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1. Preamble

Public health emergencies due to infectious diseases can be a major threat to global health and
wellbeing. Research is a key part of emergency preparedness and response. Even with
enhanced preparedness, the world will continue to face major epidemics and pandemics from
novel or re-emerging pathogens. Research into such pathogens will therefore often take place
during emergencies when there is a heightened public interest in the scientific and ethical
aspects of research, and when it may be particularly challenging to strike an appropriate balance
between competing ethical considerations. For example, there will often be large potential
benefits of studies that can improve knowledge of the pathogen associated with an emergency,
assist the development of vaccines and therapeutics, and/or inform appropriate uses of other
control measures. Yet research on novel pathogens may also be associated with significant
risks and/or uncertainties related both to the pathogen and any experimental vaccines or
therapeutics being studied.

Controlled human infection studies (CHIS?) involve the deliberate infection of healthy
volunteers. Such studies can be used to study infectious diseases in highly controlled settings.
Such research can provide robust data about an infectious disease that would be difficult to
obtain in other study designs, such as the precise understanding of when symptoms start after
infection. Once a safe and reliable model of controlled human infection has been developed,
studies can be conducted to evaluate interventions, including vaccines. However, CHIS are
ethically sensitive for several reasons. First, such studies involve deliberately exposing
participants to infection, unlike other types of studies that explore infectious diseases as they
occur “naturally” in human populations. Second, assessing the social value of CHIS may be
complex, especially during public health emergencies, requiring careful evaluation of practical,
scientific, legal, and moral considerations. Third, proposals for CHIS with certain pathogens,
including during emergencies, may raise questions about acceptable limits to risk and/or
uncertainties in research. Fourth, like some other trial designs, CHIS may involve third party
risks from onward spread of infection from participants. Fifth, participants have a right to
withdraw from research, and respecting this right for CHIS participants may sometimes
conflict with responsibilities to minimise risks to participants and third parties.

! Members of Working Group: Susan Bull, Claudia Emerson, Euzebiusz Jamrozik, Melissa Kapulu, Katherine
Littler, Roli Mathur, Carla Saenz, Seema Shah, Peter G. Smith, and Ross Upshur (Chair), with support from
Lee-Anne Pascoe.

2 Also known as CHIM (controlled human infection models).



There are many ways that CHIS could be useful during a public health emergency. Public
health responses to epidemic emergencies are enhanced by accurate diagnostic tests; safe,
effective vaccines and treatments; reliable measures of correlates of immune protection; and
improved scientific knowledge of the disease and its transmission. There are often large
numbers of candidate vaccines and therapeutics, and well-designed CHIS may provide one of
the most efficient and scientifically powerful means for testing and comparing them —
especially where there are a large number of candidates, and/or where field trials are infeasible
(e.g., due to low incidence of the disease in communities where field trials would be
conducted). CHIS could thus be associated with substantial public health benefits in
emergencies if they (i) accelerate or improve the development of vaccines and therapeutics, (ii)
validate tests for infection or immunity, or (iii) provide other types of scientific knowledge
relevant to public health responses.

Compared with alternative study designs, CHIS may be particularly well-suited to provide data
on, for example, early or asymptomatic infection, the accuracy of diagnostic testing methods,
immune correlates of protection, and the comparative efficacy of vaccine candidates in
response to infection with a standardised viral dose. Such data can be more difficult to obtain
with accuracy in alternative study designs, e.g. phase 3 vaccine field trials, which are typically
less well-controlled than CHIS. In community studies, the exact timing of exposure to infection
is typically unknown, the incidence of infection can be difficult to predict, individuals may be
exposed to different viral strains and doses, multiple exposures are difficult to exclude, and
asymptomatic infection may be difficult to detect. Consequently, assessing the effect of
preventive interventions requires substantially larger sample sizes in community studies than
in CHIS, and community studies must run for a longer duration for the number of individuals
exposed to infection to accumulate. However, CHIS may sometimes be a slower method of
testing vaccine efficacy compared to field trials, because developing a challenge strain and safe
and reliable CHI model for use in subsequent studies may take several or many months.
Standard field trials may produce more rapid results during high incidence epidemics. Further,
the results of both CHIS and field trials regarding vaccine efficacy may become less relevant
over time if, for example, the pathogen is rapidly evolving and/or initial trials are conducted
with non-immune individuals but most people in the community develop immunity (from
infection and/or vaccination) over time.

CHIS might be particularly likely to accelerate the availability of vaccines or therapeutics
where there is appropriate coordination between researchers, manufacturers, and government
agencies, including regulators. In any case, where CHIS are conducted, they should generally
be integrated into wider research programmes involving larger studies to provide more precise
estimates of safety and efficacy (e.g., phase 3 or 4 field trials and post-marketing surveillance
of adverse events)(1). Larger field trials typically enable enrolment of more diverse populations
of participants e.g., people with significant health conditions, pregnant women, and children.
CHIS may nevertheless add value to other types of vaccine research by enabling (i) more
accurate assessments of asymptomatic infection, (ii) potentially more rapid and standardized
testing of vaccine candidates, and (iii) testing of vaccines in contexts where there is low natural
transmission of a pathogen (for example, due to public health measures or during inter-



epidemic periods) (2-4). It is therefore likely that CHIS may have the potential to inform
responses to future health emergencies.

Public trust in research and vaccines may depend on there being heightened vigilance to ensure
that CHIS, if they proceed during an emergency, are conducted to the highest scientific and
ethical standards(5). This document provides ethical criteria for the conduct of CHIS during a
public health emergency with the pathogen that is the cause of the emergency*. The criteria are
intended to be “pathogen agnostic”, i.e., to apply to any such pathogen. These criteria have
been adapted from those developed for COVID-19 CHIS(6) and are informed by other relevant
WHO publications (7, 8). The following sections outline general considerations regarding the
ethics of CHIS, ethical issues related to infectious disease research in emergencies, potential
rationales for CHIS, and past experiences with this type of research during public health
emergencies.

1.1  Ethics of human challenge or controlled human infection studies

Challenge studies have a long history, including early research with smallpox, yellow fever
and malaria that changed the course of global public health(3) — although such studies were
often less controlled than modern CHIS. In the last 50 years, CHIS have been performed safely
in tens of thousands of consenting adult volunteers under the oversight of research ethics
committees (3, 9, 10). These studies have recently helped, for example, to accelerate the
development of vaccines against typhoid(11) and cholera(12), and to determine correlates of
immune protection against influenza(13).

Research involving the deliberate infection of healthy volunteers may seem intuitively
unethical, and there are numerous prominent historical examples of unethical research
involving deliberate infection of research subjects(3). However, there is a consensus among
ethicists who have reflected upon human CHIS that the intentional infection of research
participants can be ethically acceptable under certain conditions (3, 7, 9, 10, 14-16).

CHIS are nonetheless ethically sensitive and must be carefully designed and conducted in order
to ensure that relevant risks are minimised and that the rights and interests of participants are
respected and protected.® Investigators must adhere to standard research ethics requirements
and local research regulations. Furthermore, research should be conducted to especially high
ethical and scientific standards where (i) studies involve exposing healthy participants to
relatively high risks; (i) studies involve first-in-human interventions (including challenge)

3 Determination of experimental vaccine efficacy requires that a sufficient number of research subjects in both
vaccinated and control arms are actually exposed to — that is, “challenged” by — the pathogen in question. To the
extent that transmission is low, vaccine field trials may take more time and require larger numbers of
participants to produce clear results than CHIS. In CHIS, by comparison, all participants are exposed, which is a
major reason why they involve smaller numbers of participants and can be completed quickly.

4 This document is therefore not intended to address specific ethical features of CHIS in preparedness for
emergencies or in responses to perennial epidemic or endemic diseases.

5 Among other requirements highlighted in this document, preserving public trust in research requires
minimizing harm not only to volunteers but also to research staff and third parties.



and/or high levels of uncertainty (for example, about infection, disease and sequelae) ®; or (iii)
public trust in research is particularly crucial, such as during public health emergencies (2, 5,
16). Rigorous ethical standards for research might involve not only improvements in the design
and conduct of the CHIS itself, but also, for example, appropriate accompanying community
engagement activities(7).

Participants in CHIS typically receive payment, which is intended to reflect fair compensation
for the time, effort, and expenses that volunteers commit to such studies(17). Since CHIS often
involve large commitments (e.g., multiple days of inpatient isolation), significant payment is
widely considered to be ethically acceptable, including in public health emergencies (3, 7, 17).
As in non-emergency settings, protocols for CHIS should include justification for payment,
and care should be taken to avoid a level of payment that may unduly influence participation.
Payment for participation is separate from arrangements for financial compensation for any
harms related to research, which, as for other clinical trials, is typically covered by appropriate
study insurance(3).

