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Abstract: Despite being acknowledged as a major
global health challenge, growing levels of antimi-
crobial resistance (AMR) in pathogenic and com-
mensal organisms have proven an awkward fit
for international health frameworks. This article
surveys the history of attempts to coordinate inter-
national responses to AMR alongside the origins
and evolution of the current international health
regulations (IHR). It argues that AMR, which
encompasses a vast range of microbial properties
and ecological reservoirs, is an awkward fit for the
‘organismal’ philosophies that centre on the rapid
control of individual pathogens that have charac-
terised international policy-making since the 19th
century.

Introduction

The health challenge of antimicrobial resistance
(AMR) is as old as the antimicrobial era, with the
first known clinical reports of emerging microbial
‘drug fastness’ in response to prolonged organoarsenic
exposure dating back to 1907.! Since then, reports of
AMR have followed on the heels of the launch of each
new class of antimicrobials, from the sulfonamides
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in the 1930s to lipopeptide antibiotics (daptomycin)
in 2003.2 The predictable emergence of AMR means
that generations of microbiologists, physicians, vet-
erinarians, and policymakers have grappled with how
to make the best use of antimicrobials’ time-limited
effectiveness. At the international level, at least 248
reports have addressed the issue of AMR since 1945
with topics ranging from ensuring ‘rational’ drug use
to addressing the environmental reservoirs of AMR.?
Despite the marked increase of AMR reports and
initiatives to preserve antimicrobial effectiveness,
no binding international agreement on antimicro-
bial stewardship has emerged. Meanwhile, growing
doubts are surfacing about the efficacy of the exist-
ing 2015 WHO-led Global Action Plan in galvanizing
meaningful national action when it comes to reducing
antimicrobial consumption and resistance.*

This article examines why AMR has proven so dif-
ficult to regulate. Focusing on the period between
1945 and 2015, it contrasts the evolution of AMR
stewardship initiatives with the parallel development
of international legal frameworks like the Interna-
tional Health Regulations (IHR), which have enjoyed
varying levels of success. The article shows that AMR
proved an awkward fit for a legal system that was
developed around individual pathogens or substances.
Traditional contain-and-control strategies developed
to stop the spread of well-characterized bacterial and
viral entities such as cholera, rinderpest, or influenza.’
By contrast, the multitude of organisms and genetic
factors involved, the diversity of social and ecological
contexts in which AMR arises, the range of potential
points for intervention, and the very utility of antibi-
otics and the competing need for access have to this
point rendered AMR ill-suited to the nation-state-ori-
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ented matrix of international policy-making. Despite
an emerging consensus that AMR can only be tackled
by global collective action,® the complex nature of the
antibiotic infrastructures embedded in modern health
and food production systems,” the dynamic ecological
properties of AMR, and the absence of a clearly defined
target of action have so far posed an insurmountable
obstacle to effective international policy-making.? The
article ends by assessing a range of different political
and legal approaches towards tackling AMR. It advo-
cates that rather than solely trying to make AMR fit

to Europe and North America — via timely reporting
and appropriate quarantine-focused sanitary inter-
ventions, which would be carried out not by inter-
national agencies but by nation states. This nation-
state and pathogen-focused outlook of the “classical
regime” of international health politics remained
mostly unchanged over the next century.

From the 1920s onwards, new permanent interna-
tional bodies with greater powers like the League of
Nations Health Office (LNHO, 1924-1945) and World
Health Organisation (WHO 1948-), as well as affili-

Rather than solely trying to make AMR fit into traditional pathogen-focused
policy frameworks, we should aim for a new structural mode of international
policymaking, and one that moves beyond conceptualizing AMR solely
in terms of present overuse and treatment failure and adopts a more
long-term conception of stewarding microbial ecosystems.

into traditional pathogen-focused policy frameworks,
we should aim for a new structural mode of interna-
tional policymaking, and one that moves beyond con-
ceptualizing AMR solely in terms of present overuse
and treatment failure and adopts a more long-term
conception of stewarding microbial ecosystems.

