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ABSTRACT KEYWORDS

The industrialization of food production over the past century has Antibiotic resistance;
triggered a series of sanitary crises related to antibiotic resistance. environmental health;
In this article, | contend that to understand the radical planetary health; World

Health Organization; health

transformation of animal farming and its effects on public health, A
diplomacy

we need to inquire into the historical development of the
knowledge on microbes, especially with regard to the agricultural
industry’s mobilization and repression of microbial metabolism to
scale up food production. Moreover, | conceive of the so-called
Great Acceleration of the Anthropocene as a postcolonial mimetic
trap through which actors who didn't play an active role in the
contemporary ecological collapse are subsumed into an indistinct
‘we’. To disentangle this alleged collective subject created from
accounts of planetary health, | focus on the scientific, social, and
institutional histories of antibiotic production and antibiotic use
that materialized in the epidemiological issue of antibiotic
resistance. Furthermore, | highlight how the history of antibiotic
use and resistance is intertwined with the ecological, social, and
geopolitical dynamics created by intense industrial production
and international rivalries during the Cold War. This article calls
for the re-evaluation and creation of counter-narratives of the
planetary impact of industry on microbes, local communities,
patients, medical personnel, and the global poor.

1. Introduction: The Great Acceleration as a mimetic trap

In recent years, scholars of the Rockefeller Foundation-Lancet Commission on Planetary
Health have embraced the Anthropocene framework to dissect the impact of industrial-
ization on human health and the climate. In their arguments, the so-called Great Accel-
eration of the last seventy years is seen as a process that has both worsened and
ameliorated the conditions of ‘our civilisation’.! On the one hand, they contend, indus-
trial activities and their products have enriched the lives of humans with electricity,
oil-fuelled engines to transport customs, citizens, customers, and migrants, drugs to
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cure illnesses, and extended lifespans. On the other hand, they note, the extraction and
burning of fossil fuels and related industrial activities have caused ‘delayed’ air pollution,
pollution of aquifers and other primary resources, climate change, and most alarmingly,
the worsening of people’s health. The Planetary Health report’s narratives say that our
overconsumption is unsustainable and that, if the trend does not change soon, our civi-
lization will collapse.” The Lancet Rockefeller report on Planetary Health has the merit of
recognizing the paradoxical, schismatic pathways that ‘our civilisation’ has generated —
i.e. technologically improved life conditions for some, realized through the exploitation
and degradation of natural resources and environmental equilibria that underpin good
health conditions for the majority. And yet, while providing a variety of data on environ-
mental health and climate change, the report overlooks the historical and political con-
ditions under which the trajectories of industrial, technological, and scientific progress
that led to the planetary collapse have taken place.’

What kind of collective subject does the Lancet Rockefeller report imply, and what are
the human and non-human subjects excluded from the presupposed ‘we’? In addressing
the question about the subjects excluded from the ‘we’, I will cast light on the scientific
knowledge developed around the deep time of microbes, and their role in mechanized
food production. My approach consists therefore in looking at the multiscalar biological
bodies of late industrialism so as to illuminate the social and geopolitical history of the
last century, as sedimented through biological and sociotechnical metabolic dynamics.*

To break down the false unity of an alleged unitary and ahistorical ‘human civilisation’
represented by economically rising societies, as put forward in the Planetary Health and
other Anthropocene-framed proposals, I use the lenses of the history of science to decon-
struct the collective, indistinct apocalyptic agency attributed to all humans. As Priya
Kumar and Amit R. Baishya write in the introduction of this special issue, the postwar
Great Acceleration coincided with the period of decolonization and the subsequent modern-
ization of former colonies. The industrialization processes and economic growth at the core
of the Great Acceleration were, and still are, showcased by rich countries as the main desti-
nation of the global poor’s journey. Kumar and Baishya refer to Sylvia Wynter’s ‘mimetic
trap’, a postcolonial political device employed by the richest countries to portray homo oeco-
nomicus as the only genre of the human, a device of wealthy societies that activates a mimetic
desire conflating many classes and countries into an alleged collective subject.

Through the ‘mimetic trap’, undefined actors from the richer countries promise
poorer communities a better future and by so doing blur the roles that different subjects
play in the supposed road to supposed wealth for all. The ‘mimetic trap’ also foreshadows
a common path of economic growth and development that leads to planetary ecological
cataclysm. While within the Anthropocene’s main narrative, financial markets and neo-
liberal economic doctrines are recognized in general as major drivers of geological and
environmental processes associated with ecological degradation, because these economic
factors do not leave direct stratigraphic traces in rock strata, they are not considered as
factors to be mitigated.’

