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Abstract

Climate change, biodiversity loss, and antimicrobial pollution caused by human activity are placing
pressure on global microbiota. However, microbial protection remains mostly absent from inter-
national law and global governance frameworks. This policy brief highlights the chronic marginal-
isation of microbes in international health, environmental, and human rights law, as well as in
governance frameworks addressing antimicrobial resistance (AMR). Drawing on recent genomics and
humanities research, it argues that policymakers need to abandon interventions designed to control
or combat individual microbes in favour of microbiota-oriented governance. This brief discusses three
major areas (pollution thresholds, microbial conservation, and the human right to a clean, healthy,
and sustainable environment) where change is already occurring.
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I. Our fragile microbial biosphere

In 2023, the International Union of the Microbiological Sciences (IUMS) issued an urgent call
to “save the microbes to save the planet.”* According to the IUMS, the approximately trillion
microbial species making our planet habitable are facing intense pressure from human
activities, including climate change, biodiversity loss, and mass exposure to antimicrobial
substances. Protecting the planet thus entails creating frameworks to protect the microbes.
And yet, microbes—including bacteria, viruses, fungi, algae, protozoa, and archaeca—
remain notably absent from both international law and governance. Of the more than 500
multi-legal instruments issued under the United Nations, few, if any, mention microbes or
their importance for human life.? This policy brief argues that chronic neglect of microbial
environments is not only leading to biodiversity loss and habitat degradation, but also
undermining humanity’s ability to respond to major global health challenges such as
antimicrobial resistance (AMR). Rather than treating microbes as “enemies,” “workers,”
or “bioassets,” decision-makers need to develop sustainable ecological forms of microbial
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governance and legislation. Employing a historical perspective, this brief first analyses
microbes’ marginalised place within international law and governance. It then reviews how
emerging debates about antimicrobial pollution, microbial conservation, and the human
right to a clean, healthy, and sustainable environment enable new ways of conceptualising
interlayered forms of microbiota-oriented governance.

2. Chronic neglect: Microbes’ marginalisation in global governance

Governing microbes is challenging. Current assessments hold that at any one time, there are
approximately 5 million trillion living bacteria on earth (10*°)—with up to 40% dying per
day—which proliferate at different speeds, exchange genes, and know no borders.® It is easy
to see why the often overwhelming complexity of this vast microcosm has traditionally
made regulators shy away from trying to manage it.

Since the nineteenth century, most deliberate human interventions into the microbial
biosphere have focused on controlling a small number of microbial pathogens (ca. 1,400
species; <1% of total microbial diversity) or industrial organisms.* Starting with the
International Sanitary Conventions and continuing with the International Health Regula-
tions, international health law has been concerned with stopping pathogens from spreading
from one location to another.> By contrast, microbes that were deemed of economic value to
industries such as brewing or pharmaceutical manufacturing became subject to ever more
stringent proprietary safeguards. Starting in the 1940s and accelerating from the 1970s
onwards, new intellectual property frameworks emerged to secure control over useful
bioresources.® By the 1980s, recombinant microbes began to be considered intellectual
property as such.” Environmental laws, such as the 1992 Convention on Biodiversity, sought
to ensure that resulting financial and technological benefits were distributed more evenly
by introducing sovereign control over microbial resources. However, no formal protection
of microbes as such emerged: in situ conservation remained focused on macrobial life, and ex
situ conservation of microbes in culture collections faced pressure due to reduced core
funding.®

Apparent disregard for most microbes or microbiota under international law and biodiver-
sity conservation is mirrored in other areas of governance—notably attempts to curb AMR.
Since the first observation of emergent “drug fastness” in microbes around 1910, rising
levels of AMR have led to attempts to safeguard drug efficacy and control the spread of
individual “superbugs.”® Often employing phenotypic “breakpoints” to evaluate antimicro-
bials’ ability to impede clinical isolates of pathogens, officials developed increasingly
sophisticated antimicrobial stewardship frameworks to regulate access to and use of
antimicrobials.’® However, by limiting concerns to medical or agricultural settings, func-
tionalist stewardship frameworks failed to appreciate microbiota interlinkages and the
wider environmental drivers of AMR.!!
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Over the past two decades, genomic investigations of clinical and non-clinical microbiota
have led to a far more ecological understanding of the AMR challenge. Studies highlight that
AMR is a natural microbial response to various pharmaceutical and non-pharmaceutical
selection pressures—and often associated with wider microbiota shifts.'? Although AMR
predates the modern era by millennia, data from preserved microbial strains, soil archives,
and lake sediments show a panspecies increase of AMR across biogeographies during the
nineteenth and twentieth centuries. Periods of AMR acceleration have correlated with
anthropogenic pressures, such as the introduction of novel broad-spectrum antibiotics
and biocides.'® Fallouts were not evenly distributed. At a societal level, AMR is often most
pronounced in poorer communities suffering higher exposure to selective pollution and
disease burdens.'* However, linking specific antimicrobial exposures or environmental AMR
reservoirs to instances of human or animal harm remains challenging.'