From Sanitary Conferences to International
Health Regulations

The roots and evolution of our contemporary interna-
tional health system are intimately tied to the history
of pandemics and have consistently focused on con-
taining the spread of individual pathogenic viruses or
bacteria across national borders.?

Starting in the 19th century, and building on centu-
ries of more local approaches to quarantine, pandemic
events like the repeated waves of cholera and plague
prompted imperial powers and emerging nation states
to organize a total of 14 International Sanitary Confer-
ences. The goal of these conferences was to develop an
internationally standardized way of defining, notify-
ing, and reacting to the spread of pathogenic threats.
Despite early tensions, the period around 1900 saw the
rise of germ-based explanations of disease and mutual
concerns about pandemic events’ impact on trade
lead to an initial formalization of international health
politics in the form of permanent institutions like
the Office International d’Hygiéne Publique (OHIP,
1907-1947) and International Sanitary Conventions
(ISCs) (1892, 1903, 1912, 1926).1° The explicit aim of
these frameworks and institutions was to contain the
spread of well-defined pathogens — mostly from Asia

ated national and non-governmental organizations,
launched various social medicine-oriented programs
(e.g., attempts to improve maternal health and child-
hood nutrition) alongside vaccination, environmental
control, and disease eradication campaigns. However,
all of these non-statutory schemes remained depen-
dent on the often unstable political and financial sup-
port of sovereign nation states and imperial powers.!2
Amidst the broader post-1945 decline of concerns
about communicable disease, there was also little
political appetite to systematically expand or reform
the limited statutory reporting and sanitary require-
ments for pathogenic threats.

In 1951, the International Sanitary Regulations
(ISR) consolidated the previous ISC patchwork of
reporting regulations for six already quarantinable
diseases (cholera, plague, relapsing fever, smallpox,
typhoid and yellow fever). Passed in the context of the
‘Hong Kong Flu’ pandemic, the 1969 International
Health Regulations (IHR) replaced the ISR but did
not include significant new powers. Indeed, reporting
requirements were soon limited to three ‘classic’ dis-
eases (cholera, plague, and yellow fever). Meanwhile,
critics bemoaned lack of compliance with ISR/THR
provisions and international legal frameworks’ fail-
ure to provide means to react to new or re-emerging
pathogens such as HIV/AIDS or multiple drug resis-
tant tuberculosis. In practice, the IHRs were thus
increasingly overshadowed by the passage of health-
relevant international treaties in the fields of human
rights, environmental protection, and trade.’
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Between 1995 and 2005, concerns about pandemic
preparedness, bioterrorism, the increasing displace-
ment of international health by trade concerns, and
the 2003 SARS outbreak led to sustained attempts
to reform the IHRs. Passed in 2005, the revised IHR
replaced many classic elements of international dis-
ease surveillance with a new concept of integrated
biosecurity governance. Although they continued to
focus on concerning established pathogens, the 2005
IHR required member states to survey and notify
the WHO regarding a far broader range of potential
public health risks of urgent international concern —
including emergent diseases, intentional bioterrorist
releases of disease, and nuclear and chemical haz-
ards. Minimum national surveillance capacities were
defined and the WHO could now also use non-gov-
ernmental data to declare a public health emergency
of international concern (PHEIC). In case of a PHEIC,
the WHO could issue non-binding recommendations
for member states to tackle the emergency, which
would theoretically enable a standardized global
response.!*

AMR: A Non-traditional Threat

Throughout this long history of trying to contain
infectious diseases at the international level, the sys-
temic health threat posed by AMR has been curiously
absent from statutory health frameworks. Estimated
to have caused over 1.27 million human deaths in
2019, the mortality, morbidity, and economic impact
of AMR surpasses that of most individual pathogenic
threats identified in both the ISR and subsequent IHR
frameworks.'® Despite the recent extension of the IHR
towards broadly defined ‘public health threats’, the
ecological nature of AMR has made it an awkward fit
for the organismal- and biosecurity-oriented interna-
tional health architecture we have inherited.

