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Abstract
The escalating global crisis of antimicrobial resistance (AMR) presents one of the most

significant threats to modern medicine, global health security, and economic stability. This paper

ARTICLE HISTORY argues that addressing AMR is not merely a clinical challenge but a symphony of systems,

demanding the full adoption of the One Health approach—a recognition that the health of
humans, animals, and the environment are inextricably linked. The persistent misuse and overuse
Accepted: December 24, 2025 of antimicrobial agents across these three domains have driven the rapid evolution and spread of
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that sectoral silos—treating human, animal, and environmental health in isolation—must be
immediately dismantled. This article outlines the imperative for antimicrobial stewardship
(AMS), defining it as a multi-sectoral ethical duty to conserve the efficacy of essential medicines.
The paper analyses the critical intervention points, spanning from farm-level biosecurity and
environmental monitoring to the development of novel diagnostics and vaccines. It proposes that
operationalizing one health, led by the quadripartite organizations (WHO, FAO, WOAH, UNEP),
is the foundational strategy for achieving shared Security. Only through integrated surveillance,
collaborative policy-making, and collective action in bridging the biosphere can the world
safeguard the age of effective medicine and ensure a resilient, secure future for all generations.

Corresponding author: Shubham Nayak, Ph.D. Scholar, Department of Animal Reproduction, Gynaecology and Obstetrics
(ARGO), ICAR-NDRI (National Dairy Research Institute), Karnal-132001, Haryana, India, nayakshubham962@gmail.com

DOI: https://doi.org/10.5281/zenodo.19677222

The Scientific Fronters, 2025 5 02(12): 5-9



Keywords: Antimicrobial resistance, Antimicrobial stewardship, Effective drugs, Novel diagnostics, One health, Quadripartite

organizations, Surveillance, Symphony of systems,

INTRODUCTION

The invention of antibiotics was hailed as a
monumental achievement, fundamentally reshaping
human life expectancy and enabling the complexities of
modern medicine, from routine surgeries to
chemotherapy. Today, that golden age is under severe
threat. Antimicrobial Resistance (AMR), the ability of
microbes to defeat the drugs designed to kill them, is no
longer a future danger; it is a present reality projected
to cause millions of deaths annually and potentially
trigger a $100 trillion loss to the global economy. This
crisis is a discordant note in the otherwise harmonious
progress of healthcare. This article posits that the root
cause of this discord is the historic failure to treat health
as a unified system. To counter this, we must embrace
The Symphony of bridging the biosphere, recognizing
the One Health Imperative as the singular, non-
negotiable strategy for achieving Antimicrobial
Stewardship (AMS) and ensuring Shared Security for
the global community.

The advent of antibiotics in the mid-20th
century marked a watershed moment in human history,
fundamentally redefining the relationship between
humanity and infectious disease. These "miracle drugs"
transformed previously lethal infections into treatable
ailments, catalyzing an extraordinary rise in human life
expectancy and laying the essential foundation for
nearly every facet of modern medicine, from complex
organ transplants and cancer therapies to routine
surgical procedures. The world, for a brief golden era,
believed it had permanently tipped the scales in its favor
against the microbial world.

Today, that triumph is rapidly fading into an
alarming global crisis: Antimicrobial Resistance
(AMR). AMR is the insidious process by which
bacteria, viruses, fungi, and parasites evolve to
withstand the drugs intended to eliminate them. It’s not
a hypothetical threat; it’s a present-day epidemic
quietly unfolding in hospitals, farms, and communities
worldwide. Pathogens—the very agents we once
mastered—are regaining their lethal power, rendering
once-reliable treatments ineffective. The statistics are
chilling: current projections warn that AMR could lead
to millions of premature deaths annually by 2050,
potentially surpassing cancer as a leading cause of
death, and inflict a catastrophic economic blow,
possibly resulting in a $100 trillion loss to the global
economy. This crisis represents a profound and
discordant note in the seemingly continuous progress of
healthcare, signaling the potential end of effective
medicine as we know it.

