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Two decades of global research
on tetanus vaccines and
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comprehensive bibliometric
analysis and integrative
review (2000– 2025)
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and Chuanyi Zang2

1Department of Emergency Surgery, Beijing Geriatric Hospital, Beijing, China, 2Department of
Orthopedics, Beijing Geriatric Hospital, Beijing, China, 3Department of Emergency Surgery, Beijing
HaiDian Hospital, Beijing, China
Background: Tetanus is a severe but vaccine-preventable disease controlled by
tetanus toxoid (TT) immunization and tetanus immunoglobulin (TIG) therapy.
Although maternal–neonatal tetanus has been eliminated in many regions,
coverage gaps and sporadic cases persist in low-resource settings. As a
longstanding component of global immunization and a key conjugate carrier
platform, tetanus research remains essential despite advances in novel vaccine
technologies. However, the global research landscape on tetanus vaccines and
immunoglobulins remains unmapped.
Objective: This study aimed to conduct a comprehensive bibliometric analysis of
publications on TT and TIG from 2000 to 2025, to characterize research
dynamics, leading contributors, and thematic evolution.
Methods: We retrieved publications from the Web of Science Core Collection
(SCI-Expanded) for 2000–2025 using relevant keywords (“tetanus vaccine*” OR
“tetanus toxoid*” OR “tetanus immunoglobulin*” OR “tetanus immune globulin*”
OR “tetanus antitoxin*”). Following screening, 2,949 English-language articles and
reviews were included. Bibliometric analyses (publication trends, funding
agencies, co-authorship, co-citation, and keyword co-occurrence) were
performed using VOSviewer, CiteSpace, and the bibliometrix R package.
Results: A total of 2,949 publications were analyzed. Annual output remained
stable (mean � 113.4), with citations peaking in 2021 (n=7,291). The USA led in
volume (1,130 papers), while Switzerland achieved the highest impact (88.41
citations/article). The Centers for Disease Control and Prevention (CDC) and
University of Oxford emerged as central hubs, with GlaxoSmithKline (GSK)
illustrating the role of industry-academic partnerships. A strategic funding shift
occurred around 2010: while the National Institutes of Health (NIH) drives
foundational research, the Bill & Melinda Gates Foundation (BMGF) has become
the engine for translational equity. Evolutionary trends show a shift from early
cellular mechanisms toward maternal immunization coverage, implementation
determinants in low- and middle-income countries (LMICs), and the expanding
utility of tetanus toxoid (TT) as a conjugate vaccine carrier.
Conclusion: Tetanus research has evolved into a dynamic model for modern
vaccinology, bridging classical immunization and next-generation technology.
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Beyond maternal protection, the �eld is expanding toward conjugate platforms
and recombinant biologics. Achieving global elimination requires aligning these
biotechnological innovations with equitable implementation strategies in low-
resource settings.
KEYWORDS

bibliometric analysis, conjugate vaccine, maternal immunization, monoclonal
antibodies, tetanus immunoglobulin, tetanus toxoid
1 Introduction

Tetanus remains a severe but preventable infectious disease
caused by Clostridium tetani, characterized by painful muscle
spasms and high mortality, particularly in low-resource settings
(Yen and Thwaites, 2019; Li et al., 2023). Despite the remarkable
global progress following the introduction of tetanus toxoid (TT)
vaccines and tetanus immunoglobulins (TIG), the disease continues
to pose a public health challenge in many developing regions
(Lambo and Nagulesapillai, 2012; Uleanya, 2018; Yusuf et al.,
2021). Recent global analyses indicate that although most
countries have achieved maternal and neonatal tetanus
elimination, sporadic cases and coverage gaps persist, particularly
in low- and middle-income regions with limited immunization
access and health infrastructure (Johns et al., 2023).

Over the years, extensive scienti�c efforts have been devoted to
improving vaccine formulations, delivery strategies, and
immunological understanding of TT-based vaccines (Zaman
et al., 2013; Ghalavand et al., 2018; Oldrini et al., 2023). In
parallel, research on TIG and antitoxin therapy has advanced,
supporting both prophylactic and post-exposure management
(Tosun et al., 2017; Loan et al., 2018). However, the global
research landscape on tetanus vaccines and immunoglobulins has
not been comprehensively mapped, and the evolution of
collaborative networks, in�uential institutions, and emerging
research themes remains underexplored.