The fact that AMR or ‘drug fastness’ could emerge
as a result of exposing organisms to antimicrobial
substances was nothing new by the time the first per-
manent international health institutions emerged.
Concerns about the threat it could pose to new gen-
erations of antimicrobial treatments emerged soon
after the launch and mass-marketing of sulfonamides
(1930s) and antibiotics (1940s) and led to repeated
calls for ‘rational therapy.” However, outside of indi-
vidual clinical settings, early AMR concerns rarely
manifested in concrete regulatory attempts at the
national, let alone international level. The reasons for
this were manifold: post-war contemporaries strug-
gled to measure and define at which point AMR was
not just a ‘natural’ biological phenomenon but a clini-
cal threat; experts (until the 1960s) understood AMR
as a localized hereditary rather than an ‘infectious’
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ecological phenomenon characterized by horizontal
gene transfer; there was no consensus on which forms
of antibiotic use were particularly harmful; and there
was widespread confidence that antibiotic innovation
would stay ahead of AMR.®

When they did appear, reform responses to emerg-
ing AMR were limited. During the 1950s crisis sur-
rounding the pandemic spread of penicillin resistant
Staphylococcus aureus phage type 80/81, regulators
followed a classic ‘organismal’ control approach aimed
at stopping the pathogen with hygiene and updated
treatment regimes rather than seeking to limit the
evolutionary selection pressure being brought to bear
on microbial ecosystems.” In a similar vein, post-war
concerns about rising antimicrobial use and emerg-
ing AMR in food production were addressed with
attempts to limit resistance in a select number of
organisms via usage restrictions.2°

Despite warnings about the ecological impacts of
mass antimicrobial usage by prominent microbiolo-
gists like gramicidin-discoverer René Dubos,?! AMR’s
non-standard risk profile meant that regulatory
responses remained based on ‘classic’ pathogen-based
concepts. Meanwhile, selection pressure continued to
increase as a result of falling antimicrobial prices and
growing infrastructural dependence on routine anti-
biotic access. In 1970, alarm about the threat posed
by horizontal resistance transfer saw the European
Economic Community (EEC) restrict certain forms
of therapeutic antibiotic use in agricultural settings.
However, bans were partial and measures were not
extended to address rising clinical antimicrobial use
or antimicrobials’ presence in the environment. Paral-
lel US attempts to implement statutory regulations of
human and animal antibiotic use failed.??

It was only during the 1980s that sustained calls for
wider international efforts to contain AMR emerged.
Initially, these calls were voiced not by international
organizations but by non-governmental actors. Tufts
University clinician-researcher Stuart Levy, especially
concerned with resistance-conferring plasmids that
respected the boundaries of neither bacterial species
nor nation-states, first drew attention to the shared,
global nature of AMR. The 1981 Statement Regarding
Worldwide Antibiotic Misuse that Levy coordinated
and had signed by 147 scientists from 27 countries,
was multisectoral in its concerns (ranging from the
differential marketing and regulation of antibiot-
ics, worldwide, to their use in agribusiness) and was
picked up by many press outlets.?? Levy’s AMR warn-
ings were soon amplified by Nobelist Joshua Led-
erberg, who likewise drew attention to the shared
moral and pragmatic rationales for focusing on global
emerging infections and AMR in parallel.2*
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Yet despite the inclusion of AMR within the U.S.
Institute of Medicine’s influential 1992 Emerging
Infections report,?® emphasis on the horizontal epi-
demiology of AMR-conferring plasmids did not fit
easily into the above-mentioned “classic™¢ pathogen-
focused legal regime of international health. Address-
ing a genetic threat that can jump between pathogens
as well as billions of harmless commensal organisms
and is both a natural part of bacterial competition and
a by-product of antimicrobial infrastructures required
significant reductions of selection pressure alongside
interventions to detect and counter infectious disease
threats. But just how far antimicrobial restrictions
would have to go to freeze — let alone reverse — AMR
levels remained unclear. It was equally unclear which
areas of health and food production systems would
have to undertake these cuts. A similar dilemma arose
about how to take into account the intergenerational
aspects of AMR selection: was it justifiable to ask pres-
ent generations to forgo drug usage and associated
health and efficiency gains for the sake of future gener-
ations? Should wealthy areas of the world make larger
sacrifices because of their earlier access to and longer
large-scale use of antimicrobials than resource-poor
areas, who were still struggling to access effective anti-
microbials? Without a unifying target, apparent tech-
nical fix, or a clear trade-off of sacrifices across different
economic sectors and societal groups,2” AMR also dif-
fered from other contemporary ecological challenges
such as the depletion of the ozone layer, species con-
servation, or marine and cross-border air pollution.?8

