances in medicine. For centuries,
physicians and researchers have intentionally infected
human subjects to study disease transmission and design
life-saving vaccines and treatments. Historically, many
controlled infections occurred without informed consent
from participants, but in the last century, several HCTs
have been conducted which included full risk assessment,
informed consent, and patient compensation. The COVID-19
pandemic has elevated the topic of establishing human
challenge trials to accelerate the design and testing of
protective vaccines. Thousands of people have expressed
willingness to be infected with SARS-CoV-2, risking their
health to help the global effort of ending the pandemic.
Conducting such a study during a pandemic involves
additional scientific and ethical precautions to minimize the
risk to volunteers and to prevent community transmission;
however, HCTs are not directly regulated. Here, we
assess the scientific, ethical, and regulatory considerations
of implementing HCTs for infectious disease models,
particularly in pandemic settings.

"Iwill remember that I do not treat a fever chart, a
cancerous growth, but a sick human being. . . I will

prevent disease whenever I can, for prevention is preferable to
cure" [1]. Every year, thousands of medical students take this
modernized Hippocratic oath as they embark in their goals to
advance medicine and save lives. In seeming contradiction to
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this promise, however, medical and research professionals are
deliberating the necessity and ethics of human challenge trials
(HCTs), in which human subjects are intentionally exposed
to an infectious disease agent to study disease progression,
test vaccine or drug candidates, or (perhaps most importantly)
assess clinical vaccine efficacy. As opposed to standard
clinical trials which depend on environmental exposure to a
disease-causing pathogen to evaluate the success of a drug or
vaccine, HCTs rely on human volunteers who agree to take an
experimental vaccine or drug and be subsequently exposed
to the pathogen under medical supervision. This model could
potentially reduce the number of participants in clinical trials
by orders of magnitude, from thousands to just hundreds
of volunteers, thus limiting the number of people receiving
experimental vaccines that are not protective. However, HCTs
require thorough risk assessment and are not suitable for all
types of diseases.

Since the emergence of the COVID-19 pandemic and
the ever-present need for protective vaccines, HCTs have
become an elevated and controversial topic among scientists,
ethicists, and the public. Advocacy organizations such as
1 Day Sooner have amassed thousands of volunteers to
participate in challenge trials, and in 2021, two SARS-CoV-2
HCTs were implemented at universities in the United Kingdom
[2, 3]. Despite recent controversy about the ethics of HCTs
due to the pandemic, controlled infections have been used
by medical practitioners and researchers for centuries. By
revisiting the historical examples that have defined modern
medicine, we must acknowledge the many flaws and injustices
that are interwoven in human experimentation. These studies
serve as reminders of the human lives at stake in HCTs, yet
they also illustrate the enormous potential these experiments
have to progress medicine if conducted ethically.

A brief history of human challenge trials
Human challenge trials have been used for centuries to

advance medical knowledge and understand the spread of
transmissible diseases. A famous early example is Edward
Jenner’s inoculation of his gardener’s son with cowpox lesions
in 1798, which he followed by a challenge, or deliberate
exposure, of smallpox. The boy’s subsequent resistance to
smallpox infection is recorded as one of the earliest examples
of protective vaccines [4]. Jenner’s research catalyzed interest
in the field of vaccinology, and after nearly 200 years
of research and global immunizations, the World Health

MIT Science Policy Review | August 29, 2022 | vol. 3 | pg. 94



https://doi.org/10.38105/spr.6zwl7hims5 Article

Organization (WHO) announced the complete eradication of
smallpox. Jenner’s contribution to medicine is undeniable, yet
it is unlikely that his patient James Phipps gave informed
consent or was aware of the risks involved in the procedure.
Unfortunately, history is crowded with examples of studies
where vulnerable populations were exploited for scientific
gain [5]. The Tuskegee Syphilis study, in which over 600
impoverished African American men were studied under
deceptive conditions without proper treatments, is a notorious
example that led to sweeping changes in healthcare and
research practices in the twentieth century. Around the
same time the Tuskegee study was conducted, a doctor
experimented on children with developmental disabilities at
Willowbrook State School to test hepatitis vaccines, which
he evaluated by mixing live virus with the children’s food [6].
These examples are just a few out of dozens of unethical
human studies conducted without proper patient consent [7].

