. eXrorism,
¥ | %
&

§ \Aj
3 K

ISSN: 2157-2526

3\

9suoyep°)

Biodefense

Journal of Bioterrorism &

Yaw, J Bioterr Biodef 2025, 16:2

The Evolving Role of Biodefense in Global Health Protection

Yaw Shim*

Department of Integrative Pharmacology, Mie University Graduate School of Medicine, Japan

Abstract

stability in the face of biological threats.

Biodefense refers to the measures, policies, and strategies implemented to protect populations against
biological threats, whether naturally occurring or man-made. As the global threat landscape evolves due to
emerging infectious diseases and the potential misuse of biotechnology, biodefense becomes a critical component
of national and international security. This article explores the multidisciplinary approach to biodefense, including
early detection, surveillance, vaccine development, public health preparedness, and international cooperation. The
results underscore the importance of integrated frameworks, rapid response capabilities, and ongoing research in
pathogen countermeasures. Challenges such as funding gaps, ethical concerns, and technological limitations are
also discussed. Ultimately, a robust biodefense system is vital for safeguarding public health and maintaining national
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Introduction

The growing complexity of global health threats—ranging from
emerging infectious diseases to bioterrorist attacks—has emphasized
the urgent need for comprehensive biodefense systems [1]. Events
such as the 2001 anthrax attacks and the COVID-19 pandemic have
highlighted critical vulnerabilities and catalyzed efforts to strengthen
biodefense infrastructure globally [2]. As biotechnology advances, so
too does the potential for both natural and engineered pathogens to
disrupt public health and national stability.

Defining biodefense

Biodefense encompasses a broad array of scientific, medical,
and policy-based initiatives designed to safeguard populations from
biological threats [3]. These may include naturally occurring zoonoses
like avian influenza or artificially modified organisms with enhanced
pathogenicity. The dual-use nature of life sciences research makes
it imperative that biodefense be approached with interdisciplinary
cooperation and regulatory oversight [4].

Core components of biodefense

. Biosurveillance: Continuous monitoring and early warning
systems help detect outbreaks before they escalate. Programs like the
U.S. BioWatch and the Global Outbreak Alert and Response Network
(GOARN) exemplify this effort [5].

. Rapid diagnostics: Point-of-care technologies and genomic
sequencing tools now enable quicker pathogen identification and
containment [6].

. Vaccine and therapeutic development: Platforms like
mRNA technology have revolutionized the speed of vaccine production,
as seen during COVID-19 [7].

. Public health infrastructure: Strengthened laboratories,
supply chains, and healthcare workforce capacity form the backbone
of biodefense readiness.

. Legislation and policy: National frameworks like the U.S.
Public Health Emergency Preparedness Program and international
treaties like the Biological Weapons Convention (BWC) support legal
and cooperative structures [8].

. Scientific research and development: Ongoing investment
in understanding pathogens and countermeasures, including next-
generation antivirals and diagnostics, remains essential.

Historical context and case studies

The 2001 anthrax attacks in the U.S. were a turning point, leading
to the creation of stockpiles and biodefense agencies such as BARDA
(Biomedical Advanced Research and Development Authority) [2].
The COVID-19 pandemic revealed significant global gaps in
preparedness, surveillance, and supply chain resilience [9].
Although smallpox was eradicated in 1980, retained virus stocks remain
a security concern due to their potential misuse as a bioweapon [10].

Results

Over the past two decades, biodefense capabilities have expanded
significantly:

. Vaccine innovations: Platforms such as viral vector and
mRNA vaccines have enabled rapid development in response to novel
pathogens [7].

. Surveillance enhancement: Integration of AI and data
analytics in biosurveillance has improved detection accuracy [5].

. Stockpile creation: Many countries now maintain
reserves of PPE, antibiotics, and antiviral medications to prepare for
bioemergencies [6].

. Preparedness exercises: Simulation exercises have exposed
systemic weaknesses, improving response coordination among
agencies [9].
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Discussion

Despite these advances, biodefense faces persistent and emerging
challenges:

. Technological misuse: Synthetic biology and CRISPR
technologies, while revolutionary, pose dual-use risks if harnessed for
malicious purposes [4].

. Funding limitations: Many programs remain underfunded
or suffer from reactive, rather than proactive, budget cycles [1].

. Fragmented global cooperation: Differing standards and
geopolitical tensions hinder unified international response efforts [8].

. Public trust and disinformation: Misinformation and
vaccine hesitancy impede the efficacy of public health interventions
[10].

. Ethical dilemmas: Measures like mass quarantines or
surveillance raise questions about civil liberties and privacy during
crises [3].

A comprehensive biodefense strategy requires integration across
defense, public health, science, and international diplomacy.

Conclusion

Biodefense is no longer a niche discipline; it is essential for national
and global health resilience. The increasing frequency and severity
of biological threats—from pandemics to bioterrorism—demand an
integrated, well-funded, and ethically grounded approach. Future
efforts must prioritize innovation, international collaboration, and
continuous improvement in detection, prevention, and response
frameworks
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