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ABSTRACT
This paper proposes an ethical framework for evaluating
biosafety risks of gain-of-function (GOF) experiments that
create novel strains of inﬂuenza expected to be virulent
and transmissible in humans, so-called potential
pandemic pathogens (PPPs). Such research raises ethical
concerns because of the risk that accidental release from
a laboratory could lead to extensive or even global
spread of a virulent pathogen. Biomedical research ethics
has focused largely on human subjects research, while
biosafety concerns about accidental infections, seen
largely as a problem of occupational health, have been
ignored. GOF/PPP research is an example of a small but
important class of research where biosafety risks threaten
public health, well beyond the small number of persons
conducting the research.
We argue that bioethical principles that ordinarily
apply only to human subjects research should also apply
to research that threatens public health, even if, as in
GOF/PPP studies, the research involves no human
subjects. Speciﬁcally we highlight the Nuremberg Code’s
requirements of ‘fruitful results for the good of society,
unprocurable by other methods’, and proportionality of
risk and humanitarian beneﬁt, as broad ethical principles
that recur in later documents on research ethics and
should also apply to certain types of research not
involving human subjects. We address several potential
objections to this view, and conclude with
recommendations for bringing these ethical
considerations into policy development.
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The US Government announced in October 2014 a
formal ‘deliberative process’ on the risks and beneﬁts of certain ‘gain-of-function’ (GOF) experiments
that enhance the mammalian virulence or transmissibility of inﬂuenza, severe acute respiratory syndrome (SARS) and Middle East respiratory
syndrome (MERS) viruses. During this process,
government funding for such experiments was suspended. This pause and deliberative process are the
latest major developments in a growing debate over
what we and others have called the creation of
potential pandemic pathogens (PPPs)1: pathogenic
microbes that combine genetic novelty with likely
or known high virulence and efﬁcient transmissibility in humans.2 GOF experiments, in which new
traits are conferred on existing viruses, are a
common and generally uncontroversial method of
scientiﬁc inquiry; the creation of PPPs, however, is

a particularly controversial class of GOF
experiment.
The roots of this discussion go back more than a
decade, with the controversial attempt to create
reassortant inﬂuenza viruses that combined genetic
material from highly virulent H5N1 avian inﬂuenza
with material from seasonal human inﬂuenza,3 and
the 2005 synthesis of the highly virulent 1918
‘Spanish ﬂu’ pandemic inﬂuenza strain in the laboratory.4 A few studies involving creation of novel,
potentially transmissible inﬂuenza viruses were published with little fanfare in the years that followed.5 6
The debate was rekindled,2 7 8 9 10 however, by two
publications in 2012 describing the creation of
ferret-transmissible strains of inﬂuenza.11 12
Initially, the debate over the experiments creating
ferret-transmissible viruses focused on whether the
results of these experiments should be published,
and if so whether detailed results should be
included in the publication. The main concern was
whether the publication of these results might
enable malevolent individuals, groups or states to
create dangerous viruses as weapons.10 This was
the latest chapter in a decade-long discussion in
which governments around the world have
attempted to wrestle with the dual-use dilemma,
where one and the same piece of scientiﬁc research
may help or harm humanity.13 GOF research in
fact initiated the discussion of dual-use in the life
sciences; the ﬁrst biological research identiﬁed as
dual-use was a GOF study in which Australian virologists created a strain of the mousepox virus that
killed many or all mice exposed to it, including
mice genetically resistant to natural mousepox
strains and vaccinated mice.14 This mousepox
research had applications in efforts to eradicate
rabbit and mouse populations, signiﬁcant agricultural pests in Australia, but could also be used to
augment viruses that infect humans (such as the
smallpox virus) as a tool in acts of bioterrorism.
The eventual decision to publish the 2012 ferrettransmission H5N1 papers in full represented a
decision by US governmental authorities (which
had jurisdiction because of having funded the work
and because one of the papers was published in
Science, a USA-based journal) that the beneﬁts of
publishing outweighed the biosecurity risks,
although not all participants in the decision were
satisﬁed that such concerns had been resolved
adequately.15 16 17
Simultaneous with the publications, however, a
further concern was raised: that of biosafety.9
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Biosafety pertains to the unintentional exposure to, or accidental release of laboratory pathogens, a foreseeable potential consequence of conducting an experiment with dangerous
pathogens.18 Biosafety is appropriately seen for most kinds of
research as a branch of occupational health, because lab accidents generally pose a threat only or primarily to those working
in the lab where they occur. In experiments involving PPP creation, however, accidental release could lead to widespread
transmission, affecting many more people than those exposed in
a particular laboratory. Biosafety for PPP research, therefore,
constitutes a problem of occupational health, and public health
(table 1).
Biosafety concerns in laboratories studying dangerous pathogens gained salience in the summer of 2014 following three biosafety incidents in US Government laboratories: the accidental
human exposure to anthrax2 7 19 and inadvertent contamination
of viral samples sent to another laboratory with H5N1 highly
pathogenic avian inﬂuenza (HPAI)2 7 20 at the Centers for
Disease Control (CDC), and the discovery of unsecured samples
of the smallpox virus in a freezer on the National Institutes of
Health (NIH) campus.21 Although none of these involved PPPs,
individuals and groups concerned about biosafety in PPP
research pointed to these incidents as evidence of the potential
for mishaps that could lead to accidental infections in even the
most respected laboratories. Congressional hearings on these
incidents, as well as pressure from scientists and others concerned about biosafety in PPP experiments, contributed to the
US Government’s decision to undertake the funding pause and
deliberative process on such experiments. Recent incidents
involving Ebola virus at CDC and Burkholderia pseudomallei at
Tulane University22 23 have helped to sustain this concern.