Bibliometric analysis provides a quantitative approach to
summarize and visualize scienti�c progress by examining
publication outputs, citation trends, and collaboration patterns
(Zhou et al., 2025). Such analyses have been successfully applied
in diverse vaccine-related �elds, including COVID-19 (Ahmad
et al., 2021b), in�uenza (Liu et al., 2018), and HPV vaccination
(Deng et al., 2023), revealing hotspots and knowledge structures
that guide future research priorities. Nevertheless, to our
knowledge, no bibliometric study has systematically examined the
global research trends, thematic evolution, and knowledge
structures surrounding tetanus vaccines and immunoglobulins.
Given the maturity of the tetanus �eld compared to rapidly
expanding domains like COVID-19 or HPV vaccination, a
comparative perspective is essential to understand how this
“traditional” research area adapts to modern immunological
challenges and continues to serve as a fundamental pillar in the
wider landscape of vaccinology.

Therefore, this study aims to conduct a comprehensive
bibliometric analysis of global publications on tetanus vaccines
and immunoglobulins from 2000 to 2025, based on data retrieved
02
from the Web of Science Core Collection (WoSCC). By analyzing
publication trends, leading authors, institutions, countries, co-
citation networks, and keyword co-occurrence, this work seeks to
provide a macroscopic overview of research dynamics in this �eld,
identify emerging directions, and inform future strategies for
tetanus prevention and immunization research.
2 Materials and methods

2.1 Literature search and data collection

This bibliometric study aimed to characterize the research
landscape surrounding TT and TIG. Relevant publications were
retrieved from the Web of Science Core Collection (WoSCC),
speci�cally using the Science Citation Index Expanded (SCI-
EXPANDED) database, known for its comprehensive coverage
and rigorous indexing standards. The search strategy employed
the query: TS=(“tetanus vaccine*” OR “tetanus toxoid*” OR
“tetanus immunoglobulin*” OR “tetanus immune globulin*” OR
“tetanus antitoxin*”), with the publication period spanning from
January 1, 2000, to July 30, 2025. Although 2025 data are
incomplete (covering only the �rst seven months), they were
intentionally included to provide the most up-to-date overview of
research trends at the time of analysis.

To ensure consistency and avoid discrepancies caused by
database updates, the entire literature search was performed on a
single day—August 12, 2025. Three reviewers independently
screened all retrieved records according to prede�ned inclusion
and exclusion criteria. Only peer-reviewed articles and reviews
published in English and focusing on TT or TIG were included.
Records were excluded if they were irrelevant to the research topic,
contained incomplete data, or primarily focused on veterinary
studies. This manual �ltration was crucial to maintain a focused
medical perspective, as a substantial portion of the initial search
results pertained to veterinary medicine, which would have
distorted the bibliometric indicators for human medical research.
After rigorous screening, a total of 2,949 publications were retained
for bibliometric analysis, comprising 2,779 original articles and 170
reviews. The �nal dataset was exported in plain text format for
subsequent analysis (Figure 1).

In order to assess whether WoSCC suf�ciently represents the
literature landscape for this research topic, and following the
feasibility-check approach adopted by Liu et al (Liu et al., 2025),
we additionally conducted a brief search in PubMed using a
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comparable set of keywords and inclusion criteria. This search
identi�ed a total of 3,050 relevant records, whereas WoSCC
retrieved 2,949 documents (see Supplementary Material 1 for
details). The limited documents volume change supports the idea
that WoSCC already captures the majority part of relevant
publications on tetanus vaccines and immunoglobulins.
Furthermore, WoSCC (SCI-EXPANDED) was selected for its
high-quality citation data and consistent metadata, which are
indispensable for complex bibliometric mapping. Consequently,
this database offers suf�cient breadth to capture the core
literature, enabling a dependable analysis of major research trends
and conceptual developments.

2.2 Bibliometric analysis

To comprehensively examine the selected literature on this area,
multiple bibliometric tools were employed to explore patterns in
Frontiers in Cellular and Infection Microbiology 03
institutional af�liations, thematic evolution, and international
research collaboration. VOSviewer (version 1.6.20) was utilized to
generate visual representations of institutional contributions,
keyword co-occurrence, and thematic density maps. To map the
landscape of global scienti�c collaboration, Scimago Graphica was
applied, offering intuitive depictions of cross-national partnerships.
CiteSpace (version 6.2.R3) was utilized to identify citation bursts
and generate dual-map overlays, thereby revealing emerging
research frontiers and disciplinary linkages. Additionally, we
utilized CiteSpace to perform a systematic analysis of funding
agencies to identify the primary drivers of research investment.