The following sections first address research ethics considerations in public health
emergencies, then review the role of CHIS in recent emergencies, and finally summarise
possible ethically acceptable uses of CHIS during future epidemics.

1.2 Research ethics considerations in public health emergencies

Standard research ethics requirements continue to apply during emergencies. However, public
health emergencies are unique and often very challenging contexts in which to design, conduct,
and review infectious disease research, including CHIS. Compared to non-emergency
infectious disease research, research on a pathogen that is the cause of an ongoing epidemic
emergency may be characterised by (i) higher levels of uncertainty (especially regarding novel
pathogens or variants), (ii) higher rates of community transmission of the infection, (iii) larger
potential public health benefits (insofar as research results can be used to reduce significant
disease burdens and/or optimise public health responses), (iv) increased research funding and
activity, (v) potential high demands for medical care leading to shortages of healthcare
resources, and (vi) higher levels of public interest and scrutiny, with increased potential that
controversies regarding research may undermine public trust in science.

These features of epidemic emergency contexts may result in specific ethical issues becoming
highly salient and in especially complex ethical tensions and/or trade-offs. For example, large
potential public health benefits and high levels of public interest can lead to high perceived
urgency of conducting research on the pathogen in general and CHIS in particular — and create
a perceived need to expedite study planning and ethical review. Yet uncertainties about risks
to volunteers and third parties, and high levels of public scrutiny can make research including
CHIS more ethically sensitive in emergency settings, and review processes may need to be

8 First-in-human CHIS may nevertheless involve less uncertainty than, for example, first-in-human drug trials
because, for pathogens that have infected large numbers of people, human data regarding potential outcomes are
already available.



especially rigorous and transparent(18). Further, high rates of community transmission may
notonly-place-strain-on-healthecare-personnelbutalse mean that certain research questions (e.g.,
regarding vaccine efficacy) can be more rapidly and reliably answered in standard trial designs
than in CHIS. Finally, although there may be substantial benefits arising from co-ordinated
emergency research programmes, it may be challenging to co-ordinate and ethically evaluate
multiple simultaneous programmes (potentially including CHIS), especially where the
emergency is rapidly evolving and therefore data regarding risks and potential benefits of
studies are also evolving.

The criteria provided in this document aim to inform decisions about the design and conduct
of such studies by highlighting ethically salient features of CHIS research during epidemic
emergencies. Rather than aiming to resolve complex ethical tensions, it is expected that
decision makers will evaluate specific proposed CHIS research programmes in light of these
criteria, data about the pathogen and ongoing epidemics, as well as local policies and regulatory
requirements. Since this document is intended to be pathogen agnostic, it is expected that the
weight of ethical considerations for and/or against CHIS will vary given a wide range of
potential pathogens and emergency epidemic scenarios.

1.3 Recent Developments in Emergency Research Ethics

Recent epidemics have been associated with innovations in research and ethics review
practices. For example, research activity was greatly increased and often expedited during the
COVID-19 pandemic, and there were significant successes in co-ordination, such as multi-
centre adaptive platform trials(19, 20). The efficiency of research ethics review was often
increased, although there remain challenges regarding the balance between the rigour and
speed of review processes; and the efficiency of review may also vary widely in different
national and global settings(21-23). In the context of CHIS, in addition to ethical review, there
was also significant public engagement activity(24), and co-ordination with government
agencies regarding proposed research (25).

However, there remain additional opportunities for improving upon the ethical oversight of
research related to public health emergencies. For example, capacity building activities should
include further improvements in mechanisms for the co-ordination of research, sharing of data,
and the translation of results into changes in global public health practice. Other ethical
considerations include improving the transparency and consistency of research and review
practices, and the development of innovative models of research ethics review aiming to
combine speed and rigour. One proposed approach is to develop pre-approved “core” protocols
for emergency research in interepidemic periods that could be updated and subject to final
review at the time of an outbreak. Such models could be used for epidemic research in general,
and CHIS in particular, but standardised norms for the use of pre-approved “core” protocols
are yet to be developed or widely implemented (26).

Some public health emergencies have resulted in research ethics debates regarding specific
issues that were in some respects difficult to predict in advance(27). Examples include issues
related to congenital complications of infection in pregnant women during the Zika public
health emergency(2, 28), and issues related to the long-term consequences of infection during
the COVID-19 pandemic(29). On the one hand, these issues are not unique in that they can be
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considered examples of third-party risk and risks or uncertainties for infected individuals,
respectively. On the other hand, some issues which are highly salient to research in specific
epidemics also touch on wider controversies or unresolved debates in research ethics. For
example, there is not currently consensus in the research ethics literature regarding (i) the
acceptability of third party risks(30) or (ii) appropriate risk mitigation measures for potential
long-term hazards among participants(3). In many cases, it is impossible to eliminate such
risks, e.g. because biosafety measures may fail even in the most optimal isolation facility or
because exposure to infections or experimental pharmaceutical products likely carries a small
risk of unforeseen harmful long-term outcomes. Each study therefore needs to be evaluated
from an ethical perspective regarding such considerations, among many others. The intention
of these criteria is thus to highlight relevant areas for additional consideration that may be
highly salient during future epidemics, noting that the specific features of epidemics or study
designs may vary.

1.4. Potential rationales for CHIS during public health emergencies
CHIS provide highly controlled study designs that can be used to:

Q) Study processes of infection, infectiousness, and immunity,
(i) Measure the accuracy of tests for infection (e.g., PCR and antigen tests), and
(iii)  Estimate the efficacy of interventions (e.g., vaccines and therapeutics).

Each of these types of uses can potentially address numerous scientific questions, many of
which can also be addressed in different ways with alternative study designs. When deciding
whether to conduct CHIS in an emergency it is important to consider such alternatives as well
as the likelihood that CHIS and other types of research on the pathogen may occur in parallel
and be mutually informative. Relevant non-CHIS research designs might include, e.g.,
observational studies of infection, immunity, and diagnostic strategies; and/or standard
randomized controlled trials of experimental interventions (e.g. phase 3 vaccine field trials).
The results of different types of studies may be more or less relevant, generalisable, or likely
to inform changes to policy (e.g., regarding authorisation of pharmaceutical interventions or
use of non-pharmaceutical public health measures) and must be evaluated on their merits,
keeping in mind that their risks must be justified by the potential benefits.

Other practical considerations may also be relevant to ethical evaluations. For example, the
time taken to set up a CHIS program may be ethically relevant for certain aims such as vaccine
testing. Standard vaccine field trials can produce results regarding vaccine efficacy within a
few months if commenced during a high incidence epidemic, whereas laboratory development
of a challenge strain for CHIS may take several months. However, where community incidence
is low, standard vaccine field trials may be slower and/or less feasible (e.g. because larger
numbers of participants, potentially in more geographic locations, may need to be enrolled).
Further, it is conceivable that CHIS could be conducted using methods of simulated “natural
exposure” where participants who have been infected in the community are used as the source
of infection for other participants, which could produce more rapid results than CHIS requiring
laboratory development of a challenge strain(31).



To determine whether CHIS would be ethically acceptable during an epidemic emergency,
decision makers must consider whether the scientific rationale and the expected public health
benefits of such studies outweigh relevant risks and uncertainties relative to alternative study
designs. Decisions should be informed by quantification of relevant considerations where
feasible, e.g., regarding risks to participants (see Criterion 2). However, some considerations
will be difficult to quantify, different study designs may be difficult to compare, and decisions
will often involve weighing ethical considerations that are not commensurable. Moreover,
different features of pathogens and epidemics may be relevant not only to estimates of the risks
and benefits of CHIS but also to the comparison between CHIS and alternative study designs.
To help illustrate these points, examples of previous experiences with CHIS during public
health emergencies are summarised below.

4.1 Experience with controlled human infection studies in public health emergencies
COVID-19 CHIS

CHIS were proposed early in the COVID-19 pandemic to study SARS-CoV-2 infections(5).
Although several research groups were already experienced with CHIS for infections with
some similarities to SAR-CoV-2 (e.g., influenza), study protocols and ethical guidance suitable
for use of CHIS during a pandemic had not yet been developed. Members of this Working
Group developed Key Ethical Criteria for COVID-19 CHIS(6), which informed the design and
review of first-in-human COVID-19 CHIS conducted in the United Kingdom(32). Such studies
prompted significant scientific and ethical debate(24, 29, 31, 33-37). COVID-19 CHIS were
also considered in other countries (e.g., United States and the Netherlands) but did not proceed.
Details of what guided these decisions have not been made public as of 2023. Areas of
controversy included (i) risks and uncertainties for volunteers, (ii) lack of specific curative
treatment, and (ii) the extent to which such studies would accelerate vaccine development,
especially after first generation COVID-19 vaccines proved efficacious (in standard “field”
trials) in late 2020, within in a year of the pandemic being declared. In particular, the case for
COVID-19 CHIS for initial vaccine efficacy testing became weaker over time, although this
was not the only potential scientific rationale for such studies(38).