Unfortunately, few insights on multifactorial drivers of AMR and microbial stress have been
translated into policy. Instead, AMR governance remains dominated by linear cause-and-
effect models based on triaging and stewarding a limited number of pharmaceuticals in
accordance with 1990s usage regimes from high-income countries.'® Whether these stew-
ardship regimes are effective is unclear. According to a twenty-year evaluation of European
AMR data, regional fluctuations of AMR were only weakly correlated with shifting anti-
microbial use in hospitals and reflected hitherto underexplored ecological factors.'” While
this policy brief is not a call to abandon antimicrobial stewardship, it is clear that regulating
AMR requires new ecological governance frameworks capable of actively managing micro-
bial environments.

3. Ecological governance: Managing the microbial commons

Engaging with nonlinear microbiota dynamics opens the door for broader debates on
microbial health and equity. Over the past decade, a growing number of commentators
have started to contemplate ways of viable microbial governance beyond existing anti-
microbial templates.'® Given the complexity of microbiota, magic bullet solutions are
unlikely, and proactive governance will entail sociopolitical trade-offs. So far, three distinct
schools of thought have emerged: establishing thresholds for antimicrobial exposure,
enhancing microbial conservation, and integrating microbes into human rights legislation.
All three approaches are imperfect but offer incremental and interlayerable approaches
towards more sustainable human—microbial relationships.

3.1. Pollution thresholds

Since around 1800, establishing thresholds to demarcate levels at which exposure to hazards
becomes (in)acceptable has become a key technique of industrial regulation.'® In the case of
antimicrobial pharmaceuticals, which can impact a wide range of microorganisms due to
selection for cross-resistance and habitat shifts or loss, thresholds have only been applied
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selectively.?® While the past 150 years have seen farms and clinics subjected to increasingly
stringent stewardship regimes, human and animal effluent, as well as pharmaceutical
manufacturers, have mostly escaped AMR-focused regulation.?! This omission is starting
to change. Following warnings about the selective impacts of industrial and medical waste,
the past decade has seen efforts to establish thresholds for antimicrobial effluent at both the
national and international levels.?? Currently, significant effort is being devoted to estab-
lishing predicted no-effect concentrations (PNECs) below which discharge is considered
safe.”

Just like other historical threshold debates, establishing PNECs is an epistemically and
politically fraught process involving powerful economic interests and adjudicating between
often competing scientific expertise.?* Tensions are particularly high regarding PNECs for
industrial waste. Between 2019 and 2021, India launched ultimately abortive attempts to
introduce statutory limits on antibiotic concentrations in treated effluents and sludge.?® The
initiative triggered resistance from Indian manufacturers and the international AMR
Industry Alliance, which had published its own voluntary guidelines in 2018.2° Resulting
debates centred not only on technical questions such as where to monitor for selective
effects, but also on broader issues such as the “ordinary” selectiveness of urban as opposed
to industrial waste and how to disentangle current selection from pre-existing multi-
factorial pollution.?” A particularly interesting debate centred on how to set baselines for
“intact” microbiota. Whereas AMR norms have traditionally originated in the Global North,
the discharge controversy saw Indian scientists push back against international researchers’
use of Scandinavian lakes as controls to evaluate dysbiotic dynamics in Indian biogeogra-
phies.?® Controversies have not died down. 2024 World Health Organization and UN
Environmental Programme wastewater guidelines, based on consultations with aforemen-
tioned international scientists, are notably stricter than those of the AMR Industry Alliance
—and have triggered new research on PNECs and microbial harm.?” However, other non-
pharmaceutical forms of antimicrobial pollution, such as biocides or heavy metals, often
remain exempt from current microbiota-oriented threshold discussions.

Although historians have highlighted regulatory thresholds’ role in legitimising pollution
and supporting industrial over community interests, the current absence of meaningful
guidelines for microbiota protection and the need for ongoing antimicrobial use means that
emission-like limits will be a core component of future microbial governance.*® Meanwhile,
emerging debates about environmental regulation of antimicrobial pollution are leading to
the rapid formalisation of previously abstract concepts, such as healthy “eu” and “dysbiotic”
microbiota.’! Antimicrobial pollution debates are also raising questions about which
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microbes or microbiota should be prioritised for in situ protection (see below).>? Expanding
the threshold concept to the planetary level, some researchers have called for antimicrobial
exposure to be integrated into the Stockholm Resilience Forum’s planetary boundaries
framework to ensure the integrity of vital microbial services for human, animal, and plant
life.>

3.2. Microbial conservation

Concerns about antimicrobial pollution and biodiversity loss have driven advocacy for
microbial conservation. Over the past thirty years, a growing number of microbiologists
and exobiologists have called on regulators to widen One Health approaches to encompass
microbial ecologies and to actively conserve certain environments to prevent microbial
extinction.>* Often referring to undiscovered applications and scientific breakthroughs,
researchers and organisations, such as the TUMS, emphasise the future value of rare,
extreme, or as yet mostly undisturbed habitats such as the deep sea.>> While this form of
microbial conservation is not designed to foster stewardship of already disturbed micro-
biota, it aligns with existing biodiversity and intellectual property frameworks.*® Similar to
what geographer Jamie Lorimer describes as a probiotic turn, the quest to protect, collect,
and ultimately exploit “undisturbed” microbiota also forms part of growing industrial and
biomedical efforts to “rewild” modern microbiota.>”