Furthermore, the bibliometrix R package was used to generate a
Three Fields Plot, mapping the connections among countries/
regions, journals, and institutions, thereby illustrating the
structural relationships and knowledge �ow across these domains.
In all visual analyses, nodes represent distinct bibliometric units-
such as country/region, institutions, or thems-with node size
FIGURE 1

Flowchart of the literature selection and screening process. The diagram illustrates the step-by-step retrieval from the Web of Science Core
Collection (WoSCC), the manual screening criteria used to ensure clinical relevance, and the �nal dataset of 2,949 documents analyzed.
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re�ecting relative prominence or frequency. Color coding and edge
thickness were used to convey clustering patterns, chronological
progression, and the strength of collaborative ties.
3 Results

3.1 Annual publication and citation trends

Figure 2 presents the annual trends in publications and citations
related to TT and TIG from 2000 to 2025. The number of
publications exhibited moderate �uctuations over the study
period, ranging from 73 in 2000 to a maximum of 139 in 2004
(mean = 113.4 per year). Publication output increased from 73 in
2000 to 139 in 2004, followed by a slight decline and subsequent
stabilization at approximately 100–130 publications annually
between 2005 and 2023, before decreasing to 90 in 2024.

Annual citation counts showed a more pronounced upward
trajectory, rising from 353 in 2000 to a peak of 7,291 in 2021.
Citation growth was particularly marked in the early 2000s, with
counts increasing from 353 in 2000 to 2,224 in 2005, and continuing
to rise throughout the 2010s, reaching 4,988 in 2015 and 6,063 in
2020. Following the 2021 peak (n = 7,291), citation counts
decreased to 6,283 in 2022, 5,718 in 2023, and 5,439 in 2024. The
2025 data, comprising 57 publications and 3,336 citations, re�ect
records available up to July 31, 2025, and therefore represent an
incomplete year. Consequently, the observed decrease in 2025
counts does not indicate a decline in �eld activity but is a result
of the truncated data collection period.
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3.2 Geographical distribution and
international collaboration

Table 1 summarizes the top 10 productive countries. While the
USA, England, and Germany dominated in total publication
volume, a discrepancy between quantity and scienti�c impact was
observed. For instance, Switzerland achieved the highest average
citations (88.41), signi�cantly surpassing the USA (36.84),
suggesting a high concentration of in�uential, high-quality
research in Swiss institutions. Additionally, the rise of India (187
publications) re�ects the shifting focus toward tetanus-endemic
regions, where domestic research capacity is rapidly expanding to
meet local public health needs.

Figure 3 presents a world map visualization of international
collaborations in research on TT and TIG, based on VOSviewer
co-authorship network analysis, with 12 identi�ed clusters. The USA
emerged as the central hub, exhibiting the highest number of links,
total link strength, and publications, underscoring its pivotal role in
global research coordination. Strong interconnections were observed
within European countries, including UK, France, Germany, Italy,
and the Netherlands, extending to North American and Asian nodes.
A prominent group of African nations, such as Ethiopia, Kenya, and
South Africa, showed notable intra-continental ties and connections
to international partners, re�ecting collaborative efforts in endemic
regions. Asian countries like India, China, and Japan formed key
nodes with growing link strengths, indicating increasing research
integration. Overall, these patterns illustrate a collaborative landscape
dominated by high-income countries/regions but with signi�cant
involvement from low- and middle-income areas, particularly in
regions addressing regional health challenges.
FIGURE 2

Annual trends of publication output and citation counts (2000–2025). The bar chart represents the number of annual publications, while the line
graph indicates the cumulative annual citations, re�ecting the growing academic impact of tetanus vaccine research.
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3.3 Institutional contributions and
collaboration network

Table 2 identi�es the most in�uential institutions. The
prominence of the Centers for Disease Control and Prevention
(CDC) and the University of Oxford underscores the leadership of
national public health agencies and premier academic centers in
driving global tetanus policy and vaccine trials. Notably,
GlaxoSmithKline (GSK) emerged as the only corporate entity in
the top �ve, highlighting the critical role of industry-academic
Frontiers in Cellular and Infection Microbiology 05
partnerships in the development and large-scale manufacturing of
tetanus toxoids.

Figure 4 depicts institutional collaboration networks via
VOSviewer, overlaid with average publication years (blue for
earlier periods around 2008, yellow for later ones around 2016).
The CDC appeared as the most central institution, with extensive
collaborative links to multiple research organizations worldwide.
Other prominent institutions included the University of Oxford,
Harvard University, the University of Washington, the University
of Maryland, and the World Health Organization (WHO), all of
which demonstrated strong connectivity within the network. Recent
activity was apparent in yellow nodes like the University of Oxford,
Sano� Pasteur, and Duke University, indicating sustained research
momentum into later years. In contrast, earlier contributions
clustered around blue nodes such as the Harvard University,
Dalhousie University and GSK Biologicals.