Initial CHIS for COVID-19 began in the UK in early 2021 with healthy young adult volunteers
who had never been infected with, or vaccinated against, COVID-19(37-40), with further
studies ongoing, including recruitment of volunteers with previous natural infection or
vaccination. Although no new COVID-19 vaccines have been formally tested in CHIS to date,
such studies could be used to test second or subsequent generation vaccines(41).

The primary benefits of COVID-19 CHIS to date have been (i) improved knowledge of the
natural history and pathogenesis of infection, e.g., demonstration that volunteers often began
shedding infectious virus from as early as 1 day after inoculation indicating the potential for
very early transmission to others (which has implications for public health policy)(39); (ii)
improved knowledge of immunity, e.g., refining correlates of protection(42); and (iii) data on
viral testing methods(39). Regarding (iii), while polymerase chain reaction (PCR) was the main
testing method used early in the pandemic, PCR is slow and expensive compared to antigen



testing, e.g. lateral flow tests (LFT) / rapid antigen tests (RAT), and PCR tests remain positive
often for many days after people are no longer infectious(39). COVID-19 CHIS confirmed that
positive antigen tests were accurate for diagnosis, especially with serial testing. These studies
also provided definitive data indicating that a negative antigen test was strongly correlated with
volunteers producing no infectious virus. These data supported more widespread use of antigen
testing, initially in the UK, which enabled rapid low-cost self-diagnosis, early access to
treatments, reduced duration of isolation (with a negative antigen test enabling early clearance),
and therefore reduced psychosocial and economic harms related to prolonged isolation (25).
Despite concerns about potential risks to volunteers, COVID-19 CHIS caused no serious harms
to participants (e.g., hospitalisations for COVID-19). However, as with natural infections,
some volunteers did experience anosmia (loss of smell) for up to 6 months after challenge(43)
— highlighting the need to consider long-term follow-up. Although initial protocols involved
the use of antiviral medications, the use of such treatments was discontinued as participants
had at most mild illness.

More generally, COVID-19 CHIS were an example of successful collaboration between
academic researchers, government agencies, and private partners. Other examples include large
multi-centre trials of COVID-19 therapies and vaccines(19). Such collaborations and their
ability to facilitate high quality research were widely regarded as a major success of the
response to the COVID-19 pandemic. However there remain additional opportunities to
develop effective mechanisms for such collaborations, including regarding CHIS, in
preparation for future public health emergencies(21, 44). However, COVID-19 CHIS remained
controversial, including among research ethicists. Areas of controversy included uncertainties
regarding potential long-term consequences of infection, the lack of highly effective curative
treatments, and the social value of CHIS conducted after multiple vaccines were already
authorised for use(29, 45). Among other things, this highlights the potential for reasonable
disagreement regarding such studies and the potential for ethical considerations to change over
time. For example, as the COVID-19 pandemic continued over several years, uncertainties
regarding infection were reduced by accumulation of scientific data and the relative risks
related to participation were reduced, but the benefits of testing vaccines in CHIS were also
reduced by high rates of population immunity (due to vaccination and/or infection).

Zika CHIS

CHIS were also considered in the United States during the 2016-17 Zika virus disease
emergency(2). An independent ethics report on Zika CHIS recommended against Zika CHIS
during the emergency(2). The primary grounds for this recommendation were (i) uncertainty
about the added value of Zika CHIS given the anticipated feasibility of standard field trials for
testing vaccine efficacy (since such trials can rapidly provide estimates of efficacy during a
high-incidence epidemic such as during the Zika emergency), and (ii) risks of transmission to
third parties (especially male to female sexual transmission which could lead to congenital Zika
syndrome)(2). However, Zika CHIS were later authorised in the United States once (i) field
trials were no longer feasible as the incidence of Zika virus infection rapidly declined in 2017
(due to herd immunity in Latin America following high rates of infection), and (ii) greater



knowledge was obtained about the length of time participants would be infectious, resulting in
identification of ways to substantially reduce risks to third parties (4, 46).

Challenge studies during historical emergencies

Challenge studies were also used during the 1918 influenza pandemic, illustrating that the use
of such studies in emergencies has been considered for over a century(47). One difference is
that, unlike the pathogens discussed above, 1918 HIN1 influenza was associated with
substantial risks to young healthy adults. Further, such studies could not be subject to the same
level of control as modern CHIS, in part because there were no reliable tests for influenza virus
infection or for immunity to influenza. For example, “natural exposure” studies that attempted
to infect participants via exposure to infected individuals failed to produce evidence of
infection, and this may have been because volunteers who were exposed in these studies
developed asymptomatic infection and/or already had immunity from prior infection(43).

Summary

CHIS are a unique type of infectious disease research that require careful scientific design and
rigorous ethical evaluation. Given that such studies have been proposed and/or conducted
during public health emergencies, and given that future epidemics or pandemics are inevitable,
it is likely that CHIS will be proposed during future infectious disease emergencies. This
document aims to provide guidance to scientists, research ethics committees, funders,
policymakers, and regulators in deliberations regarding the use of CHIS in public health
emergencies by outlining key criteria that would need to be satisfied in order for such studies
to be ethically acceptable. Table 1 presents a summary of the criteria and parties who may be
considered responsible for each criterion, while Table 2 summarises ethical considerations
relevant to each criterion. The criteria in this document are intended to supplement, rather than
replace, existing research ethics guidance and regulation and processes of research ethics
review.



2. Ethical criteria

The following list of criteria for the ethical acceptability of CHIS during emergencies is not
exhaustive, and other research ethics standards and local requirements should be met (Table
1). This document has been informed by academic literature and frameworks for the ethics of
CHIS (2, 16, 48). The criteria are not mutually exclusive: they are interconnected in numerous
important ways. For CHIS to proceed during an emergency, it should be demonstrated that all
seven criteria have been satisfied.

Criterion 1: Scientific justification

CHIS must have especially compelling scientific justification during public health
emergencies

There may be several types of scientific justifications for conducting CHIS during health
emergencies, with associated potential public health benefits of varying probabilities and
magnitudes (see Criterion 2). Scientific justification would be strongest where studies aim to
produce results of public health importance, especially to the extent that similar results could
not feasibly be obtained as efficiently, rapidly, and/or rigorously in other study designs.

The justification for CHIS should situate them in a coherent overall strategy involving the
coordination of research and other activities that ultimately aim to improve public health
responses to the emergency (see Criteria 2, 3 and 4)(49, 50). The justification of CHIS should
therefore include specification of their role in broader research programmes, including vaccine
development pathways, and in the planning of public health responses (2, 49, 50).

Particularly important results would include those that would be expected to lead to large public
health benefits or to benefits being achieved sooner than would otherwise be possible. This
could occur, for example, where studies (i) inform the selection of the most promising vaccines
(or treatments) from among multiple candidates for further study; (ii) test vaccines (or
treatment) more efficiently than other study designs (e.g., when low community incidence of
infection would be associated with longer duration or infeasibility of field trials); and/or (iii)
inform other important clinical and public health measures (e.g., by generating knowledge
regarding the accuracy of different diagnostic testing modalities, time between exposure and
infectiousness, correlates of immune protection, or asymptomatic infection and transmission).
Potential public health benefits are greatest where there is a clear plan of the pathways by which
relevant knowledge, tests, vaccines or other interventions would be made widely available to
decision-makers and those at risk.

Evaluations of the scientific justification for CHIS should include consideration of other study
designs that explore similar scientific questions. For example, both CHIS and phase 3 field
trials can be used to estimate the efficacy of vaccines. Potential advantages for CHIS as
compared to vaccine field trials include (i) rapid generation of results regardless of community
incidence of infection (whereas field trials will be slow to measure vaccine efficacy when
community incidence is low), (ii) smaller sample size (e.g., meaning that fewer participants are
exposed to any risks associated with experimental vaccines), (iii) increased potential to detect
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early or asymptomatic post-vaccination infections. Potential disadvantages of CHIS compared
to vaccine field trials include (i) the time taken to develop a laboratory strain for standard CHIS
designs (which may delay vaccine efficacy testing and related public health benefits) and (ii)
more stringent exclusion criteria (e.g., field trials may recruit people at relatively high risk of
disease following infection, such as the elderly or immunocompromised, who would be
excluded from CHIS).