Intensifying existing conservation approaches is not uncontentious. The abovementioned
Convention on Biodiversity and the subsequent Nagoya Protocol have tried to distribute
benefits resulting from biodiversity conservation and exploitation.’® However, ex situ
storage remains concentrated in wealthy countries, benefit distribution has been marginal,
and indigenous groups have criticised state-focused conservation frameworks. Scientists
have also highlighted how sovereign or IP-based ownership structures impede microbial
exchange and commons-based preservation. Meanwhile, in situ conservation of rare envir-
onments continues to focus on macrobial life.>

While intensified conservation is unlikely to overcome these entrenched challenges, asso-
ciated investment in analysing and stabilising fluid microbiota is leading to important
insights about microbial diversity and the differential impacts of microbial stressors.’ It has
also triggered debates about whether all forms of microbial biodiversity need to be
conserved or whether efforts should focus on maintaining microbiota that are critical for
human life and well-being (see below).*! Growing interdisciplinary engagement with how to
define and maintain “undisturbed” microbiota also raises important questions about how to
distribute resulting benefits and compensate for historical pollution burdens (see above).*?
Perhaps most importantly, portraying the microbial assemblages we depend on as a finite
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commons is laying the foundations for new conceptualisations of microbes as fundamental
for the exercise of human rights.

3.3. Rights to microbes and microbial rights

Originating in the decades after 1945, modern human rights law has mostly focused on inter-
human rather than interspecies relationships.** This exclusive focus is beginning to change.
A 2025 advisory opinion by the International Court of Justice noted that states have a legal
obligation to protect the climate as a way of protecting human rights—thus explicitly
connecting the formerly distinct domains of human rights and environmental law.**
Protecting critical microbiota would mark a logical extension of this principle. Two distinct
approaches are emerging.

Drawing on legal precedents that have seen personhood status applied to natural bodies,
such as rivers and watersheds, some scholars have called for microbes to enjoy basic rights
as a way to overcome the anthropocentric marginalisation of environments.*> There are
several conceptual challenges with this approach: the inherent evolutionary fluidity and
community structure of microbiota means that concepts of individual personhood are
difficult to apply; certain microbial assemblages can thrive in polluted environments that
are not beneficial to human, animal, or plant life; and some microbial assemblages—
including pathogens—are actively harmful to human life. As highlighted by Kathryn Yusoff
and Myra Hird, imagining that microbial life and evolution aim for symbiotic states with or
“care” for human life is itself an anthropocentric fallacy.*®

Inspired by bioeconomic concepts of ecological services, other researchers have proposed a
right to microbes or protecting crucial microbial services within the newly recognised
human right to a clean, healthy, and sustainable environment (see also Boucrot et al in this
thematic collection).?” Ongoing scientific knowledge gaps and the inability to protect all
microbes mean that future conservation priorities will inevitably be influenced by the
relative importance of “services” that different microbiota render to human, animal, and
plant life. This services approach does not seek to overcome the inherent anthropocentri-
cism of international human rights law, fails to value biodiversity as such, and can struggle
to deal with trade-offs between different ecoservices.*® It, however, offers epistemic
flexibility when it comes to defining what counts as a functional or damaged human-—
microbial constellation. Rather than requiring unwieldy universal definitions of eu- or
dysbiotic microbiota, communities and courts can define “useful” or “healthy” microbiota,
as well as harms to local microbial services, in a bottom-up fashion.

The described bottom-up approach of legal redress is no panacea. Microbes are currently not
mentioned in the relevant UN General Assembly declaration or enacted national and
regional legal instruments.*” In terms of planetary health, individual rulings will also not
replace the need for enforceable international pollution thresholds or coordinated microbial
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conservation. By itself, legal action is moreover insufficient to achieve an equitable transi-
tion away from (anti)microbial injustice.>®

The possibility of legal redress nonetheless adds “teeth” to current threshold debates and
may also galvanise state action to conserve critical microbiota. The ability to extend
definitions of AMR-related harms beyond therapy failure could also trigger an ecological
reformulation of antimicrobial stewardship. Whereas current stewardship foregrounds the
protection of drug efficacy and individual responsibility for appropriate usage, a broader
environmental definition of AMR-related harms could lead to ecological stewardship
systems that take into account differential responsibilities for historical and current
pollution and address non-pharmaceutical selection.”! Overall, the new human right’s
ability to foreground microbes’ importance for environmental and human health and
epistemic flexibility when it comes to prioritising services offers a powerful way to
overcome decades of fragmented legal conceptualisations of microbial life.

