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ABSTRACT The human microbiome is an important emergent area of cross, multi and

transdisciplinary study. The complexity of this topic leads to conflicting narratives and reg-

ulatory challenges. It raises questions about the benefits of its commercialisation and drives

debates about alternative models for engaging with its publics, patients and other potential

beneficiaries. The social sciences and the humanities have begun to explore the microbiome

as an object of empirical study and as an opportunity for theoretical innovation. They can play

an important role in facilitating the development of research that is socially relevant, that

incorporates cultural norms and expectations around microbes and that investigates how

social and biological lives intersect. This is a propitious moment to establish lines of colla-

boration in the study of the microbiome that incorporate the concerns and capabilities of the

social sciences and the humanities together with those of the natural sciences and relevant

stakeholders outside academia. This paper presents an agenda for the engagement of the

social sciences with microbiome research and its implications for public policy and social

change. Our methods were informed by existing multidisciplinary science-policy agenda-

setting exercises. We recruited 36 academics and stakeholders and asked them to produce a

list of important questions about the microbiome that were in need of further social science

research. We refined this initial list into an agenda of 32 questions and organised them into

eight themes that both complement and extend existing research trajectories. This agenda

was further developed through a structured workshop where 21 of our participants refined the

agenda and reflected on the challenges and the limitations of the exercise itself. The agenda

identifies the need for research that addresses the implications of the human microbiome for

human health, public health, public and private sector research and notions of self and

identity. It also suggests new lines of research sensitive to the complexity and heterogeneity

of human–microbiome relations, and how these intersect with questions of environmental

governance, social and spatial inequality and public engagement with science.
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Introduction

The term human microbiome describes the collective gen-
ome of the microorganisms that live on and inside the
human organism (Hooper and Gordon, 2001). It is often

taken to stand more broadly for the collective of microbes of a
given ecosystem, although this would be more correctly termed
microbiota. (In this paper we use the term human microbiome,
but remain aware that in popular discourse there may be some
slippage between the two terms.) While research on the human
microbiome is still very much in its infancy, it promises to change
how we think about health, disease and human–environment
relations (Lederberg, 2004), although experts caution against
confusing the hope with the hype (Neiderhuber, 2015). Innova-
tions in research methods, and in particular the development of
metagenomics (National Academies of Sciences, Engineering and
Medicine, 2007), have significantly expanded the ability to study
microorganisms, by ‘allowing a microbial community’s compo-
sition to be defined by DNA sequencing without having to culture
its members’ (Benezra et al., 2012, p. 1). This has facilitated an
expansion of research agendas, moving from the isolation and
eradication of singular pathogens towards the mapping of col-
lective microbial life in all of its complexity, diversity and func-
tionality. Central to this work, from a human health perspective,
has been the increasing prominence given to how humans evolve
with and are dependent on many of the bacteria and viruses
which inhabit human skin, organs, mucous membranes and
intestinal tract (Gilbert et al., 2018).

Consequently, while pathogenic microbes remain a key con-
cern for both scientific researchers and policy-makers in the UK
and elsewhere, especially in the wake of the rapid growth of
antimicrobial resistance (AMR) (O’Neill, 2014), there are also a
growing number of initiatives focused on exploring what has been
termed the ‘new microbial frontier’ (Microbiology Society, 2017).
The most well-known of these is the Human Microbiome Project
(HMP) launched by the US National Institutes of Health (NIH)
in 2007 to map the genome of the microbial communities which
inhabit the human body and explore their role in human health
and disease (Human Microbiome Project Consortium, 2012; The
Integrative Human Microbiome Project, 2019). Similar initiatives
are also underway in Canada, France, Japan, Singapore and
Australia, while the European Commission has supported a ple-
thora of research initiatives, such as the Metagenomics of the
Human Intestinal Tract (MetaHIT) study, focused on mapping
gut microbiota and their relations to health conditions (Rhodes
et al., 2013). In the commercial domain we are witnessing a
proliferation of companies that seek to capitalise on emerging
knowledge of the microbiome to develop commercial applica-
tions, often by hybridising traditional corporate strategies and
novel ‘citizen science’ platforms. UBiome (n.d.), for example,
combines the provision of a commercial personalised sequencing
service with the opportunity to contribute as ‘citizen scientists’ to
their microbiome database, although this raises questions about
the way in which such projects can be used to effectively reinforce
biological conceptions of race (Roberts, 2012) and the inclusive-
ness of biomedical citizen science more broadly (Fiske et al.,
2019). We have also witnessed a rapid growth in the number of
products that see the human microbiome as a new way of
defining a target market, including food and probiotic supple-
ments designed to influence everything from gastrointestinal
health to mood, cosmetics utilising skin microbiome knowledge,
and ‘microbiota friendly’ household cleaning and pest control
products.