BIOSECURITY VERSUS BIOSAFETY: DISTINCT ETHICAL
CONCERNS
Conceptually, it is valuable to distinguish the biosecurity and
biosafety aspects of dual-use. The biosecurity dimension of
dual-use is concerned with malevolent, deliberate use of the
results or products of particular research to harm humanity.18 24
The biosafety dimension, by contrast, is concerned with accidental infections, caused by unintentional exposure to or accidental release of a pathogen during the conduct of such
research (including, potentially, the future replication of experiments).18 In the case of PPP studies, the chief biosafety concern
is the risk of an accidental epidemic.
As table 1 shows, these aspects are related but not coextensive. The Australian mousepox study was considered a biosecurity risk because of the potential for malevolent actors to create a
similar strain of smallpox that could be a bioweapon, but the
experiments themselves, using a mouse virus that does not
readily infect humans, posed no special biosafety concerns. On
the other hand, it is difﬁcult to think of an area of research that

raises public-health biosafety concerns without some biosecurity
dimension. PPP experiments, as we have seen, combine both
concerns.
The intertwining of the two concerns is most acute in areas
of science where expertise is relatively common and costs relatively low, both properties that increasingly apply to pathogen
research and synthetic biology in general.25 This is because in
such areas, the results of an experiment—typically the concern
of biosecurity—may facilitate the conduct of similar experiments
in laboratories with less stringent biosafety controls than the original laboratory, leading to risk of accident in those other
laboratories. Access control, physical security and inventory
maintenance are regulatory approaches that can contribute to
safety and security.
Despite this overlap, there are strong reasons to keep the evaluation of biosecurity concerns about the results of experiments
conceptually distinct from the framework for evaluating biosafety
concerns about the conduct of experiments. Evaluating biosecurity concerns involves a number of speculative empirical claims
about the capabilities and intentions of malevolent actors that are
difﬁcult to evaluate without expertise and (often classiﬁed) specialist knowledge. On the other hand, biosafety risks pertain to
the predictable actions (including inadvertent ones) of presumably well intentioned, benevolent researchers. They are assessments of the risk posed by the scientists’ own actions, rather than
of the risk that others will use the research ﬁndings in malevolent
ways. Biosafety risks can also, at least in part, be estimated and
evaluated within the context of everyday civilian biomedical
research. While estimating the likelihood and magnitude of the
risks of such research requires some specialist knowledge and is
subject to debate, the discussion can be held using publicly available data and information; indeed, it already is.26
Yet biosafety concerns in life sciences research, to date, have
not been the subject of sustained bioethical analysis, precisely
because few biological experiments have been thought to carry
public health risks. In the USA, biosafety is generally assumed to
be covered by the CDC’s manual Biosafety in Microbiological
and Biomedical Laboratories.27 The principles developed in that
manual treat biosafety largely as an issue of occupational health
and individual risk to the workers in the laboratory. The most
serious cases—category 4 agents—are those that are considered
high risk to ‘the community’ (ref. 27, p.xxxii) but these are,
consistent with the manual’s remit, approached as an issue of
laboratory design and standard operating procedures for experiments, rather than an ethical issue.
What is not discussed is the conduct of experiments as an
ethical issue relating to the safety of distant others. For example,
the principles for which agents require the highest level of biosafety read in part as follows:
Biosafety Level 4 is required for work with dangerous and exotic
agents that pose a high individual risk of aerosol-transmitted

