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Abstract

Antimicrobial resistance (AMR) has emerged as one of the gravest 21st- century threats to global health, eco-
nomic stability, and modern medical systems. This paper investigates AMR as a complex, multisectoral phe-
nomenon shaped by medical misuse, agricultural overdependence, pharmaceutical pollution, climate dynam-
ics, and governance failures. Drawing on real-world outbreaks including NDM-1, MCR-1, CRE, and Candida
auris the study traces how resistant organisms evolve, circulate, and entrench themselves across hospitals,
livestock systems, food supply chains, and environmental reservoirs. Evidence from WHO, UNEP, FAO, CDC,
ICMR, and EU surveillance networks demonstrates that antibiotic misuse in humans and animals, substand-
ard sanitation, and unregulated pharmaceutical discharge function as mutually reinforcing accelerants of re-
sistance. The analysis further explores how warming temperatures, PM2.5 air pollution, river contamination,
and global travel amplify the emergence and spread of superbugs. The paper argues that fragmented global
governance-characterized by weak enforcement, misaligned incentives, and insufficient investment in diag-
nostics and novel antimicrobials has allowed AMR to escalate into a silent worldwide pandemic. Emphasizing
a One Health framework, the paper concludes that mitigating AMR requires coordinated political commit-
ment, sustainable agricultural transitions, environmental regulation, and anticipatory governance capable of
pre-empting microbial evolution rather than merely reacting to clinical crises.
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He Silent Spiral: Global Politics, Environmental
Pathways, and the Multisectoral Drivers of Anti-
microbial Resistance:

Antimicrobial resistance (AMR) today stands at the
center of a slow- burning global emergency, one that
scientists such as Dame Sally Davies have compared
to a “silent pandemic” capable of reversing a century
of medical progress. While policymakers frequently
reduce AMR to a technical problem one of microbes
evolving faster than medicines-the deeper reality is
far more complex, woven from patterns of human
neglect, corporate incentives, agricultural econom-
ics, political apathy, weak global coordination, envi-
ronmental deterioration, and a widening gap between
countries that can afford modern infection control
systems and those that cannot. The story of AMR is
not simply about bacteria outsmarting drugs; it is a
story of how human behavior, global trade, climate
change, urbanization, pharmaceutical decline, and
governance failures continuously create ecological
opportunities for resistance to evolve, settle, and
explode into superbugs that move rapidly across
borders. Investigators who have followed AMR
for decades from Ramanan Laxminarayan’s global
modeling work to Tim Walsh’s early detection of
NDM-Hhave repeatedly warned that resistance does
not “emerge” in a vacuum; it is produced by policy
and practice. It is produced by the way antibiotics
are used, misused, overused, distributed, subsidized,
and sometimes deliberately abused in both medicine
and agriculture, and by the ecosystems that political
systems allow to degrade until resistant organisms
circulate freely through soil, air, rivers, livestock,
and food chains.

The medical misuse of antibiotics remains the most
visible driver, but the roots go deeper than over-
prescription. Across many countries, antibiotics
are routinely used not as therapeutic agents but as

psychosocial reassurance patients expect them, doc-
tors prescribe them under pressure, and pharmacists
dispense them without oversight. Countless investiga-
tions by the World Health Organization (WHO), in-
cluding those led by Hanan Balkhy, have documented
clinics in South Asia, Africa, and Latin America where
antibiotics are prescribed for viral infections simply
because patients equate antibiotic use with “proper
treatment.” In India, for instance, studies conducted
by AIIMS Delhi and the Indian Council of Medical
Research (ICMR) have found that up to 60% of out-
patient antibiotic prescriptions are unnecessary, often
for self-limiting viral fevers, common colds, and mild
respiratory infections that require symptomatic man-
agement rather than broad- spectrum antimicrobials
[1]. Hospitals add another structural problem: incom-
plete treatment courses, incorrect dosage, and weak
stewardship. When a patient receives a sub-therapeu-
tic course or a drug inappropriate for the infecting or-
ganism the infection is not fully eradicated, allowing
resistant mutants to survive and replicate. Investiga-
tors at the Royal Free Hospital in London have long
emphasized that incorrect empiric therapy in the first
48 hours dramatically increases the risk of selecting
for resistant strains, especially in ICU settings [2].
Every dose of an antibiotic exerts evolutionary pres-
sure on microbes, and when that pressure is misap-
plied too short, too weak, or too broad it becomes a
near- perfect recipe for driving resistance.