4. Conclusion: Ecology and equity

The current intersection of calls for in situ microbial conservation with debates on anti-
microbial thresholds, rights to microbes, and the international recognition of the right to a
healthy environment is indicative of a wider ecological turn when it comes to conceptualis-
ing human health. In contrast to the previous century’s focus on microbial control and drug
efficacy, growing awareness of the interconnectedness of microbial ecologies and the
unequal fallouts of selective pressures are leading to a new focus on microbial management.
Relevant debates about “healthy” baselines and how to define no-effect concentrations are
already taking place. Fragmentary knowledge about microbiota means that new regulations
will be imperfect and that future governance will likely “fudge” all three outlined
approaches. In this situation, decision-makers need to ensure the regular review of emer-
gent standards and guarantee that new ecological frameworks also address the unequal
distribution of pollution burdens and access to the microbial commons.

Claas Kirchhelle is a historian of ‘bugs and drugs’ and works as an Associate Professor (charge de recherche) for the
French National Institute of Health and Medical Research (INSERM). Based at the Paris CERMES3 Unit, he researches
the history of microbial environments, disease surveillance and control, and pharmaceutical innovation and
regulation.

Acknowledgements. The author would like to thank Drs Wendy Boucrot and Sheila Varadan for their valuable
comments on the manuscript.

Author contribution. Conceptualization: C.K.

References

AMR Industry Alliance. 2018. Common Antibiotic Manufacturing Framework. AMR Industry Alliance. https://www.am
rindustryalliance.org/wp-content/uploads/2018/02/AMR _Industry_Alliance_Manufacturing Framework.pdf.
Accessed May 28, 2025.

Bader, Alyssa C., Essie M. Van Zuylen, Matilda Handsley-Davis, Rosanna A. Alegado, Amber Benezra, Rebecca M.
Pollet, Hanareia Ehau-Taumaunu, Laura S. Weyrich, and Matthew Z. Anderson. 2023. “A Relational Framework
for Microbiome Research with Indigenous Communities.” Nature Microbiology 8 (10): 1768-76.

%0 varadan et al. 2024.
1 Boucrot et al. 2025.

https://doi.org/10.1017/pub.2025.10065 Published online by Cambridge University Press


https://www.amrindustryalliance.org/wp-content/uploads/2018/02/AMR_Industry_Alliance_Manufacturing_Framework.pdf
https://www.amrindustryalliance.org/wp-content/uploads/2018/02/AMR_Industry_Alliance_Manufacturing_Framework.pdf
https://doi.org/10.1017/pub.2025.10065

8 Claas Kirchhelle

Bengtsson-Palme, Johan, Anna Abramova, Thomas U. Berendonk, Luis Pedro Coelho, Sofia K. Forslund, Remi
Gschwind, Annamari Heikinheimo, et al. 2023. “Towards Monitoring of Antimicrobial Resistance in the Envir-
onment: For What Reasons, How to Implement It, and What Are the Data Needs?. ” Environment International 178:
108089.

Bengtsson-Palme, Johan, Milena Milakovic, Helena Svecovéd, Marin Ganjto, Viktor Jonsson, Roman Grabic, and
Nikolina Udikovic-Kolic. 2019. “Industrial Wastewater Treatment Plant Enriches Antibiotic Resistance Genes and
Alters the Structure of Microbial Communities.” Water Research 162: 437—45.

Bjerke, Lise. 2025. “Antibiotics in the Environment: Molecularisation, Drug Resistance and Pharmaceutical Pollution
in India.” BioSocieties 20: 551-78.

Bodelier, Paul L. E. 2011. “Toward Understanding, Managing, and Protecting Microbial Ecosystems.” Frontiers in
Microbiology 2: 80. https://doi.org/10.3389/fmicb.2011.00080.

Boucrot, Wendy, Claas Kirchhelle, and Sheila Rose Varadan. 2025. Microbes, an Essential Element of a Healthy, Clean and
Sustainable Environment: Connecting Microbial Health, Planetary Crises, and Economic and Social Rights. Submission to the
Un Committee on Economic, Social and Cultural Rights (CESCR) on the Environmental Dimensions of Sustainable
Development. British Academy Just Transitions for AMR Project.

Boudia, Soraya, and Nathalie Jas, eds. 2014. Powerless science? Science and politics in a toxic world. New York: Berghahn
Books.

Casamayor, Emilio 0. 2017. “Towards a Microbial Conservation Perspective in High Mountain Lakes.” In High
Mountain Conservation in a Changing World, edited by Jordi Catalan, Josep M. Ninot, and M. Mercé Aniz. Springer
Open, pp. 157-80.

CIDRAP-AST. 2022. The Limit of Limits: India’s Hurdles in Regulating Antimicrobial Pollution. Center for Infectious Disease
Research and Policy Antimicrobial Stewardship Project (CIDRAP-AST). https://www.cidrap.umn.edu/sites/
default/files/the_limit_of limits_indias_hurdles_in_regulating antimicrobial_pollution.pdf. =~ Accessed May
25, 2025.

Cockell, Charles S. 2011. “Microbial Rights?” EMBO Reports 12 (3): 181. https://doi.org/10.1038/embor.2011.13.