By the end of the millennium, the ongoing rise of
AMR levels was increasingly acknowledged as a severe
global health threat that spanned all three domains
of human, animal, and ecological health.?® Driven by
reports of MDR tuberculosis, Vancomycin Resistant
Enterococci (VRE), and Methicillin Resistant Staphy-
lococcus aureus (MRSA), AMR appeared on the policy
agendas of powerful nation states and transnational
organisations such as the US and the European Union
(EU).30 However, once again, policy responses — espe-
cially when matched against business interests in agri-
business and pharmaceuticals invested in maintain-
ing the status quo — were insufficient and tended to
follow traditional molds rather than address AMR’s
genetic and ecological dimensions. Attempting to fix
rather than restructure existing food production and
health systems, high-income countries adopted selec-
tive usage reductions in human and animal health but
mostly neglected the environmental domain whereas
new surveillance systems once again focused on resis-
tance in priority pathogens rather than environmental
background levels of AMR. Although high-income lev-

els of medical and agricultural usage began to decline
by around 2010, interventions’ long-term impact on
AMR proved difficult to assess. In some cases, local
AMR levels had declined but quickly recovered once
drugs were reintroduced; in other cases, interventions
came too late to prevent the permanent establishment
of AMR in clinical, agricultural, or broader microbial
ecologies. Meanwhile, AMR genes and organisms con-
tinued to flow freely across borders. As highlighted by
reports on New Delhi metallo-betalactamase 1 (2008)
and mobilised colistin resistance (2015), addressing
AMR required a broader international restructuring of
health, food production, and pharmaceutical systems.!

The systems-dimension of would-be AMR reform
efforts went far beyond anything ever attempted
within the conservative legal frameworks of interna-
tional health. Starting with an ill-fated attempt to gal-
vanise AMR action on September 11, 2001, interna-
tional organizations such as the WHO, the Food and
Agriculture Organisation (FAO), and World Organ-
isation for Animal Health (OIE) began to move from
simply reporting on AMR to proposing novel surveil-
lance and stewardship frameworks.32 This shift mir-
rored developments in other areas of Global Health
where concerns about bioterrorism and pandemic
preparedness had increased donor and member
states’ willingness to expand international organisa-
tions’ governance competencies.?? Unsurprisingly,
emerging AMR policy mechanisms thus resembled
those created for pandemic preparedness. In 2015,
the WHO launched a Global Action Plan (GAP) on
AMR.3* Similar to the 2005 ITHR and the parallel
Framework Convention on Tobacco Control, the GAP
established parameters for antibiotic stewardship and
surveillance that members could attempt to achieve
via national action plans (NAPs). NAPs could be mon-
itored via new surveillance mechanisms for AMR and
antibiotic usage — but implementation would not be
binding. On paper, the GAP marked an important
breakthrough, followed in 2016 by the United Nations
High-Level Meeting Political Declaration on AMR,
intended to further draw global commitment to con-
fronting AMR.?* By May 2022, at least 97 nations had
developed and submitted NAPs to WHO.3¢

