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Abstract
Introduction: Bioterrorism and biosecurity preparedness are critical pillars of global public health protection and resilience
of health systems worldwide. Although this field has grown over the past few decades, there remains limited clarity on
how research efforts have evolved and where critical gaps persist, particularly regarding global collaboration and emerging
biological threats. To address this, we conducted a bibliometric analysis to map publication trends, influential contributors,
and collaboration networks in bioterrorism and biosecurity from 1997 to 2025. This study analyzed global research output,
collaboration, and thematic evolution in bioterrorism and biosecurity and identified gaps relevant to preparedness and policy.
Methods: We searched the Scopus database for peer-reviewed articles, reviews, and conference papers in English using the
terms “bioterrorism” OR “biological terrorism” OR “biological warfare” AND “biosecurity” OR “biosafety” OR “biodefense.
Extracted data were analyzed for publication trends, that is, annual, country, author, and institutional outputs. Citation analysis,
keyword co‑occurrence, international co‑authorship, and collaboration were analyzed using VOSviewer (v1.6.20).
Results: A total of 1,222 records were included. The United States led the output (n=570), followed by the United Kingdom
(n=66). The highest number of annual publications occurred in 2004 (n=112). The leading institutions included the Centers for
Disease Control and Prevention (n=30) and the U.S. ArmyMedical Research Institute of Infectious Diseases (n=29). Medicine,
social sciences, and biochemistry/genetics/molecular biology were the dominant disciplines. Keyword networks clustered
around “biological warfare,” “humans,” and “bioterrorism.” Arnon’s 2001 paper received the most citations (n=1,485).
Conclusions: Publication trends in biosafety and biosecurity are highly event-driven, as shown in this analysis, and are
concentrated in high-income countries. Fewer publications are produced in low- and middle-income countries, such as in
Africa. These findings underscore the need for sustained collaboration, equitable partnerships, and structured support for low-
and middle-income countries.
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Introduction

Bioterrorism and biosecurity refer to the deliberate release
of biological agents such as viruses, bacteria, toxins, or
other harmful pathogens that cause illness, death, or panic
among humans, animals, and plants [1]. It is distinct from
other forms of terrorism because of its silent nature, low
cost, ease of replication, and ability to transcend
geographical boundaries [2]. Illustrative incidents include
the 2001 anthrax attacks in the United States, which
resulted in five fatalities and numerous infections, and the
1984 Salmonella contamination orchestrated by the
Rajneeshee cult in Oregon, which led to more than 750
documented cases of foodborne illness [3, 4]. Other
examples include Aum Shinrikyo’s experiments with
biological agents and the Soviet Union’s bioweapons
program, including an anthrax release in Sverdlovsk [5, 6].
In response, biosecurity measures have been strengthened
globally with initiatives such as the U.S. BioWatch
Program and international regulations aimed at improving
surveillance and laboratory biosafety [7, 8].

The Centers for Disease Control and Prevention (CDC) and
other organizations have classified bioterrorism and
biosecurity agents into three categories (A, B, and C)
based on their severity and potential public health impact
[9-11]. Category A agents are characterized by the highest
severity, are highly contagious, have high mortality rates,
and have the potential to cause pandemics. Thus, specific
public health measures are required to mitigate their impact
on global health. Biological and public safety (BPS) agents
in this category include anthrax, botulism, plague,
smallpox, tularemia, and viral hemorrhagic fever. Category
B agents are the second-highest priority, being moderately
easy to spread, causing moderate illness with low mortality,
and requiring enhanced surveillance. Examples include
brucellosis, food and water safety threats, Q fever, and viral
encephalitis. Category C agents, including the Nipah virus,
hantaviruses, yellow fever, and pandemic influenza strains,
are third-highest priority emerging pathogens that can be
engineered for mass use [12].

Despite the potential of these disease-causing agents,
which could lead to catastrophic consequences, large-scale
biological weapons attacks have been relatively
unsuccessful in the past [13]. However, small-scale
bioterrorism and biosecurity-related activities continue to
threaten global safety in some regions with political
instability. Recent technological advances and easy access
to biological agents present major challenges for biosafety
and biosecurity globally [14, 15]. For instance, recent
biosafety threats involve dual-use technologies (artificial
intelligence, synthetic biology, and CRISPR), which
enable the creation of dangerous pathogens, increase
bioterrorism, and laboratory accident risks, as highlighted
by the impact of COVID-19 and compounded by cyber
threats to biological data, thus requiring stronger
governance and security [16]. This is similar to

bioterrorism and biosecurity related incidents, such as the
47 anthrax hoaxes and threats reported in the United States
between 1992 and mid-February 1999 [17].

Preparedness to deal with bioterrorism and biosecurity
threats is essential for public health systems and healthcare
providers worldwide. Conducting studies that address
biosafety and biosecurity concerns is crucial for regularly
reassessing these threats. Such studies provide valuable
information for the development of effective biosafety and
biosecurity-related policies and protocols to manage such
events should they occur in any country. Through such
investigations, emerging biological risks that may arise
from natural pathogens, laboratory accidents, or intentional
misuse can be identified. Studies have assessed
containment measures, protective equipment, and
decontamination procedures to enhance biosafety [18]. In
biosecurity, research contributes to securing facilities,
pathogen-tracking systems, and “dual-use research of
concern” (DURC) oversight frameworks to prevent
hazardous material theft [19].