This catastrophic retreat didn't arise from a
single misstep, but from a historic, systemic failure to
recognize health as a unified and interconnected
system. For decades, human, animal, and

environmental health sectors operated in silos,
applying  antibiotics  separately = and  often
indiscriminately across hospitals, livestock farming,
and agriculture. This fragmentation ignored the
fundamental biological reality that microbes do not
respect man-made boundaries; resistance genes, once
evolved, can easily travel across species and
environments. AMR, therefore, is not merely a medical
failure but an ecological disaster.
To reverse this course, a radical conceptual shift is
necessary. This article contends that the root of the
crisis lies in this fragmented approach. The only viable
path forward is to embrace The Symphony of Bridging
the Biosphere, a holistic recognition that Antimicrobial
Stewardship (AMS)—the commitment to using
antibiotics wisely—cannot be achieved without
integrating all aspects of health. This necessitates
adopting the One Health Imperative as the singular,
non-negotiable strategy for securing Shared Security
for the entire global community.

THE ANATOMY OF ONE HEALTH
Bridging the Biosphere: Mapping
Interconnected Vectors of Resistance

The One Health concept is the intellectual
bridge needed to solve AMR. It acknowledges that
resistant pathogens do not respect the artificial
boundaries drawn between clinical wards, factory
farms, and natural ecosystems. Resistance genes are
transmitted via a complex web, the interconnected
vectors of resistance, that links the biosphere. For
example, the use of antibiotics for growth promotion in
livestock (Animal Health) selects for resistant bacteria.
These bacteria or their genes can then be transferred to
humans via the food supply or direct contact, or they
can leach into the soil and water (Environmental
Health) through farm runoff. In the environment, these
genes can be horizontally transferred to other bacterial
species, creating novel threats that circle back to human
populations. This constant microbial exchange
underscores why surveillance systems and regulatory
measures must be integrated, tracking the 'bug' not just
in the clinic, but from farm to faucet. Therefore, the One
Health concept is not merely an aspirational framework
but the essential intellectual bridge required to
effectively confront the global crisis of Antimicrobial
Resistance (AMR). It is founded on the undeniable
premise that the health of humans, animals, and the
environment are inextricably linked. In the context of
AMR, this means acknowledging that resistant
pathogens and the genes that confer resistance do not
recognize the artificial boundaries we've established
between clinical wards, intensive animal farms, and
natural ecosystems.

the
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THE IMPERATIVE FOR STEWARDSHIP
Harmonizing the Usage: From Ethical Consumption
to Policy Mandate

The foundational pillar of the One Health
response is Antimicrobial Stewardship (AMS). AMS is
not punitive; it is an ethical duty to conserve the
efficacy of essential medicines. This requires
harmonizing the usage across all sectors:

(a) Human Clinical Practice: Stewardship involves

diagnostics to ensure treatment is targeted (narrow-

spectrum) rather than empirical (broad-spectrum). It
necessitates robust infection prevention and control

(IPC) programs, as preventing infection is the best form

of stewardship.

e In human healthcare, Antimicrobial stewardship
(AMS) is centred on the principle of precision
medicine and aggressive infection control.

e Diagnostic-Driven Therapy: A core element
involves shifting from empirical (broad-spectrum)
antibiotic use—where a wide-ranging drug is given
before the pathogen is identified—to targeted
(narrow-spectrum) therapy. This necessitates rapid
and accurate diagnostics (e.g., molecular tests or
rapid culture) to identify the specific pathogen and
its sensitivity profile, allowing clinicians to
prescribe the most precise, least disruptive
antibiotic for the shortest effective duration.

e Infection Prevention and Control (IPC): The
ultimate form of stewardship is preventing
infection in the first place. This includes robust IPC
programs in hospitals and long-term care facilities,
emphasizing ~ meticulous hand  hygiene,
environmental cleaning, isolation of resistant
patients, and prudent use of medical devices (like
catheters). Reducing healthcare-associated
infections dramatically reduces the overall volume
of antibiotics used.

e Public Education and Prescriber
Accountability: Stewardship extends to educating
the public that antibiotics are ineffective against
viruses (like the common cold or flu) and
promoting patient adherence to prescribed
regimens. For  prescribers, this involves
implementing Antibiotic Time-Outs—mandatory
pauses to reassess therapy once culture results are
available—and using Clinical Decision Support
Systems to guide appropriate prescribing.