However, similar to problems regarding the 2005
IHR,?" creating an international framework based on
non-binding stewardship and surveillance recommen-
dations was not the same as investing in actual systems
restructuring. Critics of the 2015 GAP soon warned
that exporting high-income stewardship approaches
that centred on AMR surveillance, reducing usage, and
behavioural interventions was ineffective in low- and
medium-income settings facing other more pressing
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health, economic, and governance challenges. With
funders prioritizing trackable performance targets,
AMR-focused investment ended up favouring tech-
nical fixes like antibiotic and diagnostics innovation
rather than preventing upstream drivers of AMR such
as lacking sanitary infrastructure or affordable health
care.?® Published in 2019 ahead of the COVID-19 pan-
demic, a report by the UN Interagency Coordination
Group (IACG) on AMR partially acknowledged these
challenges by advocating a more robust integration of
antibiotic sensitive interventions into existing Sustain-
able Development Goals (SDGs).3?

Conclusion: Quo Vadis AMR

Amidst the wider reordering of Global Health follow-
ing COVID-19, a growing number of voices are now
calling for an integration of the “silent pandemic™©
of AMR into a new Pandemic Treaty Framework that
would supersede the 2005 THR by 2024. But what

health and food systems resilience.*> Mobilizing such
investment during a time of disrupted international
relations and economic stress will be challenging —
especially if AMR is framed narrowly as a biosecurity
challenge of treatment failure. A more holistic addi-
tional approach — as Joshua Lederberg attempted
to do over three decades ago — lies in stressing the
shared moral and pragmatic imperatives to tackle
AMR,, in this case as a symptom and outcome of larger
structural inequities. As such, AMR would represent
not just an addition to an existing threat (as has often
been the case), but a catalyst for more fundamental
change.

Moreover, the invocation of Lederberg calls to mind
a second set of considerations. In 2000, and echoing
earlier warnings by René Dubos, Lederberg called for
areconsideration of the Manichean “good/bad” mind-
set regarding bacteria, and for a focus on the broader
ecology of the microbial world we inhabit.*? While this

In 2000, Lederberg called for a reconsideration of the Manichean
“good/bad” mindset regarding bacteria, and for a focus on the broader
ecology of the microbial world we inhabit.» While this is not to detract from
the immediate need to address the mortality caused by resistant priority
pathogens, adopting an ecological approach to mitigating AMR opens
a long-term horizon for learning from other planetary challenges.

could such an AMR-focused treaty achieve? Pursuing
existing policy trajectories, some commentators hope
that including the AMR challenge within a statutory
international biosecurity framework would overcome
the inadequacies of the voluntary GAP. And certain
proposed measures — including the harmonization of
surveillance measures, the mobilization of resources
concerning antimicrobial, vaccine, and diagnostic
innovation, and ensuring the equitable distribution
of such resources — come closest to fitting traditional
frameworks.*!

However, there are well-known limitations. At
one level, the described measures do not address the
upstream forces — from sanitation to the structures
of care delivery — that have differentially shaped the
worldwide incidence of AMR and disease burdens.
New antibiotics will temporarily reduce AMR pres-
sures, and improved surveillance and infection pre-
vention can address the threat posed by individual
pathogens. However, addressing the structural drivers
of antibiotic dependency and disease will require far
broader ‘antibiotic sensitive’ upstream investment in

44

is not to detract from the immediate need to address
the mortality caused by resistant priority pathogens,**
adopting an ecological approach to mitigating AMR
opens a long-term horizon for learning from other
planetary challenges.*s In the case of climate change,
the international community has acknowledged that
the well-being of human societies depends on main-
taining global warming within a narrow temperature
range. Although far from perfect, resulting interna-
tional agreements have acknowledged that maintain-
ing this temperature range for future generations
requires significant investment by current genera-
tions as well as trade-offs between economic sectors
and nations. Focusing primarily on the macrobial
world, the 1992 Rio Convention on Biological Diver-
sity agreed on the conservation of biodiversity, the sus-
tainable use of its components, and fair and equitable
sharing of benefits arising from genetic resources.
Could similar legal frameworks be developed for the
preservation of the microbial ecospheres humanity
relies on?
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