In many vulnerable countries, local healthcare providers
serve as frontline responders to bioterrorism events and
broader biosecurity threats. However, historically, these
frontline systems have been chronically underfunded and
insufficiently integrated into national and global
preparedness planning, limiting their capacity to detect,
contain, and respond effectively [20]. Studies have
identified factors that influence preparedness, including
perceived coping efficacy and frontline preparedness [21].
Effective preparedness involves developing detailed
response plans, assessing strengths and weaknesses, and
collaborating with international agencies [22]. While most
healthcare professionals express a willingness to assist
during bioterrorism and biosecurity incidents, many report
feeling underprepared [23-25]. A study of pediatricians in
Michigan found that 80% of the respondents believed that
terrorism was a threat, but only 12% felt adequately
prepared for biological attacks [25]. Similarly, a national
survey revealed that only 43% of emergency physicians
and 21% of primary care physicians felt well prepared to
respond to bioterrorism and biosecurity [23].

Bioterrorism and biosecurity preparedness are critical
components of both national and global health systems.
This requires a multifaceted approach involving scientific
studies, educational programs, training capacity, security
planning, and coordination across various sectors and
levels of the global government [26-28]. Although
perceptions of bioterrorism and biosecurity attacks have
increased, many countries lack the capacity to manage
these threats. Some of the key highlights identified by local
health departments and healthcare providers in various
global regions include a lack of adequate knowledge of
biosafety/biosecurity and resources to respond effectively
to such events [24].
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Studies have shown that healthcare professionals are
willing to assist in bioterrorism and biosecurity response
efforts despite their limited training and preparedness [24,
29-32]. However, discrepancies exist between the
perceived risks of bioterrorism and biosecurity across
global regions. The United States views bioterrorism
primarily through the lens of advanced biotechnology
misuse and synthetic biology threats, as emphasized in
biosecurity analyses [16, 33].

Europe, the Middle East, and the Gulf perceive risks
through agroterrorism and food system vulnerabilities,
reflecting regional food security and geopolitical concerns
[34, 35]. Biosafety and biosecurity frameworks across
Europe, the Middle East, and the Gulf exhibit significant
variations shaped by differing levels of regulatory maturity,
geopolitical pressure, and scientific capacity. In Europe,
institutionalized biosafety governance is supported by
long‑standing professional bodies such as the European
Biosafety Association (EBSA), which promotes
standardized competency development, BSL‑3/BSL‑4
facility compliance, and the adoption of international
standards, including ISO 35001 and CWA 16335,
reflecting the region’s emphasis on harmonized,
skills‑based biosafety systems [36].

European states, such as Germany, the United Kingdom,
and other scientific powerhouses, have also integrated
biosecurity considerations into broader “science
diplomacy” strategies, which increasingly shape global
biosecurity governance and promote multilateral
cooperation on emerging biotechnologies [37]. In contrast,
countries in the Middle East face more acute challenges
due to political instability, limited regulatory oversight,
and expanding biotechnology sectors that increase
exposure to dual‑use research risks. Studies have shown
that biosafety and biosecurity systems in the region remain
uneven, with gaps in laboratory governance, inconsistent
implementation of international biosafety protocols, and
low levels of DURC oversight, issues highlighted in
regional analyses of biotechnological expansion and
biological weapon-related vulnerabilities [38, 39].

Across the Gulf and broader Eastern Mediterranean
Region, WHO assessments reveal fragmented national
laboratory systems and persistent deficiencies in biosafety
and biosecurity governance, particularly in the areas of
regulatory coherence, high-risk pathogen management, and
workforce capacity, despite accelerated investment
following the COVID‑19 pandemic [40]. Complementing
these findings, the UNICRI’s regional evaluation illustrates
that Gulf states continue to prioritize strengthening their
biosafety and biosecurity capacities in response to
transboundary biological threats. However, they remain
hindered by uneven implementation of Joint External
Evaluation (JEE) recommendations, gaps in real-time
surveillance, and limited emergency response integration
[41]. Collectively, these studies underscore the need for

enhanced cross-regional cooperation, harmonized
regulatory standards, and integrated biosafety and
biosecurity governance mechanisms to ensure resilient
preparedness across Europe, the Middle East, and the Gulf.

In Asia, particularly in countries with advancing
biotechnology sectors, risk perceptions focus on the
dual-use potential of emerging technologies influenced by
historical events, such as Japan’s Unit 731 [42]. These
examples show that global regions perceive bioterrorism
differently, based on distinct contextual realities, leading to
varied threat assessments and preparedness priorities [43].
Biosafety and biosecurity efforts across Asian countries,
particularly in Southeast and East Asia, have expanded
significantly in response to escalating biological threats;
however, substantial disparities remain in national
preparedness and regulatory capacity. In Southeast Asia,
countries such as Singapore, Malaysia, Indonesia,
Thailand, Vietnam, and the Philippines continue to
strengthen their laboratory biosafety systems and
biosecurity governance driven by recurring outbreaks of
emerging infectious diseases and the increasing availability
of advanced biotechnologies [44].