In this article I therefore develop a narrative of the history of industrialized food pro-
duction that attributes agency in ecological collapse to the uses of national forces of pro-
duction, the related exploitation of natural resources, and the scientific and technological
advancements as well as logics of economic growth underpinning them. The historical
analysis here proposed specifically focuses on the production and use of antibiotics for
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agriculture — for mechanized, biologically ‘assisted” food production — which have led to
the allegedly ‘delayed’ degradation of the very natural resources that support human
health, here in the form of antibiotic resistance.® In analysing the use of antibiotics in
agriculture and the consequent crisis of antibiotic resistance, I inquire historically into
the knowledge and practices surrounding the metabolism of bacteria, fungi, and
moulds and their connection to social and geopolitical events of the last century. In unra-
velling the histories of food and drug production on an industrial scale, I highlight the
scholarship of scientists who have studied microbes as the most necessary and basic
elements that support the living conditions of all animal and plants. As I show below,
microbes have been the allies of food production for centuries, yet during the last
seventy years, in the context of industrial production, they have been perceived according
to the Malthusian logic to which Sylvia Wynter refers, that is, microbes have been
thought of and used as a function of macroeconomics and its consideration of popu-
lations in aggregate terms. In the following portrayal of modernity, woven through
stories of science, politics, and activism, I emphasize scientific accounts of microbes
that recognize them as the most sublime biogeological force on planet Earth.” Although
microbes have been mostly associated with their noxious effect - i.e. bacteria and viruses
can obliterate millions of humans, animals, or plants in a few days - I contend that the
hallmark of life on Earth is the symbiosis of microbes and members of distinct species,
their intimate sharing of everything from foods to physical bodies and even metabolic
pathways.®

To briefly summarize the arguments of this article, in the next section I identify the
main narratives that have guided microbiologist Lynn Margulis in telling the deep
history of the biogeological activities of bacteria, which posit microbes as central and
necessary biological actors that sustain all living beings. In this section, I hold that sym-
biosis is the central recurring pattern of all biological processes and that microbes have
been deceptively invoked by industrial strategies such as the Gaia hypothesis to circum-
vent the problems posed by their polluting emissions. In section three, I sketch a short
history of the alliances between microbes and industrialists, starting with the production
of beer and wine, for it was the by-products of fermentation, and the scientific understand-
ing of these by-products, that came to underpin productive activities such as the farming
of animals at industrial scales. The most dramatic scientific event that allowed the scaling
up of meat production was the suppression of microbial life, also known as chemotherapy,
which eventually gave way to the ideation, production, and use of antibiotics as growth
promoters and as drugs to prevent the recurrent infections of crowded industrial
farms. In section four, I broaden the analysis on antibiotics, relocating them at the
centre of Cold War political struggles, especially within the World Health Organization
(WHO), through which the rich countries owning the technologies and patents needed
to produce antibiotics hindered political rivals and poor countries from producing pro-
prietary drugs or buying them at fair prices. The section also introduces the issue of anti-
biotic resistance from a historical point of view, from its first appearance as a laboratory
problem in 1908 to its later appearance as an epidemiological problem for the US military
in 1943, when antibiotics had come into extensive use. The scaling up of antibiotic resist-
ance increased over the years, as did the public and scientific awareness of the issue,
especially when sanitary emergencies were traced to their zoonotic, industrial origin. Fol-
lowing the social protests of the 1960s concerning UK citizens and scientists, microbes
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and antibiotics became the legitimate subjects of political action and regulations. In the
last section, I reflect on the rising production and use of antibiotics as well as on the
increasing awareness of antibiotic resistance, pointing at ways to integrate scientific acti-
vism and environmental conflicts to eventually spot the immaterial logics underpinning
the practices of antibiotic overuse that have led to antibiotic resistance. Moreover, I reflect
on antibiotic resistance as a trait of globalism - a phenomenon of the last fifty years,
specifically derived from the scattered global dislocation of financial capital and industrial
plants — and as an invisible phenomenon whose scattered geographical and temporal
dimensions hinder effective public and scientific action.

2. The biogeological and atmospheric agency of microbes

From an enlarged and less human-centred perspective, bacteria really are the dominant
form of life on Earth - and always have been and probably always will be. They are more
abundant, more indestructible, more diverse in biochemistry [...], and inhabit a greater
range of environments than all the other four kingdoms combined.’