Different CHIS designs may have different scientific justifications (as well as different risks
and benefits — see Criterion 2). For example, while standard CHIS designs require time to
develop a laboratory strain, it may be feasible to initiate simulated “natural exposure” studies
more quickly, with a strain or variant of the pathogen that is currently circulating, which may
enable the generation of timely and relevant results(31). However, there is less control of the
viral dose and timing of infection in natural exposure studies as compared to CHIS where the
experimental infection is developed in a laboratory and participants are directly inoculated by
investigators; as a result, outcomes among exposed participants, including whether they
become infected at all, may be more variable.

Investigators should aim to increase the scientific knowledge obtained while not undermining
the primary aims of the study or exposing participants to undue risk (see Criterion 2). This
could include, for example, collecting and storing additional samples during CHIS for
subsequent analyses of host-pathogen interactions, testing accuracy(39), or risks of
transmission(40). As an example of increased scientific knowledge obtained with zero or
minimal risks to participants, COVID-19 CHIS involved the collection of environmental
samples from participants rooms for viral testing(40).

Criterion 2: Assessment of risks and potential benefits

The potential benefits of CHIS must outweigh risks
e There should be systematic assessment of potential benefits and risks

e To the extent possible, these potential benefits and risks should be identified and
quantified

e Potential benefits and risks should be compared with those related to alternative
study designs

e Potential benefits should be maximised where this would not cause undue risk
e Risks should be minimized
e Risks and benefits should be evaluated to ensure potential benefits outweigh risks

It is a standard research ethics requirement that, on balance, potential benefits should outweigh
risks(51, 52). Given the ethically sensitive nature of CHIS during emergencies, assessment of
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their potential benefits and risks should be especially rigorous.” Potential benefits and risks
should be evaluated for each of three key groups: (i) participants; (ii) society (in general); and
(iii) third parties (e.g., those who might be infected by participants, including research
personnel) (Table 2).

To the extent possible, the potential benefits and risks of CHIS should be identified based on
available evidence (and, if necessary, modelled) and compared with those of other relevant
study designs. To ensure that quantification, to the extent possible, is accurate and relevant, it
should include data from large numbers of community cases of infection and be updated with
the latest evidence if there are significant delays between the design and conduct of a CHIS.
Quantification of potential benefits should include estimates of the extent to which data from
CHIS could realistically be expected to inform policy regarding (i) the development or use of
vaccines or therapeutics; or (ii) other public health measures (for example, how improved
knowledge of the infectious period or different diagnostic testing strategies would inform
quarantine and isolation policy).

The time taken to develop a laboratory strain may be relevant to evaluation of the benefits of
CHIS during emergencies. For example, development of a laboratory strain may result in a
delay to initiation of CHIS. During this time, initial vaccines may have already been tested in
phase 3 field trials, which may reduce the benefits of CHIS if these first-generation vaccines
are shown to be highly effective. Further, some pathogens may evolve into new variants over
time. Pathogen mutation does not necessarily undermine the scientific rationale for conducting
CHIS (nor other types of research such as vaccine field trials). Such mutation may limit some
potential public health benefits (e.g., with respect to vaccine efficacy against more novel
variants than those used to develop the laboratory strain) but not others (e.g., accuracy of
diagnostic testing). However, CHIS may provide a unique opportunity to compare the features
of infection with different variants in a controlled environment, which can be difficult to study
in community settings where a pathogen is rapidly evolving.

Identification of risks should consider the probability, magnitude, and duration of potential
harms (i.e., risks). It should also be acknowledged that there will often be uncertainty
surrounding estimates regarding novel pathogens, and that unanticipated harms may also occur.
However, uncertainty will decrease as a public health emergency continues over time and other
research efforts clarify relevant features of a pathogen and the associated disease states.
Further, some aspects of study design and associated risks (or benefits) will be known with
reasonable certainty, such as the number of participants that researchers intend to infect during
a CHIS (i.e., the attack rate) and the number who will be administered experimental
interventions (e.g., vaccines).

Quantification efforts should therefore include estimates of (i) the number of participants
exposed to risk (noting that CHIS involve exposing fewer participants to experimental
interventions than standard phase 3 trials); (ii) absolute risk to participants, including any

7 Similar considerations arguably apply in other situations of higher risk, greater uncertainty, and significant
potential benefits (for example, some first-in-human drug or vaccine trials).
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potential long-term harms (in light of the latest data); and (iii) marginal risk to participants (that
is, the additional risk of participation compared to background risk of infection)®. (3, 53).

Marginal risk assessments should include consideration of features of the epidemic disease
during a public health emergency and specific risks related to participation. First, such
assessments should consider community infection rates, i.e., the chance of being infected
outside the study (as compared to during the study), although short-term risk of infection may
be difficult to evaluate if there are rapid changes in infection incidence during an epidemic.
Second, the marginal risk of CHIS participation is also influenced by assessments of whether
vaccines are likely to offer significant and lasting protection against disease. This is because
participating in a challenge study early in an epidemic prior to the availability of vaccines may
preclude participants from the benefit of being vaccinated before their first infection; this
benefit is highest when symptomatic post-vaccination infections are rare or when vaccination
would substantially protect those likely to enrol against risks of serious harm from infection.
However, where symptomatic post-vaccination infections are (expected to be) common, as for
most respiratory viruses (54), marginal risks of participation will be smaller. Further, where
post-vaccination infections and re-infections are common, participants will likely be re-
infected in the community after participation in CHIS. Among other things, this means that it
may be difficult to determine whether any long-term adverse effects of infection are due to the
experimental infection during the study or to subsequent community infections. Third,
marginal risks may be higher if there is a potential risk of vaccine-enhanced disease from
experimental vaccines(55).

Above and beyond the systematic assessment of potential benefits and risks, and the judgement
of relevant decision-makers that the former outweighs the latter, expected benefits should be
maximized and risks should be minimized, other things being equal. For example, if equivalent
information can be gained using a research method or trial design that exposes participants to
less risk, the lower-risk option should be adopted.

Table 2: Examples of potential benefits, risks, and risk minimization strategies (by group)
Group Potential benefits Risks Risk minimization strategies

Society Number of lives saved or decreased Community spread of infection Infection control measures
harm from earlier availability of a
(safer or more effective) vaccine or
treatment.

Erosion of trust in CHIS, research in Public engagement regarding research
general, or vaccines because of|design

perceptions of CHIS in this context

Earlier return to normal social or harms that arise for participants or

functioning and associated third parties

economic and public health benefits

(due to results informing control

measures)

8 Marginal risk of participation may be very low during some public health emergencies where prospective
participants are highly likely to be infected in the community. Participants in a CHIS may also receive
especially timely and/or appropriate medical care during participation, which further reduces marginal risk.
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Group

Participants

Potential benefits Risks Risk minimization strategies

Immunity induced by experimental Risks related to experimental Selection of participants at low risk of
vaccines (if effective) (in the vaccines (including the potential for serious disease if infected.
vaccinated group, but not in the vaccine-enhanced disease)

Recruit only as many participants as
control group)

Risks of inpatient isolation (e.g.required to meet study objectives.

mental health) Initial challenges conducted

sequentially in groups of small numbers
of participants, starting with low viral
dose

Close monitoring, early diagnosis and
supportive care, including critical care if
required

Specific effective treatments (if they
exist)

Careful challenge strain selection

Testing of vaccines with lower
likelihood of causing vaccine-enhanced
disease (e.g., based on prior animal
studies)

Long-term follow-up

Compensation for any study-related
harms

Third parties Indirect benefits of participants Risk of infection of research staff | Selection of sites with stringent

infection control processes, including
protective equipment for staff

L 5
becoming immune Risk of transmission of infection to

third parties in the community

Risk of congenital infection due to Selection of participants to reduce third-

transmission from pregnant women party risks
to children

b. Participants who become immune due to challenge infection (or an experimental vaccine) may be less likely to
require healthcare for the disease and/or be a source of transmission in the community after completion of the

study.

Risk management and minimization

The design of initial CHIS, if such studies proceed, should involve a range of risk minimization
strategies (see Table 2). Third-party risks should be minimized by the use of protective
equipment for trial staff and, if appropriate, the conduct of studies on an inpatient basis (until
participants are no longer infectious) in facilities that permit stringent infection control.