In sum, scientific knowledge and commercial interest in the
close relationship between humans and their microbiota is
growing exponentially. This growth is echoed in popular culture
in the form of a “microbiomania” (Eisen, n.d.; Helmreich, 2015)

within the scientific press, in which microbes are described in
highly evocative terms as novel (or newly appreciated) actors
capable of both endangering and sustaining human existence
(Shnayerson and Plotkin, 2002; Velasquez-Manoff, 2012; Yong,
2016). This knowledge is not completely new. Probiotic traditions
have existed for millennia and many of the understandings of the
body, the environment, health and disease associated with some
of these traditions present close correlates with currently devel-
oping views (Giraldo Herrera, 2018; McFarland, 2015). Further-
more, elements of this new science had already been
foregrounded by early figures of microbiology such as Metch-
nikoff (Metchnikoff, 2016, 1903; Sangodeyi, 2014). However, new
scientific knowledge about the role of microbes in fostering
human health and wellbeing is leading to new configurations of
value and expectation. These are evident in concerns about the
promissory nature of microbiome hype, a concern common in
emerging life science areas (Neiderhuber, 2015), conflicting nar-
ratives about the validity of the hygiene hypothesis (Blaser, 2014;
Bloomfield, 2016), innovations in the form of patient engagement
in microbiota-related interventions – such as Do-It-Yourself
(DIY) or hacking approaches to Faecal Microbiota Transplanta-
tion (FMT) (Wolf-Meyer, 2017) and helminth therapy (Lorimer,
2016)—and new approaches to regulation and commercialisation
(Chuong et al., 2017; Hawkins and O’Doherty, 2011; Rhodes
et al., 2013).

In the context of emerging technoscientific innovation and
associated policy agendas, there is increasingly an acknowl-
edgment of the need for social-scientific scholarship to contribute
to the framing and interpretation of research (Stilgoe et al., 2013;
“Time for the social sciences,” 2015). This is reflected in calls for
social and biological scientists to collaborate in the production of
a better understanding of the intersection between human and
microbial worlds (Benezra et al., 2012). As Stirling (2014) notes,
however, all too often the social sciences are ‘brought in only at
the end of grand multidisciplinary procedures, to inform imple-
mentation strategies or communication plans, rather than to help
determine policy directions’. Sometimes known as the
subordinate-service mode of interdisciplinarity (Barry et al.,
2008), this approach has been challenged by recent work in the
science and technology studies (STS) which promotes intensely
collaborative approaches to interdisciplinary research (Balmer
et al., 2016; Brown et al., 2015; Callard and Fitzgerald, n.d.; Clinch
et al., 2018; Nowotny, 2016). Taking inspiration from these more
careful approaches to biosocial collaboration, the purpose of our
exercise is not to offer a social science ‘response’ to existing sci-
entific research agendas, but to ask how social scientists might
lead new and emerging interdisciplinary research programmes
driven by questions and concerns of interdisciplinary relevance.

Work of this kind has already begun in a range of research
projects and theoretical programs exploring one or another form
of what Paxson has termed “microbiopolitics” (Bloomfield, 2016;
Paxson, 2008). More often than not, the focus in this literature is
on one aspect of the microbiome and its implications for a spe-
cific interest group: for example, the intersection between the
human microbiome and biobanking within an Ethical, Legal and
Social Issues (ELSI) framework (Chuong et al., 2017; Hawkins
and O’Doherty, 2011); public engagement with the microbiome
in the spirit of Responsible Research and Innovation (RRI)
(Shamarina et al., 2017); microbiome geographies and anthro-
pologies (Krzywoszynska, 2019; Lorimer, 2016, 2017; Maroney,
2017; Nading, 2016); microbiomes of the built environment
(National Academies of Sciences, 2017); and the relationship
between microbiome and antimicrobials (Landecker, 2016). An
exception to this piecemeal approach is the edited volume on The
Human Microbiome: Ethical, Legal and Social Concerns (Rhodes
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et al., 2013), which emerged from a working group of 27 health
professionals, scientists and humanities and social science scho-
lars established through the HMP. This group highlighted a
number of areas of concern, including the impact of the human
microbiome on conceptions of identity, questions of ownership
and property rights, issues of privacy, research ethics, biobanking
and questions of public health and research on populations, as
well as making a series of related policy recommendations. (See
also Benezra (2016, 2018) on the need to develop collaborations
between social scientists and human microbial ecologists).

In contrast to The Human Microbiome: Ethical, Legal and
Social Concerns, which focused on integrating disciplinary per-
spectives from within the academy, our exercise follows in the
vein of other recent collaborative agenda-setting exercises that
have sought to open up the formulation of the agenda in question
to a wider range of stakeholders (Davies et al., 2016). We shared
this ambition with a recent report of the UK Microbiology Society
(Microbiology Society, 2017), ‘Unlocking the microbiome,’ which
consulted 160 participants from across academia, research
funding bodies, regulators and users of microbiome research.
Other notable initiatives to include the social sciences in the
setting of microbiome-related research agendas in the UK context
include the significant growth in grant calls around AMR (ESRC
(Economic and Social Research Council) 2014; Tackling Anti-
Microbial Resistance (AMR)—Arts and Humanities Research
Council, n.d.) and more broadly, the advent of the cross-council
AMR research initiative that, acknowledging the need for inter-
disciplinary approaches to AMR, brought all seven research
councils together for the first time to provide joint funding for
AMR research. This AMR focus is understandable given its status
as a global health priority posing an immediate threat to human
health; furthermore, the AMR focus may also serve to foster the
growing interest in the microbiome.

In our agenda-setting exercise we took two strategic decisions:
to focus on the human microbiome (while recognising that the
human microbiome is part of and interacts with the global
microbiome) and to leave open the question of whether, how and
why this human microbiome might be relevant to human health
and wellbeing, thus allowing for diverse ‘matters of concern’
(Latour, 2004) to emerge in the exercise itself. This decision was
inspired by recent work in the social sciences and environmental
humanities (Paxson and Helmreich, 2014) that highlights the
broad and diverse range of challenges, opportunities and ques-
tions raised by the current microbial turn.

