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1. Apocalypse Now?



An “Antibiotic Apocalypse?”

A Stalling R&D Pipeline:

Murray et al. Lancet 2022
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But – no cliff edge:
➢ Other forms of infection control exist.

➢ Some drugs will continue to work.



AMR: an infrastructure challenge

Chandler: AMR as a systems challenge for modern health- and food production infrastructures.



2. Breaking the Mould: the long history of antimicrobials



In the beginning [1928] was … a lone genius
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Ehrlich & Hato

1910: Salvarsan

Dubos 

1939: Tyrocidine

Gramicidin

Waksman 

1943: Streptomycin
Oxford

1939/40: Penicillin

Demoulding Antimicrobial History

The Antimicrobial era began around 1900 and took off in the mid-1930s.

➢ ‘Big Science/ Big Industry/ Big States’.

➢ Antimicrobials as ‘miracles’ of modern science.

Domagk

1935: Prontosil



An Era Of Systematised Innovation

“The Era of Antibiotics” – Robert A. Thom (ca. 1952)

1933 Sulfonamidochrysoïdine (Prontosil)

1935 Sulfanilamide

1937 Sulfapyridine (M&B 693)

1939 Gramicidin (toxic)

1941 Penicillin

1944 Streptomycin

1945 Chlortetracycline (Aureomycin)

1945 Oxytetracycline (Terramycin)

1947 Chloramphenicol

1959 Methicillin (Meticillin)

1962 Nalidixic Acid

1964 Cephalothin



New Infrastructures: Medicine

Image Source EScience Commons, PBS, Wikicommons, AMIS, Beaujon Hospital, NHS People‘s History



New Infrastructures: Food Production

1949
Non-therapeutic use:

Announcement of the

antibiotic growth effect

Image Source Journal of Parasitology, Peoria Historical Society; Yellapragada SubbaRow Archives

1948
Sulfaquinoxaline

Mass-treatment

and prophylaxis

1940
Sulfapyridine

advert



Non-therapeutic Use

Image Source Farm Journal; Progressive Farmer; Wallaces Farmer
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New Infrastructures: Plant Production

Image Source www.aberdeenships.com; Farm Journal 1956;

www.agriculturalsolutions.com

Streptomycin Spraying/ Citrus Injections 2000s

1950s USDA Spraying

1970s Rice Blast Spraying

2000s Drone Spraying

http://www.aberdeenships.com/
http://www.agriculturalsolutions.com/


New Infrastructures: Food Preservation

Whaling (Iceland 1953)

Image Source www.aberdeenships.com; Farm Journal 1956; Arizona Republican 1956; Iceland Eyes

Fish Preservation (USA/UK)

Poultry Preservation 

(USA 1955/56)

http://www.aberdeenships.com/


Infrastructures of Modernity

Poultry Preservation

(USA 1955/56)

Antimicrobials Enable:

- Dramatic extension of microbial control.

- Replacement of more expensive forms of care.

- Efficacy gains for health- and food systems.

➢Crucial for modernist developmentalism.

➢Win-win-win for states, industry, and the public.



Part Three:

Narrow 
Scenarios –
Fixing AMR



Drug Fastness

19

Aeinai Akatsu and Hideyo Noguchi, 

Journal of Experimental Medicine, 1916
1907 RKI patient readmission form shows 

trypanosome strain become resistant to atoxyl 

(Gradmann 2011)

➢ Resistance is well known and under investigation by 1945.



Well-established Concerns

20

Stewardship from the 1920s onwards:

1920s: concerns about drug-fast trypanosomiasis during

colonial/ international sleeping sickness campaigns

1935-1940: AMR emergence observed against sulfonamide 

drugs.

1940/1942: first reports penicillin resistance.

1945: There may be a danger, though, in underdosage. It is not 

difficult to make microbes resistant to penicillin in the

laboratory (…). Moral: If you use penicillin, use enough.



Why was AMR not taken more seriously?

Factors:
1. Confidence in industry’s ability to keep ahead of AMR

2. ”Vertical” localized scenarios of resistance proliferation

➢ Containing organisms rather than resistance as a genetic 

characteristic.

Result: More and more areas of health systems and food production 
become antibiotic dependent.

Image Source Kirchhelle 2020



Partial Awareness

Discovery of horizontal gene transfer (HGT) and R-factors around 1960.

1965:
‘Genes have an epidemiology of their own’ (E.S. Anderson)

1966:
NEJM warns of return to ‘preantibiotic Middle Ages’

NYT describes AMR as ‘threat to spaceship earth’.

From mid-1960s:
➢ Regulatory focus on protecting status quo – keeping infrastructures working.