In response to these exploitative experiments, informed
consent and medical ethics have evolved significantly in
the last century. One of the earliest informed consent
contracts originated during the Spanish-American War in
1900, when pathologist Major Walter Reed exposed U.S.
soldiers to mosquitoes carrying yellow fever. Each of the
20 participating soldiers signed a consent contract (Fig. 1)
and were offered compensation for their participation in the
study [8]. Moreover, the contract specified that the participant
"understands perfectly well that in case the development of
yellow fever in him, that he endangers his life to a certain
extent" and that "he will receive from the Commission the
greatest care and the most skillful medical service." In a
time when no government or military regulations existed for
medical research, Major Walter Reed was the first to recognize
the enormous responsibility of conducting experiments on
humans and ensure that his subjects were aware of the
potentially deadly risks of yellow fever. Patient consent
became recognized as essential to human experimentation
decades later when the Nuremberg Code was established in
response to deadly experimentation during the Nazi regime.
To this day, the ten principles stated in the Nuremberg Code
remain as the foundation of modern medical ethics, the first
of which states that "voluntary consent of the human subject
is absolutely essential" [9]. Additionally, the World Medical
Association further defined global ethics standards on human
research in the 1964 Declaration of Helsinki, which have since
been updated to safeguard the health and rights of patients
[10].

The refinement of medical ethics paved the way for HCTs
with thorough informed consent contracts and compensation
for participants. One such HCT was designed for cholera,
which is considered an ideal disease model for human
challenge trials, due to its consistent rates of infection, lack of
long-term effects of disease, and readily available treatment
(hydration and antibiotics) [12]. The cholera challenge trials
led by Dr. Myron Levine at the University of Maryland were
designed to minimize patient risk and had a heavy emphasis
on disease management and informed consent. In 2013, a

Figure 1: English translation of an informed consent contract from
1900 signed by a participant (Nicanor Fernandez) in Major Walter
Reed’s yellow fever study. Reproduced with permission from the
Otis Historical Archives (OHA) [11].

cohort of 197 enrolled patients led to approval by the Food and
Drug Administration (FDA) of a vaccine candidate, Vaxchora,
with 90.3% and 79.5% efficacy at 10 days and 3 months post
vaccination [13]. Whereas proving initial efficacy in a standard
three-phase clinical trial could require hundreds to thousands
of patients for statistically meaningful data, this challenge
study proved clinical vaccine efficacy with less than 200
patients. Notably, testing adverse effects of the vaccine still
required standard sample sizes (e.g. over 3,000 volunteers
received the Vaxchora vaccine for Phase IV clinical trials).

Similar studies have been conducted for diseases such
as malaria [14], influenza [15], and typhoid [16]. However, for
diseases with no existing treatment, ethical considerations for
the risk and well-being of participants, staff, and communities
(through third-party exposure) have previously precluded the
conduct of HCTs. For example, HCT model establishment
was discussed by the WHO for Zika virus following the
2016 outbreak, but the study did not proceed. Even though
most Zika virus infections are asymptomatic or mild, the
committee concluded that the possible scientific gain did not
justify the lack of treatment for volunteers, risk of neurological
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complications, danger to mothers and unborn babies, and
high third-party risk due to multiple modes of transmission[17].
Though few regulations are in place to protect third-parties in
clinical trials, an increased risk of involuntary exposure could
lead to widespread backlash and damage public trust, which
is essential for vaccine design and testing.

HCTs for emerging diseases and pandemic settings
The global onset of COVID-19 reignited the debate on

the ethics, relevance, and safety of HCTs during pandemics.
Conducting HCTs for novel pathogens, such as SARS-CoV-2,
may provide key information to understanding disease
spread and accelerate certain phases of vaccine design
and testing, which could in turn save millions of lives.
However, compared to well-established disease models such
as cholera, establishing HCTs for new infectious diseases
introduces many additional scientific, ethical, and logistical
challenges [2]. One major concern for conducting HCTs for
SARS-CoV-2 is the lack of curative treatment and risk of
“long COVID”, which can occur even in mild cases of infection
or in low-risk populations. Furthermore, the intense strain
on the medical field during the pandemic makes it harder
to rationalize allocating staff and resources to supervise
HCTs. Skeptics of HCTs cite unacceptable risk-benefit and
risk of increasing public mistrust in the vaccine process,
which already hinders the global vaccination effort [18].
Additionally, the social value of HCTs heavily relies on
the promise of accelerating vaccine testing or reducing the
number of participants needed for clinical trials. However,
in the case COVID-19, multiple vaccine formulations were
approved before the first human challenges took place. If an
HCT framework was in place at the start of the pandemic,
perhaps these studies could have accelerated the race
towards life-saving vaccines and reduced millions of dollars
of clinical trial costs.