Stephen Jay Gould wrote these words to describe the majestic work of microbiologist
Lynn Margulis and Karlene V. Schwartz, who authored Five Kingdoms: An Illustrated
Guide to the Phyla of Life on Earth. Margulis and Schwartz tell us that bacteria, the
only forms of life to inhabit our planet for the first two billion years, have been respon-
sible for major atmospheric and geological changes on Earth. The work of Margulis fol-
lowed the inquiries conducted by scientists such as Joseph Priestley, Justus Liebig, and
Otto Warburg, who in the eighteenth, nineteenth, and twentieth centuries focused on
the role of plants in exchanging gases.'® Some of the scientific hypotheses proposed by
Margulis, largely accepted by today’s scientific communities worldwide, point to evi-
dence of microbial presence in rocks retrieved from Australia and South Africa dated
older than 3 billion years."" This geological, stratigraphical evidence shows that microbes
thrived in oxygen-less pasts.'”> During the first billion years of Earth, oxygen was present
not in its gaseous form, as it is nowadays, but as a compound of water, water vapour, and
carbon dioxide, all elements of the hellish gases flowing in the first phases of Earth’s
atmosphere, suggesting that it was part of a nebula. In their 1988 Garden of Microbial
Delights, Lynn Margulis and Dorion Sagan illustrate how one of the most transformative
steps for life on Earth and its geological depths was enacted by a specific class of photo-
synthetic bacteria known as cyanobacteria, microbes that use sunlight, carbon dioxide
from the air, and hydrogen from water to make their own food. By using these three
elements to thrive, cyanobacteria emit oxygen as by-product. Over 500 million years,
they transformed Earth’s atmosphere into an oxygen-rich environment, and fixed
carbon dioxide underground and underwater, a setting that would eventually allow for
the genesis of animal life. Later, cyanobacteria established a symbiotic relationship
with a bigger host, which eventually became the foundational cell of today’s plants,
known as chloroplast. As a biological agent embedded in all cells’ plants, the chloroplast,
which is understood to be a descendant of cyanobacteria, performs photosynthesis. As
soon as Earth’s atmosphere became rich in oxygen, other microbes, known as alpha-pro-
tobacteria, developed the ability to thrive without oxygen and without sunlight. Once this
alpha-bacteria established a symbiotic relationship with a larger bacterium, it becomes a
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mitochondrion, an organelle embedded in all animals’ cells which regulates their and our
cellular life cycle.

The most fundamental functions of all animals and plants therefore depend on
embedded bacteria that have established endosymbiotic relationships with bigger bac-
terial hosts. Microbiology, developmental biology, and epigenetics have shown that the
developmental processes of all animals and plants, their functions, and the coordinating
genes are often regulated by the coupling of environmental factors inside and outside the
organism with bacteria."”” Endosymbiotic relationships of microbes form animals’ and
plants’ bodies, and contribute in fundamental geological processes such as fixing
elements like carbon dioxide into the soil and water, eventually creating black coal, oil,
limestone, and shale rock. Matts of cyanobacteria give shape to fossils called ‘stromato-
lites’, and the metabolism of some bacteria contribute to forming ore deposits of copper,
zing, lead, iron, silver, manganese, and sulphur.'* This knowledge has been produced by
inquiries into the deep time of bacteria, showing that they have managed the elemental
components of Earth for billions of years. The ability of bacteria to develop ‘resistance’ to
elements threatening their lives precedes the appearance of humans as well as the appear-
ance of the industry. In other terms, antibiotic resistance pertains to a deep time of bac-
teria, an ancient phenomenon that over the last seventy years has reached a critical acme
for its impact on health care systems,"” and has acquired a central role in international
relations and health diplomacy.

Despite the outstanding abilities of microbes, first attributed to them following the
invention of the microscope, their autonomous agency and symbiotic relationships
with other living beings can neither fix nor disguise the impact that industrial activities
have on human health. The alleged teleological, cybernetic-like, self-repairing abilities of
our planet postulated by Margulis’s colleague James Lovelock and named the ‘Gaia
hypothesis’ was the outcome of Lovelock’s collaboration with Royal Dutch Shell and
Dupont, two industrial manufacturers that were subject to regulatory governmental
actions for their polluting activities.'"® The Gaia hypothesis was used by Lovelock to
point to the alleged abilities of microbes to produce the same polluting sulphides
emitted by fossil fuel combustion, and to fix the effects of chlorofluorocarbons (CFC)
on the ozone layer. As shown by Leah Aronowsky, even if Lovelock’s research opened
the way for the discovery of ozone holes, his Gaia hypothesis, which he began to
develop as a working hypothesis back in 1972, was used shortly thereafter by Dupont
in 1974-1975 as a PR strategy to counter the US ban of CFC use in aerosol spray,
which would have come into force in 1977. Meanwhile, concealed by such propaganda,
the material mobilization of microbial metabolism undertaken during the postwar period
by nascent industries, which thrived upon the knowledge and practices of microbiology
and biotechnology, especially fermentation, had a political and environmental impact on
an international scale. An analysis of the industrial mobilization of microbial metabolism
is therefore particularly relevant to understanding the industrial interventions of the
1960s and 1970s to address Malthusian concerns around the ‘population explosion’

and its corollary, ‘mass starvation’.'”
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3. The industrial mobilization of microbial metabolism and Malthusian
logic