Methodologically, we took inspiration from a series of recent
agenda-setting exercises. Some of these have focused on setting
agendas for future scientific work exploring ecological and global
biological diversity issues (Sutherland et al., 2009, 2006). Later
experiments have focused on complex and challenging science-
policy relationships (Davies et al., 2016; Parker et al., 2014;
Sutherland et al., 2012, 2011) and on the relations between sci-
ence and business (Armsworth et al., 2010). While some of the
questions discussed below specifically address policy pathways
and choices, our exercise was primarily concerned with setting an
agenda for social science research, partly to resist framing social
science research as orientated towards (and constrained by)
policy concerns. As with other similar exercises (Sutherland et al.,
2012), this paper therefore both reflects on and acknowledges the
complex and contradictory nature of science-policy relations and
the limits of evidence-based policy.

Below we provide an overview of the collaborative process
through which we sought to devise a shared social-scientific
research agenda on the human microbiome. Through this
process key questions were identified that could valuably
inform future interdisciplinary scholarship on the microbiome,
bringing together researchers from the social sciences with

those working in the natural sciences and humanities, as well as
non-academic stakeholders. A number of key themes emerged,
including: (i) the impact of new knowledge about the micro-
biome on healthcare governance and practice; (ii) the impact of
‘microbiomania’ (Helmreich, 2015) on human–microbe rela-
tions; (iii) the intersection of human microbiome and envir-
onmental governance; (iv) microbiome imaginaries and
narratives; (v) the intersection of microbiome knowledges,
identity and citizenship; (vi) the commodification of microbes;
(vii) the relationship between the microbiome and its publics
and (viii) the relationship between the microbiome and aca-
demic research. In the final discussion we reflect on the nature
of the priorities and questions emerging from the exercise, the
potential role of the social sciences in microbiome research and
the usefulness of this kind of exercise for shaping future social
science work.

Method
This collaborative agenda-setting exercise was organised and
facilitated by a small team of social scientists who are all members
of the Oxford Interdisciplinary Microbiome Project (IMP). The
process involved four stages: recruiting participants, generating
questions, agreeing priorities and the collective drafting of out-
comes. The ultimate objective of the workshop was to produce a
refined list of questions to serve as a proposed research agenda for
social science work on the human microbiome. In addition, we
envisioned that this exercise would provide scope and space for
interdisciplinary and transdisciplinary conversations with key
stakeholders and interest groups, and a basis for building net-
works and capacities for future research. Below we describe the
four-stage process, modelled on previous exercises (Davies et al.,
2016; Sutherland et al., 2012, 2011).

Stage 1: Participant recruitment. Previous agenda-setting exer-
cises, looking at issues such as ecology, biodiversity and labora-
tory animal research, have differed significantly in scope, with
some comprising multiple events in several different countries
(Rhodes et al., 2013), and some being more UK focused (Davies
et al., 2016). In some cases, groups met only once, while others,
such as that led by Rhodes et al. (2013), involved an extended
period of collective discussion and elaboration. The scale and
scope of our exercise in many ways reflected the emerging,
rapidly evolving and as yet not-fully-determined nature of the
human microbiome as a research field, as well as more pragmatic
constraints in terms of time and resources.

In contrast to previous exercises, such as Davies et al.’s (2016)
agenda for research on laboratory animal welfare, there was not
an easily defined and delineated range of stakeholders, although
the recent reports of the UK Microbiology Society (Microbiology
Society, 2017) and the Royal Society for Public Health (Royal
Society for Public Health, 2019) offer some sense of emerging key
players. The sampling strategy was deliberately purposive (Davies
et al., 2016; Sutherland et al., 2011), drawing on expert knowledge
to identify a group of stakeholders who can logically be assumed
to be representative of the wider population. We began by
reviewing current literature in the field and our existing network
established through previous work on the social science of the
microbiome (Greenhough et al., 2018; Hodgetts et al., 2018;
Lorimer et al., 2019) to generate a list of key research fields and
interest groups with the objective of achieving representation
from each of these in our exercise. Our target fields were as
follows: agriculture, art-science, bioethics, built environment,
economics, food, history of science, natural environment,
medicine, microbiology, patient organisations, public health and
social science. We also worked with representatives from a
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number of key UK organisations with strong interest in the
microbiome, including the UK Microbiology Society, the Food
Standards Agency, the International Scientific Forum on Home
Hygiene and the Environment Agency. Following an initial round
of recruitment, we were able to then draw on the expertise of our
growing participant group to identify any gaps and identify
additional relevant expertise. Given resource constraints we focused
on the UK, but also included a number of international perspectives
from US and Europe allowing points of comparison to be drawn
and to offer some insights into the more global applicability of our
findings (the influence of such perspectives is reflected below in
some of the questions which address, for example, issues of global
inequality). A future exercise would ideally expand this to
incorporate a wider range of international perspectives.

As Sutherland et al. (2011, p. 244) note, ‘it is a serious challenge
to obtain comprehensive coverage of all domains’. While we
cannot claim our list is fully representative of the broad range of
relevant intellectual motivations and pursuits, it is nevertheless
diverse enough to serve our basic purpose: broadening the scope
and range of the social-scientific work on the human microbiome.
Participants were also encouraged to suggest other contacts to be
approached and to consult widely within their networks to
strengthen and deepen the range of perspectives included within
the exercise. Sutherland et al. (2011) recommend an upper limit
of 40 participants for this kind of exercise, as this number is the
most that can be comfortably accommodated in a plenary
discussion, while further breadth can be achieved by wider
consultation. In total, our exercise involved 36 participants, with
21 attending the workshop. Collectively, this group held diverse
kinds of expertise in agriculture, anthropology, bioethics, built
environment, clinical medicine, environmental health, geography,
health care, history of medicine, linguistics, medical research,
microbiology, NGOs, patient groups, psychology, science journal-
ism and zoology (see author list).