Regional assessments highlight that while several nations
have improved laboratory standards and national
pathogen‑control lists, inconsistent implementation of
frameworks for dual‑use research of concern (DURC)
poses persistent risks, compounded by uneven institutional
awareness and limited regulatory expertise [45]. ASEAN
leaders have also acknowledged that differences in
biosafety capacities and legal instruments across member
states can lead to vulnerabilities in pathogen handling,
high‑containment laboratory safety, and the prevention of
accidental or deliberate release of dangerous agents [46].

These concerns have motivated calls for stronger
harmonization of biosafety protocols, expanded
cross-border laboratory networking, and joint training
programs to elevate minimum safety standards [47].
Simultaneously, Asia’s rapid growth in biotechnology,
ranging from genetic engineering laboratories in Singapore
and Malaysia to the expanding virology and synthetic
biology sectors in China, Japan, and South Korea, has
intensified the need for robust biosecurity oversight to
prevent misuse or unregulated experimentation [44].

Strategic dialogues hosted in Singapore underscore the
importance of regional cooperation, emphasizing medical
countermeasures, laboratory security, and emerging
technological risks, such as cyber‑biosecurity and
AI‑enabled biological design [48]. Collectively, these
studies demonstrate that although Asia has made notable
progress in advancing biosafety and biosecurity systems,
sustained regional frameworks, harmonized governance,
and strengthened DURC oversight remain essential for
mitigating biological risks across regions characterized by
high population density, rapid technological expansion,
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Figure 1. Research productivity of leading authors in bioterrorism and biosecurity (1987–2025)

and diverse national capacities.

African states frame bioterrorism risks around weak
biosafety infrastructure, with gaps in surveillance,
laboratory capacity, and response systems that increase
their vulnerability to biological threats. Biosafety and
biosecurity systems across Africa face substantial
challenges due to structural weaknesses in laboratory
capacity, regulatory oversight, and sustainable workforce
development. Many countries, including Nigeria, Kenya,
Uganda, Ghana, Tanzania, Ethiopia, South Africa, Senegal,
Rwanda, and the Democratic Republic of Congo, continue
to experience shortages in high‑containment laboratories,
inadequate biosafety equipment, and inconsistent
implementation of national biorisk management
frameworks [49, 50]. These vulnerabilities were
highlighted during major outbreaks, such as Ebola in
Sierra Leone, Liberia, and Guinea, where gaps in biosafety
practices, inconsistent use of personal protective
equipment, and limited laboratory networks accelerated
transmission and hindered early detection [51].

Countries such as Uganda, the DRC, and South Sudan
regularly encounter viral hemorrhagic fever outbreaks; they
remain dependent on external partners for advanced
genomic sequencing and pathogen characterization.
Meanwhile, nations such as Kenya, South Africa, and
Senegal, home to institutions like KEMRI, NICD, and
Institut Pasteur Dakar, demonstrate comparatively stronger
capacities, but they still face cross‑border risks due to
uneven regional preparedness. Governance gaps also
persist across the continent, with many states lacking
comprehensive national policies for dual‑use research
oversight, biosafety certification systems, and secure
pathogen transport protocols. Although initiatives led by
the Africa CDC, the African Union, and regional

laboratory networks have advanced capacity building and
harmonization of biosafety norms, sustained political
commitment and long‑term investment remain essential to
strengthen the continent’s resilience against both
intentional biological threats and accidental laboratory
incidents.

Biosafety and biosecurity capacity across Africa remains
highly variable and constrained by significant structural
gaps in laboratory infrastructure, regulatory oversight, and
sustainable workforce development. Countries such as
Nigeria, Kenya, Uganda, Ghana, Ethiopia, South Africa,
Senegal, Tanzania, Rwanda, the Democratic Republic of
Congo, and Sierra Leone continue to face shortages in
high-containment laboratories, inconsistent application of
biorisk management standards, and limited national
mechanisms for governing dual-use research and pathogen
security [52, 53]. These gaps have been repeatedly
highlighted during major public health emergencies; for
example, the Ebola outbreaks in Guinea, Liberia, and
Sierra Leone demonstrated how inadequate biosafety
procedures and weak surveillance systems can exacerbate
transmission dynamics and delay effective response efforts
[51, 54]. While some countries, such as Kenya, South
Africa, and Ethiopia, have developed comparatively
stronger regulatory and institutional architectures through
national biosafety laws and specialized public health
laboratories, wide disparities persist across the continent
[53].