Table 1 Matrix of biosafety and biosecurity concerns
Biosafety concerns about harm from accidents in the conduct of research

No
Biosecurity concerns about harm from
malevolent use of the results of research

Yes

No

Yes—occupational health

Most scientific
research
IL-4 mousepox

Laboratory studies of dangerous pathogens not considered suitable
for malevolent use (eg, Streptococcus spp.)
Studies of anthrax and other ‘weaponisable’ but non-transmissible
pathogens

Yes—public
health
?
PPP experiments

PPP, potential pandemic pathogen.
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laboratory infections and life-threatening disease that is frequently fatal, for which there are no vaccines or treatments, or a
related agent with unknown risk of transmission.27

This standard only obliquely addresses (‘related agent with
unknown risk of transmission’) the risk that an accident could
pose to persons far removed from the laboratory by sparking
long chains of transmission. In their guidance on the manipulation of HPAI viruses, the CDC recommends biosafety level 3
(BSL-3) or enhanced agricultural BSL-3 laboratory standards.27
This category of containment, and indeed the guidance on
HPAI viruses, however, focuses on occupational health and agricultural impact, while saying nothing on the public health implications of such research.
While perhaps appropriate for regulating the safety of
research that entails risks to the scientists performing it, such
principles are inadequate to address the public health risks from
highly transmissible agents, including GOF/PPP research. The
recent incidents at the CDC and NIH campus emphasise that
the rate at which accidental exposures occur in highly sophisticated, high-containment laboratories is far from negligible.2 28
This fact was already clear, though perhaps less widely appreciated, from publicly available data on the frequency of
laboratory-acquired infections.29 30 Such rates of accidents may
be acceptable when the consequences are limited to the originally exposed individuals, yet the same rates may become
unacceptable when the potential consequences include the
extensive or even global spread of PPPs.
When biosafety risks from research in the life sciences affect
public health, the debate over whether and how to perform
such research is one of bioethics. Ethical reasoning about the
balance of beneﬁts and risks of scientiﬁc research has a history
that is relevant to the biosafety aspects of dual-use research. The
debate ultimately turns on the weight of the rights of scientists
compared with risk of harm to the public; deciding what values
are important to promote in pursuing risky research; and evaluating substantive claims about what societal goals are worth
achieving with science’s help.31

NUREMBERG’S LEGACY
Discussions of research ethics have focused on human subjects
research as the dominant kind of activity requiring oversight
and review. This focus reﬂects the historic origins of the effort
to codify research ethics. Contemporary research ethics has its
normative and historical foundations in the Nuremberg Code
(hereafter, ‘the Code’), written in the aftermath of the atrocities
committed by Nazi doctors on political prisoners during World
War II, and their revelation during the doctors’ trial that followed. The Code, adopted in 1947, is a cornerstone of bioethics
globally. It has been augmented, but not replaced, by the 1954
statutes of the World Medical Assembly, later revised into the
1964 Declaration of Helsinki and its subsequent updates. In the
USA, the Belmont Report deﬁnes the bioethical commitments
governing scientiﬁc research involving human subjects; it draws
from the Code and the Helsinki Declaration.
The Code and its direct descendants were developed speciﬁcally in response to medical research atrocities with human subjects, and so they focus explicitly on the ethics of scientiﬁc
experiments involving direct human participants—what has
now become known as human subjects research. This is historically justiﬁed. From a contemporary perspective, too, research
involving human subjects—particularly in medicine—typically
carries more serious and immediate risks to humans than other
forms of scientiﬁc research. Hence the ﬁrst article in the Code
Evans NG, et al. J Med Ethics 2015;0:1–8. doi:10.1136/medethics-2014-102619

beings with ‘The voluntary consent of the human subject is
absolutely essential’, situating it as a document primarily about
research involving direct human participants.
However, some of the ethical principles embodied in the
Code and its successor documents are clearly generalisable to
scientiﬁc research that poses risk to human beings who are not
direct participants in the research itself. Two principles of particular relevance are stated most succinctly as the second and
sixth articles of the Code:
2. The experiment should be such as to yield fruitful results for
the good of society, unprocurable by other methods or means of
study, and not random and unnecessary in nature.
6. The degree of risk to be taken should never exceed that determined by the humanitarian importance of the problem to be
solved by the experiment.32