Stage 2: Generating questions. Participants were invited to send
us a list of what they thought were the most interesting and
important research questions with respect to the human micro-
biome. While Sutherland et al. (2011, p. 239) orientated their
questions towards the formation of ‘directly testable research
hypotheses’, in our exercise the only limitation posed (beyond its
focus on the human microbiome) was that the questions should
be amenable to social-scientific research. Again, this reflected our
commitment to hold open what might emerge as a relevant
‘matter of concern’, rather than limiting it to questions or issues
that might appear ‘testable’. In deciding the list of questions,
participants were encouraged to consult widely with colleagues
and contacts who shared their interest in microbiome matters.
Once formulated, participants were asked send their list of
questions to the organisers. The organisers were then responsible
for collating these submissions into a long list of 120 questions,
organised under broad themes. The questions were left largely
unaltered, although organisers carried out some minor editing to
put the questions into a format suitable for the exercise. (Parti-
cipants were invited to add comments if they felt the editing
misinterpreted their question). This long list of potential research
questions was then sent out to participants with instructions for
how to ‘vote’ for the questions they thought were the most
interesting or important. Each person was allocated ten votes to
indicate which questions they wanted to prioritise. They were also
invited to suggest alternative wording for questions. Any question
that received one or more votes was put through to the next stage.

Stage 3: Workshop. In the third stage of the process, participants
were invited to attend a workshop in Oxford in the summer of

2017. To facilitate discussion, the questions were divided into
eight themes and participants into four groups. Each group was
then tasked with working on the questions for two themes. Due to
a number of late withdrawals on the day each group contained
5–6 participants, with the team trying to ensure a mix of social
scientists, natural scientists and other stakeholders. This number
is less than the 10–12 people per group recommended by
Sutherland et al. (2011) but nonetheless we found the groups
diverse enough to generate robust, thoughtful and challenging
discussion (see Discussion section). Each group was chaired by a
member of the IMP team to assist them in identifying priorities,
removing redundancy and rewording questions to eliminate
overlap and improve clarity. Workshop discussions were recor-
ded and detailed notes kept. We draw on these notes in the
following section to illustrate some of the complexities and
debates that shaped the question-refining process.

In the morning session, the groups were tasked with reducing
their list of 15 or so questions for each theme down to three
priority and three back-up questions. To assist them in the
process, chairs were given lists indicating the number of votes
each question had received and were encouraged to drop
questions that had received few votes and to identify and possibly
combine overlapping questions. Once the groups had agreed their
priority questions, these were then brought to an afternoon
plenary session, where all workshop participants reconvened to
combine question lists, remove any remaining redundancy,
reword outcomes and discuss results before the final list of 32
priority questions were agreed.

Stage 4: Dissemination. Finally, the Oxford IMP team processed
the results from the workshop and produced a first draft of this
paper detailing the process and the agenda developed for pub-
lication. This draft was circulated to all participants, who were
invited to comment on the paper and, in light of their partici-
pation in the process, to be co-authors. Following the example of
Sutherland et al. (2012), it was not deemed necessary to seek
further ethical approval. Their participation is reflected in the list
of authors given above.

Results
As noted by Sutherland et al. (2012) the questions agreed upon
through an agenda-setting exercise like this are unavoidably
influenced by the participants who contributed to the process.
However, we believe that the general themes that emerged
through the voting, deliberation and editing process reported here
would be likely to surface if this process was replicated with a
similarly large and diverse group of participants. In Table 1 we set
out the key themes and research questions that developed fol-
lowing reflection, discussion and debate. Questions are grouped
into themes, but not ranked.

Discussion
In this section, we review the themes and questions that emerged
from our exercise and place these in the context of the broader
discussions from which they arose. The purpose is not only to
reflect on the kinds of issues that were identified as priorities for
future social science research, but also to understand the com-
plexity involved in deciding which of the many possible issues are
the most pressing for social scientists to address.

Discussion of emerging questions and themes. Some of the
themes that emerged from the exercise speak clearly to ongoing
areas of scientific and policy concern. The questions that emerged
around the themes of ‘Microbiome and health’, ‘Microbiome and
cleaning/hygiene’ and the ‘Microbiome and the environment’ all
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point to the challenge of measuring, governing and regulating
microbial resources, applications and impacts through, for
example, food safety protocols, the licensing of medical inter-
ventions or new biosecurity protocols. While these issues are not
in themselves novel, their inclusion in this agenda alongside
questions of health inequalities, biohacking, sustainability and
anxieties about the hygiene hypothesis makes an important
statement about the interdependency and inter-related nature of
many of these concerns, and the significance of the human
microbiome as a separate and arguably unique orienting point for
new kinds of interdisciplinary work.

Discussions of these themes also raise questions of space and
geography. The human microbiome, for instance, raises very
different concerns in resource-poor, rapidly urbanising megacities
in the global south, and in middle-class urban households in the
global north (Lorimer, 2017). Equally, we might note how these
same social and spatial inequalities are reflected in the human
microbiome and the maps we make of it. The human microbiome
to which we often refer is one known mainly through research on
white Western populations, reflecting what Crane (2011) might
call the ‘molecular politics’ of microbiome knowledge production.
Additionally, questions arose concerning the frequency, duration

Table 1 Results from the agenda-setting exercise, organised by theme.