Despite these concerns, there has been notable interest
among scientists and the public alike to begin human
challenge trials for COVID-19. For example, an advocacy
group in favor of HCTs called 1 Day Sooner recruited
nearly 40,000 volunteers for COVID-19 trials (as of June
2022) [3, 19]. In 2020, the WHO convened to establish
guidelines and discuss ethics of HCTs, publishing "Key criteria
for the ethical acceptability of COVID-19 human challenge
studies" [20, 21]. This report emphasized the need for strong
scientific justification and risk analysis for participants, society,
and third-party contacts to study participants. Later that
year, in the U.K. a Specialist Ad Hoc Research Ethics
Committee convened by the Health Research Authority and
wrote a list of guidelines for HCTs [22]. By early 2021,
two HCT studies were underway at the Imperial College
of London/hVivo (NCT04740320) and Oxford University [23].
Volunteers between the age of 18-30 received nasal drips of
the virus and stayed in isolation at the Royal Free Hospital
to prevent community spread. Data from the initial HCT
for SARS-CoV-2 led by hVivo and ICL showed low safety
concerns among participants (36 volunteers aged 18-29)
[24]. Scientists analyzed variables such as correlation of viral

load and symptoms, development of neutralizing antibodies,
and efficiency of lateral flow assays (rapid antigen tests)
for detecting infection. This study illustrated the feasibility
and safety of SARS-CoV-2 challenge models, and follow-up
experiments testing the role of vaccines are in progress.

The implementation of HCTs for COVID-19 has
demonstrated the utility of controlled infection for studying
deadly emerging diseases and indicates that they can be
used in the future to evaluate vaccine candidates. As more
results are published from the ongoing studies, the lessons
learned from these historic trials will undoubtedly be used as
a foundation for future epidemics and pandemics. Although
the exact details and ethical approval of each study will
vary greatly based on disease severity, transmissibility, and
available treatments, the guidelines used for designing the
hVivo and Oxford trials may serve as a framework for more
rapidly implementing HCTs in the future.

How to design ethical human challenge trials
Designing and conducting a human challenge trial involves

significant effort on multiple fronts, including risk evaluation,
population screening, and challenge agent manufacturing
(Fig. 2). Here we outline a generalized process for establishing
HCT models, based on prior examples of studies that were
approved by review boards and produced efficacious results.

Evaluation of pathogen: When deciding if human challenge
trials for a certain pathogen are ethical, the following questions
are typically considered:

(1) What is the severity of the disease and are there ways to
attenuate it?

(2) Does infection lead to long-term disease?
(3) What is the risk of third-party transmission from infections

created in HCTs?
(4) Are rescue treatments or immunizations available?

If disease severity is high, no rescue treatment exists, or
chance of accidental community spread is significant, then
HCTs would be unlikely to proceed, as risks of harm would
outweigh the medical advances possible from the study.
Alternatively, if the risk of serious infection or complications
can be minimized by recruiting volunteers from certain
demographics, like in the case of SARS-CoV-2, then trials
may be authorized even if available treatments are not 100%
curative. An additional ethical challenge arises if protective
vaccines or drugs are on the market; is it ethical to withhold
these interventions from people for the sake of science? Such
questions illustrate the nuanced space of HCT ethics. These
studies only proceed when the wider benefit to society is
deemed to outweigh the risks to individual participants and
the community.