3.4 Analysis of funding agencies

The funding landscape (Table 3) reveals a signi�cant geographic
concentration and a strategic temporal evolution of research focus.
Major investment is primarily driven by U.S. and UK organizations,
notably the National Institutes of Health (NIH) and its specialized
institutes—including the National Institute of Allergy and
Infectious Diseases (NIAID) and the National Cancer Institute
(NCI). The recurrence of NIH-af�liated entries across different
years (e.g., 2000, 2008, and 2009) underscores its sustained
FIGURE 3

Global distribution and international collaboration network. The world map shows the geographic distribution of research output combined with a
network visualization of co-authorship ties. Node size represents the number of publications, while the thickness and number of lines between
nodes represent the strength of collaboration between different countries/regions.
TABLE 1 Top 10 countries/regions contributing to TT and TIG research.

Rank Country/
region Publications Citations Citation

per article

1.00 USA 1130 41626 36.84

2.00 England 350 14109 40.31

3.00 Germany 214 9170 42.85

4.00 India 187 4767 25.49

5.00 Belgium 171 5103 29.84

6.00 Netherlands 152 5482 36.07

7.00 France 150 5238 34.92

8.00 Switzerland 140 12377 88.41

9.00 Australia 138 4682 33.93

10.00 Canada 130 4711 36.24
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funding cycles for foundational vaccinology. A pivotal shift
occurred around 2010 with the emergence of the Bill & Melinda
Gates Foundation (BMGF). By prioritizing global health equity,
BMGF facilitated a transition from government-led basic research
toward philanthropic initiatives speci�cally targeting tetanus
elimination in low- and middle-income countries (LMICs).
Furthermore, the involvement of diverse bodies like the National
Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)
highlights the multidisciplinary utility of tetanus-related agents as
molecular tools in broader biomedical research.

3.5 Journal analysis

Journal-based bibliometric analysis highlighted the �eld’s
disciplinary distribution and inter-�eld citation relationships
Frontiers in Cellular and Infection Microbiology 06
(Table 4, Figure 5). The journal Vaccine served as the primary
platform for this �eld, accounting for nearly 10% of the total output,
which underscores its role as the core repository for tetanus-related
research. Interestingly, high-impact journals like Pediatrics and the
Journal of Immunology showed signi�cantly higher citation
averages than the most proli�c journals. This suggests that while
specialized vaccine journals handle the bulk of �eld-speci�c reports,
groundbreaking mechanistic and pediatric clinical studies are
preferentially published in broader, high-impact medical
journals (Table 4).

Figure 5A illustrates a dual-map overlay of journals, visualizing
citation pathways from citing journals (left) to cited journals (right),
with colored paths representing interdisciplinary �ows. Dominant
trajectories included connections from “Medicine, Medical,
Clinical” and “Molecular, Biology, Immunology” on the left to
FIGURE 4

Inter-institutional collaboration network. The visualization displays partnerships between leading organizations. Node size re�ects publication
volume. The thickness and number of lines between nodes represent the strength of collaboration between different institutions. The color gradient
indicates the average publication year, shifting from blue (earlier) to yellow (recent).
TABLE 2 Top publishing institutions in the �eld of TT and TIG.

Rank Organization Country/Region Publications RCitations Citation per article

1 Centers for Disease Control and Prevention USA 124 5102 41.15

2 University of Oxford UK 65 2154 33.14

3 Harvard University USA 64 3029 47.33

4 GlaxoSmithKline Biologicals Belgium 58 2064 35.59

5 University of Washington USA 49 2977 60.76

6 University of Maryland USA 43 1220 28.37

7 London School of Hygiene & Tropical Medicine UK 42 2574 61.29

8 World Health Organization Switzerland 42 1905 45.36

9 Sano� Pasteur France 38 703 18.50

10 University of California, Los Angeles USA 37 1594 43.08
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“Health, Nursing, Medicine” and “Molecular, Biology, Genetics” on
the right, indicating core knowledge transfer within biomedical
domains. Overall, the disciplinary relationships exhibit a pattern of
cross-�eld intersection followed by progressive integration.
Figure 5B depicts a three-�eld plot (Sankey diagram) mapping
interconnections among countries (left), journals (center), and
institutions (right). The USA emerged as the primary contributor,
channeling publications through Vaccine and Pediatrics to
institutions like the Centers for Disease Control and Prevention
(CDC) and Harvard University. The United Kingdom followed,
with �ows via Vaccine and The Pediatric Infectious Disease Journal
to entities such as the University of Oxford and GlaxoSmithKline.