Yet medicine is only half the equation. The agricul-
tural sector uses more antibiotics globally than hu-
man healthcare does nearly two-thirds, as repeatedly
emphasized in UN FAO and WHO joint reports, and
in the landmark 2019 UN Interagency Coordination
Group (IACG) report [3]. Investigators in the Europe-
an Medicines Agency (EMA) spent almost a decade
showing how Europe’s ban on growth-promoting an-
tibiotic use, combined with surveillance mechanisms
like the European Surveillance of Veterinary Antimi-
crobial Consumption (ESVAC), dramatically reduced
agricultural antibiotic use from 2011 onward. But in
emerging economies such as India, China, Brazil, Vi-
etnam, and parts of sub- Saharan Africa, antibiotics
remain integral to livestock economics. Farmers use
them not only to treat disease but to promote growth,
accelerate weight gain, and compensate for poor hy-
giene conditions. When antimicrobials become cheap-
er than modernizing farm infrastructure ventilation,
waste management, water sanitation-economic incen-
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tives align with misuse, creating fertile ground for
resistant organisms. Investigations in China’s Shan-
dong and Guangdong provinces uncovered rampant
use of colistin a last-resort antibiotic as a growth pro-
moter in pigs and poultry until the discovery of the
MCR-1 resistance gene in 2015 forced regulatory
bans [4]. The MCR-1 gene, found by Chinese scien-
tist Liu Jinxin and later analyzed by Timothy Walsh
and colleagues, provided a chilling demonstration of
agricultural misuse feeding global AMR: a single re-
sistance gene originating in livestock spread within
months to clinical isolates in more than 30 countries.

Environmental pathways represent an even more dis-
turbing dimension of AMR, one that historian-inves-
tigators such as Jim O’Neill, head of the 2016 AMR
Review, have argued remains persistently underes-
timated. The UN Environment Programme (UNEP)
has repeatedly reported that rivers downstream of
pharmaceutical manufacturing plants particularly in
India’s Hyderabad region, one of the world’s largest
hubs for generic drug production contain antibiotic
concentrations comparable to therapeutic doses [5].

Investigations by Swedish researchers from Uppsa-
la University, who sampled Patancheru wastewater,
found ciprofloxacin concentrations up to 1000 times
higher than levels known to select for resistance.
These contaminated waters feed into irrigation sys-
tems, enter nearby villages, and mix with municipal
runoff, creating an open-air laboratory for AMR evo-
lution. Similarly, studies in Pakistan, Bangladesh,
Kenya, and Argentina have found hospital wastewa-
ter to be a central node in the emergence and dissem-
ination of resistant organisms, with pathogens like
Klebsiella pneumoniae, Acinetobacter baumannii,
and Pseudomonas aeruginosa showing increasingly
multidrug-resistant (MDR) patterns [6].

Climate change further complicates the landscape. A
pivotal 2022 study published in The Lancet Planetary
Health by Xiao Wu and colleagues showed that coun-
tries with higher levels of PM2.5 air pollution also
exhibited higher levels of antibiotic resistance across
major bacterial pathogens, suggesting that airborne
particulate matter acts as a vehicle for both resistant
organisms and resistance genes [7]. Fine particulate
pollution carries microbes, DNA fragments, and anti-
biotic residues, enabling long-distance transmission.

As temperatures rise, bacterial replication accelerates,
survival windows lengthen, and environmental niches
expand. Floods, driven by climate extremes, distrib-
ute resistant organisms across wider areas; droughts
concentrate contaminants in shrinking water bodies;
and heatwaves amplify hospital infection loads. This
multifactorial relationship means AMR is not mere-
ly a biomedical challenge but an environmental phe-
nomenon shaped by atmospheric, hydrological and
ecological currents.