These principles recur in other statements of human subjects
research ethics; indeed, the Belmont Report’s explication of the
principle of beneﬁcence notes the importance of maximising
beneﬁts, minimising risks and achieving humanitarian beneﬁts
for the research enterprise as a whole:
The obligations of beneﬁcence affect both individual investigators
and society at large, because they extend both to particular
research projects and to the entire enterprise of research. In the
case of particular projects, investigators and members of their
institutions are obliged to give forethought to the maximization
of beneﬁts and the reduction of risk that might occur from the
research investigation. In the case of scientiﬁc research in general,
members of the larger society are obliged to recognize the longer
term beneﬁts and risks that may result from the improvement of
knowledge and from the development of novel medical, psychotherapeutic, and social procedures.33

Furthermore, one of the strongest recent statements of the
requirement for beneﬁcence and risk analysis in research comes
from a document that is about work on dangerous pathogens,
rather than human subjects research: the Interacademy Panel on
International Issues’s Statement on Biosecurity. It reads in part:
Scientists have an obligation to do no harm. They should always
take into consideration the reasonably foreseeable consequences
of their activities.34

This statement was approved by 74 national academies of
science, presumably demonstrating widespread agreement to the
extension of beneﬁcence and risk assessment to non-human subjects research. Its implications seem to have received little attention in research ethics, however.
GOF/PPP research is an unusual example of research not
involving human participants, yet entailing substantial risk to
human health and life. It seems reasonable to subject such
research to these same ethical criteria as apply to human subjects research more conventionally understood: that it be done
only if it beneﬁts society, if the same beneﬁts could not be procured through less risky means, and if the anticipated beneﬁts
exceed the anticipated risk. In this respect, we argue that the
above norms of the Code ought to apply to GOF/PPP research,
and justify a level of oversight and review above the status quo
(ie, biosafety review as an occupational health concern).
This kind of oversight is justiﬁed for two reasons.
1. Risk of harm to large numbers of persons is incurred through
the conduct of scientiﬁc research. One necessary outcome of
GOF/PPP research is pathogens that combine genetic novelty
with likely or known high virulence and efﬁcient transmissibility in humans. According to current estimates, there is a
3
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0.01–0.1% risk per laboratory-year, or a 0.05–0.06% risk
per full-time worker-year (2000 h), that a novel, transmissible form of inﬂuenza virus will infect a laboratory worker,
escape control, and cause a disease outbreak. Given historic
estimates of inﬂuenza’s spread across the globe (∼24–38% of
the world’s population), it is estimated that a pandemic of a
highly virulent inﬂuenza strain, such as those created in
GOF/PPP experiments, could cause between 20 million and
1.6 billion deaths.26 35
2. It is questionable whether those at risk will receive beneﬁts
from the research. In a world of mass transit, inﬂuenza can
travel great distances rapidly. During the 2009 H1N1 inﬂuenza outbreak, for example, laboratory-conﬁrmed cases of
the virus were found in 73 countries in the ﬁrst 6 months of
2009. The 2002–2003 SARS outbreak travelled to 26 countries. The beneﬁts of scientiﬁc research—including vaccines,
therapeutics and disease surveillance infrastructure—travel
relatively slowly, by contrast, and are conﬁned by considerations such as a lack of global health governance, commercial
priorities of pharmaceutical manufacturers, political unrest,
and a lack of enabling resources (such as consistent power or
well-maintained roads).36 Given the already uncertain possible beneﬁts of GOF/PPP studies, their tenuous actual beneﬁts, and the unequal distribution of those possible or actual
beneﬁts, many of the persons placed at risk by the pursuit of
GOF/PPP studies have little hope of seeing beneﬁts from
those studies.
We believe that the sixth precept of the Code has particular
force in light of this marked inequality in the provision of risk
and beneﬁt through the conduct of GOF/PPP research. The
risks of the research are global—a pandemic following the accidental release of a novel inﬂuenza strain might infect almost
40% of the global population,26 yet the major purported beneﬁts of these studies—better inﬂuenza virology37 and more
effective vaccine strain selection38 39 beneﬁt a much smaller
subset of the population, mainly for reasons of affordability.
This is prima facie evidence that the humanitarian beneﬁts of
the study are much smaller than the risks. Thus, burden of
proof lies on those who support such research to demonstrate
that GOF/PPP research provides sufﬁciently broad beneﬁts, or
limited risks, to meet the norms that require the risks of
research to be outweighed by its beneﬁts. Such reasoning is also
supported by the Belmont Report, which explicitly cautions that
‘research should not unduly involve persons from groups
unlikely to be among the beneﬁciaries of subsequent applications of the research’.33