Recent evaluations show that many states still lack
comprehensive legal frameworks, trained biosafety officers,
secure pathogen inventories, and standardized national
certification pathways for biosafety professionals, leaving
them vulnerable to accidental release or deliberate misuse
of biological materials [52, 55]. Nonetheless, progress is

Page 3 of 17 doi: 110.37432/jieph-d-25-00200 JIEPH 2026

https://doi.org/10.37432/jieph-d-25-00200
https://afenet-journal.org


J. Interv. Epidemiol. Public Health | Vol. 9 | Issue 2 | Article 53 (Research) Mulakoli et al.

accelerating: the Africa CDC’s continental Biosafety and
Biosecurity Initiative, the establishment of Regional
Technical Working Groups across Central, Eastern,
Northern, Southern, and West Africa, and the
operationalization of regional Centers of Excellence in
South Africa, Tanzania, and Senegal have strengthened
governance coordination, emergency readiness, and
training systems [52, 55]. Sustained investment, domestic
policy reform, and expanded regional collaboration remain
essential for building a resilient continental architecture
capable of managing both intentional biological threats and
unintentional laboratory-associated risks.

To address these challenges, a comprehensive bioterrorism
and biosecurity preparedness strategy should focus on
enhancing knowledge through continuous education and
training, developing detailed response plans, improving
detection technologies, and fostering collaboration among
local, national, and international stakeholders [56, 57].
Additionally, incorporating complexity theory into
preparedness efforts may better equip healthcare
organizations to manage the unpredictable nature of
bioterrorism [58].

This bibliometric analysis of bioterrorism and biosecurity
is valuable for several reasons. Bibliometric analysis can
provide a comprehensive overview of the research
landscape in bioterrorism and biosecurity preparedness,
helping to identify key trends, influential authors, and
seminal works in the field [59]. This approach will allow
researchers and policymakers to understand the evolution
of bioterrorism and biosecurity preparedness research over
time, highlighting emerging areas of focus and potential
knowledge gaps in the literature. Such an analysis could
reveal interdisciplinary connections and collaborations, as
bioterrorism and biosecurity preparedness involve various
sectors, including public health, medicine, emergency
response, and national security [60]. By mapping these
connections, researchers can identify opportunities for
further interdisciplinary work and knowledge sharing. A
bibliometric study would help quantify the impact of
different research areas on bioterrorism and biosecurity
preparedness, such as detection technologies, response
strategies, and healthcare system preparedness [61]. This
information can guide future research priorities and
funding allocations. Although there is a significant body of
literature on bioterrorism and biosecurity preparedness,
many studies have indicated a lack of practical
preparedness among healthcare professionals and local
health departments [24, 62]. Bibliometric analysis can help
bridge this gap by identifying the most influential and
practical research areas in the field of implementation
science.

Global research on bioterrorism and biosecurity has grown
in recent years, driven by significant biological events and
technological advancements. However, a notable gap
persists between academic understanding and practical

preparedness, particularly in low- and middle-income
countries (LMICs). This study intends to inform
biosecurity and bioterrorism preparedness efforts in Africa
by identifying global trends that highlight gaps in research
capacity, surveillance infrastructure, and scientific
collaboration. Because African nations face
disproportionate vulnerability to biological threats owing
to limited laboratory capacity, dependence on external
genomic sequencing, and fragmented preparedness
systems, mapping global research dynamics can help
contextualize where Africa remains under-resourced and
where strategic investment is most needed. To address this
issue, this study undertook a bibliometric analysis of
global research trends to examine trends in bioterrorism
and biosecurity from 1997 to 2025.

Methods
This study employed bibliometric analysis to examine
global research trends in bioterrorism and biosecurity from
1997 to 2025. Data were extracted from the Scopus
database using keywords such as (“bioterrorism” OR
“biological terrorism” OR “biological warfare”) AND
(“biosecurity” OR “biosafety” OR “biodefense”).
Publications were analyzed for annual output, leading
countries/institutions, and authorship patterns using the
Scopus database. Co-authorship networks and keyword
co-occurrences were analyzed using VOSviewer software.
This study also assessed thematic evolution and
collaborative networks to identify shifts in research focus
over time. Only peer-reviewed articles, reviews, and
conference papers published in English were included.
These findings provide insights into the progression of
bioterrorism and biosecurity research, highlighting key
contributors and emerging trends.

Search strategy

A comprehensive literature search was conducted using the
Scopus database to identify relevant publications on
bioterrorism and biosecurity preparedness between 1997
and 2025. The search strategy included keywords such as
(“bioterrorism” OR “biological terrorism” OR “biological
warfare”) AND (“biosecurity” OR “biosafety” OR
“biodefense”). Boolean operators (AND) and (OR) were
used to refine the search results.

Inclusion and exclusion criteria

We included peer-reviewed articles, review papers, and
conference proceedings in English that focused on
bioterrorism, biosecurity policies, threat preparedness, and
response strategies. Non-English publications, editorials,
letters, news articles, and studies unrelated to bioterrorism
or biosecurity were excluded.
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Figure 2. Global distribution of bioterrorism and biosecurity publications by country (1987–2025)

Data extraction and analysis

The extracted metadata included the title, authors,
affiliations, publication year, citations, keywords, and
abstracts. Bibliometric analysis was conducted using
VOSviewer (version 1.6.20) and Scopus to examine annual
publication trends, leading countries, institutions, authors,
collaboration patterns, and keyword co-occurrence.