(b) Veterinary Medicine: AMS mandates the

reduction of prophylactic (preventative mass) antibiotic

use in healthy animals. It prioritizes biosecurity,
sanitation, and vaccination to keep herds healthy,
thereby reducing the need for antibiotics.

In veterinary settings, stewardship demands prioritizing

animal health management over routine chemical

intervention.

e Phasing Out Prophylactic Use: A primary
mandate is the significant reduction and eventual
elimination of routine prophylactic (preventative

mass) antibiotic use in healthy livestock. This
practice, often used to compensate for poor
biosecurity in crowded conditions, is a major driver

of resistance.
e Prioritizing Biosecurity and Vaccination: AMS
emphasizes  proactive  strategies:  enhanced

biosecurity measures (e.g., foot baths, restricted
farm access, proper waste disposal), improved
sanitation, and optimizing animal welfare to reduce
stress and disease incidence. Furthermore,
vaccination programs are critical, as they prevent
diseases that would otherwise necessitate antibiotic
treatment, effectively breaking the cycle of use and
resistance development.

e Veterinary Oversight: All antibiotic use must be
under the direct supervision and prescription of a
licensed veterinarian, moving away from over-the-
counter availability to ensure responsible,
therapeutic-only administration.

(¢) Agricultural Policy: This involves policy mandates

that restrict the use of medically important antibiotics

for non-therapeutic purposes, aligning national
regulations with global guidelines to ensure that food
production supports public health.

Policy provides the necessary regulatory framework

and economic drivers to enforce stewardship across

entire food systems.

e Restricting Medically Important Antibiotics:
Policy mandates must enforce strict restrictions on
the use of medically important antibiotics (those
also used in human medicine) for non-therapeutic
purposes, such as growth promotion. This aligns
national regulations with guidelines set by
organizations like the World Health Organization
(WHO) and the World Organisation for Animal
Health (WOAH).

e Market-Based Incentives and Labelling:
Governments and industry bodies can utilize
market-based incentives—such as subsidies or
premium pricing—to reward farmers who
transition to antibiotic-free or high-biosecurity
practices. Clear and standardized labelling of food
products raised without antibiotics can empower
consumer choice and drive market demand for
responsible production.

e Funding for Alternatives: Policy must direct
funding toward researching and implementing
alternatives to antibiotics in farming, such as
bacteriophages, probiotics, and novel vaccines,
ensuring a sustainable and health-conscious food
supply chain.

THE ENVIRONMENTAL FACTOR

The Forgotten Reservoir: Wastewater, Pollution,
and the Cradle of Resistance

The environment is increasingly recognized as The
Forgotten Reservoir—a crucial breeding ground for
resistance. Poorly  regulated  pharmaceutical
manufacturing waste and untreated wastewater from
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both human and animal populations release active drug
compounds and resistant bacteria into rivers and soils.
These environments act as "microbial reactors" where
the sub-inhibitory concentrations of antibiotics
accelerate the evolution and transfer of resistance
genes, creating novel, highly resistant strains.
Addressing this requires:

1. Stricter Effluent Standards: Enforcing global
standards for pharmaceutical discharge.

2. Advanced Water Treatment: Investing in
technologies that remove antimicrobial residues
and resistant bacteria from municipal and hospital
wastewater before release.

3. Environmental Surveillance: Implementing
integrated monitoring programs to track
resistance genes in soil, water, and wildlife,
providing early warning signals.

ACHIEVING SHARED SECURITY

A Global Compact for a Resilient Future:
Governance, Investment, and Innovation

The ultimate goal of this symphony is Shared
Security—a state where all nations are protected from
the threat of untreatable infections. Achieving this
necessitates a Global Compact built on three pillars:

1. Integrated Governance: Led by the Quadripartite
(WHO, FAO, WOAH, UNEP), governance must
enforce genuinely integrated National Action Plans
(NAPs) that allocate resources and mandate
collaboration across human, animal, and environmental
ministries. The comprehensive application of the One
Health Imperative and effective Antimicrobial
Stewardship (AMS) requires a foundational shift in
how global and national health security is managed.
This is the domain of integrated governance, moving
from siloed ministerial control toa genuinely cohesive,
cross-sectoral command structure.