Although the use of microbial fermentation to produce foods and beverages has been
known to humanity for millennia, during the second half of the twentieth century, scien-
tific and technological breakthroughs in this context were at the centre of production
upheavals, especially with regard to agriculture. Already in the nineteenth century, fer-
mentation was the focus of scientific knowledge, especially as it related to the production
of beverages such as beer and wine.'® Zymotechnics (from the ancient Greek ziime,
‘leaven’) — as named by Prussian physician Georg Ernst Stahl (1659-1734) to refer to
the study of practical fermentation, the basis of the art of brewing — was an attempt to
exploit the scientific understanding of fermentation to improve the commerce and, as
highlighted by Robert Bud, the first original work in biotechnology."” In the nineteenth
century, the industrial knowledge of zymotechnics acted as a ‘tent’ for disciplines such as
chemistry, microbiology, bacteriology, mycology, and botany. It was also a knowledge to
counter the French take on the microbial world developed by Louis Pasteur, who greatly
contributed to the understanding of microbial life. By the late twentieth century, zymo-
technics transcended a mere applied science, as it integrated chemistry, microbiology,
and engineering; it also allowed conventional market boundaries to be crossed, and
was implemented in European countries and the United States. Its application ranged
from the manufacture of sugar, starch, vinegar, pickles, soap, and glue to tanning, the
preservation of eggs, and the valuation of milk products. Between 1884 and 1909, collec-
tions of bacteria (yeasts) and fungi were established in Prague and Berlin. After World
War I, microbes were introduced in sewage plants as biological degrading agents, and
most importantly, they started playing a central role for the large-scale farming of
animals.

The first European attempt to run an agricultural enterprise on an industrial scale goes
back to 1914, when the Hungarian engineer Karl Ereky planned and realized, in
Hungary, a pig farm that was able to raise and slaughter 100,000 heads a year. Ereky,
who took inspiration from the Danish cooperatives of brewers, based the Hungarian agri-
business model on the economic capitalist doctrine of American industrialists. The
industrial expansion of agricultural production helped to satisfy national needs during
World War I - i.e. to solve the problem of famine and the manufacture of common
goods such as textiles, fuel, and weapon components. Given the advancements of zymo-
technics, microbial metabolism was mobilized to scale up agricultural production. Yeasts
commonly used by brewers were added to yeasts grown on molasses (enriched with syn-
thetically produced ammonia), and the combination was used in Germany during World
War I, and later in other countries, as feed for livestock.2’

One of the most dramatic breakthroughs for the scaling up of agricultural production
regarded the control and suppression of microbial metabolism, named ‘chemotherapy’,
which opened the way to the development and use of antibiotics. Initiated by Paul
Ehrlich in 1906, chemotherapy is a mode of selective toxicity operated through man-
made molecules, which are produced by tinkering with organic compounds.”’ The
chemical affinity and selective toxicity studied by Ehrlich regarded the capacity of syn-
thetic molecules such as synthetic aniline dyes and arsenic to selectively bind themselves
to bacteria. His initial intention was to make them visible under the light microscope, but
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he later discovered, by coincidence, that such a biochemical affinity would destroy
them.?? Already in 1908, Ehrlich observed a case of antibiotic resistance, namely
strains of Trypanosomiasis gambiense, a microorganism responsible for the sleeping sick-
ness disease, which developed resistance to atoxyl, a synthetic arsenic-based molecule
used to cure the disease.”> Theories and practices of induced toxicity experimentally
developed around the chemical structure-activity of molecules led to the practice of anti-
sepsis and the related use of phenols in surgery,”* one of the most important medical
innovations of the nineteenth century. Disinfectants for antisepsis, and other phenol-
based drugs, are developed from the refinement of coal-tar, a by-product made
through pyrolysis, the thermal destruction of coal. Phenols, which are among the
many chemical compounds present in coal-tar, have been used since the 1870s. Like
phenols, sulphonamides are also derived from coal-tar and today associated with the pet-
rochemical industry. They were developed in Germany by I.G. Farben and first used as
far back as 1935. They represented a revolution for their outstanding therapeutic impact
in terms of reducing mortality from bacterial infections, for instance, maternal mortality
from childbirth, pneumonia, and meningococcal meningitis.

During the late 1930s, a group of researchers based in Oxford studied the fermentation
of penicillium mould, already described in 1928 by Alexander Fleming, whose derivative
molecule was able to cure fatal infectious diseases. By 1942, the British discovery of peni-
cillin made its way to American facilities, which attempted to scale up production, and
the circa 4 billion units produced in 1943 expanded to 42 billion units in 1947.%> The
massive therapeutic and nontherapeutic use of antibiotics proved central in food pro-
duction, both to prevent and cure infections and to increase animal growth, laying the
basis for far more efficient farming methods.”® Indeed in 1949, a study pointed to the
antibiotic growth effect, namely that the feeding of antibiotics at low levels to agricultural
animals resulted in enhanced growth,”” ultimately creating ‘more food for all’*® Claas
Kirchhelle has clearly shown how after World War II the agricultural use of antibiotics
as growth promoters on farms in the United Kingdom and the United States allowed
farmers to raise more heads of bigger chicken and pork in less time and less space.
The deep agricultural transformation that followed the use of antibiotics in farms was
also connected to Malthusian concerns motivated by Cold War rivalries.”® Indeed,
food security was considered as particularly relevant for international political compe-
tition, key to sustaining a well-fed and larger population ready for economic and military
confrontation with communist and socialist rivals.”® Antibiotics were constantly added
in small doses as prophylactics to prevent epidemics on farms and as growth promoters
to breed larger animals. Milking machines were washed with sulphonamides and qua-
ternary ammonium compounds, as were other machines used in food production and
dairy cans and tanks used for transport.”’ The postwar agricultural uses of antibiotics
allowed for the manyfold increase of food production so as to breach the very limits illus-
trated by Robert Malthus - i.e. limits of resources that would have caused famine and
therefore hindered population growth, or increased the possibility for the advent of
communism.”?