Participant recruitment: Prior examples of HCTs inform
the trial design process to ensure participant safety, optimal
risk-benefit, and maximal scientific gain. The first step to
consider in establishing an HCT is the participant recruitment
process, in which a full risk assessment is essential. In the
example of COVID-19, algorithms such as QCovid were used
to assess individual risk of hospitalization or death following
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Figure 2: Overview of human challenge trial design. Before HCTs can begin, volunteers are recruited and screened. Each selected
volunteer undergoes a risk assessment and provides informed consent. The challenge agent (e.g. virus or bacterial strain) is engineered
and manufactured following Good Laboratory Practice (GLP) and Good Manufacturing Practice (GMP). These pathogens will often
be screened in vitro and in representative animal models. Next, small groups of individuals participate in a dose escalation study to
determine the optimal dose for challenge experiments. Once inoculum doses are established, several different models of HCTs could
be conducted, including studies assessing disease spread and immunology, vaccine efficacy, or treatment efficacy.

infection [25, 26]. Ideal participants are young (18-29 years
old) and healthy; for SARS-CoV-2, this age group has a case
fatality ratio (CFR) of 0.03%, which is significantly lower than
the overall CFR of COVID-19 patients (0.657%) [2]. Though
these cases may be milder and not fully representative of the
full population, these conservative criteria ensure the safety
and minimize risk for HCTs in disease contexts where limited
treatments are available.

Informed consent and compensation: In addition to
meeting the age and health requirements, participants must
be made fully aware of possible long-term side effects
and life-threatening disease that may be a consequence of
controlled infection. Most informed consent contracts allow
participants to withdraw from the study at any point, as long as
required isolation periods are completed to prevent community
transmission. To account for inability to work and isolation
during the study, HCT participants are typically compensated.
The recent hVivo study in the U.K. compensated their
volunteers $6,200 [27]. A survey of over twenty other HCTs

reveals that the average compensation is $1,770 with an
hourly average of $13.77, above the U.S. federal minimum
wage [28]. Many bioethicists agree that the payment sum must
be high enough to account for the discomfort and possible risk
of the study, but modest enough to avoid ‘undue inducement’
or financially motivating participants. However, other experts
challenge this idea, arguing that underpayment is a greater
concern [28, 29]. 1 Day Sooner surveyed the motivation of
volunteers for the SARS-Cov-2 challenge trials, revealing that
most volunteers displayed "high levels of altruistic motivations
without any special indication of poor risk perception or
economic vulnerability" [30]. A majority of the volunteers
identified as non-Hispanic white, held bachelor’s degrees, and
lived in high income countries. This demographic analysis may
quell some worries of ‘undue inducement’ but on the other
hand may skew the study’s results to exclude populations
that are at greater risk from the disease. Given the discourse
about compensation for COVID-19 challenge trials, it is likely
that for future HCTs, institutional review boards will have to
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decide payment models based on risk threshold, volunteer
demographics, and public support.

Strain design and dose escalation: Designing and
manufacturing a challenge agent, such as a virus, that
represents a spectrum of possible variants is a difficult task.
Good manufacturing practice (GMP) must be adhered to
throughout production, and the pathogens must be stable
and have consistent infectivity to ensure rigorous standards
for the HCT. Many viruses, including SARS-CoV-2, are
classified as biosafety level 3, requiring special personal
protective equipment and handling requirements. However,
new bioengineering techniques enable attenuation of high risk
variants, minimizing disease severity and making HCTs safer
for volunteers, trial physicians, and the community in which
the HCT is conducted. Depending on the pathogen, the design
and manufacturing process can span up to a year, which may
delay the establishment of HCTs in pandemic settings (and
is on a similar time scale to standard vaccine development)
[31]. Once the challenge agent is produced, dose escalation
studies are conducted to identify optimal inoculum levels
(viral dose), in which disease traits can be observed while
minimizing the endangerment of the participants’ health.

Establishing the site of study: The location, facility
controls, available resources, and supply of treatments are key
considerations in the design of an HCT. In previous studies,
the location of challenge trials were selected considering
disease prevalence. Regions with high transmission are
preferable in order to prevent accidental introduction of the
pathogen into the community. Once the site is selected,
containment units of corresponding biosafety levels are
established to ensure the safety of participants, staff, and
community members. Strict discharge criteria also help to
prevent community spread beyond the physical location of
the HCT. All participating physicians and researchers should
have adequate access to personal protective equipment
and treatments, which may be a challenge during supply
shortages, like those that occurred during the start of the
COVID-19 pandemic.