Study quality and risk of bias assessment

Given the bibliometric nature of this study, a traditional
risk of bias assessment (e.g., PRISMA) was not applicable.
However, source reliability was ensured by selecting only
peer-reviewed publications from indexed journals.
Duplicate records were removed, and data consistency was
verified manually. This methodology provides a systematic
approach to mapping global research trends in bioterrorism
and biosecurity preparedness and identifying key
contributions and knowledge gaps.

Ethical considerations

This study, as a bibliometric analysis of published
literature, did not require formal ethical approval because it
exclusively utilized publicly available scientific data from
the Scopus database without involving human or animal
subjects, confidential records, or sensitive personal
information. All data were extracted from peer-reviewed
journal articles and conference proceedings in compliance
with standard academic research ethics, ensuring proper
attribution through citations while maintaining
transparency in the methodology and analytical processes.
The research was conducted with academic integrity, free
from conflicts of interest, and designed solely to contribute

to the scholarly understanding of global trends in
bioterrorism and biosecurity preparedness, without
misrepresenting the findings or using restricted materials.

Results
Authors with the highest number of publications on
biosafety and biosecurity

Among the listed authors, Inglesby, T. V. (n=18), had the
highest number of publications (Figure 1), followed by
Enserink, M. (n=13). Other notable contributors include
Kaiser, J., O’Toole, T., Sell, T.K., Franco, C., Gronvall,
G.K., Check, E., Henderson, D.A., and Mair, M., with
publication counts ranging from (n=8) to (n=13).

The top five countries with the highest publications
on biosafety and biosecurity

The world map (Figure 2) visualizes the distribution of
data points across various countries using blue shading to
indicate frequency, with darker shades representing higher
numbers. The United States leads significantly, with 570
occurrences, far surpassing all other nations. The United
Kingdom ranked second (n=66), and China ranked third
(n=52). This distribution highlights the strong
concentration of data from North America and Oceania,
with notable contributions from Europe, South America,
and Asia.

Global trends in publications

Figure 3 illustrates the annual publication output in the
field from 1997 to 2025. A sharp increase in scholarly

Page 5 of 17 doi: 110.37432/jieph-d-25-00200 JIEPH 2026

https://doi.org/10.37432/jieph-d-25-00200
https://afenet-journal.org


J. Interv. Epidemiol. Public Health | Vol. 9 | Issue 2 | Article 53 (Research) Mulakoli et al.

Figure 3. Annual trends in bioterrorism and biosecurity publications (1987–2025)

interest began around 2000, culminating in a peak of 112
publications in 2004. A notable decrease was observed
between 2016. From 2017 onwards, publication activities
remained steady, with at least 28 to 41 publications per
annum.

Authors’ affiliations and disciplinary focus of studies
on biosafety and biosecurity

Table 1 presents data on the number of publications related
to bioterrorism and biosecurity, categorized by affiliation
and discipline. The analysis of author affiliations and
research domains revealed significant institutional and
disciplinary contributions to the bioterrorism and
biosecurity literature. The Centers for Disease Control and
Prevention (CDC) led with (n=30) publications, closely
followed by the U.S. Army Medical Research Institute of
Infectious Diseases (n=29), University of Pittsburgh
Medical Center (n=26), Johns Hopkins University (n=24),
and National Institutes of Health (n=21). In terms of
disciplinary focus, medicine dominated the field with 577
publications, followed by social sciences (n=265),
biochemistry, genetics, and molecular biology (n=258),
immunology, microbiology (n=258), and environmental
science (n=188).

Co-occurrence of index keywords used in publications
on biosafety and biosecurity

Network visualization reveals the structural relationships
between key topics in biosecurity and bioterrorism. Figure
4 shows multiple nodes, each representing a distinct topic,
and edges denoting conceptual or thematic connections
between them. The nodes are color-coded into three
primary clusters (red, blue, and green), suggesting thematic
groupings and communities within the dataset. Prominent
nodes, such as “biological warfare,” “human,” and

Table 1. Top five leading affiliations of authors and fields of study
in bioterrorism and biosecurity research (1997–2025)

Variable Publications (n)

Affiliation of authors
Centers for Disease Control and Prevention 30
U.S. Army Medical Research Institute of

Infectious Diseases
29

University of Pittsburgh Medical Center 26
Johns Hopkins University 24
National Institutes of Health (NIH) 21

Field of study (Discipline)
Medicine 577
Social Sciences 265
Biochemistry, Genetics, and Molecular

Biology
258

Immunology and Microbiology 258
Environmental Science 188
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Figure 4. Network map of interconnected topics in biosecurity and bioterrorism: visualizing relationships among the top 20 keywords
used in studies by authors in this field

“information,” occupy central positions, indicating a high
degree of connectivity and relevance to multiple subtopics.