The Quadripartite Leadership: Coordinating the

Global Response
The necessary framework for this integrated
governance is already established through the

Quadripartite collaboration:

1. World Health Organization (WHQO): Focuses on
human health.

2. Food and Agriculture Organization (FAO):

Focuses on sustainable food systems and
agriculture.
3. World Organisation for Animal Health

(WOAH, formerly OIE): Focuses on animal
health and veterinary standards.

4. United Nations Environment Programme
(UNEP): Focuses on the environmental
dimension, including pollution and ecosystem
impact.

The role of the Quadripartite is to provide unified
global guidelines, standards, and technical
support. This ensures that interventions are
harmonized worldwide, recognizing that resistance

developed in one country quickly becomes a threat
to all. Their leadership is crucial for driving
international consensus and monitoring global
progress toward AMS goals.

2. Innovation and R&D: Urgent, dedicated investment
is needed to fill the pipeline for new antibiotics,
vaccines (to prevent infections), and sophisticated
diagnostics (to guide treatment). Economic models
must incentivize the development of low-volume, high-
value drugs.

3. Data and Transparency: Establishing unified,

transparent surveillance platforms that collect and share

data on antibiotic use and resistance patterns across all
sectors globally is essential for real-time risk
assessment and policy correction.

Enforcing National Action Plans (NAPs)

The global strategy is translated into tangible action

through National Action Plans (NAPs) on AMR.

Integrated governance requires that NAPs are not mere

documents, but genuinely enforced, budgeted, and

operational blueprints that cut across traditional
government divisions.

e Mandated Inter-Ministerial Collaboration:
NAPs must legally mandate collaboration and
resource pooling between what are typically
separate ministries: Human Health,
Agriculture/Livestock, and Environment. For
example, the Ministry of Health must collaborate
with the Ministry of Agriculture to regulate
antibiotic use in farming, and both must coordinate
with the Ministry of Environment to monitor
antibiotic residue in water systems.

e Resource Allocation and Accountability:
Effective governance requires dedicated budgetary
allocations specifically for AMR activities that
cross sectors. These funds must support integrated
surveillance systems, joint training programs for
physicians and veterinarians, and capital
investments in biosecurity improvements on farms
and wastewater treatment technologies. Clear
accountability metrics must be established to track
progress in each sector and identify bottlenecks.

e Policy Coherence: Governance must ensure

policy coherence, preventing counterproductive
measures. For instance, agricultural subsidies
should not incentivize practices (like dense
confinement) that increase the need for
prophylactic antibiotics, while health policy
concurrently promotes stewardship. Instead,
policies should align to support high-biosecurity,
low-antibiotic farming.
By implementing genuinely integrated
governance, countries can move beyond simply
acknowledging the One Health concept to actually
operationalizing it, thereby delivering the
structural change needed to achieve Shared
Security against AMR.

The Scientific Fronters, 2025

02(12): 5-9



CONCLUSION

The crisis of Antimicrobial Resistance is a clear
indicator that humanity's health and the health of the
planet are one and the same. "The Symphony of
bridging the biosphere" is not a passive concept; it is an
active, collaborative practice demanding the
dismantling of traditional silos. By treating
Antimicrobial Stewardship as an ethical and regulatory
Imperative, by aggressively tackling the environmental
dimensions of AMR, and by forging a genuine Global
Compact, we can transition from a position of
vulnerability to one of Shared Security. The collective
effort of Preventing Antimicrobial Resistance Together
is the Final Movement—a profound opportunity to
translate policy commitment into a lasting legacy of
effective medicine for the future.