The link between poor sanitation and AMR is equal-
ly critical. WHO and UNICEF estimates show that
2.2 billion people still lack safely managed drinking
water systems. In these contexts, water becomes the
primary vector for resistant organisms, especially
in overcrowded informal settlements where human
waste, animal waste, and agricultural runoff converge.
Investigations of South Asian river systems particu-
larly India’s Ganges basin have repeatedly found high
densities of extended- spectrum beta-lactamase (ES-
BL)-producing E. coli, NDM-1 positive bacteria, and
carbapenem-resistant Klebsiella, especially near ur-
ban slums, hospitals, and religious bathing sites [8].
Field investigators from the Public Health Foundation
of India (PHFI) documented how pilgrims who bathe
in river waters during festivals acquire resistant gut
flora that they later carry back to cities and villages,
turning AMR into a form of microbial travel. Simi-
lar patterns appear in Africa’s Lake Victoria region,
where local health workers report that fishermen ex-
posed to contaminated waters exhibit higher rates of
resistant infections unrelated to antibiotic use, demon-
strating that environmental exposure alone can colo-
nize human microbiota with resistance traits [9].

Superbugs an informal term referring to organisms re-
sistant to multiple antimicrobials emerged as the most
visible consequence of these overlapping pressures.
The rise of NDM-1 (New Delhi Metallo-B- lactama-
se-1) in 2008—2010 remains one of the most dramatic
illustrations of resistance evolution and global spread.
Discovered by Walsh, Kumarasamy, and their col-
laborators, NDM-1 was first identified in a Swedish
patient who had received medical treatment in New
Delhi [10]. The gene, carried on mobile plasmids,
rendered bacteria resistant to carbapenems powerful
antibiotics considered the last line of defense. With-
in a year, NDM-1 was detected in clinical samples
in Pakistan, the United Kingdom, Canada, Australia,
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Kenya, and Japan. The rapid spread demonstrated
how global travel, medical tourism, and gaps in san-
itation infrastructures could accelerate AMR far be-
yond any single country’s borders. The outbreak also
exposed tensions between nations: Indian officials
pushed back against the naming of NDM-1, calling
it “unfair,” while British, Pakistani, and American
researchers insisted that political sensitivities could
not override scientific transparency. The controver-
sy itself revealed a governance gapAMR does not
respect borders, but the politics of naming, acknowl-
edging, and managing outbreaks often does.

Other superbugs followed similar trajectories. Car-
bapenem-resistant Enterobacteriaceae (CRE), es-
pecially KPC-producing strains, spread rapidly
across Italy, Israel, and the United States from the
late 2000s onward, leading to hospital shutdowns,
ICU outbreaks, and mortality rates exceeding 50%
in some cases [11]. The United States Centers for
Disease Control and Prevention (CDC) labeled CRE
“one of the most urgent public health threats” due
to its ease of transmission and limited treatment op-
tions. In Brazil and Colombia, OXA-48 producing
strains caused widespread outbreaks in tertiary care
hospitals, while in Southeast Asia, the combination
of ESBL-producing strains and high environmental
contamination led to a near-constant baseline of re-
sistant infections.

The fungal superbug Candida auris, first identified
in 2009 in Japan but later found to have emerged in-
dependently in India, South Africa, and Venezuela,
added another layer of complexity. C. auris thrives in
warm, humid environments and resists standard dis-
infectants. Investigations by the CDC and the UK’s
Public Health England (now UKHSA) showed that
C. auris could survive for weeks on hospital surfac-
es, colonizing equipment, walls, and bedding. The
fungus’s simultaneous emergence on multiple conti-
nents led scientists such as Arturo Casadevall to hy-
pothesize a climate-related mechanism: rising global
temperatures may have selected for fungal strains ca-
pable of surviving at human body temperature [12].

Pharmaceutical dynamics represent a quieter yet
equally critical part of the AMR story. The global
antibiotic pipeline has been shrinking for decades
due to limited commercial incentives. Antibiotics
are curative, short-course therapies; unlike drugs for

chronic illnesses, they generate little long-term profit.
When a new antibiotic is developed, stewardship pol-
icies often restrict its use to prevent resistance, which
paradoxically disincentivizes manufacturers. Major
pharmaceutical companies such as Sanofi, Novartis,
AstraZeneca, and Johnson & Johnson have signifi-
cantly reduced their antibiotic R&D programs since
the early 2000s, leaving small biotechnology compa-
nies to fill the gap. Some of these smaller companies,
including Achaogen-developer of plazomicin, an an-
tibiotic approved in 2018went bankrupt shortly after
launching their products, revealing the broken market
structure for antibiotics [13].