Cockell, Charles S., and Harriet L. Jones. 2009. “Advancing the Case for Microbial Conservation.” Oryx 43 (4): 520-26.

Colwell, RR. 1997. “Microbial Diversity: The Importance of Exploration and Conservation.” Journal of Industrial
Microbiology and Biotechnology 18 (5): 302—7.

Crowther, Thomas W., Rino Rappuoli, Cinzia Corinaldesi, Roberto Danovaro, Timothy J. Donohue, Jef Huisman,
Lisa Y. Stein, et al. 2024. “Scientists’ Call to Action: Microbes, Planetary Health, and the Sustainable Development
Goals.” Cell 187 (19): 5195-216.

Despotovic, Milena, Laura de Nies, Susheel Banu Busi, and Paul Wilmes. 2023. “Reservoirs of Antimicrobial
Resistance in the Context of One Health.” Current Opinion in Microbiology 73: 102291. https://doi.org/10.1016/].
mib.2023.102291.

Dominguez-Bello, Maria G., Dominik Steiger, Manuel Fankhauser, Adrian Egli, Pascale Vonaesch, Nicholas A.
Bokulich, Anton Lavrinienko et al. 2025. “The Microbiota Vault Initiative: Safeguarding Earth’s Microbial
Heritage for Future Generations.” Nature Communications 16 (1): 1—6.

Doron, Assa, and Alex Broom. 2019. “The Spectre of Superbugs: Waste, Structural Violence and Antimicrobial
Resistance in India.” Worldwide Waste 2 (1): 7. https://doi.org/10.5334/wwwj.20.

Emons, Martin, Frangois Blanquart, and Sonja Lehtinen. 2025. “The Evolution of Antibiotic Resistance in Europe,
1998-2019.” PLoS Pathogens 21 (4): 1012945,

Fernandez Diaz, Andrea, Frédéric Keck, Melissa K. Melby, Vinh-Kim Nguyen, and Louis-Patrick Haraoui. 2025.
“Rethinking One Health through Microbial Foundations: Pathways to Ecological Governance.” SSRN Preprint.
https://doi.org/10.2139/ssrn.5363262; https://ssrn.com/abstract=5363262.

Ferrari, Luciano, Roberta Raffaeta, and Lorenzo Beltrame. 2024. “Capitalization and the Production of Value at the
Nexus of Academia and Industry: The Case of a Microbiome Startup.” New Genetics and Society 43 (1): €2411863.

Gordon, Gwendolyn J. 2018. “Environmental Personhood.” Columbia Journal of Environmental Law 43: 49.

Gradmann, Christoph. 2011. “Magic Bullets and Moving Targets: Antibiotic Resistance and Experimental Chemo-
therapy, 1900-1940" [In English]. Dynamis 31 (2): 305-21.

Gradmann, Christoph. 2013. “Sensitive Matters: The World Health Organization and Antibiotic Resistance Testing,
1945-1975” [In English]. Social History of Medicine 26 (3): 555-74.

Gradmann, Christoph, and Claas Kirchhelle. 2023. “Pills and Politics.” In Steering against Superbugs, edited by Oliver
Rubin, Erik Baekkeskov and Louise Munkholm. Oxford University Press, pp. 19-30.

Griffith, Gareth W. 2012. “Do We Need a Global Strategy for Microbial Conservation?” Trends in Ecology and Evolution
27 (1): 1.

Harris, Suvi, Carol Morris, Dearbhaile Morris, Martin Cormican, and Enda Cummins. 2014. “Antimicrobial Resistant
Escherichia Coli in the Municipal Wastewater System: Effect of Hospital Effluent and Environmental Fate.”
Science of the Total Environment 468: 1078—85.

https://doi.org/10.1017/pub.2025.10065 Published online by Cambridge University Press


https://doi.org/10.3389/fmicb.2011.00080
https://www.cidrap.umn.edu/sites/default/files/the_limit_of_limits_indias_hurdles_in_regulating_antimicrobial_pollution.pdf
https://www.cidrap.umn.edu/sites/default/files/the_limit_of_limits_indias_hurdles_in_regulating_antimicrobial_pollution.pdf
https://doi.org/10.1038/embor.2011.13
https://doi.org/10.1016/j.mib.2023.102291
https://doi.org/10.1016/j.mib.2023.102291
https://doi.org/10.5334/wwwj.20
https://doi.org/10.2139/ssrn.5363262
https://ssrn.com/abstract=5363262
https://doi.org/10.1017/pub.2025.10065

Public Humanities 9

Hendriksen, Rene S., Patrick Munk, Patrick Njage, Bram Van Bunnik, Luke McNally, Oksana Lukjancenko, Timo
Roder, et al. “Global Monitoring of Antimicrobial Resistance Based on Metagenomics Analyses of Urban Sewage.”
Nature Communications 10 (1): 1124.