Risks to participants should be carefully controlled and minimized. For example, participants
in initial studies should first be challenged one by one or in small sequential groups, starting
with a low dose of the challenge agent. There should be meticulous titration of viral dose,
especially if there is an expectation of a positive correlation between viral dose and disease
severity. A key risk minimization strategy should involve limiting participation to adult
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volunteers who are estimated, based on the best available data, to be at lowest risk, which will
often be young healthy adults (see Criterion 6). This should involve the use of validated risk
prediction tools based on data from community infections during the emergency(56), and
revision of participant selection criteria in accordance with evolving evidence. Despite efforts
to minimize risks, severe harms may still occur, for example if a participant has a risk factor
for severe disease that has not previously been identified. There are thus strong reasons to
conduct such studies especially carefully and to provide participants with guaranteed high-
quality supportive care (including intensive care if required) during the study, long-term care
and/or follow-up (for any lasting harms) after participation, and full compensation for any
harms that occur that are attributable to participation in the CHIS. Such compensation may
include provision of healthcare and is separate from payment for participation.

Investigators should revise challenge study designs with further risk minimization strategies,
including provision of specific, curative treatment or use of attenuated challenge strains if or
when these become available. Although treatment is one important way of reducing risk, the
existence of specific, efficacious treatments is not a necessary condition for the ethical
acceptability of CHIS(57).° However, if or when proven specific treatments are developed,
these should be administered to participants if doing so is expected to reduce risks to a
significant degree. This will involve consideration of who should be treated and at what time.
Under certain conditions there may be a scientific rationale to delay or forego treatment (e.g.,
in order to collect additional data) but this must be weighed carefully against any additional
risks to participants that would result.

The use of wild-type challenge strains may be ethically permissible, although challenge strains
(whether wild-type or attenuated) should be as well characterized as possible in order to
increase potential benefits and minimize risks. If an attenuated challenge strain that would be
expected to produce results generalizable to wild-type infection is developed by the time
studies are ready to commence, this would permit further minimization of risks. Although
initial studies may involve non-immune individuals who have never been infected, CHIS
involving previously infected and/or vaccinated individuals could also aim to determine
correlates of protection and generate additional knowledge regarding immunity, risk of
infection or re-infection following previous infection and/or vaccination.

Criterion 3: Co-ordination, consultation and engagement

Challenge research programmes should be co-ordinated with other emergency
research and involve engagement with the public as well as appropriate consultation

Co-ordination

% For example, CHIS are approved and performed for pathogens with no specific treatment (for example,
rhinovirus, rotavirus and dengue) as well as for influenza (for which existing antivirals may not always prevent
complications of disease). Supportive care is provided in all cases.
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CHIS research programmes should involve close coordination between researchers, funders,
government agencies, and appropriate private sector partners. Ideally, mechanisms for co-
ordination during epidemics should be prepared in advance of a public health emergency,
especially given the significant groundwork required for CHIS and the advantages of timely
results from studies initiated early in an emergency. Coordination activities during emergencies
should situate CHIS within a coherent set of international or national programmes of research
and aim to ensure that the potential public health benefits of relevant research can be realized
with maximum safety and efficiency(50). Research should thus be coordinated with health
agencies in order to (i) facilitate translation of results into public health benefits and (ii) avoid
unduly compromising the local public health response to the public health emergency, for
example during peak transmission periods(50). Studies should have adequate oversight from
other relevant authorities (including WHO if appropriate).

All CHIS must be pre-registered in appropriate repositories, and during emergencies there
should be a comprehensive list of all such studies maintained at the international level. Study
data should be rapidly reported and ideally made publicly available (with appropriate
protections). Especially important data include those regarding measures of vaccine or
therapeutic safety and efficacy, those that would inform current public health measures (e.g.,
testing or isolation policies), and evidence of any significant harm to participants. It is expected
that CHIS may be considered and/or conducted by multiple research groups during a major
emergency, potentially in multiple countries, including potentially in low- and middle-income
countries (LMICs) with existing capacity for CHIS. These programmes should, as far as
appropriate, be co-ordinated, e.g. by being (i) standardized (in order to maximize benefits by
obtaining comparable results in larger numbers of participants), and (ii) designed so as to avoid
unnecessary duplication.

There should be coordination between researchers, policy makers and regulators regarding
vaccine development. Early coordination with regulators should focus in particular on
mechanisms for timely reporting and plans for how data from CHIS would be used (e.g., in the
context of decisions to initiate field trials with promising vaccine candidates, and what role, if
any, challenge study data would have in decisions regarding pre-approval, licensure, or
emergency use of experimental vaccines)(2). Coordination is thus especially important where
multiple vaccines are to be tested, as results from CHIS may facilitate the selection of more
effective candidates by providing directly comparable estimates of vaccine efficacy that would
otherwise be difficult to obtain. More generally, existing guidance frameworks for clinical
trials continue to apply since there are few regulatory pathways specific to CHIS, however
regulators may be more closely involved with CHIS during public health emergencies,
especially where such studies aim to develop drugs and vaccines for novel pathogens (58).

Consultation

While recognizing the challenges of communication in an emergency setting, there should be
simultaneous local and international consultation between researchers, ethics committee
members, relevant experts in the science and ethics of CHIS, government agencies, and
relevant private sector representatives. Such consultation should ideally help to ensure that the
other criteria in this document are satisfied and that research designs are optimized, taking into
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account collective expert views and input from public engagement. As part of consultation with
relevant experts, challenge study designs should be the subject of independent scientific review
(see Criterion 6). Consultation with local policymakers (for example within departments of
health and other relevant government agencies) should aim to coordinate any proposed research
with local public health policy and the pandemic response. Consultation and engagement (see
below) should ideally be rapid, rigorous, and mutually informative, such that the views of the
public and expert groups are updated in light of each other.

Public engagement

Programmes of CHIS research often involve public engagement(59-62). There is a stronger
ethical case for such engagement activities during emergencies and, more generally, where
CHIS involve novel pathogens or models of infection, novel volunteer populations, and/or
higher levels of risk or uncertainty(7). Researchers and funders with an interest in the potential
for CHIS during public health emergencies should therefore ideally consider the development
of engagement programmes as a key part of emergency preparedness. At the outset of a public
health emergency, engagement activities should ideally (re-)commence as soon as CHIS are
being considered, and should continue throughout the research programme. Such activities may
aim to, for example, explore community acceptance of CHIS, raise awareness about a
(proposed) CHIS research program, and/or seek feedback on relevant aspects of study design
(7, 24, 63, 64). There should be a focus on transparently presenting relevant risks and potential
benefits (see Criterion 2) and, where appropriate, revising aspects of study design in light of
the views of prospective, current, or previous challenge study participants (24, 61-65). It is
expected that timely and well-designed engagement would not unduly delay potentially
beneficial research and may in some cases improve enrolment.

There are now numerous examples of engagement activities related to CHIS(61, 62, 65),
including during emergencies(24). Goals of public engagement might include assessing local
acceptability of CHIS, responding to community concerns, maximizing transparency, and
understanding the potential impact of research on the community (especially in light of other
social and public health disruptions related to the emergency)(66). Engagement with
(prospective) participants should additionally respond to suggestions regarding the conduct of
research where appropriate, e.g., if this would reduce the risks or burdens related to CHIS
participation. Methods should be appropriate to the specific context and could include online
engagement techniques conducted by groups with relevant expertise. To maximize the benefits
of these activities, they should be regularly updated in light of emerging data and ideally
involve experienced social scientists working within the overall research programme and
public health response(61, 65).

Criterion 4: Site selection

CHIS should be situated where the research can be conducted to the highest scientific,
clinical, and ethical standards

Given the urgency, risk, and uncertainty involved, initial CHIS during a public health
emergency should only be conducted in centres with significant experience in designing,
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reviewing, conducting, and monitoring CHIS. These centres should also have access to
appropriate facilities in which to prepare challenge strains with guidance from relevant local
regulators. There should also be access to facilities able to ensure appropriate infection control
measures and comfortable accommodation of participants. While the CHIS centres with
significant experience are predominantly in high-income countries, there has been a recent
increase in LMIC research centres with experience in conducting CHIS. Centres should also
ideally have experience with community engagement (see Criterion 3). There should be
provision for high-quality care (including intensive care if required), clear plans regarding
long-term follow-up of participants, and full compensation for any research-related harm (see
Table 2 and Criterion 2).

Background risk of infection is an important consideration in site selection. On the one hand,
when local background probability of infection is high (e.g., during or soon before the peak of
an epidemic in the local community), participants face less short-term marginal risk from being
infected during study participation.!® In pandemics (as opposed to geographically limited
epidemics), the long-term expectation is that most people will be infected in the longer
term(67). Nevertheless, the absolute risk participants face within a study remains an important
ethical consideration, and care should be taken to minimize absolute risks of participation even
where marginal risks are low (because background probability of infection is high) (see Criteria
2 and 5). On the other hand, peak periods of local transmission might be inappropriate times to
conduct CHIS if such research would divert scarce resources (staff, protective equipment,
health care) away from (other) public health response activities that should be prioritized
during such periods(68).