HUMAN SUBJECTS RESEARCH AS A CONTINUUM
It is uncontroversial to claim that research involving human subjects must be justiﬁed by humanitarian beneﬁts that cannot be
achieved by alternative means, and that these beneﬁts must outweigh the risks that arise in the conduct of experimentation. But
the force of these claims does not rely on human subjects
research as a special class of research. Rather, the creation of
risks attendant to human beings is what drives the necessity of
considering humanitarian beneﬁts of this research. Any scientiﬁc
experiment that poses considerable risks to humans ought to be
subject to an assessment of its humanitarian importance relative
to the risks it poses, and of the necessity of the experiment in
achieving its stated aims.
Ethical concern for the risks to non-participants arising from
the conduct of scientiﬁc research already has some precedent.
Exclusion criteria are a standard way that all clinical trials
reduce the risk to participants. But in a small subset of clinical
4

trials, an individual’s participation may create risks to others,
such as those for whom the participant cares at home or professionally. Such studies include challenge studies with live pathogens, and immunisation with live attenuated vaccines. In both
cases there may be a risk of transmission to someone who is vulnerable due to immunodeﬁciency. It has been argued that the
risk of harm provides an ethical obligation to exclude persons
from such studies if their participation would produce risk to
others, or—if the study design relies on a certain kind of participant—monitoring and mitigating the chance of an accidental
exposure (including, potentially, forced isolation).40
These exclusion and isolation criteria appear in the literature
on live attenuated vaccine studies and live-pathogen challenge
studies. In a 2013 study of a smallpox vaccine, researchers
based their exclusion criteria on CDC guidance that included
the exclusion of individuals who live with someone who has
eczema,41 because the household member, who is not a trial
participant, might be placed at risk from vaccine virus shed by
the participant. Another smallpox vaccine study excluded
anyone who had household contact, sexual contact or occupational exposure to pregnant women, immunosuppressed
persons, persons with eczema or infants less than 12 months of
age.42 An ongoing vaccine trial of live attenuated inﬂuenza A/
H7N9 vaccine requires participants to be in an isolation unit for
the duration of the study.43 A clinical study that deliberately
infected consenting participants with Listeria monocytogenes to
study the natural history of infection listed among its exclusion
criteria subjects that lived with immunosuppressed individuals,
children under 4 years of age, or people with chronic skin
disorders.44
Given examples such as these, we argue that it is a conceptual
and ethical mistake to maintain a hard, binary distinction
between research involving direct human participants and
research without. Rather, human subjects research, and the
ethical mandates that attend it, should be understood as lying
on a continuum. Some human subjects research presents risks
only to participants; other research poses risks to participants
and non-participants. GOF/PPP research presents considerable
risks to distant others, but not human participants (in virtue of
there being no human participants). GOF/PPP studies that risk
signiﬁcant harm to large numbers of people lie on this continuum, and ought, as a result, to be subject to additional scrutiny and oversight.
As a point on the continuum of research requiring ethical
review, we argue, GOF/PPP research should be subject to rigorous scrutiny of its risks and beneﬁts. This scrutiny, moreover,
should incorporate the two normative principles of the
Nuremberg code and subsequent research ethics documents:
GOF/PPP experiments may be justiﬁed when they yield fruitful
results for the good of society, unprocurable by other methods
or means of study, and not random and unnecessary in nature;
and when the degree of risk does not exceed that determined by
the humanitarian importance of the problem to be solved.

OBJECTIONS
There are some foreseeable objections to our account, which we
now address.
First, it could be argued that the historical context of bioethics in the last half century, particularly the Nuremberg Code,
respond to a large degree to egregious abuses by doctors of vulnerable and unwilling participants, and that this conﬁnes the
ethical force of these principles to research that takes place in
the context of relationships involving identiﬁed human participants, rather than broad risk to unknown persons. On this
Evans NG, et al. J Med Ethics 2015;0:1–8. doi:10.1136/medethics-2014-102619