Hird, Myra J., and Kathryn Yusoff. 2019. “Lines of Shite: Microbial-Mineral Chatter in the Anthropocene.” In
Posthuman Ecologies: Complexity and Process after Deleuze, edited by Rosi Braidotti and Simone Bignall. Rowan &
Littlefield, pp. 265-81

Hwengwere, Kudzai, Harisree Paramel Nair, Kevin A. Hughes, Llyod S. Peck, Melody S. Clark, and Caray A. Walker.
2022. “Antimicrobial Resistance in Antarctica: Is It Still a Pristine Environment?” Microbiome 10 (1): 71.

1CJ. 2025. Obligations of States in Respect to Climate Change: Advisory Opinion. International Court of Justice.

Ishaq, Suzanne L., Francisco ]. Parada, Patricia G. Wolf, Carla Y. Bonilla, Megan A. Carney, Amber Benezra, Emily
Wissel, et al. 2021. “Introducing the Microbes and Social Equity Working Group: Considering the Microbial
Components of Social, Environmental, and Health Justice.” MSystems 6 (4): €00471-21.

Ishaq, Suzanne L., Maurisa Rapp, Risa Byerly, Loretta S. McClellan, Maya R. O’Boyle, Anika Nykanen, Patrick J. Fuller,
etal. 2019. “Framing the Discussion of Microorganisms as a Facet of Social Equity in Human Health.” PLoS Biology
17 (11): e3000536.

Jarrige, Francois, and Thomas Le Roux. 2020. The Contamination of the Earth: A History of Pollutions in the Industrial Age.
MIT Press.

Kahn, Laura H., and Bernadette Dunham. 2023. “One Health and AMR Governance.” In Steering against Superbugs,
edited by Oliver Rubin, Erik Baekkeskov and Louise Munkholm. Oxford University Press, 143-57.

Keane, Chantal A., Jinglong Li, Jiaying Li, Jochen F. Mueller, Jake W. O’Brien, and Rory Verhagen. 2025. “High Levels
of Antibiotics Released by a Pharmaceutical Manufacturer Negatively Impacted Wastewater Treatment Plant
Performance.” Environmental Science: Water Research & Technology 11: 903-13.

Keenan, Katherine, Juliana Silva Corréa, Luechai Sringernyuang, Susan Nayiga, and Clare I. R. Chandler. 2025. “The
Social Burden of Antimicrobial Resistance: What Is It, How Can We Measure It, and Why Does It Matter?.” JAC-
Antimicrobial Resistance 7 (2): dlae208.

Kirchhelle, Claas. 2018. “Toxic Tales—Recent Histories of Pollution, Poisoning, and Pesticides (ca. 1800-2010).” NTM
Zeitschrift fiir Geschichte der Wissenschaften, Technik und Medizin 26 (2): 213-29.

Kirchhelle, Claas. 2020. Pyrrhic Progress: The History of Antibiotics in Anglo-American Food Production. Rutgers University
Press.

Kirchhelle, Claas. 2023. “The Antibiocene—Towards an Eco-Social Analysis of Humanity’s Antimicrobial Footprint.”
Humanities and Social Sciences Communications 10 (1): 1-12.

Kirchhelle, Claas, and Scott H. Podolsky. 2022. “An Awkward Fit: Antimicrobial Resistance and the Evolution of
International Health Politics (1945-2022).” Journal of Law, Medicine & Ethics 50 (S2): 40—46.

Kirchhelle, Claas, and Adam P. Roberts. 2025. “Beyond Breakpoint—Reconceptualising AMR as a Symptom of
Planetary Stress.” npj Antimicrobials and Resistance 3 (1): 57.

Kirchhelle, Claas, and Frédéric Vagneron. Forthcoming. “From Cells to Silicon—Microbial Culture Collections and
the Assetization of Biocapital (1970-2010).” In Microbes beyond Bacteriology: Histories of Environments, Diseases and
Technologies, c. 1970-2000, edited by Mathias Grote and Christoph Gradmann. University of Pittsburgh Press.

Knapp, Charles W., Jan Dolfing, Phillip A. L. Ehlert, and David W. Graham. 2010. “Evidence of Increasing Antibiotic
Resistance Gene Abundances in Archived Soils since 1940.” Environmental Science & Technology 44 (2): 580-87.

Kotwani, Anita, Jyoti Joshi, and Deeksha Kaloni. 2021. “Pharmaceutical Effluent: A Critical Link in the Intercon-
nected Ecosystem Promoting Antimicrobial Resistance.” Environmental Science and Pollution Research 28 (25):
32111-24.

Kotwani, Anita, Ajita Kapur, Mihir Chauhan, and Sumanth Gandra. 2023. “Treatment and Disposal Practices of
Pharmaceutical Effluent Containing Potential Antibiotic Residues in Two States in India and Perceptions of
Various Stakeholders on Contribution of Pharmaceutical Effluent to Antimicrobial Resistance: A Qualitative
Study.” Journal of Pharmaceutical Policy and Practice 16 (1): 59.

Lele, Sharachchandra, Oliver Springate-Baginski, Roan Lakerveld, Debal Deb, and Prasad Dash. 2013. “Ecosystem
Services: Origins, Contributions, Pitfalls, and Alternatives.” Conservation and Society 11 (4): 343-58.