Since World War II, an influential group of social scientists and policymakers, with
the support of scientific research and technological innovation, have considered popu-
lation growth and the scarcity of resources as economic problems to be solved by
different means, among them the industrialization of agriculture, now a primary tool
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in the ‘structural adjustment of economies’.*> As shown by Michelle Murphy, scientists
such as biologist Raymond Pearl, demographers Frank Notestein and Ansley J. Coale,
and economist Edgar M. Hoover have helped tie together population growth and econ-
omic growth within a social planning scheme that projects the past of European countries
onto the future of former colonies such as Bangladesh and India, a postcolonial trans-
lation underpinned by the so-called demographic transition. The processes of postcolo-
nial modernization and economic growth underpinned by the demographic transition of
wealthy countries and former colonies and put in action by institutions such as the
United States Agency for International Development and the United Nations Popu-
lations Division ‘allowed a differential valuation of human life to be explicitly monetized’
through an intensive actuarial abstraction — an abstraction unconcerned with the effects
on individuals, their communities, and their natural environments and intended to serve
the consolidation of a specific global order.>

This history of continuous prophylaxis regarding humans, livestock, and crops that
contributed to strengthen a particular global order brings us to the current crisis of anti-
biotic resistance. This crisis is founded in the massive production and use of antibiotics
and the related disruption of ecological conditions, which elicit bacterial mutations
through selective pressures and thus cause the proliferation of multi-resistant bacteria.
However, in order to consolidate a specific global order some of the most influential
countries hindered their geopolitical rivals from producing and using antibiotics.

4, Institutions, politicians, and the public amidst the scarcity of antibiotics
and antibiotic resistance

The development undertaken by technologically advanced countries of technological
products such as antibiotics for medical uses to temporarily ameliorate the human con-
dition, and the withholding of such technological products to being used in poor
countries is an example of the mimetic trap to which Sylvia Wynter refers. Events of
induced scarcity of antibiotics were motivated by geopolitical, economic and postcolonial
reasons. While the use of antibiotics in the agricultural setting was and still is the main
driver of the inception of multi-resistant bacteria, the use of antibiotics for human health
has posed the issue, for poor countries and former colonies, of limited access. This issue
has been addressed internationally in so-called list of essential medicines, under which
many antibiotics were also listed. The political debate on access to essential medicine
was articulated within the WHO, and it mainly took the form of two opposing fronts:
countries in need of antibiotics versus countries owning the patents and technologies
to produce such drugs.”® The first definition of essential medicines was formulated in
a 1977 technical document of the WHO. Since then, international struggles between
countries with different political regimes or belonging to opposite fronts have taken
place within the WHO on the topics of access, cost, and quality of essential medicines.
At the 1982 World Health Assembly, for instance, a group of countries composed by
the Netherlands, Chile, Cuba, Romania, Sudan, and Ghana, and united under the
Health Action International, an organization that supported critical studies of the
pharma industry, tried to establish an agenda for stronger standards on the international
marketing of pharmaceuticals so as to prevent the practice of drug-dumping, in which
Northern countries’ industries sold low-quality drugs at high prices to poor countries
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and former colonies.”® The 1982 proposal for a well-defined standard on the inter-
national marketing of pharmaceuticals was nevertheless defeated within the World
Health Assembly by a front of countries composed by the United States, Britain,
France, and Germany. The struggles over the suspension of patents on essential medi-
cines for poor countries culminated in the suspension of US contributions to the
WHO for two years, in 1986 and 1987 - at that time, the United States owned several
patents on essential medicines.”” In 1988, WHO Director General Halfdan Theodor
Mahler, who initiated the campaign for essential medicines in 1975, was replaced by
Hiroshi Nakajima, who scaled back the campaign. Before the WHO campaign to
promote a list of essential medicines, and just after the inception of the WHO in 1946,
antibiotics were at the centre of an even more radically polarizing debate along political
lines. In 1949, the US delegate to the WHO and his allies explicitly blocked Czechoslo-
vakia from developing penicillin production plants for having turned to ‘Socialism’.*® In
1948, about two years after the inception of the WHO, Albania, Bulgaria, Romania,
Hungary, Czechoslovakia, and Poland each left the international agency because the
United States and its allies withheld medical resources - i.e. the knowledge and the tech-
nical apparatuses to produce antibiotics — from Eastern Europe.*

The commercial, Cold War-driven limitation of the use of antibiotics as drugs for civi-
lians after World War II, on the one hand, and the military and agricultural overuse of
antibiotics, on the other, are two sides of the same coin.*° Indeed, national institutions of
both socialist and capitalist regimes have often considered production, stockpiling, and
use of antibiotics as a factor of national security and as a geopolitical advantage.*' Anti-
biotic resistance, which makes it impossible for doctors and medical institutions to rely
upon antibiotics and other medicaments to cure their patients,** was first tackled as an
epidemiologic problem by the American military during World War II. In 1943, it had to
respond to the medical emergency of sulphonamide-resistant gonorrhea, for which it was
necessary to administer penicillin and other combined medications.*’ Indeed, following
World War II, the converging development and use of antibiotics and disinfectants
enabled them to address the striking rise of streptococcal infections associated with
the sudden formation of military cities.