Theme: Microbiome and health
1 How are emerging scientific knowledge and public discourses around the microbiome affecting institutional, vernacular, and other stakeholders’

healthcare practices?
2 What is the role of the microbiome in shaping risk and health inequalities?
3 Who is currently taking responsibility for shaping the governance of microbiome interventions? Who should be responsible and who decides?
4 How do we move microbiome interventions from bench to bedside (or vice versa in the context of DIY FMT in humans), and what are the impacts

on patients and publics?
Theme: Microbiome and lifestyle
5 What terms do people use to describe their interactions/relationship with microbiota (e.g. clean, hygienic, sanitised, dirty, decontaminated), and

what do they understand by these terms?
6 What practices do people engage in when trying to modulate their relationship with microbes?
7 What public health interventions and scientific research aimed at changing interactions between humans and microbes are already taking place?
8 What are the origins of the current public consciousness and anxieties about hygiene and cleanliness?
Theme: Microbiome and environment
9 How does the environmental microbiome reframe understandings of (One) health and wellbeing?
10 What are the political and ecological drivers of microbial dysbiosis?
11 Who gets to know, diagnose and manage the environmental microbiome?
12 How does the environmental microbiome interact with prevalent forms of microbiopolitics (knowledge and governance reliant on knowledge of

microbes) such as hygiene, cooking, agriculture and biosecurity?
13 What are the implications of the microbiome for prevalent approaches to sustainability: welfare, localism, chemicals?
Theme: Conceptualising the microbiome
14 How do groups of the public conceptualise the microbiome, if they do at all?
15 How is the microbiome visualised and how does this vary in terms of pathogenic and non-pathogenic microbes?
16 How do narratives and discourses about the microbiome circulate?
Theme: Thinking with microbes
17 How has the microbiome changed the meaning of citizenship?
18 How do ongoing social practices absorb and shape unfolding knowledge of the microbiome?
19 How might scientific findings relating to the role of the microbiome in human health, and even psychological wellbeing, impact on understandings

of the individual?
Theme: Valuing and commodifying the microbiome
20 What kinds of value (e.g. scientific, popular, commercial) are afforded to microbes and microbial communities, and how have these changed over

time? How do these different forms of value interact? How does AMR affect the valorisation of the microbiome?
21 What aspects of the microbiome have been commodified (i.e. translated into commercial products)? How far do processes of commodification

map onto both popular and scientific understandings of the microbiome and its value?
22 What claims are being used to market microbiome-related products? How far do these relate to evolving scientific understandings of the

microbiome?
23 What counts as owning the microbiome? Does the possibility of commodifying the microbiome change received understandings of what can be

invested with property rights (e.g. intellectual property)?
Theme: Engaging publics with the microbiome
24 What are the common understandings and attitudes towards the microbiome amongst different publics?
25 How, by whom, and through what processes is the microbiome represented and consumed (for example as treatments or dietary interventions)?

How does this interface with, affirm or challenge other understandings of health, welfare and the environment?
26 What are the publics of the microbiome? For example, those associated with antibiotics, hygiene, food and prebiotics, dysbiosis and FMT.
27 How might the publics of the microbiome best be brought into existence? What social science technologies are available for experience and

experiment?
28 How do we engage with both post-Pasteurian and anti-Pasteurian approaches?
Theme: Researching microbes
29 When and how does the microbiome come into being as an object of scientific inquiry? What does it encompass, what does it exclude and why do

certain areas (e.g. the gut) gain particular traction while others do not?
30 What evidentiary techniques are central to the emergence of the microbiome as a distinct object of scientific inquiry?
31 What social science tools (conceptual and methodological) can be harnessed to facilitate interdisciplinary investigations of the microbial

connections between humans, animals and the environment?
32 What would a transdisciplinary response to contested areas of microbiological science (e.g. the relationship between gut microbiome and chronic

disease) look like, and how far could it engage with lay people’s beliefs regarding the influence of the microbiome on their own and others’ health
and wellbeing?
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and intensity of relations between humans and particular
microbes or groups of microbes (Hinchliffe et al., 2013). Such
concerns are reflected in the discussion around defining ‘safe
interactions’ which emerged in the context of domestic cleaning.
While these concerns focus mostly on the humans involved, at
other times participants questioned the impact of
human–microbe relations on microbial differentiation: what
environmental factors—animals, spaces, habits, lifestyles, migra-
tions, food, agricultures, abiotic forces, chemical exposures and
disease prevalence, known collectively as the exposome—lead to
differentiation in the human microbiome and what are the
implications of this differentiation for society, politics, and
governance? Indeed, the very fact that the environmental
microbiome emerged alongside the genome as a key theme for
understanding the human microbiome points to an appreciation
of the extent to which these areas are mutually constitutive. For
example, human microbiomes can hold traces of living conditions
(the exposome) which can in turn inform questions of inequality
and social (in)justice (Mansfield and Guthman, 2015; Stallins
et al., 2018).