Firefighting
1. Public Behaviour (‘Pushy Patients’/ Farmers)

2. Practitioner Education (’Rational Drug Use’)

3. Antibiotic Restriction (AGP bans/ temporary 

bans)

4. Infection Control (Biosecurity/ hygiene 

practices)

5. Improved AMR Surveillance

6. Antibiotic Innovation

➢ Structural drivers of antimicrobial usage 
remain unaddressed.



Browne et al., Lancet 2021. Van Boeckel, PNAS, 2015 Kirchhelle, 2020

Mission (Yet To Be) Accomplished

AMR (RISING) AMU (RISING) Stewardship (INSUFFICENT)



McEnany and Outterson, 2024 WHO Pipeline Review, 2022

➢ Since 2010, every SME with market approval has suffered bankruptcy or unfavourable exit.
➢ Public-Private ‘Pipeline’ targets Global North.

Innovation (STALLED)



Global AMR R&D Hub Total Investment, 2024

International AMR reports published per year 

Overton et al. 2021

Post-peak AMR?

➢ Attention for and investment in AMR are sinking.



UN General Assembly: 26.09.2024

➢Harder, Better, Stronger, Faster?

Reduce AMR deaths by 10% by 

2030 against 2019 baseline of

4.95 million deaths.

Reaffirmed focus on 

stewardship, IPC/WASH, Access, 

and Innovation.

Clinic/ farms at the centre of

“One Health” action.



UN General Assembly: 26.09.2024

Reaffirmed focus on 

stewardship, IPC/WASH, Access, 

and Innovation.

Clinic/ farms at the centre of

“One Health” action.

➢Harder, Better, Stronger, Faster?

Reduce AMR deaths by 10% by 

2030 against 2019 baseline of

4.95 million deaths.

➢ Or are we missing something?



UN General Assembly

➢ “Environment” gets 3 of 106 paragraphs, microbes not mentioned!

➢ 2 of 248 international policy documents on AMRsince 1945 exclusively
target the environment’s role in AMR selection.

Overton et al. 2021



Shifting the 
perspective
What happens if we reframe AMR 
not as a clinical threat but as an 
environmental phenomenon?

Where there is smoke….



The Antibiocene Project:

Reconceiving AMR as a ‘biosignal’ of planetary microbiota stress

New Scientist, 2023



Prevalence of Antimicrobial Resistance Genes (ARGs) in Soils

Zheng et al. Science Advances 2022

A permanent genetic shift of 

the global microbial 

biosphere caused by 

accelerating pharmaceutical 

and non-pharmaceutical

selection…

The Antibiocene:



Prevalence of ARGs in Sewage Samples with distinct biogeographies:

Munk et al. Nature Communications 2022

…with distinct 

biogeographies and overlaps 

with other forms of 

anthropogenic stressors 

(e.g. climate change,

biodiversity loss, etc.)…

Kirchhelle, Nature Hums, 2023

The Antibiocene



The Antibiocene

… and measurable
spatiotemporal ‘golden
spikes’ of ARGs associated
with extreme exposure.

Knapp et al. 2010

USDA Soil Archive

University of Buffalo Lake Sediments

Musi River, Hyderabad



Scales of a Shift:

Yanet al. 

Environment 

International 2024

Genetic LevelSpecies Level Mobilome

Kirchhelle et al. CID 2019

Wong et al. Nature 2015

Cazares et al. 2024 

(under review)

Studying the microbe as a 

socio-ecological event. 

(Hannah Landecker, 

2016/2024)

➢ AMR as a multiscalar signal of

shifting human-microbial

relations.



Scales of a Shift:

Change in the human gut microbiota following 

environmental conversion

Sun et al. Nature Comms 2020

Microbiota Transformation



Pressure & Flare Ups

➢ Therapy failures as ‘flare ups’ resulting from rising environmental AMR.

➢ AMR as a microbial signal of the triple planetary crisis (climate change,pollution, diversity loss)



Conclusion: Towards Microbial Health

Antimicrobial infrastructures have and will continue to 
underpin modern health and food production systems.

➢Protecting drug efficacy remains important.

Reconceptualizing AMR as an environmental planetary 
health challenge enables new governance approaches:

Structural: From individual to societal responsibility for 
antimicrobial pollution.

Ecological: Microbial rather than antimicrobial
stewardship.

Social Justice: Antimicrobial exposures reflect and 
exacerbate social inequalities.

Legal: Antimicrobial pollution as a violation of the human
right to a healthy (microbial) environment.

➢ January 2025 submission to UN Committee on 
Economic, Social, and Cultural Rights.



UNEP 2023 UNEP/WHO 2024

Thank You!