To tackle the rising issue of epidemics caused by bacteria resistant to antibiotics,
between 1962 and 1975 the Expert Committee on Antibiotics of the WHO developed
a so-called antimicrobial sensitivity test, formed by a series of technologies for the
effective clinical diagnosis of infections caused by antibiotic-resistant bacteria.** In the
United States and United Kingdom, institutions have managed the introduction of anti-
biotics and monitored the emergence of antibiotic resistance since the 1960s in reaction
to concerns among citizens and physicians.*”> The first casualties produced by antibiotic
resistance in the United Kingdom were registered as early as 1956, when a Staphylococcus
aureus strain resistant to penicillin and other antibiotics circulated in hospitals. In 1960,
the Bristol-based Beecham company solved the problem of penicillin-resistant bacteria
through the production of methicillin, or semisynthetic penicillin, an antibiotic able to
effectively act on the resistant strain of Staphylococcus aureus. Nevertheless, a methicil-
lin-resistant  Staphylococcus aureus, today known as MRSA, emerged almost
immediately.*

The public reaction to antibiotic resistance reached a critical mass when the environ-
mental degradation caused by industrialization was denounced by authors such as Rachel
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Carson, with her 1962 Silent Spring, and Ruth Harrison, whose 1964 Animal Machine
underlined the health risks caused by industrial farming and antibiotic resistance.*” In
1965, after several outbreaks caused by bacteria resistant to antibiotics — in many cases
afflicting the British population - bacteriologist Ephraim Saul Anderson and geneticist
Naomi Datta published an article in the Lancet in which they hypothesized the transfer
of penicillin-resistant Salmonella thyphimurium bacteria from pigs to humans.*® What
was new in their research consisted in noting that resistance selection and transfer
also arose in nonhuman circumstances and could cross over to bacteria in human popu-
lations, a process called zoonosis.* Namely, Anderson and Datta raised awareness of the
human threat posed by the casual use of antibiotics in animals. In 1966, after the occur-
rence of outbreaks caused by resistant bacteria, the critique of Ruth Harrison, and the
study of Anderson and Datta on the zoonotic origin of antibiotic resistance, the UK Min-
istry of Agriculture established the Brambell Committee and went on to enforce a new
law on Farm Animal Welfare in 1967. From that moment on, writes Robert Bud,
‘microbes and antibiotics [became] the legitimate subjects of political action’, and the
focus on antibiotic resistance passed from the use of antibiotics in the hospital to the
use of antibiotics in food production.”® Importantly, the 1969 British Swann report ‘rec-
ommended that key antibiotics important to humans including penicillin and tetra-
cycline should not administered to animals solely to promote growth’.”"

In the United States, in contrast to the concerns of UK institutions over antibiotic
resistance, antibiotics were extended to food preservation, crops, and even whaling,
and their use constituted a central element of the infrastructure with which farmers
were brought to reform their facilities — i.e. more heads of cattle in less space, with a
resulting increase of infections. The Food and Drug Administration adopted a wait-
and-see attitude, and at the 1967 US National Academy of Sciences symposium, ‘most
conference attendees remained convinced that global malnutrition posed a far graver
threat than nonhuman AMR [antimicrobial] selection’.”* In the same year, the Food
and Drug Administration, without directly tackling the rising problem of antibiotic
resistance, adopted a new national surveillance programme for antibiotic residues in
meat. The tradition of US molecular biology that had developed since the early twentieth
century gave America a lead in the development of techniques to analyse and measure
antibiotic resistance till the discovery of so-called horizontal or lateral gene transfer.”
Molecular tests such as CHARM II used by officials of the Food and Drug Administration
at the end of the 1980s to detect resistant bacteria in milk products were sensitive enough
to detect bacteria resistant to sulfamethazine illegally administered to cows in more than
half of the supermarket samples analysed.>