Scientific journal with the highest number of
publications on biosafety and biosecurity

Between 2001 and 2025, publication trends across five key
journals and categories revealed distinct patterns in
bioterrorism and biosecurity research. The journals
Biosecurity and Bioterrorism led to 78 publications,
followed by Science (n=60), Nature (n=4), Health Security
(n=33), and Biosecurity and Bioterrorism: Biodefense
Strategy, Practice, and Science (n=17). Health security
demonstrated a steady upward trajectory in response to
global health emergencies, peaking between 2018 and
2020. Biosecurity and bioterrorism exhibited notable
spikes in 2011–2012, reflecting increased scholarly
attention during that period. In contrast, Biosecurity and
Bioterrorism: Biodefense Strategy, Practice, and Science
maintained a lower overall publication volume, with a
modest increase between 2010 and 2012 (Figure 5).

Collaboration and Co-authorship between countries
with an interest in biosafety and biosecurity

Figure 6 shows the top ten countries that collaborated on
biosafety and biosecurity studies during the review period.
Three clusters (green, red, and blue) were identified, in
which the USA was the main collaborator in the red cluster,
the United Kingdom was the main collaborator in the green
cluster, and Switzerland was the main collaborator in the
blue cluster. In general, the USA collaborates with China,
India, Canada, and Australia. It has collaborations with the
United Kingdom, Italy, Germany, and France, all from the
green cluster.

Figure 7 illustrates co-authorship among various countries,
where each node represents a country, and each edge
indicates a bilateral or multilateral relationship. After the
analysis, five clusters were identified (purple, red, blue,
orange, and green). Node size reflects the relative influence
or centrality of each country in the network. The United
States (purple cluster) emerged as the most prominent
node, suggesting a high degree of connectivity and
influence in global affairs. Other significant nodes include
the United Kingdom, Germany, and China, each of which
demonstrates substantial linkages with other nations.
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Figure 5. Trends in publications on health security, biosecurity, and bioterrorism (1997–2025): a comparative analysis across key
journals and categories

Authors and countries with the highest number of
citations

Figure 8 summarizes the authors with the highest number
of publications during the review period. A paper
published by Armon in 2001 had the highest number of
citations (1485), followed by Dennis (2001) with 1305
citations and Espy (2006) with 1132 citations. Table 2
summarizes the countries with the highest number of
citations. The United States had the highest number of
citations (19643) as of December 2025.

Table 2. Top five countries with the most citations of biosafety
and biosecurity research

Country Publications (n) Number of citations
United States 570 19643
United Kingdom 66 1934
Germany 37 1531
France 37 1018
Australia 35 697

Discussion
This bibliometric analysis maps the evolution of global
bioterrorism and biosecurity research from 1997 to 2025
and reveals a field strongly influenced by recurring and
emerging biological threats. These findings demonstrate
substantial geographic disparities in research productivity,
with high-income countries contributing the majority of
publications, whereas low- and middle-income countries,
despite being disproportionately vulnerable to biosafety
and biosecurity breaches, remain significantly

underrepresented. By systematically quantifying these
patterns, the analysis underscores persistent global
inequities in scientific output and highlights critical
research gaps that continue to separate well-resourced
regions from those at higher risk.

The most significant finding of this study is that the
research output on biosafety and biosecurity is highly
event-driven. This is evident from the significant increase
in the number of publications after 2000, which peaked in
2004, directly corresponding to the global response to the
2001 anthrax attacks. This attack served as a catalyst that
shaped the trajectory of modern biodefense policies in
most countries [63]. Conversely, this pattern confirms that
real-world security threats function as primary catalysts for
scholarly output and funding opportunities. This
phenomenon is well documented in biosafety and
biosecurity research publications in major scholarly
databases [64]. The subsequent fluctuations and notable
drop between 2018 and 2019 are a good illustration of
persistent failure to maintain sustained research output,
with attention spiking episodically rather than being
embedded in a long-term biosafety and biosecurity
mitigation strategy [65]. Beyond the surge in
anthrax‑related research output in 2001, the slight increase
in publications from 2020 onward observed in this analysis
is closely associated with the COVID‑19 pandemic, which
exposed significant systemic vulnerabilities and renewed
global debate on the increasingly blurred boundary
between naturally occurring outbreaks and deliberate
biological threats [66]. This reactive pattern aligns with
assessments from the Global Health Security Index, which
emphasizes that despite increased awareness, the world
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Figure 6. Global network of international relations: visualizing top ten country-level influence and connectivity on research output on
bioterrorism and biosecurity

remains dangerously underprepared for future biological
catastrophes [67].