A second group of questions spoke more directly to current
work in the humanities and social sciences concerned with how
the human microbiome is changing conceptions of human
singularity (Pradeu, 2012; Rees et al., 2018; Rhodes et al., 2013).
Interestingly, such questions did not always arise when and where
expected, i.e. under the themes of ‘conceptualising’ and ‘thinking
with’ microbes, although this may be (as one participant
observed) due to the composition of the workshop discussion
groups. Discussion of the environment and the microbiome, for
example, raised questions about how biological and microbiolo-
gical histories play into contemporary biological research.
Participants noted that much of the Human Microbiome Project
has been about natural history, documenting kinds of life and
often conforming to a neo-primitivist story of ‘this is what the
original human microbiome looks like’ (Maroney, 2017). Or to
put it another way the idea that the gut microbiome of indigenous
people probably reflects the original state of the human
microbiome, while modern populations have less diverse
microbiomes which are ‘missing’ certain microorganisms. Such
assumptions naturalise particular approaches to the human
microbiome with consequences for what is understood to be a
healthy microbiome, what aspects of the microbiome are seen to
merit investment and further research, and how emerging
knowledges are put into use (Leiper, 2019; Yong, 2016). A
second key area of concern, also noted by Rhodes et al. (2013),
was the impact of the human microbiome on questions of
citizenship and identity. This point was reflected in concern
expressed by participants that microbial data might become
another form of bioinformation used to evaluate and classify the
legal or health status of certain subsets of the population
(M’Charek, 2005).

Continuing with the theme of the microbiome as a bioinfor-
matic resource, a third set of questions examined the ways in
which the human microbiome is being valued, commodified and
marketed, and considered the extent to which the human
microbiome can both conform to, but also perhaps challenge,
received understandings of property rights (e.g. intellectual
property). This set of research interests resonates strongly with
other emerging work around the social science of the microbiome
(Chuong et al., 2017; Hawkins and O’Doherty, 2011; Rhodes
et al., 2013). A common insight from this line of work is that the
microbiome is not an easily extracted and traded fungible unit,
but rather a collection of things, or even an ecosystem, which
poses challenges to traditional processes of valuation and
commodification. Discussions also echoed the ELSI raised around
other areas of rapid scientific growth, development and

investment, notably the Human Genome Project (Rhodes et al.,
2013). Hence questions were posed about the existence and
potential exploitation of ‘indigenous microbiomes’, in a manner
not dissimilar to concerns expressed over the exploitation of
indigenous DNA and bioprospecting (Armsworth et al., 2010;
Parker et al., 2014). Distinctive from Rhodes et al.’s (2013)
account, however, was the discussion of the relationship between
science, commerce and the production of microbiome knowl-
edges, and in particular the question of whether scientific
innovation drives the growth of commercial markets—in
probiotics, for example—or vice versa, or even if the two are
mutually constitutive. This draws attention to the different (and
sometimes competing) understandings of the microbiome
produced by scientific research and commercial campaigns, and
how these are linked to different value systems.

A fourth related area of concern was how diverse publics
engage with the microbiome. Questions included an interest in
how publics narrate and visualise the microbiome, if they do so at
all. Building on this, a subtheme of ‘engaging publics’ more
explicitly sought to address how such microbial imaginations
(Nerlich, 2015; Nerlich and Hellsten, 2009) might shape existing
and future engagements with the microbiome, both within and
beyond the scope of current scientific research or policy concern.
Attention was drawn to the need to understand how particular
versions or narratives of the microbiome gain credibility and
circulate, with questions raised as to who gains from having or
generating credible microbial knowledge (see section above on
Commercialisation) and who has the power to access microbial
knowledges through particular technologies and techniques (see
section below on Research). Similarly, the ways in which the
microbiome is narrated also has implications for the formation
and generation of particular publics; both those who are
interested in the human microbiome as it overlaps with their
particular questions or concerns (e.g. links between microbial
dysbiosis and autoimmune disease) and who are interesting (e.g.
as hosts of novel or potentially valuable microbiomes, such as the
indigenous populations noted above). Participants also noted the
different modes of public engagement arising around the
microbiome, including crowdsourced research and citizen science
projects (see, for example, uBiome), a feature that sets these post-
ELSI forms of microbionomic public participation apart from
traditional, top-down approaches to human genome research
(Balmer et al., 2015; M’Charek, 2005). Such modes of engagement
offer a number of potential roles for social scientists, ranging
from more familiar interventions, such as facilitating participa-
tory workshops and representing public interests on project
advisory and ethical review boards, to the development of novel
forms of art-science collaboration (Born and Barry, 2010) to
experiment with possible microbial futures or participatory
metagenomics (Hodgetts et al., 2018).

In the discussion, concerns arose about whom was given
credibility as a microbiome expert, a theme explored through the
example of the promissory claims made by both anti- and
probiotic cleaning companies. This discussion of expertise raised
further questions about the role of social scientists in the process
of making the microbiome public. Does social science merely
observe and report, or should social scientists also try to arbitrate
towards the production of particular kinds of
human–microbiome relations? Interestingly, this theme also
arose in discussions about ‘researching the microbiome,’ where
participants noted that ‘it’s important to make sure that, in future
research on the microbiome, social scientists are not just
observing the scientists, or enrolled by scientists to speak for
the social perception of the microbiome’. This led to some
discussion about whether social scientists were able to define new
modes of public engagement and collaboration, as trialled by the
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recent Good Germs, Bad Germs project (Lorimer et al., 2019)
which proved a key source of inspiration and data for this
exercise.

