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Human challenge studies (also called con-
trolled human infection models), in which 
researchers intentionally administer an in-

fectious agent to volunteers, have played major roles  

in vaccine and treatment develop-
ment and in elucidation of patho-
genesis and immunity. Such stud-
ies are not normally undertaken 
during a pandemic, however, and 
the potential risks and benefits of 
such research with SARS-CoV-2 in 
this setting have triggered wide-
spread debate. While other com-
mentators have made theoretical 
arguments for and against SARS-
CoV-2 challenge studies, a con-
sortium of academics, industry 
collaborators, and the British 
government (through the Human 
Challenge Programme of the U.K. 
Vaccines Taskforce) has now pro-
ceeded to address the technical 
and ethical considerations to en-
able such studies. The consor-
tium’s practical application of 
ethical principles against a back-

drop of rapidly emerging evidence 
carries lessons for future out-
breaks.

In early 2020, the World Health 
Organization established working 
and advisory groups to consider 
the rationale and ethical criteria 
for such studies and to issue prac-
tical recommendations, although 
feasibility was initially uncer-
tain.1,2 However, accruing clinical 
data revealed that Covid-19 was 
mostly mild or asymptomatic and 
self-limiting in young people (18 
to 30 years of age) without preex-
isting health conditions.3 This ob-
servation supported the decision 
to advance development of human 
challenge studies.

After extensive engagement of 
the public and prospective partici-
pants, establishment of a high-

containment quarantine facility 
at the Royal Free London NHS 
Foundation Trust, manufacture of 
a challenge virus under Good 
Manufacturing Practice condi-
tions, and multiple rounds of ex-
pert review, a study protocol was 
submitted for evaluation by the 
Specialist Ad Hoc Research Eth-
ics Committee convened by the 
NHS Health Research Authority. 
This independent review process, 
undertaken from December 2020 
through February 2021 for a 
study in seronegative participants 
and immediately afterward for 
one in previously infected volun-
teers, scrutinized the ethics of 
both these individual studies and 
the entire human challenge pro-
gram, including issues raised by 
the evolving pandemic. Two key 
considerations emerged: the jus-
tification for such research and 
the management and minimiza-
tion of risks.

Back when neither effective vac-
cines nor treatments were avail-
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able for Covid-19, the potential 
scientific value of human chal-
lenge studies was evident.4 The 
approval of several highly effica-
cious vaccines and the emergence 
of variants of concern (VOCs), 
however, raised questions about 
whether such studies were still 
needed and justifiable. Human 
challenge studies have features 
that cannot be replicated in nat-
ural infection studies. By elimi-
nating confounders such as dif-
ferent viral strains and infectious 
doses, uncertain timing of expo-
sure, and patient heterogeneity, 
investigators can identify protec-
tive host factors and immediate 
responses early during infection. 
By generating reliably high infec-
tion rates and permitting fine con-
trol of timing, challenge studies 
enable rapid direct comparisons 
of new vaccine candidates, revised 
regimens, and prophylactic, pre-
emptive, or postsymptomatic treat-
ments (see table).

The rollout of first-generation 
vaccines necessitated reappraisal 
of what role human challenge 
studies may still have in the pan-
demic response. Although speedy 
phase 3 vaccine efficacy trials were 
possible initially, dozens of vaccine 
candidates in earlier stages of clin-
ical development now face uncer-
tainty. With extensive public health 
measures and increasing vaccina-
tion, the feasibility of timely field 
efficacy trials is now unpredict-
able, and soon such trials may be 
impossible. Maintaining an un-
vaccinated placebo group is ethi-
cally questionable, and noninfe-
riority trial designs require even 
more participants.

With uneven vaccine access, 
however, approvals of new vac-
cines and antivirals still need to be 
prioritized — and some as-yet-
unlicensed vaccines (including in-
haled and needle-free approaches) 

may offer major advantages. For 
new vaccines and antivirals, li-
censure based on immunogenici-
ty or viral kinetics alone may be 
impossible, but human challenge 
studies could contribute efficacy 
data to complement larger-scale 
safety trials. This argument will 
become even stronger when chal-
lenge agents based on antigenically 
diverse VOCs are manufactured, 
allowing testing of cross-strain 
protection. Discussions are there-
fore ongoing with medicine reg-
ulators to establish the accept-
ability of this approach.

For human challenge studies 
to be acceptable, research risks 
must be appropriately managed 
and minimized. Development of 
SARS-CoV-2 challenge studies 
could not rely on extrapolation 
from existing respiratory virus 
challenge models. Instead, proto-
col-design decisions were based 
on emerging evidence; where data 
were incomplete, the most con-
servative approaches were taken.

The critical component in de-
termining study feasibility was 
estimating potential individual 
risk and identifying a sufficiently 
low-risk participant group. Data 
from early outbreaks in China 
indicated that asymptomatic and 
mild infection were common in 
young people, but the most rele-
vant estimates of risk in our target 
population came from real-time 
access to U.K. data on clinical out-
comes in previously healthy young 
adults infected in the community. 
These data suggested that careful 
volunteer selection, based primar-
ily on younger age and absence of 
underlying health conditions, 
could render the model safe.