A clear concentration of research output is evident in this
bibliometric analysis, with the United States contributing
the largest share of publications. This reflects the country’s
leading role in biodefense policy and funding, supported by
efforts such as the National Biodefense Strategy and major
investments made after anthrax attacks [68-70]. The strong
performance of other high-income countries, including the
United Kingdom and Australia, reflects their sustained
commitment to building robust national biosafety and
biosecurity frameworks. These nations have prioritized
strengthening laboratory safety standards, enhancing
surveillance systems, and developing coordinated
biodefense strategies, which collectively contribute to their
substantial research output in this field [71]. However,
these geographic imbalances in biosafety and biosecurity
research highlight a persistent and concerning gap in
global research capacity. While high-income countries
dominate scientific output due to stronger funding,
infrastructure, and established research networks, many
low- and middle-income countries (LMICs) continue to
face fundamental challenges, including limited laboratory
capacity, inadequate surveillance systems, and insufficient
investment in biosecurity initiatives that hinder their ability
to contribute to and benefit from advances in the field [72].
This imbalance is reflected in the region’s notably low
publication output. For example, within Africa, only a few
countries, such as South Africa, Ethiopia, and Kenya, have
made measurable contributions to biosafety and
biosecurity research, underscoring the broader capacity
gaps across the continent.

Consequently, this imbalance in research capacity feeds
into a broader skew in global research focus. Consequently,

the research agenda is disproportionately shaped by the
priorities of the Global North, potentially overlooking
context-specific threats in regions that are often on the
frontlines of emerging infectious diseases [73]. These
disparities are especially evident when examining specific
areas of biosafety and biosecurity practices. For example,
in high-income countries (HICs) such as the United States
and member states of the European Union, biosafety and
biosecurity systems are supported by long-standing
regulatory frameworks, substantial financial investment,
and well-developed institutional capacity. These mature
and legally enforceable structures provide robust oversight,
standardized laboratory protocols, and strong
accountability mechanisms that collectively enable
sustained research productivity and innovation [74, 75]. In
contrast, many low- and middle-income countries (LMICs)
operate with limited laboratory infrastructure, fragmented
regulatory oversight, and constrained financial resources,
resulting in biosafety and biosecurity systems that are far
less developed. These constraints hinder effective risk
management, reduce research output, and limit the ability
of LMICs to detect, prevent, and respond to biological
threats with the same level of rigor as in high-income
settings [76]. The 2014–2016 Ebola outbreak in West
Africa exemplified this, in which critical gaps in basic
biosafety protocols contributed to its initial spread among
local communities, resulting in the death of thousands of
people [77].

A further regional illustration of these disparities can be
seen in parts of the Middle East and South Asia. Middle
Eastern countries, such as Jordan, Iran, and Israel, along
with neighbouring nations like India, have played a
significant role in advancing biosafety and biosecurity
capacities in the broader Asian region. However, in recent
years, this region has frequently become an epicenter of
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Figure 7. Co-authorship between countries with research interest in biosafety and biosecurity

biosafety and biosecurity-related challenges due to
persistent geopolitical instability. Such instability has
strained national health security systems and, in some
cases, weakened biological containment frameworks,
thereby complicating efforts to prevent, detect, and respond
effectively to biological threats [78]. Amidst these
developments, countries such as Jordan have significantly
contributed through state-led initiatives to fortify the
Biological Weapons Convention (BWC) in their statutes.
By hosting the internationally supported Jordan Biosafety
and Biosecurity Center, Jordan enhances regional
resilience through a ‘train-the-trainer’ model, effectively
addressing the dual-use dilemma inherent in the region’s
expanding biotechnology sectors [46].

This approach positions the Middle East as an active
contributor in shaping norms and mechanisms for
mitigating biological threats. Jordan is a significant
contributor to regional biosecurity and genomics research,
establishing itself as a hub for scientific capacity in the
Levant. The Jordanian National Biosecurity System,
developed in collaboration with research institutions, is
central to this effort. Other studies by the Jordan University
of Science and Technology (JUST) have characterized the
genetic diversity of pathogens and provided data for
national risk assessment. [79]. Furthermore, research from
King Abdullah University Hospital has utilized
next-generation sequencing to track hospital-acquired

infections, directly informing the national biosafety
protocols and antimicrobial stewardship programs [24, 80,
81]. These institution-led studies have not only
strengthened Jordan’s domestic biosecurity framework but
also provided a model for pathogen surveillance and
biorisk management that is shared with neighbouring
countries.

The infrastructure divide was equally profound across all
regions. High-income countries invest billions in
high-containment laboratories and advanced surveillance
systems, whereas LMICs often struggle with unreliable
electricity, insufficient safety equipment, and broken
autoclaves [49]. The COVID-19 vaccine disparity, in
which HICs secured vast stockpiles, while LMICs faced
critical shortages, demonstrated how resource inequality
directly translated into security vulnerability [82]. The
human capital gap further exacerbates these challenges
because HICs support the professional ecosystems of
trained experts, whereas many LMICs rely on ad hoc
project-dependent training, leading to high turnover and
inconsistent oversight [50, 83].