Finally, and in some ways linked to the opening discussion of
engaging publics and leading on from the points about
collaborative and experimental approaches, there was a strand
of questioning around methodology. The human microbiome is
framed in particular ways, not only through the process of
scientific research but also through a whole series of competing
knowledge production processes that unfold inside and outside
the lab, ranging from established concerns about germs and
disease, through to the diverse forms of lay microbiology found
in, for example, cheese making (Paxson, 2008). This invited
reflections on the need for inter and transdisciplinary expertise—
something which has also been noted by other prominent
discussions of emerging microbiome research agendas (Micro-
biology Society, 2017). This point implies expanding the scope of
who should be involved in setting research agendas to include
both a wide variety of academic disciplines (as reflected in the
constitution of this group), but also lay publics—even if these
practices of inclusion pose additional challenges (Hodgetts et al.,
2018). Underlying these research questions was a fundamental
concern about how to exchange and disseminate knowledge
around the human microbiome without re-establishing and
cementing traditional lay/expert divides. How do you talk about
something as abstract as the microbiome without pre-setting the
terms of that discussion? The abstract nature of a concept like the
human microbiome raises a set of practical challenges. The scale,
complexity and diversity of the microbiome might clash with
infrastructures/equipment and techniques of traditional lab
science built around specific organisms/species. How is the
‘ecological’ view of the microbiome translated into new kinds of
scientific research methods (Johnson and Burnet, 2016)?

The overall agenda, therefore, reflects conceptual questions,
methodological concerns and practical implications for policy
and public engagement. As noted above, it both complements and
extends existing work and previous agendas, but is distinctive in
its attention to questions of context, microbial differentiation, the
specific relationships between scientific and commercial interests,
expertise and sources of knowledge, and the role of social
scientists in making the human microbiome public.

Evaluation of exercise. In this section we draw comparisons with
previous agenda-setting exercises and examine the strengths and
limitations of our approach to generating a research agenda. At
the same time, we draw out some of the complexities and chal-
lenges thrown up by positioning the microbiome as an object of
social science research.

Initial challenges arose around the microbiome itself as an
object of enquiry. We could, for example, take inspiration from
the parallels drawn with the ELSI arising in relation to the
Human Genome Project (Rhodes et al., 2013). As Balmer et al.
(2015) note, the ELSI agenda has played a significant role in
opening up new field of enquiry for social scientists enabling
them to work in collaboration with scientists and researchers in
emerging fields. The ELSI agenda brings with it opportunities, in
terms of access and the chance to influence the development of
novel technologies, but also can often see social science being
positioned as ‘being responsible for the identification and
remediation of potential negative downstream consequences of
science’ (Balmer et al., 2015, p. 4). Yet the breadth of the
questions set out above, which identify the complex inter-
relations between the microbiome and key social issues such as
public health, access to medicines, commercialisation (seen in the
ways in which the field is shaped by significant scientific and

industrial entrepreneurship), biohacking and identity, suggest a
role for both social scientists, and society more broadly (seen in
the diverse array of publics detailed in question 26), in shaping
the direction, resourcing and scope of microbiome research.
Furthermore, both the microbiome and the field of microbiome
research are heterogeneous, diverse and rapidly evolving. Here
the value of the collective agenda-setting approach for under-
standing the human microbiome really made itself felt, as the
diversity and complexity of the group and their experiences of
and understandings of the human microbiome allowed an
appreciation of its complexity in a social context. For example,
the material composition and location of the human gut
microbiome—inside the human body and directly accessible
through the act of eating—makes the possibility of DIY
microbiome experimentation or biohacking much closer (at least
for now) than say DIY hacking of the human genome. So, while
those participants working in medicine and allied fields drew
attention to the ways in which innovations in medical interven-
tions into the microbiome were moving from bench to bedside,
social scientists scoping public engagements with the microbiome
drew attention to the potential flow of knowledge, experience and
expertise from bedside to bench (question 4).

A second challenge is raised by the nature of our agenda-
setting exercise itself. It combines a commitment to academic
rigour (Rhodes et al., 2013; Sutherland et al., 2011), with a
number of key principles, namely inclusivity, openness and
democracy. Such commitments are reflected in the open and
inclusive way in which we tried to structure this process, the
range and diversity of our participants’ disciplinary backgrounds,
and their willingness to both engage with and challenge each
other’s perspectives. Nonetheless, bringing together a diverse
group of stakeholders also revealed points of tension, where
different approaches, languages, understandings and priorities
remained hard to reconcile. Questioning the terminology and
underlying assumptions associated with different research tradi-
tions allows the key issues and concerns to be not only
interrogated but expressed in ways which are sensitive to and
open to responses from a much more diverse range of research
expertise. Furthermore, by framing the exercise as one which had
to generate a ‘shared social-scientific research agenda’ which
could ‘inform future interdisciplinary scholarship’ and bring
together researchers from the social sciences, natural sciences, the
humanities and non-academic stakeholders, we also established a
set of norms which to some extent foreclosed the development of
other kinds of research agenda. This exercise would probably
have looked very different if we had instead focused on the
implications of ‘thinking with microbes’ for social theory (Hird,
2009).

The emerging nature of much microbiome research (and data)
also poses challenges. For example, the group discussing the
‘Microbiome and environment’ theme noted the ongoing
challenge of a lack of basic biogeographical knowledge about
the environmental microbiome; its composition, dynamics,
drivers and functions. While efforts to map microbial biodiversity
continue apace, the challenge of interpreting that data makes it
hard to anticipate the implications of microbial biogeography for
human health. Furthermore, participants were keen to point out
that the microbiome is multiple, since different microbial
communities inhabit different bodily sites (e.g. oral microbiome,
skin microbiome, gut microbiome) and that it perhaps makes
more sense to speak of microbiomes in the plural rather than the
singular. This raises questions about how these are delineated for
research. Does the human microbiome refer only to microbes on,
in and beneath the skin, or does it incorporate those present in
the immediate environment, such as houses, farms or factories?
Does it make more sense to focus on particular phyla, genera or
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species of microbes (although the species concept is not easily
applied to bacteria given the extensive gene transfer between
them)? Here we might also note how these questions resonate
with similar classificatory problems explored by social scientists
working on toxicants and chemicals (Boudia et al., 2018).