3.6 Reference citation burst analysis

Figure 6 displays the top 15 references with the strongest citation
bursts in the �eld of TT and TIG from 2000 to 2025, re�ecting
key periods of heightened research attention. The strongest burst
was observed for Sawyer et al (Sawyer et al., 2013), with a strength of
Frontiers in Cellular and Infection Microbiology 07
19.05 from 2014 to 2018, focusing on updated Advisory Committee
on Immunization Practices (ACIP) recommendations for Tetanus
Toxoid, Reduced Diphtheria Toxoid, and Acellular Pertussis Vaccine
(Tdap) vaccination during pregnancy to enhance maternal and
neonatal tetanus immunity. The report emphasized administering
Tdap between 27 and 36 weeks gestation to maximize maternal
antibody transfer to the fetus, particularly for women due for a
tetanus booster (>10 years since last Td) or with incomplete tetanus
vaccination histories, recommending a three-dose series (0, 4 weeks,
6–12 months) with Tdap replacing one dose to optimize protection
against maternal and neonatal tetanus (Sawyer, 2013). This guidance
has signi�cantly in�uenced tetanus prevention strategies, addressing
gaps in vaccination coverage and wound management during
pregnancy. Another notable burst came from Munoz et al (Munoz
et al., 2014), which had the longest burst period (2014 - 2019).
This randomized trial con�rmed the safety and immunogenicity
of maternal Tdap vaccination, providing pivotal evidence for
ACIP’s 2012 recommendation and in�uencing global neonatal
tetanus prevention strategies (Munoz et al., 2014). In contrast,
TABLE 4 Top 10 most productive journals in TT and TIG.

RRank Journal Publications Citations Citation per article RIF(2024) JCR(2024)

1 Vaccine 400 11381 28.45 3.5 Q2

2 The Pediatric Infectious Disease Journal 103 2264 21.98 2.2 Q3

3 Human Vaccines & Immunotherapeutics 75 1180 15.73 3.5 Q2

4 Journal of Immunology 72 9665 134.24 3.4 Q2

5 PLoS One 71 1456 20.51 2.6 Q2

6 Pediatrics 60 3851 64.18 6.4 Q1

7 The Journal of Infectious Diseases 50 1684 33.68 4.5 Q2

8 Infection and Immunity 47 2713 57.72 2.8 Q3

9 Vaccines 47 255 5.43 3.4 Q2

10 Clinical Infectious Diseases 40 2079 51.98 7.3 Q1
TABLE 3 Temporal distribution and ranking of major funding agencies in the �eld of TT and TIG.

Rank Funding agency full name Count Year Country/region

1 National Institute of Allergy and Infectious Diseases, National Institutes of Health 80 2000 USA

2 Medical Research Council 67 2005 UK

3 Bill and Melinda Gates Foundation 65 2010 USA

4 National Institutes of Health 35 2008 USA

5 Wellcome Trust 28 2005 UK

6 National Cancer Institute, National Institutes of Health 27 2000 USA

7 National Institutes of Health 26 2009 USA

8 National Center for Research Resources, National Institutes of Health 23 2000 USA

9 National Natural Science Foundation of China 18 2004 China

10 National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health 14 2000 USA

10 National Institute of Allergy and Infectious Diseases 14 2001 USA

10 Public Health Service, Department of Health and Human Services 14 2000 USA
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theLancet Seminar by Yen and Thwaites (2019) has exhibited a
sustained citation burst extending to the present, underscoring its
comprehensive synthesis of tetanus epidemiology, prevention, and
management, and highlighting its enduring relevance to global
control strategies (Yen and Thwaites, 2019).
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3.7 Keyword co-occurrence and trend
analysis

Figure 7 illustrates keyword co-occurrence, density, and citation
burst trends in research on TT and TIG. In the co-occurrence map
FIGURE 6

Top 15 references with the strongest citation bursts. The red segments indicate the duration and intensity of the citation bursts, highlighting key
studies that signi�cantly in�uenced the �eld during speci�c periods.
FIGURE 5

Interdisciplinary knowledge �ow and structural relationships. (A) Dual-map overlay of journals: The colored paths show citation links from citing
journals (left) to cited journals (right). (B) Three-�elds plot: A Sankey diagram illustrating the connections between countries (left), journals (middle),
and institutions (right).
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