Downloaded from http://jme.bmj.com/ on May 13, 2016 - Published by group.bmj.com

Research ethics
account, it would be inappropriate to apply the principles of the
Code or subsequent elaborations thereof to risks to persons
other than human participants in a study, where the speciﬁc
relationship between the researcher and the participants is liable
to abuse.
We believe this is an inappropriately narrow reading of the principles’ ethical scope. While the Code itself originated historically
in response to particular abuses by physician-experimenters, its
normative foundations and those of successor documents are now
widely regarded to encompass human subjects research writ large.
While there are differences between research within and outside
of clinical care,45 human subjects review now extends to nonclinical human subjects research, including many categories of
research in the social sciences involving no pre-existing relationship between the researcher and the participants.
Further, subsequent documents acknowledge the broader relevance of beneﬁts and harms to society. The Belmont Report, for
example, explicitly deduces its human subjects prescriptions
from principles it states are broadly applicable:
The expression “basic ethical principles” refers to those “general
judgments that serve as a basic justiﬁcation for the many particular ethical prescriptions and evaluations of human actions. Three
basic principles, among those generally accepted in our cultural
tradition, are particularly relevant to the ethics of research
involving human subjects: the principles of respect of persons,
beneﬁcence and justice”.33

As noted above, the Belmont Report also claims that research
conducted using public funds should not unduly risk persons
from groups that are unlikely to be among the beneﬁciaries of
subsequent applications of the research.33 This form of reasoning exempliﬁes our claim that accounts of the normative force
of human subjects research ethics must draw on deeper principles that apply beyond human subjects research.
More speciﬁcally, as we have noted, ethical considerations are
cited to restrict inclusion or require participant isolation in
human subjects studies to prevent a risk to distant persons (such
as the patients cared for by a participant who is also a healthcare
provider). For all these reasons, we doubt that widely accepted
principles of human subjects research ethics could be justiﬁed
without reference to ethical concerns for individuals that precedes any relationship they may have with the researcher.
Second, it could be objected that the historical and normative
foundations of human subjects research are less pertinent to
assessing the ethics of PPP/GOF research than are, say, the
context and outcomes of the Asilomar Conferences around
recombinant DNA, or the debate on the ethics of the Human
Genome Project. Asilomar and the Human Genome Project
have been recognised by the National Research Council (NRC)
as examples of scientiﬁc self-governance that predate the issue
of dual-use, and demonstrate the competence the scientiﬁc community possesses in self-governance.13 46 It is therefore appropriate to question our choice of cases in mounting our
argument.
Scientiﬁc self-governance along the lines modeled at Asilomar
is an attractive approach—particularly to the scientiﬁc community—to ethical judgment about novel scientiﬁc pursuits. For
example, a statement coauthored with 18 other scholars, the
Cambridge Working Group Consensus Statement on the
Creation of Potential Pandemic Pathogens referenced the
Asilomar process as a valuable starting point for a deliberative
process on the risks and beneﬁts of a class of scientiﬁc activity.7
However, Asilomar cannot provide a complete model for the
current situation, for three reasons. The ﬁrst is that Asilomar
Evans NG, et al. J Med Ethics 2015;0:1–8. doi:10.1136/medethics-2014-102619