Still, innovation continues in pockets, as seen in the
announcement of Gan Lum, a new antimalarial de-
veloped jointly by Novartis and the Medicines for
Malaria Venture (MMYV). In clinical trials across 12
African countries, Gan Lum showed 97% effective-
ness even in regions with established resistance to
artemisinin-based therapies [14]. Scientists described
the drug as “a fire extinguisher ready for the coming
blaze,” underscoring the urgency of developing treat-
ments before resistance outpaces them. But malaria
resistance is only one thread; bacterial and fungal re-
sistance remain chronically underfunded areas despite
being responsible for far more global deaths annually.

Global governance efforts have attempted to respond
to AMR, but progress remains fragmented. The World
Economic Forum (WEF), during its 2025 Annual
Meeting in Davos, facilitated the release of the Davos
Compact on AMR through its Global Future Council
on Tackling Antimicrobial Resistance. The compact
outlined strategies for public— private collaboration,
emphasizing innovation funding, sustainable food
systems, and multi-sectoral engagement [15]. The
Unified Coalition for the AMR Response (UCARE),
launched simultaneously by the WEF’s Centre for
Health and Healthcare, brought together governments,
philanthropic entities, biotech companies, and global
institutions in an effort to break existing silos in AMR
governance. UCARE’s focus areas-including improv-
ing access to diagnostics and vaccines, supporting an-
timicrobial development, raising awareness, and pro-
moting sustainable agriculture effect the One Health
vision increasingly endorsed by WHO, FAO, OIE
(now WOAH), and UNEP [16].

The One Health paradigm, which recognizes the inter-
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connectedness of human health, animal health, plant
health, and environmental systems, has become cen-
tral to AMR policy. Investigators across multiple
sectors highlight that resistant organisms move fluid-
ly between humans, animals, soil, air, and water;
therefore, interventions limited to hospitals or clinics
will inevitably fail. For example, the discovery of the
NDM-1 gene in drinking water and seepage samples
from Delhi neighborhoods demonstrated that envi-
ronmental contamination can maintain resistance
regardless of hospital stewardship measures [17].
Similarly, Denmark’s experience with eliminating
growth-promoting antibiotics in pigs showed that
animal health can be maintained through improved
hygiene, vaccination, and biosecurity, contradicting
claims that agriculture requires routine antibiotic use
for economic viability [18].

However, the risks associated with AMR extend be-
yond clinical settings and agriculture. Global food
systems have increasingly become vectors for re-
sistant organisms. Investigations by the European
Food Safety Authority (EFSA) repeatedly found ES-
BL-producing E. coli in retail chicken meat, while
US FDA surveillance detected rising rates of mul-
tidrug-resistant Salmonella and Campylobacter in
supermarket poultry. International trade, especially
in seafood, further complicates the picture; shrimp
farms in Southeast Asia, which often use antibiot-
ics in aquaculture, export products worldwide, cre-
ating transboundary pathways for resistance. When
consumers handle contaminated raw meat, resistant
organisms can colonize their gut without causing
symptoms, silently spreading through populations
until a clinical infection reveals the underlying re-
sistance burden.

The global health implications of AMR are pro-
found. A landmark 2022 analysis published in The
Lancet estimated that AMR was directly responsi-
ble for 1.27 million deaths in 2019 and associated
with nearly 5 million deaths figures comparable to,
or exceeding, the annual toll of HIV/AIDS and ma-
laria combined [19]. These deaths disproportionate-
ly occur in low- and middle-income countries where
laboratory capacity is limited, infection control re-
sources are thin, and access to effective antibiotics
is inconsistent. Investigators in Nigeria, Tanzania,
Indonesia, and Nepal frequently report cases where
clinicians must treat severe infections blind without

diagnostic support resulting in broad- spectrum em-
pirical therapy that fuels further resistance. In con-
trast, hospitals in the United States or Germany can
perform rapid molecular diagnostics, identify resist-
ance mechanisms, and implement targeted therapy.
This inequality between countries with advanced di-
agnostic ecosystems and those without creates global
pockets where resistance can emerge unchecked.