The contribution that such scientists and their emancipatory use of detection technol-
ogies bring to the study of antibiotic resistance lies in illuminating how several historical
dynamics - i.e. industrialism, the Cold War, and related anthropogenic activities — have
shaped the biology of bacteria and therefore the biology of humans, and subsequently the
activities of national and international health institutions. As Hannah Landecker clearly
highlights, antibiotic resistance regards ‘the biology of history’. In other words, history
regards not only human societies but also bacteria, individual living beings that are col-
lectively coordinated and that change in time and space at a rate much quicker than that
of humans and other bigger organisms. The historical dimension of bacteria is synchro-
nous with the historical dimension of industrial development. Bacterial metabolism
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syncs up with the decisions made by politicians and experts who regulate technology-
backed industrial progress and its uses within the international rivalries underpinning
the endless growth of synthetic products such as antibiotics. In other words, all these
complicated processes converged in the industrialized production of food underpinned
by antibiotics, a form of ‘pyrrhic progress’ that has provided more food for all and sim-
ultaneously worsened people’s health via the spillover of antibiotic-resistant zoonotic
bacteria, eventually causing infections and epidemics. Therefore, antibiotics, whose agri-
cultural use is linked to contagious disease in humans, are also offered as the cure for con-
tagious disease caused largely, if indirectly, by the use of antibiotics in agriculture. By this
logic, the cause of the problem is offered as the cure. This logic has led to the trouble of
antibiotic resistance, which has classified as a ‘global epidemic’ since 2016.%°

5. Microbial epistemology meets scientific and environmental activism

Since the early 1980s, concerned natural and social scientists have organized concerted
activities to raise awareness of antibiotic resistance. Such scientists have directed the
public’s attention to antibiotics used in food, agriculture, and pharma industries, and
prompted it to critically assess and lower their consumption.>® In recent decades, the
use of antibiotics based on arsenicals in the United States and Europe has decreased
due to publicity about the disruptive effects that these substances produce on public
health. Nevertheless, global production and consumption of antibiotics, especially for
food production, have continued to rise.”” The intensified international trade of multi-
national companies, realized by distribution chains that have come into being over the
last decades, has coupled with increasing production and consumption of food
animals and the rising number of large-scale industrial agricultural facilities. In industrial
pig farms, a higher density of farmed animals requires an extended use of antibiotics, a
process that has boosted the spread of antibiotic-resistant bacteria on a planetary scale.
As shown by a study published in 2015, a strain of E. coli resistant to colistin, an antibiotic
used as the last resort medicament in Western hospitals, was detected in pigs farmed in
China.”® After a year, the resistance to colistin was detected in bacteria on five continents.
In a similar fashion to what happened in former colonies after World War II, where
developmental models of economic growth and rising industrialization were extensively
applied, the Chinese government has scaled up the industrialization of food production,
within a historical trajectory of what Ruth Rogaski has called a ‘hypercolony’.>® The mod-
ernization of the Chinese agricultural system, which is a historical process in which
foreign political powers such as the United States and the Soviet Union have played
direct and indirect roles, is key to understanding the trajectory that has led China to
become world champion in the consumption of agricultural antibiotics.”” Indeed, both
the Soviet Union and the United States played central roles in the scientific, technologi-
cal, and industrial development of twentieth-century China, which has facilitated the
opening of new markets and helped to stabilize the world situation.®’

Lately, international institutions such as the WHO have proposed to enact market
incentives to overcome the issue of antibiotic resistance, especially to push the industry
towards the invention of new kinds of antibiotics.®* Such a proposal overlooks the main
material cause of the problem, which is the agricultural use of antibiotics, and leaves aside
or even reinforces the more general overemphasis on macroeconomic factors and
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programmes of national security built upon the gigantic antibiotics infrastructure.®> In
valuing economic growth and related variables such as large-scale agricultural facilities,
the economic doctrines of the last century have allowed for and justified the detachment
between industrial production and its impact on natural resources and the health of local
populations.

A solution based on market incentives or on financial offset can hardly solve the issue
of antibiotic resistance, as it is a phenomenon that puts economic, social, and natural
metabolisms in a highly complex relation of positive feedback loops that hasten environ-
mental and social collapse. Indeed, the economic growth underpinned by Malthusian
logic implies an increasing use and presence of antibiotics in an even greater number
of even larger livestock, aquacultures, and related runoffs, all processes that produce
selective pressures on the microbial world, intensifying genetic mutations of bacteria
and therefore raising the incidence of infectious disease caused by resistant bacteria.
The invisible multiplication of genetic mutations producing bacterial resistance to anti-
biotics occurs gradually and out of sight, a process scattered across time and space.®
Similar to climate change, deforestation, and acidifying oceans, the major challenge of
antibiotic resistance resides in its invisibility and its sparse agency. Antibiotic resistance
cannot be represented as an event that happens in seconds, minutes, or hours and there-
fore cannot fit into the sensational, spectacular images of a television broadcast; nor is it
immediate in time - even if in ten hours, a small colony of one million bacteria can
produce around three hundred genetic mutations. At a different temporal scale, the eli-
citation of bacterial mutations by massive selective industrial pressures has been taking
place for the past hundred years or s0.°> This intertwining of different bacterial and
industrial rhythms causes an exponential leap, one in which billions of bacterial
mutations foment the planetary emergency of antibiotic resistance, which ‘slowly’ kills
many hundreds of thousands of people every year — without counting those living in
the Global South or those on the peripheries, where national and international sanitary
epidemiological surveillance systems hardly function.®® The logic of ‘the polluter pays’, a
legacy of the nineteenth century, has been combined with the imperative of economic
profitability and contributed to allocating the most dangerous tasks to the weakest sec-
tions of the population, whose illnesses often remain invisible, and to localities in
which social and natural resources have been impoverished by aggressive industrial
policies.®”