had a different scope: it dealt only with the risk of accidental
creation of virulent pathogens,13 and not the deliberate creation
of novel, pathogenic organisms like PPPs. The situation in
which we ﬁnd ourselves now is thus different because we are
not considering the possibility that there could be augmented
PPPs that result from research that has aims other than the
creation of such diseases, but rather research that deliberately
seeks to create these strains of disease. Where Asilomar was
concerned primarily with the unintended consequences of
otherwise worthwhile research, the Nuremberg Code and its
successors are concerned with outlining what kinds of
research are worth pursuing in the ﬁrst place. In this way, the
mindset and method of Asilomar is not sufﬁcient for our
current task.
Second, the Asilomar process was responding to a collective
concern about the risks of rDNA research, but was decidedly
narrow in its approach to scientiﬁc governance. Asilomar was
publicly discussed, but the deliberation that ensued prior to
public announcement was largely conﬁned to the scientiﬁc
establishment, some journalists and those lawyers present at the
meeting in California. On our account, this is not sufﬁcient
when the potential harms apply to large groups of people.
Scientists are necessary participants within a deliberative
process, but are far from sufﬁcient in adequately examining the
values at stake when comparing the risks and beneﬁts of GOF/
PPP research.
Third, the debate about GOF/PPP is not about the possibility
of a new technology to help or harm humanity, which was the
case at Asilomar. It has been established that GOF is a valuable
methodology for scientiﬁc inquiry that can answer certain types
of biological questions deﬁnitively. Unlike recombinant DNA
research in 1974, GOF is not a methodology in need of validation. Rather, the current debate is one of determining whether
certain instances of the use of this methodology are justiﬁed
(speciﬁcally, GOF research that creates PPPs), based on the risk
of harm to humans and the purported beneﬁts relative to alternative approaches.
A ﬁnal potential objection to our argument is that extending
human subjects research ethics to GOF/PPP research risks excessively broadening the purview of research ethics oversight to
otherwise benign life sciences research. Criticisms of this kind
would note that there are, in principle, many kinds of life
sciences research that could pose some risk to others. Our conclusion might entail additional scrutiny for research in which
the conduct of the research risks harm to others. All scientiﬁc
progress entails some risk, but this ought not to entail burdensome and unnecessary oversight for all.
In response, we point out that the majority of life sciences
research only poses occupational risks to researchers. These
risks are limited and affect consenting researchers, may be mitigated by adequate biosafety, and are likely to be outweighed by
the merits of doing the research in the ﬁrst place. It is very
unlikely that these kinds of risks are severe enough that they
would be ﬂagged for review under our model. Most scientiﬁc
research in the life sciences would therefore not be burdened by
increased regulation or oversight.
Research that poses population-level risks, however, is of a
different magnitude from this occupational risk, and targets a
much larger group with potential harms. We agree that the
number of cases that could be captured is larger than GOF/PPP
research, and hence that we are proposing expanded scrutiny of
some scientiﬁc research. We also argue, however, that such scrutiny is justiﬁed given the potential risks to public health. Recent
examples include the use of RNA gene drives for the alteration
5
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of wild populations,47 and the proposed moratorium on human
germ line editing using CRISPR/Cas9 technologies.48 Given that
genetic engineering could pose serious risks to distant others,
including future generations, we think that the recommendations we present below, based on our preceding analysis, would
be a useful form of review. We view this as a strength of our
model: the normative principles set out in the Code and its successors, which we suggest are applicable to GOF/PPP research,
may be applied—with suitable reﬁnements—to future issues as
they arise.

RECOMMENDATIONS
We urge national and international regulatory bodies to bear the
principles normally applied to human subjects research in mind
when evaluating the risks and beneﬁts of GOF/PPP experimentation. To this effect, we have six recommendations in designing
a risk-beneﬁt assessment of the safety of PPPs:
1. Consider the broadest possible set of risks and beneﬁts. The
Code, and the family of statements in which it resides,
places an emphasis on the ‘good of society.’ This good,
however, should accommodate a nuanced range of risks and
beneﬁts posed by GOF studies involved with the creation of
PPPs. This includes, for example, how gains made in disease
surveillance from PPP research but unavailable through
other means might beneﬁt—or fail to beneﬁt—different jurisdictions in the contexts of disease outbreak. The possible
uneven distribution of risks and beneﬁts to different populations—in particular risks experienced by populations with
little hope of beneﬁtting from the research—may be of
ethical concern in themselves, a point we ﬂag but do not
further explore here.
2. Consider different classes of experiments differently. It should
be obvious that applying a single set of ethical principles to
the risks and beneﬁts of various categories of experiments
does not necessarily lead to the same judgments of their
ethical status. In particular, some categories of experiments
included in the US Government’s funding pause may be less
risky and more beneﬁcial than the enhancement of transmissibility of virulent, novel avian inﬂuenza strains that triggered
the recent controversy. There will be some common elements in any risk-beneﬁt assessment of PPP research.
Nonetheless, such assessment should be individualised to
account for differences between work on different viruses,
for example, and for differences between enhancing transmissibility and enhancing pathogenicity.26 Recognition of
such distinctions is exempliﬁed by the removal, following
the ﬁrst NRC meeting on this topic, of coronavirus
gain-of-virulence studies from the funding pause.49
3. Consider alternatives to experiments within a portfolio. The
Code notes that research should be done only when necessary to achieve some good aim for society’s beneﬁt, which is
not otherwise procurable. If research is deemed sufﬁciently
risky, it should be evaluated for the aims it would achieve in
comparison to a series of alternative approaches that
achieve, individually, or in concert, the same types of scientiﬁc or practical beneﬁts. There are some scientiﬁc questions
that can be answered only by PPP/GOF experiments.37
There is a longer discussion whether answering these speciﬁc
questions is of great importance to the broad understanding
of inﬂuenza biology, or whether, as one of us has argued,
similar and comparably important scientiﬁc questions can be
answered using different techniques or similar techniques
with less dangerous viral strains (eg, strains for which there
is signiﬁcant population-wide immunity and/or strains with
6