Decision-makers will thus need to balance competing considerations, for example reduction of
marginal risk for participants versus the coordination of research with the public health
responses(50). It might therefore be appropriate, in some cases, to conduct CHIS where
background risks are low, so long as the absolute risk to participants remains acceptable in
light of relevant assessments (see Criterion 2), especially if conducting such studies in high-
incidence settings is infeasible or would undermine the local public health response. Moreover,
the scientific rationale for CHIS might often be stronger in interepidemic periods (when
transmission is low) given that standard phase 3 vaccine field trials require significant
community transmission and therefore must be very large or take more time to measure vaccine
efficacy in low transmission periods(2, 69).

Criterion 5: Participant selection

CHIS should involve participant selection criteria that limit and minimize risk

10 Background risk is a function of the probability of infection and the magnitude of harm related to infection or
disease. Here, the key consideration is the background probability of infection. Higher background probability
of infection reduces the marginal probability of infection accrued due to study participation (during which the
proportion of participants infected may be very high). The magnitude of harm depends primarily on facts about
the participant’s risk of severe disease — and participants who face a higher expected magnitude of harm should
be excluded, especially in initial studies (see Criteria 2 and 6).
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The safety of participants is a core consideration for evaluating the ethical acceptability of
CHIS. Participant selection criteria must be designed so that there is a high level of confidence
that participation is as safe as possible. Initial studies should thus be limited to adults at the
lowest risk of severe disease, which will often be young healthy adults. Within these groups,
selection criteria should exclude individuals at higher risk of harm from infection (e.g, by
screening to identify relevant undiagnosed health conditions) or higher risk of harm due to the
burdens of study participation (e.g., those with significant mental health issues that would be
likely to be exacerbated by isolation).

Data during epidemics may find that sub-populations with certain characteristics are at higher
average risk of severe disease, such as those from ethnic groups that are socio-economically
disadvantaged in specific societies. However, participant selection should aim to be as
inclusive and representative of relevant populations as possible. Potential participants may be
excluded based on individual risk, which may be associated with membership of a group (e.g.,
immunocompromised individuals), but should not be excluded on the basis of being a member
of a specific sub-population that is perceived to be “vulnerable”. Such approaches reflect
changes in research ethics standards which previously supported the categoric exclusion of
entire “vulnerable populations” from participation. It is now recognised that (i) individuals
face different kinds and levels of vulnerability that do not necessarily track membership in a
population group(70), and that (ii) exclusion of participants on this basis of group membership
may result in limited generalisability of results if there are differences between relevant groups
(e.g., regarding vaccine efficacy)(3).

Even with well-designed selection criteria that minimise risks, participants may still face
absolute risks or levels of uncertainty related to infection with an emerging pathogen that might
be high (although still within acceptable upper ranges of research risk) as compared to some
other “non-therapeutic” studies with healthy volunteers. For example, CHIS with a novel
pathogen during an emergency may involve more risk or uncertainty than many well
established CHIS and some phase | drug trials (2, 3, 71-74). In addition to other risk
minimization strategies, selection criteria should thus be updated promptly in light of emerging
evidence that would help to stratify prospective participants further and thus enable selection
of those at (even) lower risk of harm (see Criterion 2). If such data justify confidence or
reasonable suspicion that any particular (sub)groups are at significantly heightened risk of
serious illness (or death) resulting from infection, then they should be excluded from
participation in initial studies.**

Selecting participants who are low risk (for severe disease following infection or adverse
effects from experimental vaccines or other trial interventions) may involve prioritizing the

11 Under certain conditions, it may be appropriate to include some groups at higher risk (such as older
individuals) in later studies where this would be important to permit the development of interventions for these
groups and where similarly useful data regarding higher-risk groups could not be obtained in a lower-risk study
population (or other lower-risk study design). Similar approaches have been used in a challenge study for
respiratory syncytial virus that has recently been safely conducted with older adults (who face higher risks than
younger adults) after initial studies in younger adult participants (see
https://clinicaltrials.gov/ct2/show/NCT03919591 ).
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safety of participants over the generalizability of some types of results to higher-risk
participants (for example, older individuals and those with comorbidities; see Criterion 1).
Prioritizing the safety of participants is standard in modern CHIS and acceptable if studies with
low-risk participants nevertheless produce useful results (e.g., that would help to identify the
most promising vaccine candidates, which may also be relevant for higher-risk individuals)(3).
Issues of generalizability are not unique to CHIS(75), and the results of CHIS, e.g., regarding
vaccine efficacy, have often been generalizable to diverse populations that differ from those
enrolled in CHIS(10, 11).

Criterion 6: Expert review
CHIS should be reviewed by an appropriately qualified independent committee

Initial CHIS during an emergency should be the subject of specialized independent review in
addition to or in conjunction with a standard local ethics review. Similar considerations may
apply to other types of research that may be controversial or potentially involve higher levels
of risk and uncertainty. In all cases, review procedures should incorporate substantial relevant
expertise and be conducted in a timely manner (potentially in parallel) without compromising
the stringency of review. There should be regular consultation between investigators and (at a
minimum) the relevant ethics committee(s), including immediately before and during the
conduct of the study, especially in light of emerging data (e.g. regarding risks).

A specialized review committee should include members with relevant scientific expertise and
members with research ethics expertise specific to CHIS. Given the urgency of public health
emergency contexts, committees with experience in conducting rigorous emergency review
may be well placed to conduct (local or independent) review. In order to improve pandemic
preparedness, greater capacity should be built and maintained to permit such review in more
locations in future(21).

Even where a local or institutional ethics committee has relevant specialized expertise, there
should be independent review of initial CHIS during an emergency, as such studies may be
particularly controversial and their conduct may have implications beyond the local setting
(e.g., regarding coordination of research efforts, or global public trust in research; see Criterion
3). Independent review should ideally be conducted at the national or international level (for
example by WHO or an appropriate national agency). If initial CHIS produce no unexpected
harms or public concerns specific to the research, it may be reasonable for subsequent CHIS
(if any) with the pathogen to be reviewed according to usual practices in the relevant
jurisdiction.

Criterion 7: Informed consent

Consent processes for CHIS must be rigorous and robust.

Informed consent processes should be particularly rigorous in CHIS during emergencies
because of the heightened potential uncertainties involved(3, 76). Data-driven approaches to
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consent can help ensure adequate understanding and appreciation of what participation in CHIS
entails. For example, CHIS routinely incorporate tests of participant understanding during the
informed consent process(3, 77). Such tests are also important in CHIS during emergencies.
Tests of understanding should be based on the best available data regarding risks (and
uncertainties) as well as relevant evidence regarding how important and complex information
should be conveyed to participants to maximize understanding(24, 77).

Consent should be revisited throughout the study, as is often the case for other CHIS. This
should occur, for example, when new relevant data (e.g., regarding risks) become available
after the study has commenced, and immediately prior to challenge. Consent processes and
participant selection criteria (see Criterion 5) should be designed with the goal that participants
have capacity to make a decision, have relevant study information disclosed to them,
comprehensively understand what participation entails (and the alternatives), give their
voluntary agreement to participate, and are able to authorize their participation.
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Table 1: Key Criteria for the Ethical Acceptability of CHIS During Public Health

Emergencies

Criterion
1
Scientific
justification
2
Assessment of
risks and potential
benefits
3 Co-ordination,
consultation, and
engagement
4
Site selection
5 - -
Participant
selection
6
Expert review
7

Informed consent

Explanation

CHIS must have especially
compelling scientific justification
during public health emergencies

The potential benefits of CHIS
must outweigh risks

CHIS research programmes should
be co-ordinated with other
emergency research and involve
engagement with the public as well
as appropriate consultation

CHIS should be situated where the
research can be conducted to the
highest scientific, clinical, and
ethical standards

CHIS should involve especially
careful participant selection to
limit and minimize risk

CHIS should be reviewed by an
appropriately qualified
independent committee

CHIS must involve rigorous
informed consent

Research team: Investigators, local institution(s).

Responsible parties

Research Team
Ethics committee
Funders & Sponsors
Independent Oversight Committees

Research Team
Ethics Committee
Independent Oversight Committees
Regulators
Funders & Sponsors

Research Team
Funders
Government Agencies

Research Team
Ethics Committee
Funders

Government Agencies

Research Team
Ethics Committee

Ethics Committee
Government Agencies
Independent Oversight Committees

Research Team
Ethics Committee

Independent oversight committees: data safety management board (DSMB), trial oversight committee, local

safety monitors, etc.