The economic consequences are equally devastat-
ing. The World Banks 2017 and 2022 AMR econom-
ic modeling studies warned that, without interven-
tion, AMR could push up to 28 million people into
extreme poverty by 2050 and reduce global GDP by
1% to 3.8%, depending on severity [20]. The agricul-
tural sector would suffer disproportionately due to
reduced productivity, livestock mortality, and loss of
trade. Health systems would face soaring costs asso-
ciated with prolonged hospital stays, expensive last-
line drugs, and increasing ICU burdens. For exam-
ple, treatment of carbapenem-resistant infections in
US hospitals can cost more than $60,000 per patient,
compared to $10,000 for susceptible infections [21].

Yet these statistics do not capture the lived reality of
AMR: surgeries that become too dangerous to per-
form, cancer chemotherapy rendered ineffective due to
infection risk, organ transplants postponed indefinite-
ly, and neonates dying from infections once consid-
ered easily treatable. Investigators in Malawi’s Queen
Elizabeth Central Hospital have documented neonates
dying from sepsis caused by ESBL- producing organ-
isms, while oncologists in the United Kingdom report
cases where patients cannot receive chemotherapy be-
cause the risk of AMR infections outweighs the bene-
fits of cancer treatment [22]. The ripple effects extend
into every branch of modern medicine.

Improving water, sanitation, and hygiene (WASH) in-
frastructure remains one of the most powerful tools
for mitigating AMR, yet political investment remains
insufficient. WHO estimates that more than half of
health facilities in sub-Saharan Africa lack basic
handwashing stations at points of care. In these set-
tings, resistant organisms spread easily between pa-
tients, staff, and surfaces. Hand hygiene, sterilization,
and waste management simple measures often taken
for granted in wealthy countries become life-or-death
determinants. Investigative reports by Médecins Sans
Fronti¢res (MSF) found that war zones like Yemen and
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Syria exhibit extraordinarily high rates of AMR due
to destroyed sanitation infrastructure, overcrowded
hospitals, and repeated interruptions in antibiotic
supply chains [23].

The solutions are well known but under-implement-
ed: strengthening stewardship, regulating pharma-
ceutical waste, reducing agricultural misuse, in-
creasing vaccine coverage, investing in diagnostics,
improving sanitation, funding antibiotic innovation,
and enhancing global surveillance. The challenge
lies not in identifying interventions but in coordinat-
ing them across sectors, nations, and political inter-
ests. AMR demands a truly global response one that
fuses science, economics, politics, and environmen-
tal management under a unified strategy.

As the world continues to grapple with environmen-
tal degradation, expanding agriculture, pharmaceuti-
cal pollution, and warming climates, the conditions
for AMR evolution intensify. The superbug explo-
sion is not a distant future scenario it is happening
now, in hospital wards, riverbeds, poultry farms, and
urban air. Unless coordinated global action acceler-
ates dramatically, the 21st century may become the
era in which humanity loses its antimicrobial shield.
As investigators across the scientific and medical
communities continue to warn, the cost of inaction
will not be measured only in deaths but in the col-
lapse of modern medical certainty itself.

References

1. Indian Council of Medical Research (ICMR)
( 2021), “Antibiotic Use and Stewardship in
Indiahttps://www.icmr.gov.in/icmrobject/cus-
tom_data/pdf/resource-guidelines/AMR An-
nual Report 2021.pdf.

2. Royal Free Hospital Infection Control Commit-
tee (2019), “Empiric Therapy and AMR Risk,”
London, https://www.royalfree.nhs.uk/services/
infectious-diseases.

3. UN Interagency Coordination Group on AMR
(IACG) (2019), “No Time to Wait,”. https://
www.who.int/news/item/28-04-2019-un-intera-
gency-coordination-group-on-antimicrobial-re-
sistance-presents-its-report-to-the-un-sg.

4. Liu Jinxin (2016) Emergence of MCR-1. The
Lancet Infectious Diseases, https://www.google.
com/search?q=https://tinyurl.com/39w6549b.

5. Swedish Uppsala University Environmental

10.

11.

12.

14.

15.

17.

18.