lower virulence).2 Whatever one’s views on the scientiﬁc
merits of GOF/PPP work, the humanitarian goal of preventing and mitigating inﬂuenza may be approached by a large
number of alternative paths, some of which may have considerable practical advantages over GOF/PPP studies.2 These
alternatives ought to be considered, and GOF/PPP research
pursued only if there is no reasonable alternative.
4. Commit to prudent stewardship of the life sciences by
funding research on laboratory biosafety. We acknowledge
that there is a lack of data surrounding the overall efﬁcacy of
current laboratory biosafety standards. Indeed, the level of
underreporting has been emphasised in some of the academic literature,50 but the full accounting of biosafety incidents has been left to investigative journalists armed with
freedom-of-information requests.51 52 In light of this,
beyond the yearlong timeline of the current deliberative
process there should be a concerted effort to develop better
standards for assessing and reporting biosafety in laboratories around the country and beyond. With better evidence,
we can make more informed decisions about which studies
to pursue—something that should satisfy all sides of the
current debate. The life sciences demand exceptional rigor
when studying the behaviour of viruses in nature; we should
demand a concomitant rigor when studying the life sciences
itself.
5. Develop normative approaches to biosafety as a public health
issue to inform policies and procedures for evaluating
research that may raise concerns. This paper focuses on PPP/
GOF research as a particularly clear case of research not
involving human participants with a public health biosafety
dimension. The ethical basis of our claims raises a number
of philosophical questions about the scope of responsibility
of researchers and their ethical reviewers to protect humans
who are not participants in the research. This issue has been
little treated in the literature. Also important is to better
deﬁne the boundaries of such concern to avoid overly burdensome regulatory processes while reliably ﬂagging research
that raises real concern. The growth of synthetic biology
may present many more challenging cases for assessing
whether a public health risk exists, and what is the nature
and magnitude of that risk. This involves normative and
empirical questions.
6. Generate international partnerships. GOF experiments are
international, even if the locus of the current controversy is
the USA. For example, in 2013 Chinese researchers constructed 127 reassortant viruses of H5N1 and H1N1, and
tested them for sustained transmission in guinea pigs. In addition to the USA11 12 and China,53 funders of GOF research
include the European Union,11 private and public funders in
the UK,54 55 and the governments of Japan55 and the
Netherlands.11 The impact of creating new viruses in the lab
should thus be assessed in terms of the proliferation of these
techniques and novel strains internationally. This, we believe,
will be best accomplished by partnering with foreign and
international groups to develop common, global standards
and information sharing mechanism. Countries such as
Germany and Australia have already begun the process of
incorporating ethical considerations for dual-use life sciences
research into their national medical research frameworks;56 57 engaging with these processes early will ensure
more comprehensive international harmonisation. (This
would also enable better conﬁdence building mechanisms in
line with the commitments the USA has to the Biological
Weapons and Toxins Convention).
Evans NG, et al. J Med Ethics 2015;0:1–8. doi:10.1136/medethics-2014-102619
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BUILDING A BETTER LIFE SCIENCES
The current ethical prescriptions set out by Nuremberg and its
successors have not imperiled the biomedical sciences: during
the last 67 years, we have seen incredible growth in medical
research and improvements in medical care and longevity.
Whether this occurred because of, or despite, the Nuremberg
Code’s legacy is not a question that can be easily answered.
What can be stated is that the development of medicine has surpassed society’s expectations.
Likewise, we have little reason to believe that subjecting GOF/
PPP experiments to heightened scrutiny, based on the principles
currently applied to human subjects research, will harm the life
sciences. We do have reason, however, to weigh the merits of
this small class of experiments against the risks they pose to
human health. Incorporating principles of human subjects
research ethics that are of particular relevance to GOF/PPP
studies will mean considering the beneﬁts of this research in the
context of its capacity to beneﬁt or harm humanity, and those
potential beneﬁts to outweigh the risk of harm when considered
in a portfolio of research. The beneﬁts of science are often
pursued in the national interest,58 but the costs of a laboratory
release of a novel PPP could be global. Ensuring that science’s
means match its legitimate, ethical ends may require trading off
a method presently attractive to a subset of the life sciences
community, for those that present safer options for achieving
our justiﬁed goals.
The legacy of Nuremberg teaches us that the epistemic norms
of science and medicine ought to be moderated by ethical concerns. The life sciences revolution should change our world for
the better; its means should be as desirable and ethical as its
ends.
Twitter Follow Nicholas Evans at @neva9257
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