Lorimer, Jamie. 2020. The Probiotic Planet: Using Life to Manage Life. University of Minnesota Press.

Mégret, Frédéric. 2023. “The Anthropocentrism of Human Rights.” In The Routledge Handbook of International Law and
Anthropocentrism. Routledge, pp. 35-60.

Munk, Patrick, Christian Brinch, Frederik Duus Megller, Thomas N. Petersen, Rene S. Hendriksen, Anne Mette
Seyfarth, Jette S. Kjeldgaard, et al. 2022. “Genomic Analysis of Sewage from 101 Countries Reveals Global
Landscape of Antimicrobial Resistance.” Nature Communications 13 (1): 7251.

Murray, Aimee K., Isobel C. Stanton, William H. Gaze, and Jason Snape. 2021. “Dawning of a New ERA: Environmental
Risk Assessment of Antibiotics and Their Potential to Select for Antimicrobial Resistance.” Water Research 200:
117233.

https://doi.org/10.1017/pub.2025.10065 Published online by Cambridge University Press


https://doi.org/10.1017/pub.2025.10065

10 Claas Kirchhelle

Murray, Aimee K., Isobel C. Stanton, Holly J. Tipper, Helen Wilkinson, Wiebke Schmidt, Alwyn Hart, Andrew C.
Singer, and William H. Gaze. 2024. “A Critical Meta-Analysis of Predicted No Effect Concentrations for Anti-
microbial Resistance Selection in the Environment.” Water Research 266: 122310.

Overton, Kristen, Nicolas Fortané, Alex Broom, Stephanie Raymond, Christoph Gradmann, Ebiowei Samuel F. Orubu,
Scott H. Podolsky, et al. 2021. “Waves of Attention: Patterns and Themes of International Antimicrobial
Resistance Reports, 1945-2020.” BMJ Global Health 6 (11): €006909.

Podolsky, Scott H. 2015. The Antibiotic Era: Reform, Resistance and the Pursuit of a Rational Therapeutics. Johns Hopkins
Press.

Podolsky, Scott. 2018. “The Evolving Response to Antibiotic Resistance (1945-2018)” [In English]. Palgrave Commu-
nications 4: 124.

Rappuoli, Rino, Paul Young, Eliora Ron, Simone Pecetta, and Mariagrazia Pizza. 2023. “Save the Microbes to Save the
Planet. A Call to Action of the International Union of the Microbiological Societies (IUMS).” One Health Outlook 5
(1): 5.

Rasmussen, Nicholas. 2014. Gene Jockeys: Life Science and the Rise of Biotech Enterprise Is a Book by Nicolas Rasmussen.
Johns Hopkins University Press.

Reichman, Jerome H., Paul F. Uhlir, and Tom Dedeurwaerdere. 2016. Governing Digitally Integrated Genetic Resources,
Data, and Literature: Global Intellectual Property Strategies for a Redesigned Microbial Research Commons. Cambridge
University Press.

Richardson, Katherine, Will Steffen, Wolfgang Lucht, Jergen Bendtsen, Sarah E. Cornell, Jonathan F. Donges, Markus
Driike, et al. 2023. “Earth Beyond Six of Nine Planetary Boundaries.” Science Advances 9 (37): eadh2458.

Rizk, Anthony, and Louis-Patrick Haraoui. 2025. “Legal Rights of Microbes.” In GHC Seminar Series on Law and Global
Health. Graduate Institute of International and Development Studies, Global Health Centre, 12 pp.

Rizk, Anthony, Emily Jones, Anne Saab, Adam Strobeyko, Niko Soininen, Gian Luca Burci, Davina H6ll, et al. 2025.
“Rights to Microbes (RtM) and Rights of Microbes (RoM): Microbial Rights for a Planetary Age.” Available at SSRN
5361866.

Rogowska, Justyna, Grazyna Galezowska, and Agnieszka Zimmermann. 2024. “Challenges and Current Trends in
Preventing Antimicrobial Resistance in EU Water Law Context.” Antibiotics 14 (1): 18.

Salem, Hassan, and Martin Kaltenpoth. 2023. “The Nagoya Protocol and Its Implications for Microbiology.” Nature
Microbiology 8 (12): 2234-37

Sams-Dodd, Jeanette K., and Frank Sams-Dodd. 2025. “The Contribution of Antimicrobials and Antimicrobial
Resistance to Climate Change and a Possible Way to Reverse It Whilst Still Offering High-Quality Healthcare:
A Conceptual Analysis.” Frontiers in Public Health 13: 1644086.

SchlsRer, Carolin, and Nina Eshke. 2025. Climate Change Impairs the Enjoyment of Human Rights: Advisory Opinion of the
International Court of Justice. German Institute for Human Rights.

Schnorr, Stephanie L., Marco Candela, Simone Rampelli, Manuela Centanni, Clarissa Consolandi, Giulia Basaglia,
Silvia Turroni, et al. 2014. “Gut Microbiome of the Hadza Hunter-Gatherers.” Nature Communications 5 (1): 3654.