AMR  Group(2018) Pharmaceutical Pollution
in Patancheru. https://www.nordea.com/en/doc/
full-report-hyderabads-pharmaceutical-pollu-
tion-crisis-2018.pdf.

Public Health Foundation of India (PHFT) (2020)
Hospital Wastewater and AMR.https://phfi.
org/wp-content/uploads/2021/11/Annual-Re-
port 2020-21.pdf.

Xiao Wu (2022) PM2.5 and Global AMR Corre-
lation. The Lancet Planetary Health,
PHFIRiverSurveillance Project(2019) AMR inthe
Ganges Basin https://www.thehindu.com/news/
national/ganga-mission-study-to-check-for-anti-
biotic-resistance-in-river/article29281152.ece.
East African Health Observatory (2020) Lake
Victoria AMR Exposure Study.

Karthikeyan K Kumarasamy, Mark A Toleman,
Timothy R Walsh, Jay Bagaria, Fafthana Butt et
al. (2010) “NDM-1 Carbapenemase,” The Lan-
cet Infectious Diseases, https://pubmed.ncbi.nlm.
nih.gov/20705517/.

CDC (2013) “CRE: Clinical Alert” Atlanta https://
www.cdc.gov/mmwr/preview/mmwrhtml/
mmo6235a4.htm.

Arturo Casadevall (2020) “Climate Hypothesis
for Candida auris,” mBio, https://journals.asm.
org/doi/10.1128/mbio.00360-21.

. Achaogen Bankruptcy Filing (2019) U.S. Feder-

al Courts https://www.biopharmadive.com/news/
achaogen-files-for-bankruptcy-protection-seeks-
asset-sale/552737/.

Novartis & Medicines for Malaria Venture
(2024), “GanLum Clinical Trial Report,”. https://
www.novartis.com/news/media-releases/no-
vartis-phase-iii-trial-next-generation-malar-
ia-treatment-klul56-ganlum-meets-primary-end-
point-potential-combat-antimalarial-resistance.
World Economic Forum (2025), “Davos Com-
pact on AMR,” Davos, https://reports.weforum.
org/docs/WEF_AMR Davos Compact 2025.
pdf.

. Unified Coalition for AMR Response (UCARE)

(2025), Policy Brief, https://www.genevaenvi-
ronmentnetwork.org/resources/updates/antimi-
crobial-resistance-and-the-environment/.

Walsh, T (2013) “Environmental Presence of
NDM-1,” Cardiff University Report.

Danish Ministry of Food (2015), “Impact
of AGP Ban,” Copenhagen, https://www.
sciencedirect.com/science/article/abs/pii/

J. of Pro Med and Hea Care

Vol:1,1. Pg:6



Commentary Article Open Access

19.

20.

21

22.

S1369527414000678.

Antimicrobial Resistance Collaborators(2022),
“Global Burden of AMR,” The Lancet, https://
www.thelancet.com/journals/lancet/article/
PIIS0140-6736(21)02724-0/fulltext.

Olga Jonas, Alec Irwin et al. World Bank (2022),
“Drug-Resistant Infections: Economic Threat,”.
https://documents1.worldbank.org/curated/
en/323311493396993758/pdf/final-report.pdf.

.CDC Economic Burden Study (2021), “Cost

of Carbapenem Resistance,”.
org/10.53730/ijhs.v6nS5.9213.
Malawi Neonatal Sepsis Study(2020), Queen

https://doi.

23

24.

25.

Elizabeth Central Hospital, https://pmc.ncbi.nlm.
nih.gov/articles/PMC9125365/.

.MSF Field Report(2022), “AMR in Conflict

Zones,” Yemen/Syria, https://msfaccess.org/
sites/default/files/2024-05/AMR_MSF-Activi-
tyReport EN 2023.pdf.

Hoffman Steven (2021) “Anticipatory Govern-
ance for AMR,” Global Strategy Lab.

Sally Davies (2018) “AMR Funding Appeal,”
UK Chief Medical Officer Lecture,https://www.
thelancet.com/journals/lancet/article/PIIS0140-
6736(18)33210-0/abstract.

Copyright: ©2026 Shri Tejas S Dodia . This is an open-access article distributed under the terms of the Creative Commons At-
tribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and

source are credited.

J. of Pro Med and Hea Care

Vol:1,1. Pg:7