REFERENCES

1. Ajayi, A. O., Odeyemi, A. T., Akinjogunla, O. J.,
Adeyeye, A. B., & Ayo-Ajayi, . (2024). Review of
antibiotic-resistant ~ bacteria and  antibiotic
resistance genes within the one health framework.
Infectious Diseases and Therapy, 54(3), 2312953.
https://doi.org/10.1080/20008686.2024.2312953

2. Antimicrobial Resistance Collaborators. (2022).
Global burden of bacterial antimicrobial resistance
in 2019: a systematic analysis. The Lancet,
399(10325), 629-655.
https://doi.org/10.1016/S0140-6736(21)02724-0

3. Berendonk, T. U., Manaia, C. M., Merlin, C., Fatta-
Kassinos, D., Cytryn, E., Walsh, F., ... & Wagner,
C. (2015). Tackling antibiotic resistance: The

environmental framework. Nature Reviews
Microbiology, 13(5), 310-317.
https://doi.org/10.1038/nrmicro3439

4. Collignon, P., Beggs, J. J., Bymne, S. E.,

Christensen, H., Davis, S., & Gregory, V. (2018).
Antimicrobial resistance: The failure of world
leaders to act on a global health crisis. PLoS
Biology, 16(10), €2006315.
https://doi.org/10.1371/journal.pbio.2006315

5. Desai, A., Ghosh, S., Sankaranarayanan, S.,
Bhatia, D., & Yadav, A. K. (2025). A one health
nanotechnology approach to address antimicrobial
resistance: state-of-the-art and strategic outlook.
Materials Advances, 6(10), 6612.
https://doi.org/10.1039/DSMA00487]

6. Kasse, G. E., Cosh, S. M., Humpbhries, J., & Islam,
M. S. (2025). Leveraging artificial intelligence for
One Health: opportunities and challenges in
tackling antimicrobial resistance—scoping review.
One Health Outlook, 7(1), 51.
https://doi.org/10.1186/s42522-025-00170-8

10.

11.

12.

13.

14.

15.

16.

Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A.
K. M., Wertheim, H. F. L., Sumpradit, N., ... &
Sridhar, D. (2013). Antibiotic resistance—the need
for global solutions. The Lancet Infectious
Diseases, 13(12), 1057-1098.
https://doi.org/10.1016/S1473-3099(13)70318-9

Nagarajan, L. T., & Prabhakar, P. (2025). The one
health paradigm: a review. International Journal of
Community Medicine and Public Health, 12(5),

13744. https://doi.org/10.18203/2394-
6040.ijcmph20251147
OECD. (2023). Embracing a One Health

Framework to Fight Antimicrobial Resistance.
OECD Publishing.
https://doi.org/10.1787/ce44c755-en

One Health High-Level Expert Panel (OHHLEP).
(2022). One Health definition: A working group
report. The Lancet Planetary Health, 6(2), e107—
el08. https://doi.org/10.1016/S2542-
5196(21)00346-4

Pérez-Molina, J. M., & Hernandez-Garcia, M.
(2024). One Health: A holistic approach to tackling
global health issues. Cureus, 16(3), e11042131.
https://doi.org/10.7759/cureus. 11042131
Quadripartite (FAO, UNEP, WHO, WOAH).
(2022). One Health Joint Plan of Action (2022—
2026): Working Together for the Health of
Humans, Animals, Plants and the Environment.
World Health Organization.

Robinson, T. P., Bu, D. P., Carrique-Mas, J., Feévre,
E. M., Gilbert, M., Grace, D., ... & Laxminarayan,
R.  (2016). Antibiotic resistance is the
quintessential one health issue. Transactions of the
Royal Society of Tropical Medicine and Hygiene,
110(7), 377-380.
https://doi.org/10.1093/trstmh/trw048

Sarker, M. A. A., Hossain, M., & Das, S. (2025). A
one health perspective on multidrug-resistant
bacterial infections: integrated approaches for
surveillance, policy and innovation. Frontiers in
Cellular and Infection Microbiology, 15, 1614232,
https://doi.org/10.3389/fcimb.2025.1614232
WHO. (2023). Antimicrobial resistance. World
Health Organization Fact Sheet. Retrieved from
https://www.who.int/news-room/fact-
sheets/detail/antimicrobial-resistance

World Health Organization (WHO). (2015).
Global action plan on antimicrobial resistance.
World Health Organization.

The Scientific Fronters, 2025

02(12): 5-9