A critical thematic finding is the field’s maturation from a
narrow focus on “bioterrorism” towards a broader, more
interdisciplinary concept of “biosecurity” and “health
security.” While the disciplinary focus remains on
medicine and life sciences, strong evidence from the social
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Figure 8. Top five authors with the most citations of their work in biosafety and biosecurity between 1997 and 2025

sciences indicates the essential integration of policy, ethics,
law, and risk communication [84]. This interdisciplinarity
is visually confirmed by keyword co-occurrence analysis,
in which nodes such as “biological warfare” (security),
“human” (public health), and “information”
(communication) are centrally connected, echoing the
argument for an “all-of-society” approach that integrates
diverse domains of knowledge [73, 85]. The evolution of
key journals reflects this trend, with the steady rise of
Health Security demonstrating a field moving beyond
intentional terrorism to encompass pandemics, laboratory
safety, and strengthening health systems.

Despite ongoing research efforts, a significant disconnect
persists between the theories produced in academic circles
and the real-world skills required. This analysis reinforces
what many have observed: healthcare professionals,
especially those on the frontlines, often find themselves
ill-prepared owing to insufficient formal training in
bioterrorism preparedness. This critical issue requires the
attention of all stakeholders [24]. Local health departments
are often chronically underfunded and undertrained,
indicating that translating academic research into tangible
readiness remains a paramount and unmet challenge. This
implementation gap suggests that future research should
focus not only on generating new knowledge but also on
effective knowledge translation and capacity building in
LMICs through sustainable international partnerships [50,
86].

Citation analysis demonstrates that influence within
bioterrorism and biosecurity research is anchored by a few
seminal works, with Arnon and Schechter [87] emerging as

the most frequently cited study because it provided one of
the earliest and most authoritative consensus-based
assessments of botulinum toxin as a biological weapon. In
their landmark paper, the authors characterized botulinum
toxin as “the most poisonous substance known” and
emphasized its extreme potency, relative ease of
production, and potential for aerosol or foodborne
dissemination, factors that elevate it to one of the
highest-risk biological agents owing to its lethality and the
prolonged respiratory support required in severe cases [13,
87].

Their work also offered detailed clinical guidance on the
early recognition of botulism, urgent antitoxin
administration, and coordinated public health actions,
thereby forming a foundational operational framework for
U.S. biodefense planning during a period when global
attention was intensified by the 2001 anthrax attacks [69,
70]. This partly explains why Arnon’s publication
accumulated 1,485 citations, surpassing Dennis [88], who
garnered 1,305 citations through their contributions to
biodefense system strengthening, and Espand, Uhl [89]
with 1,132 citations for advancing molecular diagnostic
approaches crucial to biothreat detection. Moreover, the
overwhelming citation dominance of the United States,
with 19,643 total citations, reflects its extensive biodefense
research infrastructure and leadership through institutions
such as the Centers for Disease Control and Prevention
(CDC) and the U.S. Army Medical Research Institute of
Infectious Diseases, which have historically shaped global
biosecurity discourse [90].

The findings of this bibliometric analysis paint a picture of
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a research field catalyzed by crises, dominated by a few
nations, and evolving towards a more holistic and
interdisciplinary understanding of biological threats. The
consistent growth of integrated approaches reflects the
recognition that technical solutions alone are insufficient
without governance frameworks to support them. The need
for international collaboration through frameworks such as
the Biological Weapons Convention (BWC) and the Global
Health Security Agenda (GHSA) is more critical than ever
[91]. However, as emerging biotechnologies, such as
CRISPR and synthetic biology, accelerate, existing
governance structures become strained [92, 93]. Managing
dual-use research of concern (DURC) in a fraught
geopolitical landscape remains a pressing and unresolved
challenge [92]. Therefore, future efforts must prioritize
closing the implementation gap, fostering equitable global
partnerships, and developing interdisciplinary governance
models that can address biological risks.

This study offers a thorough overview; however, it is
constrained by its dependence on the Scopus database,
which might overlook non-English publications and gray
literature (such as government reports and policy white
papers), which are particularly relevant to this field. Future
bibliometric studies should include these sources to
provide a more comprehensive understanding of
biosecurity.

Conclusions

The findings from this bibliometric analysis showed that
publication trends in bioterrorism and biosecurity research
during the review period were event-driven, with notable
increases after major incidents. Research output is
dominated by high-income countries, particularly the
United States. Significant gaps remain in low-resource
countries despite increasing global collaboration.
Strengthening global biosafety and biosecurity requires
sustained collaboration and equitable partnerships with
African countries.

What is already known about this topic

• Bioterrorism and biosecurity pose significant threats
to public health and require coordinated preparedness
and response strategies to mitigate their impact.

• Healthcare providers often report feeling
underprepared to manage bioterrorism-related
incidents, despite recognizing their importance.

• Developed countries have established robust biosafety
and biosecurity frameworks, whereas many low-
and middle-income countries face infrastructure and
resource challenges in this regard.

• Research output in bioterrorism and biosecurity has
increased significantly, especially after the major
global health crises.

What This Study Adds

• This study provides the first comprehensive
bibliometric analysis of bioterrorism and biosecurity
research over two decades.

• This identifies key global trends, influential authors,
and leading institutions that shape the field.

• This analysis highlights the disconnection between
academic research and practical preparedness,
particularly in low-resource settings such as India.

• This underscores the need for interdisciplinary
collaboration and capacity building to improve
biosecurity readiness.
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