Government agencies: Regulators, Departments/Ministries of Health and/or Public Health, etc.

22



References

1. Roestenberg M, Kamerling |, de Visser SJ. Dealing with uncertainty in vaccine
development: the malaria case. Frontiers in Medicine. 2018;5:297.
2. Shah SK, Kimmelman J, Lyerly AD, Lynch HF, McCutchan F, Miller FG, et al. Ethical

considerations for Zika virus human challenge trials. National Institute of Allergy and
Infectious Diseases; 2017.

3. Jamrozik E, Selgelid MJ. Human challenge studies in endemic settings: ethical and
regulatory issues: Springer Nature; 2021.
4, Vannice KS, Cassetti MC, Eisinger RW, Hombach J, Knezevic |, Marston HD, et al.

Demonstrating vaccine effectiveness during a waning epidemic: A WHO/NIH meeting report
on approaches to development and licensure of Zika vaccine candidates. Vaccine.
2019;37(6):863-8.

5. Jamrozik E, Selgelid MJ. COVID-19 human challenge studies: ethical issues. The
Lancet Infectious Diseases. 2020;20(8):e198-e203.
6. Jamrozik E, Littler K, Bull S, Emerson C, Kang G, Kapulu M, et al. Key criteria for the

ethical acceptability of COVID-19 human challenge studies: Report of a WHO Working
Group. Vaccine. 2021;39(4):633-40.

7. World Health Organization. WHO guidance on the ethical conduct of controlled
human infection studies. 2022.
8. Levine MM, Abdullah S, Arabi YM, Darko DM, Durbin AP, Estrada V, et al. Viewpoint

of a who Advisory group Tasked to consider establishing a Closely-monitored challenge
model of coronavirus disease 2019 (COVID-19) in healthy volunteers. Clinical Infectious
Diseases. 2021;72(11):2035-41.

9. Roestenberg M, Hoogerwerf M-A, Ferreira DM, Mordmdiller B, Yazdanbakhsh M.
Experimental infection of human volunteers. The Lancet Infectious Diseases. 2018.

10. Abo Y-N, Jamrozik E, McCarthy JS, Roestenberg M, Steer AC, Osowicki J. Strategic
and scientific contributions of human challenge trials for vaccine development: Facts versus
fantasy. The Lancet Infectious Diseases. 2023.

11. Jin C, Gibani MM, Moore M, Juel HB, Jones E, Meiring J, et al. Efficacy and
immunogenicity of a Vi-tetanus toxoid conjugate vaccine in the prevention of typhoid fever
using a controlled human infection model of Salmonella Typhi: a randomised controlled,
phase 2b trial. The Lancet. 2017.

12. Tacket CO, Cohen MB, Wasserman SS, Losonsky G, Livio S, Kotloff K, et al.
Randomized, double-blind, placebo-controlled, multicentered trial of the efficacy of a single
dose of live oral cholera vaccine CVD 103-HgR in preventing cholera following challenge with
Vibrio cholerae O1 El tor inaba three months after vaccination. Infection and immunity.
1999;67(12):6341-5.

13. Park J-K, Han A, Czajkowski L, Reed S, Athota R, Bristol T, et al. Evaluation of
Preexisting Anti-Hemagglutinin Stalk Antibody as a Correlate of Protection in a Healthy
Volunteer Challenge with Influenza A/HIN1pdm Virus. mBio. 2018;9(1):e02284-17.

14. Hope T, McMillan J. Challenge studies of human volunteers: ethical issues. Journal of
medical ethics. 2004;30(1):110-6.

15. Miller FG, Grady C. The ethical challenge of infection-inducing challenge
experiments. Clinical Infectious Diseases. 2001;33(7):1028-33.

16. Bambery B, Selgelid M, Weijer C, Savulescu J, Pollard Al. Ethical criteria for human
challenge studies in infectious diseases. Public Health Ethics. 2015;9(1):92-103.

23



17. Largent EA, Lynch HF. Paying participants in COVID-19 trials. The Journal of Infectious
Diseases. 2020;222(3):356-61.

18. Organization WH, editor Ethics and adaptive platform trial design in public health
emergencies: meeting report, 18-19 July 2022, Geneva, Switzerland. Ethics and adaptive
platform trial design in public health emergencies: meeting report, 18-19 July 2022, Geneva,
Switzerland; 2023.

19. Dal-Ré R, Voo TC, Holm S. How WHO Solidarity Plus trial participants in countries on
four continents are informed in writing. Journal of global health. 2023;13.

20. Gbinigie O, Ogburn E, Allen J, Dorward J, Dobson M, Madden T-A, et al. Platform
adaptive trial of novel antivirals for early treatment of COVID-19 in the community
(PANORAMIC): protocol for a randomised, controlled, open-label, adaptive platform trial of
community novel antiviral treatment of COVID-19 in people at increased risk of more severe
disease. BMJ open. 2023;13(8):e069176.

21. Wright K, Aagaard N, Ali AY, Atuire C, Campbell M, Littler K, et al. Preparing ethical
review systems for emergencies: next steps. BMC Medical Ethics. 2023;24(1):92.

22. Teo K, Fowler RA, Adhikari NK, Rishu A, Tsang JL, Binnie A, et al. Time required to
initiate a clinical trial in Canada at the onset of the COVID-19 pandemic: an observational
research-in-motion study. Canadian Medical Association Open Access Journal.
2023;11(4):E615-E20.

23. Salamanca-Buentello F, Katz R, Silva DS, Upshur RE, Smith MJ. Research ethics review
during the COVID-19 pandemic An international study. medRxiv. 2023:2023.09.
24.23296056.

24. Barker C, Collet K, Gbesemete D, Piggin M, Watson D, Pristera P, et al. Public
attitudes to a human challenge study with SARS-CoV-2: a mixed-methods study. Wellcome
open research. 2022;7.

25. New and Emerging Respiratory Virus Threat Assessment Group (NERVTAG) UK.
Extraordinary NERVTAG COVID-19 meeting on Human

Challenge Studies: 09 July 2021. 2021.

26. Schopper D, Dawson A, Upshur R, Ahmad A, Jesani A, Ravinetto R, et al. Innovations
in research ethics governance in humanitarian settings. BMC medical ethics. 2015;16:1-12.
27. Selgelid M, Jamrozik E. Ethics of Infectious Disease Control. Encyclopedia of Public
Health, 3rd Edition: Springer.

28. Jamrozik E, Selgelid MJ. Ethics, health policy, and Zika: From emergency to global
epidemic? Journal of medical ethics. 2018;44(5):343-8.

29. Solbakk JH, Bentzen HB, Holm S, Heggestad AKT, Hofmann B, Robertsen A, et al. Back
to WHAT? The role of research ethics in pandemic times. Medicine, Health Care and
Philosophy. 2021;24:3-20.

30. Shah SK, Kimmelman J, Lyerly AD, Lynch HF, Miller FG, Palacios R, et al. Bystander
risk, social value, and ethics of human research. Science. 2018;360(6385):158-9.

31. Eyal N, Lipsitch M. Testing SARS-CoV-2 vaccine efficacy through deliberate natural
viral exposure. Clinical Microbiology and Infection. 2021;27(3):372-7.

32. Williams E, Craig K, Chiu C, Davies H, Ellis S, Emerson C, et al. Ethics review of COVID-
19 human challenge studies: A joint HRA/WHO workshop. Vaccine. 2022;40(26):3484-9.

33. Deming ME, Michael NL, Robb M, Cohen MS, Neuzil KM. Accelerating Development
of SARS-CoV-2 Vaccines—The Role for Controlled Human Infection Models. New England
Journal of Medicine. 2020.

24



34, Eyal N, Lipsitch M, Smith PG. Human challenge studies to accelerate coronavirus
vaccine licensure. The Journal of infectious diseases. 2020;221(11):1752-6.

35. Lynch HF, Darton T, Largent E, Levy J, McCormick F, Ogbogu U, et al. Ethical Payment
to Participants in Human Infection Challenge Studies, with a Focus on SARS-CoV-2: Report
and Recommendations. Available at SSRN 3674548. 2020.

36. Davies H. UK Research Ethics Committee’s review of the global first SARS-CoV-2
human infection challenge studies. Journal of medical ethics. 2021.

37. Rohrig A, Eyal N. A new day for human challenge trials? Trends in Molecular
Medicine. 2022.

38. Rapeport G, Smith E, Gilbert A, Catchpole A, McShane H, Chiu C. SARS-CoV-2 Human
Challenge Studies—Establishing the Model during an Evolving Pandemic. New England
Journal of Medicine. 2021;385(11):961-4.