Sekyere, John Osei, and Jonathan Asante. 2018. “Emerging Mechanisms of Antimicrobial Resistance in Bacteria and
Fungi: Advances in the Era of Genomics.” Future Microbiology 13 (2): 241-62.

Sidrach-Cardona, Ricardo, Marfa Hijosa-Valsero, Elisabet Marti, José Luis Balcdzar, and Eloy Becares. 2014.
“Prevalence of Antibiotic-Resistant Fecal Bacteria in a River Impacted by Both an Antibiotic Production Plant
and Urban Treated Discharges.” Science of the Total Environment 488: 220-27.

Thornber, Kelly, Matthew Bentham, Sharon Pfleger, Claas Kirchhelle, Fiona Adshead, Stewart Owen, Hayden
Holmes, et al. n.d. “Pharmaceutical Pollution from Healthcare: A Systems-Based Strategy for Mitigating Risk.”
Lancet Planetary Health (Under Review).

Trevelline, Brian K., Samantha S. Fontaine, Barry K. Hartup, and Kevin D. Kohl. 2019. “Conservation Biology Needs a
Microbial Renaissance: A Call for the Consideration of Host-Associated Microbiota in Wildlife Management
Practices.” Proceedings of the Royal Society B 286 (1895): 20182448.

UNEP/WHO. 2024. Guidance on Wastewater and Solid Waste Management for Manufacturing Antibiotics. UN Environ-
mental Programme/World Health Organization. https://iris.who.int/bitstream/handle/10665/378471/
9789240097254-eng.pdf?sequence=1. Accessed May 28 2025.

UNGA. 2022. “The Human Right to a Clean, Healthy and Sustainable Environment.” United Nations General Assembly.
https://digitallibrary.un.org/record/3983329?In=en&v=pdf#files. Accessed May 28 2025.

Varadan, Sheila Rose, Clare Isobel Rosina Chandler, Kym Weed, Syed Masud Ahmed, Caesar Atuire, Deepshikha
Batheja, Susan Jane Bull, et al. 2024. “A Just Transition for Antimicrobial Resistance: Planning for an Equitable
and Sustainable Future with Antimicrobial Resistance.” Lancet 403 (10446): 2766—67.

Vogel, Sarah A. 2012. Is It Safe?: BPA and the Struggle to Define the Safety of Chemicals. University of California Press.

Wallace, Veronica J., Eric G. Sakowski, Sarah P. Preheim, and Carsten Prasse. 2023. “Bacteria Exposed to Antiviral
Drugs Develop Antibiotic Cross-Resistance and Unique Resistance Profiles.” Communications Biology 6 (1): 837.

https://doi.org/10.1017/pub.2025.10065 Published online by Cambridge University Press


https://iris.who.int/bitstream/handle/10665/378471/9789240097254-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/378471/9789240097254-eng.pdf?sequence=1
https://digitallibrary.un.org/record/3983329?ln=en&v=pdf#files
https://doi.org/10.1017/pub.2025.10065

Public Humanities 11

Webster, Nicole S., Michael Wagner, and Andrew P. Negri. 2018. “Microbial Conservation in the Anthropocene.”
Environmental Microbiology 20 (6): 1925-28.

Yan, Dongna, Yongming Han, Meifang Zhong, Hanfeng Wen, Zhisheng An, and Eric Capo. 2024. “Historical
Trajectories of Antibiotics Resistance Genes Assessed through Sedimentary DNA Analysis of a Subtropical
Eutrophic Lake.” Environment International 186: 108654.

Zheng, Dongsheng, Guoyu Yin, Min Liu, Lijun Hou, Yi Yang, Thomas P. Van Boeckel, Yanling Zheng, and Ye Li. 2022.
“Global Biogeography and Projection of Soil Antibiotic Resistance Genes.” Science Advances 8 (46): eabq8015.
Zucconi, Laura, Natalia Fierro-Vasquez, André Antunes, Amanda Gongalves Bendia, Paris Lavin, Marcelo Gonzélez-
Aravena, Rajesh Kumar Sani, and Aparna Banerjee. 2025. “Advocating Microbial Diversity Conservation in

Antarctica.” npj Biodiversity 4 (1): 5.

Cite this article: Kirchhelle, Claas. 2025. “Overwhelming Complexity? Entering a New Era of Microbial
Governance.” Public Humanities, 1, e146, 1-11. https://doi.org/10.1017/pub.2025.10065

https://doi.org/10.1017/pub.2025.10065 Published online by Cambridge University Press


https://doi.org/10.1017/pub.2025.10065
https://doi.org/10.1017/pub.2025.10065

	Overwhelming Complexity? Entering a New Era of Microbial Governance
	Our fragile microbial biosphere
	Chronic neglect: Microbes’ marginalisation in global governance
	Ecological governance: Managing the microbial commons
	Pollution thresholds
	Microbial conservation
	Rights to microbes and microbial rights

	Conclusion: Ecology and equity
	Acknowledgements
	Author contribution
	References