The spatial dimension of antibiotic resistance follows the scattered geography of glo-
balism - i.e. the international delocalization of industrial plants enabled by the fluidity of
financial capitals over the last fifty years.®® By tracking international industrialization,
environmental research has registered bacteria carrying genes resistant to antibiotics
in environments as diverse as wild fish, oysters, pigs, and cows all around the globe.*”
Even if the impact of antibiotic resistance on humans is mainly recorded in hospitals
and in industrial districts where local communities often engage in environmental
conflicts,” its roots lie in several locations, some of them thousands of kilometres
away from the problem’s acme, and within century-old historical trajectories of heavy
environmental and human degradation.”’ The communities experiencing on their
bodies the injuring effects of the great industrialized acceleration are left out from the
collective subject ‘we’ implied by scientific institutions. Their proposals for ecological
recovery and health promotion leaves the homo oeconomicus undisturbed, Wynter tells
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us, and very likely produces devastating effects for the global poor, mainly because of the
economically enforced Malthusian logic pervading such proposals.”? In Wynter’s terms,
the economic-driven Malthusian logic that primarily considers human populations as
numerical aggregates is the cause of environmental and social collapse, especially for
those who are more exposed to the noxious effects of industrial modernity.

6. Conclusion: towards a historical and political epistemology of planetary
health

In this essay I have used the history of science and disease to inquire into the collective
subject ‘we’ invoked by proponents of planetary health and the Anthropocene, intending
to show that historical, economic, technological, and geopolitical factors must also play
central roles in a comprehensive narrative of the social and ecological collapse of our
time. In contrast to the proposals developed by the Rockefeller Lancet Commission on
Planetary Health, the analysis here presented is based on a critical evaluation of the Mal-
thusian logic of growth enacted by the homo oeconomicus, a logic underpinned by
specific economic and industrial models ideated by European countries since World
War II in order to overcome the limits to economic growth posed by the finitude of
natural resources. Agriculture was therefore seen as one of the economic factors to
influence by technological means so as to eventually scale up its throughput. The associ-
ation of economic and populational growth therefore represented an ideal imaginary to
which every former colony has supposedly adhered, a presumed collective pathway in
which every single country and community of the planet has walked to eventually
arrive at ecological collapse. This supposed collective path, following the suggestion of
Sylvia Wynter, is a mimetic trap, a device to attract the policies of former colonies and
poor countries to materially implement the models of production of Western countries,
whose ruinous ecological and social impact remains concealed.

To weave a more comprehensive narrative, it is necessary to explicitly consider the
scientific models and industrial practices of production that have intensified the inter-
action between human and non-human actors. Following the scientific models of micro-
biologist Lynn Margulis, I contend that the microbes represent the most sublime
planetary force, and that despite having acquired a bad reputation, they are one of the
most important natural resources for the flourishing of human cultures. Endeavours
as old as fermentation and zymotechnics show the core importance that microbial
metabolism has had for both food cultures and industrial production. As I have tried
to show, during the Cold War and under the neoliberal economic doctrine, antibiotics
assumed geopolitical and diplomatic meanings. The production and use of antibiotics
for human health underwent geopolitical and economic controversies, especially
within the WHO in its first years of existence. In the late 1940s and throughout the
1980s, some countries of the Western bloc hindered socialist governments, former colo-
nies, and poor countries from deploying this life-saving technology. Furthermore, since
the 1950s and 1960s, the intensive agricultural use of antibiotics and the first epidemics
caused by bacteria resistant to antibiotics posed serious and extensive concerns among
citizens and scientists who organized social protests. Most importantly, in 1965, the zoo-
notic origin of antibiotic-resistant bacteria resistant was scientifically proven by Ephraim
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Saul Anderson and Naomi Datta, a topic that was politically addressed in 1967 through
the UK governmental Brambell Committee.

The metabolism of microbes in an industrial setting specifically, i.e. the production of
antibiotics to scale up the production of food animals, has been shown to act at a plane-
tary scale in ways that endanger local communities, ultimately exposing them to anti-
biotic-resistant bacteria. As one of the core aspects of modernity, industrialism has
allowed for the increase of goods of common use such as food animals and, at the
same time and place, on the industrial farm, has intensified the mutations of microbes
by mobilizing their ancient ability to resist toxic elements, thus creating a public
health issue. During the last years, international institutions such as the WHO and the
World Trade Organization have conceived of antibiotic resistance as a global epidemic,
and have introduced financial and market incentives in response. Nevertheless, techno-
logically and economically driven solutions are very likely prone to reinforce the
problem, as the immaterial cause of antibiotic resistance, which resides in economic
models of endless growth and international rivalries, remains untouched. Rather, as
Nancy Fraser has recently highlighted, safeguarding the planet will require the consti-
tution of a counter-hegemonic perspective envisioned through alliances between local
communities and engaged scholars.”> The historical and political inquiry I have
attempted is meant to serve this end.
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