This multiplicity of the human microbiome has implications
for the scope of this kind of agenda-setting exercise. For
Sutherland et al. (2011, p. 244) a key issue was establishing
‘precise geographical boundaries’ for their agenda. One of the first
things we learnt from the human microbiome is not only that
such boundaries are difficult if not impossible to establish (there
is a constant two-way traffic of microbes into and out of the
human), but also that insisting on such boundaries risks creating
a flawed and limited understanding of the human microbiome
itself. Furthermore, historians and social scientists remind us that
the ‘human’ in the ‘human microbiome’ is an equally complicated
and fluid category (Helmreich, 2015). Does it make sense, for
example, to speak of microbes associated with poverty, social
marginalisation or unequal access to health resources? How far
can we pursue this sort of enquiry before encountering a form of
microbiological determinism, and rehearsing older associations
between social abjection and pathogenic microbes (Craddock,
2000)? This raises further questions about the current focus of
microbiome research and funding calls towards AMR, particu-
larly in the social sciences and humanities. As one participant put
it, within the UK context ‘It is hard not to route everything
through AMR, because that’s where the money is, which
precludes many things that are most interesting about the
microbiome’. Therefore, a key question is how we draw
boundaries—rather than the boundaries themselves—and
whether we should draw boundaries at all (see theme Con-
ceptualising the microbiome).

Conclusions
The human microbiome is a rapidly developing area of scientific
research and social interest. In common with other emergent
areas of science and technology, the social sciences and the
humanities can play an important role in exploring aspects of this
novel reality, facilitating the development of research that is
socially relevant, and incorporating understandings of social and
cultural norms and ideas about microbiota into research endea-
vours. Consequently, a number of research agendas have emerged
which offer directions for future social science and humanities
research in this area.

An interdisciplinary research agenda requires moving across
different fields, and sustaining hybrid modalities of knowledge
over time, instituting ‘greater openness and transparency about
the diversity of ways to understand and address particular pro-
blems’ (Stirling, 2014). The specific agenda that emerged from
our exercise undoubtedly reflects the unique combination of
expertise and perspectives brought by the participants. In drawing
together diverse stakeholders and academic perspectives, in par-
ticular from those working in fields not always explicitly engaging
with microbiomes, we have highlighted the importance of
attending to the context, intensity, specificity and duration of
human–microbe interactions. We have also revealed the sig-
nificance of the different ways in which commercial and scientific
authorities value microbes and communicate information about
them, the need for careful reflection on the ways in which publics
are engaged with microbiome research and the role of social
scientists in shaping such engagements.

Taken collectively, our agenda of 32 questions and their related
themes point to eight key priorities for future social science
research:

1. To think seriously about the impact of new knowledge
about the microbiome on healthcare governance and
practice, paying close attention to where such knowledge
is produced, by whom and to whose benefit.

2. To examine how ‘microbiomania’ (Helmreich, 2015) is re-
shaping human–microbe relations, with implications for
public understandings of the relationship between health,
hygiene and cleanliness.

3. To collaborate with scholars in the sciences to understand
how the human microbiome is situated within a broader
environmental microbiome (exposome) and subject to the
influence of environmental governance practices in fields
such as (One) health, agriculture, sustainability and
biosecurity.

4. To collaborate with scholars in the arts and humanities to
understand how particular versions, imaginaries or narra-
tives of the microbiome gain credibility and circulate.

5. To consider the impact of microbial knowledges on social
practices, including senses of self, identity and citizenship.

6. To consider how the microbe is being valued and
commodified, and how this might challenge our ideas of
what can be commodified, and how values are assigned and
rationalised.

7. To examine the relationship between the microbiome and
its publics, including a consideration of how publics and
interest groups orientate themselves through particular
kinds of relations to the microbiome (as a source of disease
or health, as an aspect of the environment to be nurtured or
controlled), and to experiment with diverse approaches to
engaging publics with the microbiome.

8. To interrogate the relationship between the microbiome and
academic research, questioning which epistemologies and
ontologies shape microbiome research and considering their
implications for future inter and transdisciplinary work.

Our exercise also served to highlight some of the challenges in
developing a social-scientific research agenda on the human
microbiome. Firstly, the difficulties of identifying who might be
considered a stakeholder or relevant public for research on
human–microbiome interactions, given that many of the issues
and stakeholders have yet to emerge. Secondly, the challenges
posed by the materiality of the human microbiome itself as a
research object, which is rapidly evolving and in constant inter-
action and flux with its environment, and which is accessible not
only through scientific techniques, but through everyday practices
such as cleaning and eating, making it hard to delimit its
boundaries, and the boundaries of a research agenda related to it.
Our discussion also highlighted what may be lost in seeking to
close down or to define too tightly what counts as microbiome
research in the first instance, resonating with developments in
social science work on AMR which is taking inspiration from
(and inspiring) the microbiome research agenda and diversifying
its areas of concern to include not only pathogenic microbes.

We therefore anticipate that our agenda will offer guidance and
inspiration for both social scientists and funders to broaden their
agendas for social science research on the human microbiome,
and recognise the ways in which such work can not only service
but also shape emerging human–microbiome knowledge.

Data availability
The data generated through this exercise are presented in full in
the Results section (Table 1).
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