Patient supervision and data collection: Throughout the
duration of the study, volunteers are monitored by clinicians.
Vitals and biological readouts, such as viral titer and
seropositivity (measures of virus and antibodies in blood,
respectively), are key to ensuring appropriate safety and
tracking infection. Notably, the kind of data possible to
collect during standard clinical trials often depends on the
extent of community spread. Particularly when community
transmission is low, the following data can only be determined
by a challenge study: direct benchmarking of new vaccines
against licensed vaccines, investigation of early onset and
transmission prior to symptoms, immunological features of
infection, and efficacy of vaccines against variants of concern
(VOCs) [2]. In cases of global spread, like for SARS-CoV-2,
some of these readouts can be collected from Phase II/III
clinical trials, albeit with more confounding variables. For any
challenge trial involving vaccines or therapeutics, the patients

may also be screened for adverse effects such as severe
allergic responses. Alongside data collection, physicians are
responsible for ascertaining the volunteers’ well-being and
delivering rescue treatments (i.e. remdesivir or antibody
treatments for COVID-19) if severe disease occurs from the
challenge.

Evaluation of vaccine efficacy: For HCTs that aim
to compare vaccine candidates, benchmarking against
an FDA-approved vaccine and its recommended dose
regime would provide a direct comparison of efficacy.
Laboratory tests, such as real-time reverse-transcription
polymerase chain reaction, can be used to confirm vaccine
effectiveness after challenge. Additionally, as in any clinical
trial, collected data and methods should be recorded
and made publicly available for peer review. The WHO
recommends reporting data following the Strengthening the
Reporting of Observational Studies in Epidemiology guidance
[32].

Regulatory considerations of human challenge
trials

Globally, regulations for clinical trials of vaccines and
drugs have been established to protect the health and
rights of participants and to obtain reliable results from
these studies. Standard clinical trials, too, may introduce
risk to participants (such as through toxicity or unwanted
side effects), and therefore, some ethicists suggest that
HCTs should be evaluated by consistent risk thresholds as
other studies involving healthy, informed adults [33]. However,
HCTs must also address the production of pathogenic strains
and minimization of community spread, which are unique to
controlled infection models, and HCT-specific regulations have
not yet been established. One reason for the lack of unifying
policies is due to the vastly different manufacturing processes
for different challenge agents (for example, culturing bacterial
versus viral pathogens). Thus, there is currently no licensing
procedure under the marketing authorization application
(MAA) or for biologic materials authorization application (BLA)
for infectious agents used in controlled infections. For now,
most HCTs have used regulations for general vaccines and
drugs developed by the FDA and European Medicines Agency
(EMA) as a framework to guide the production of challenge
agents.

Good Manufacturing Practice (GMP): GMP is a critical
standard in clinical trials necessary to obtain reliable
and reproducible data. GMP ensures a well controlled
environment, so that investigational products can be
produced, shipped, stored, and delivered to the study
participants with consistent quality and composition. Many
countries worldwide require that investigational products
are produced in GMP facilities, following the internationally
recognized clinical trial standard ICH Harmonized Guideline
(1). The United States and Europe also apply this standard for
any materials used in clinical trials. However, human challenge
strains are not yet included in the scope of investigational
products globally. Consistent quality (i.e. constant infection
rates) of human challenge strains is critical for HCTs not
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only to obtain reproducible data for analysis, but also for the
safety of study participants. As of now, only the United States
has required GMP compliance on human challenge strains,
and the European Union recently added challenge agents
to require GMP compliance by defining challenge agents as
auxiliary medicinal products used for clinical trials [34](7).
Still, HCTs that do not involve vaccine formulations, such as
investigations of disease transmission, are out of regulatory
scope in Europe. GMP standards for human challenge strains
in other countries have not yet been clearly addressed.