39. Killingley B, Mann AJ, Kalinova M, Boyers A, Goonawardane N, Zhou J, et al. Safety,
tolerability and viral kinetics during SARS-CoV-2 human challenge in young adults. Nature
Medicine. 2022;28(5):1031-41.

40. Zhou J, Singanayagam A, Goonawardane N, Moshe M, Sweeney FP, Sukhova K, et al.
Viral emissions into the air and environment after SARS-CoV-2 human challenge: a phase 1,
open label, first-in-human study. The Lancet Microbe. 2023.

41. Steuwer B, Jamrozik E, Eyal N. Prioritizing second-generation SARS-CoV-2 vaccines
through low-dosage challenge studies. International Journal of Infectious Diseases.
2021;105:307-11.

42. Wagstaffe HR, Thwaites RS, Reynaldi A, Sidhu JK, McKendry R, Ascough S, et al.
Mucosal and systemic immune correlates of viral control after SARS-CoV-2 infection
challenge in seronegative adults. Science Immunology. 2024;9(92):eadj9285.

43, Killingley B, Enstone J, Booy R, Hayward A, Oxford J, Ferguson N, et al. Potential role
of human challenge studies for investigation of influenza transmission. The Lancet infectious
diseases. 2011;11(11):879-86.

44, Marteau TM, Parker MJ, Edmunds WIJ. Science in the time of COVID-19: Reflections
on the UK Events Research Programme. nature communications. 2022;13(1):4700.

45, Weijer C. COVID-19 human challenge trials and randomized controlled trials: lessons
for the next pandemic. Research Ethics. 2024:17470161231223594.

46. Santiago HC, Pereira-Neto TA, Gongalves-Pereira MH, Terzian AC, Durbin AP.
Peculiarities of zika immunity and vaccine development: Lessons from dengue and the
contribution from controlled human infection model. Pathogens. 2022;11(3):294.

47. Rosenau MJ. Experiments to determine mode of spread of influenza. Journal of the
American Medical Association. 1919;73(5):311-3.

48, Williams B, Morrison J, Wilkinson D, Savulescu J. The Ethics of Controlled Human
Infection Model Studies for Mitigating Pandemic Risks. 2023.

49, London AJ, Kimmelman J. Clinical Trial Portfolios: A Critical Oversight in Human
Research Ethics, Drug Regulation, and Policy. Hastings Center Report. 2019;49(4):31-41.
50. Nuffield Report. Research in global health emergencies: ethical issues. 2020.

51. Rid A, Emanuel EJ, Wendler D. Evaluating the risks of clinical research. Jama.
2010;304(13):1472-9.

52. Council for International Organizations of Medical Sciences. International Ethical

Guidelines for Health-Related Research Involving Humans. . Geneva, Switzerland 2016.

25



53. Jamrozik E, Selgelid MJ. Ethical issues surrounding controlled human infection
challenge studies in endemic low-and middle-income countries. Bioethics. 2020;34(8):797-
808.

54, Morens DM, Taubenberger JK, Fauci AS. Rethinking next-generation vaccines for
coronaviruses, influenzaviruses, and other respiratory viruses. Cell Host & Microbe.
2023;31(1):146-57.

55. Jamrozik E, Heriot G, Bull S, Parker M, Disease O-JHGI. Vaccine-enhanced disease:
case studies and ethical implications for research and public health. Wellcome Open
Research. 2021;6.

56. Clift AK, Coupland CA, Keogh RH, Diaz-Ordaz K, Williamson E, Harrison EM, et al.
Living risk prediction algorithm (QCOVID) for risk of hospital admission and mortality from
coronavirus 19 in adults: national derivation and validation cohort study. bmj. 2020;371.
57. Bull S, Jamrozik E, Binik A, Parker MJ. SARS-CoV-2 challenge studies: ethics and risk
minimisation. Journal of Medical Ethics. 2021;47(12):e79-e.

58. Simpson S, Chakrabarti A, Robinson D, Chirgwin K, Lumpkin M. Navigating facilitated
regulatory pathways during a disease X pandemic. npj Vaccines. 2020;5(1):101.

59. Innis BL, Scorza FB, Blum JS, Jain VK, Aguilar AO, Post DJ, et al. Meeting report:
convening on the influenza human viral challenge model for universal influenza vaccines,
part 1: value; challenge virus selection; regulatory, industry and ethical considerations;
increasing standardization, access and capacity. Vaccine. 2019;37(35):4823-9.

60. Hodgson SH, Juma E, Salim A, Magiri C, Njenga D, Molyneux S, et al. Lessons learnt
from the first controlled human malaria infection study conducted in Nairobi, Kenya.
Malaria journal. 2015;14(1):182.

61. Njue M, Njuguna P, Kapulu MC, Sanga G, Bejon P, Marsh V, et al. Ethical
considerations in Controlled Human Malaria Infection studies in low resource settings:
Experiences and perceptions of study participants in a malaria challenge study in Kenya.
Wellcome open research. 2018;3.

62. Parkash V, Jones G, Martin N, Steigmann M, Greensted E, Kaye P, et al. Assessing
public perception of a sand fly biting study on the pathway to a controlled human infection
model for cutaneous leishmaniasis. Research involvement and engagement. 2021;7(1):1-12.
63. Piggin M, Smith E, Mankone P, Ndegwa L, Gbesemete D, Pristera P, et al. The role of
public involvement in the design of the first SARS-CoV-2 human challenge study during an
evolving pandemic. Epidemics. 2022;41:100626.

64. Gbesemete D, Barker M, Lawrence W, Watson D, De Graaf H, Read R. Exploring the
acceptability of controlled human infection with SARSCoV2 —a public consultation. BMC
medicine. 2020;18(1):1-8.

65. Kraft SA, Duenas DM, Kublin JG, Shipman KJ, Murphy SC, Shah SK. Exploring Ethical
Concerns About Human Challenge Studies: A Qualitative Study of Controlled Human Malaria
Infection Study Participants’ Motivations and Attitudes. Journal of Empirical Research on
Human Research Ethics. 2019;14(1):49-60.

66. Selgelid MJ. The Use and Study of Unregistered Ebola Interventions: Ethics and
Equipoise. In: Evans G, Smith C, Majumder S, editors. Ebola's Message: Public Health and
Medicine in the Twenty-First Century. Cambridge: The MIT Press; 2016.

67. Jamrozik E, Heriot GS. Pandemic public health policy: with great power comes great
responsibility. Wiley Online Library; 2020. p. 1169-73.

68. Bull S, Jamrozik E, Binik A, Parker MJ. SARS-CoV-2 challenge studies: ethics and risk
minimisation. Journal of medical ethics. 2020.

26



69. Heriot GS, Jamrozik E. Not in my backyard: COVID-19 vaccine development requires
someone to be infected somewhere. Med J Aust. 2021;214(4):150-2.

70. Luna F. Elucidating the concept of vulnerability: Layers not labels. IJFAB:
International Journal of Feminist Approaches to Bioethics. 2009;2(1):121-39.

71. Emanuel EJ, Bedarida G, Macci K, Gabler NB, Rid A, Wendler D. Quantifying the risks
of non-oncology phase | research in healthy volunteers: meta-analysis of phase | studies.
bmj. 2015;350:h3271.

72. Adams-Phipps J, Toomey D, Wiecek W, Schmit V, Wilkinson J, Scholl K, et al. A
systematic review of human challenge trials, designs, and safety. Clinical Infectious Diseases.
2023;76(4):609-19.

73. Palacios R, Shah SK. When could human challenge trials be deployed to combat
emerging infectious diseases? Lessons from the case of a Zika virus human challenge trial.
Trials. 2019;20(2):1-8.

74. Shah SK, Miller FG, Darton TC, Duenas D, Emerson C, Lynch HF, et al. Ethics of
controlled human infection to address COVID-19. Science. 2020;368(6493):832-4.

75. Eyal N, Gerhard T. Do coronavirus vaccine challenge trials have a distinctive
generalisability problem? Journal of medical ethics. 2022;48(9):586-9.

76. Schaefer G, Tam CC, Savulescu J, Voo TC. Covid-19 Vaccine Development: Time to
Consider Sars-Cov-2 Challenge Studies? Available at SSRN 3568981. 2020.

77. Nishimura A, Carey J, Erwin PJ, Tilburt JC, Murad MH, McCormick JB. Improving
understanding in the research informed consent process: a systematic review of 54
interventions tested in randomized control trials. BMC medical ethics. 2013;14:1-15.

27