As an extra precaution, we 
used the QCovid algorithm5 to 
estimate individual absolute risk 
for hospitalization or death, tak-
ing into account all relevant un-

derlying factors. We could thus 
set a cautious inclusion threshold 
(equivalent to that for a 30-year-
old with no risk factors, calcu-
lated as a 1:250,000 risk of death 
or 1:4902 risk of hospitalization) 
and provide individualized risk 
assessments for participants as 
part of informed consent. Since 
QCovid is based on population 
data, the risk of exposure cannot 
be disaggregated from the risk of 
severe outcomes, but we believe 
that the resulting potential for 
overestimating risk in certain 
groups is appropriately cautious 
for early model development, when 
the challenge infection’s features 
are unknown. Using this risk score 
as an entry criterion may limit par-
ticipant diversity, however, so once 
the model has proven safe, the 
score should be used only for 
participant information.

Although data on the relation-
ship between inoculum size and 
disease severity are limited, it was 
logical to assume that higher 
doses might increase risk. Given 
the pathogenicity of SARS-CoV-2, 
it was ethically essential to start 
with the lowest possible amounts 
of inoculum, followed by careful 
dose escalation. In addition, to 
minimize the risk of severe  
Covid-19, virologic readouts rath-
er than disease end points were 
targeted.

Some commentators argue that 
the lack of a guaranteed “rescue” 
treatment makes challenge studies 
problematic. Since the principal 
risk mitigation is participant se-
lection, this gap should not be 
an absolute barrier. Furthermore, 
existing interventions (such as 
monoclonal antibodies) can sig-
nificantly reduce the likelihood of 
progression of asymptomatic or 
mild Covid-19 to more severe dis-
ease. No drugs have undergone 
trials in early, presymptomatic 
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SARS-CoV-2 infection, but to fur-
ther reduce risk, we included safe, 
well-tolerated antivirals as pre-
emptive therapy to be given early 
after the confirmation of infec-
tion. Though efficacy in this set-
ting was uncertain, caution argued 
for antiviral use in case evidence-
based assumptions about disease 
severity proved inaccurate. This 
approach was designed to be re-
sponsive to new data, however, 
and discontinuation of automatic 
preemptive treatment of infected 
participants, once the model was 
shown to be safe and well-toler-
ated, was embedded in the pro-
tocol to avoid confounding by 
treatment.

Still, some risks remain. The 
greatest unknowns relate to “long 
Covid” (i.e., late complications or 
protracted disease). Although cas-
es have been reported, data from 
the U.K. Office for National Sta-
tistics and the COVID Symptom 
Study provided reassuring evi-
dence implying that persistent 
symptoms beyond 3 months were 
rare in young adults after mild 
disease. Nevertheless, careful fol-
low-up, specialist referral, and 
compensation to cover inability to 
work are important components 
of the study design. To ensure 
that the existence of risks that 
are less well quantified is under-
stood, the study’s informed con-
sent process balances participant 
understanding with comprehen-
sive detail, reiterating at multiple 
points key facts about potential 
consequences and the right to 

withdraw from the research even 
after inoculation.

Although the scientific justifi-
cations for such research remain 
unchanged despite pandemic surg-
es, limitations in clinical capacity 
can affect the conduct of chal-
lenge studies, which requires ac-
cess to specialist support in the 
rare event that a participant needs 
higher-level care. Investigators 
should consider this possibility 
in advance to avoid allowing the 
study’s operational needs to neg-
atively affect other patients’ treat-
ment. Collaboration with govern-
ment and the NHS has assisted 
in prioritizing limited resources 
and determining optimal timing. 
Implementing challenge studies 
during a pandemic wave might 
also affect public health messag-
ing when social distancing and 
lockdown measures are being 
emphasized. This potential con-
flict highlights the importance 
of ongoing public engagement.

Our experience thus far indi-
cates that a SARS-CoV-2 human 
challenge research program can 
be developed as part of the pan-
demic response. Its establishment 
has relied on broad collaboration 
(established before the pandemic 
through the Human Infection 
Challenge Network for Vaccine 
Development) that provided the 
varied expertise, broad consensus, 
and funding required. This ap-
proach accelerated both challenge-
virus manufacture and the ethics 
review process, ensuring that study 
design was informed by real-time 

scientific data. With SARS-CoV-2 
continuing to cause major out-
breaks globally and improved vac-
cination and treatment still nec-
essary, the ethical arguments for 
human challenge studies remain 
compelling, despite the changing 
nature of the pandemic.

Disclosure forms provided by the au-
thors are available at NEJM.org.

From the National Heart and Lung Institute 
(G.R., E.S.) and the Department of Infec-
tious Disease (C.C.), Imperial College Lon-
don; the U.K. Vaccines Taskforce (A.G.); 
and hVIVO Services (A.C.) — all in London; 
and the Department of Paediatrics, Univer-
sity of Oxford, Oxford, United Kingdom 
(H.M.). 
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