Clinical Trial Authorization (CTA): Prior to conducting
clinical studies for vaccines or drugs, authorization from a
national drug agency is required in most countries along
with approval from an ethical committee review, such as
an institutional review board. National drug agencies, such
as the FDA, review various aspects of clinical trials to
ensure safety and adequacy of the study including preclinical
testing, participant recruitment, and compensation. However,
in most countries pre-authorization is not required for HCTs
if a vaccine or drug is not tested. As discussed for GMP
above, Europe only requires clinical trial authorization for
investigational medicinal products [35]. For now, human
challenge pathogens and viral strains are classified as
auxiliary medicinal products, and therefore, if a vaccine
or a therapeutic is not involved in the HCT, there is no
requirement for authorization from national drug agencies. For
example, HCTs for COVID-19 conducted by Imperial College
London/hVivo in the UK have three stages. The first two
stages focused on immune response without comparison to
vaccines in their study design [22]. Those two studies did
not obtain authorization from the Medicines and Healthcare
Products Regulatory Agency (MHRA) and only required
an ethics committee review, while the third stage which
proposes vaccine screening, obtained MHRA authorization
with ethics committee opinion. On the other hand, the FDA
authorized HCTs for an H1N1 study, IND (No. BB-IND 14969)
though it studied immune response only for phase 1 [29].
These different approaches illustrate the country-dependent
approach to overseeing HCTs.

Policies to protect patient rights: Because HCTs are
experiments conducted with human subjects, in the U.S. they
fall under regulations issued by the Department of Health
and Human Services (HHS), such as Title 45 CFR 46 in
the Code of Federal Regulations(4-5). This policy outlines
the necessity and formation of institutional review boards,
which oversee and review all human experimentation under
its oversight. Furthermore, there are additional protections
for women, children, and inmates who may participate in
human research (45 C.F.R. 46 § 46.501-505). Outside of
the U.S., federal institutions adopt policies as outlined by the
Declaration of Helsinki [10].

Conclusion
Human challenge trials offer a unique opportunity to

learn about disease transmission and test early vaccine and
drug candidates, reducing the overall number of volunteers
and enabling certain immunological readouts that may not

be possible with standard clinical trial models. Participant
recruitment for COVID-19 HCTs has shown that altruism can
be at the heart of these studies - a small population of
individuals puts their lives and comfort at risk for the benefit
of advancing medicine and public health for all. These kinds
of experiments necessitate a continuing conversation about
ethics of human experimentation that ensures that the history
of poorly run HCTs does not repeat. An ethical HCT centers
the well-being of its participants and the community; informed
consent, ability to withdraw from the study, primary care from
physicians, and rescue treatments are all key stipulations.
The decision on whether or not human challenges should
be used for particular diseases has been described as an
"ongoing science-society-ethics experiment," or a balancing
act between a need for scientific answers, oversight of
regulatory bodies, and willingness of society to participate in
research [36].

The varying regulatory approaches of countries brought
independent decisions on whether to establish HCTs for
COVID-19. The U.S. FDA stated in their Guidance for
Development and Licensure of Vaccines to Prevent COVID-19
that HCTs can only be considered if vaccine effectiveness
is no longer possible to demonstrated, and logistical, human
subject production, ethical, scientific issues were addressed
(7). On the other hand, the U.K. conducted HCTs for
COVID-19 with authorization from the U.K. Research Ethics
Committee, deciding that the benefits outweigh risks by
considering wider therapeutic aims, such as testing future
vaccine candidates [22]. Their HCT authorization decision,
however, was criticized in light of the approval of several safe
and effective vaccines before the start of the trial. Additionally,
the generalizability of COVID-19 HCTs is scrutinized, due to
the homogeneous selection of young and healthy volunteers
[27]. Despite the criticisms, the COVID-19 challenge trials
in the U.K. were the first to be conducted during a global
pandemic and deemed safe and effective [24]. The lessons
learned from these studies may be useful for establishing
an HCT framework that can be more quickly implemented
in future pandemics to accelerate vaccine development and
save lives.

As HCTs are gaining more attention, there is discourse
on whether more overarching regulations for future HCTs are
necessary. For example, policies could be established to more
concretely protect participants’ safety and rights in the context
of controlled infection. However, if the regulatory hurdles
are too large, then establishing HCTs rapidly in response to
threatening emerging diseases would be unfeasible. Thus,
as the current pandemic wanes and society builds strategies
for preventing future pandemics, the conversation about the
ethics and scientific gains from HCT implementation is likely
to continue for years onward.
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