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matic clusters are dominated by vaccine development and immunology, real-world effective-
ness, SARS-CoV-2 variants and immune evasion, vaccine safety, and public acceptance. The
evolution of study is concentrated on from initial clinical trials to real-world evidence, variant-
specific challenges, and eventually, long-term impact and systemic lessons. The survey gives a
comprehensive review of a defining scientific effort, showing the collaborative and rapid-re-
sponse nature of research during a global health crisis.

© 2026 by the authors; licensee Growing Science, Canada.

1. Introduction

The COVID-19 pandemic, which originated from the nasty coronavirus SARS-CoV-2, is one of the most important global
health events in recent history. Its fast dissemination globally is considered as an unprecedented mobilization of the schol-
arly researchers, guiding to a torrent of study with an objective of understanding the virus, locating its spread, and offering
effective countermeasures. The development, deployment, and investigation of vaccines appeared as an emerging area of
the global response. The scientific output associated with the pandemic and its vaccines has been engaging in both volume
and speed, building a vast and complex structure that is worthy for systematic analysis.

This present study offers a scientometric survey of research about the COVID-19 pandemic and vaccines, according to a
dataset of 19,749 records retrieved from the Scopus database where we have chosen 200 most cited articles. A scientomet-
rics study gives powerful approaches to map the landscape of a research field, determine key contributors, find the evolution
of topics, and gauge the effect of scholarly work. By implementing such methods, the study tries to delineate the intellectual
structure and dynamics of this critical research domain. The study plans to determine the most prolific authors and influential
publications; to study the geographic distribution of research output; to find the temporal evolution of research foci; to
detect the dominant thematic clusters within the literature; and to evaluate the citation effect and collaborative networks
that characterize this field. This study also looks to offer a nuanced understanding of how the global scientific community
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has addressed the intertwined challenges of the pandemic and vaccine development, giving insights, which could provide
future research directions and science policy in global health emergencies.

2. Methodology

The data for the present study was sourced from the Scopus database, which is the largest database of peer-reviewed articles
published. The search used in this study was based on the keywords “covid 19 pandemic” AND “vaccine” to capture records
that centrally address both themes. This search, conducted in Fall 2025, returned a total of 19,749 documents but we chose
only 200 highly cited articles for some part of the investigation. Fig. 1 shows the results of Network Visualization using
VOSViewer.
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Fig. 1. The results of Network Visualization using VOSViewer

The method of this survey for the study is descriptive and quantitative, concentrating on the metadata related to the publi-
cations indexed in the Scopus database. The analysis of keywords will be implemented to determine important research
themes and their shifts over the various phases of the pandemic. Co-authorship patterns have been also explored to under-
stand collaborative networks. It is essential to note the limitation that the full dataset of 19,749 records was not exhaustively
analyzed in its entirety for this survey; instead, the sample of 200 articles from such a large corpus inform the findings. The
analysis concentrates on high-impact works, as specified by citation counts, and prominent themes that have defined the
discourse.

2.1 Annual Growth and Trajectory of Publications

The publication path for COVID-19 pandemic and vaccine studies provides a classic pattern for a rapidly emerging study,
structured by an explosive trend phase followed by consolidation. While the precise yearly breakdown for the complete
19,749-record dataset is not accounted for in this survey, the trend aligns with broader observations of COVID-19 literature.
The year 2020 was the initial surge, with research concentrating on the basic virology of SARS-CoV-2, transmission dy-
namics, and the quick launch of vaccine development platforms.

The period 2021-2022 was the peak of publication output on this topic and coincided with the big deployment of first-
generation vaccines and the introduction of SARS-CoV-2 variants of concern (e.g., Alpha, Beta, Delta, and Omicron), and
the important survey of vaccine effectiveness, safety, and real-world effect. Key published papers during this period, such
as the phase 3 trial results for the BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Moderna) vaccines, were considered as
highly cited in the entire corpus. In addition, research expanded to cover new challenges, including waning immunity, the
rationale for and usefulness of booster doses, and the phenomenon of vaccine hesitancy. The study by Lazarus et al. (2022),
“Revisiting COVID-19 vaccine hesitancy around the world using data from 23 countries in 2021,” is an important instance
of the large-scale social science study that burgeoned during that period. Fig. 2 shows the summary of this survey.
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During the period 2023-2024, the studies started to become more mature and diverse. The first wave of clinical trial reports
and fast reviews helped way to more nuanced investigations. These covered long-term follow-ups of vaccine safety and
efficacy, detailed studies of immune responses, covering cellular immunity and responses to new variants, and the effect of
vaccines on Long COVID. The concentration also given to the pandemic's secondary side effects, as observed in the paper
by Flor et al. (2022), “Quantifying the effects of the COVID-19 pandemic on gender equality on health, social, and economic
indicators,” which, while not primarily about vaccines, shows vaccination within the broader pandemic context. The con-
tinued high publications in 2024, evidenced by major publications like the Global Burden of Disease Study analyses (Bender
et al., 2024; Vollset et al., 2024), shows the enduring scientific interest in understanding the full scope of the pandemic and
the role of interventions like vaccination.
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Fig. 2. Some basic scientometric information
2.2 Leading Authors and Collaborative Networks

The study effort into COVID-19 vaccines has become a deeply collaborative endeavor, integrating vast international con-
sortia and thousands of people. Analysis of the sample data and known literature discloses various key actors. A prominent
group includes the lead scientists behind the major vaccine platforms. For example, researchers like Ugur Sahin, Ozlem
Tiireci, and Norbert Pardi are important people for the development of the mRNA vaccine technology, as reflected in papers
on the BNT162b2 vaccine and lyophilization of mRNA formulations (Muramatsu et al., 2022). In addition, Dan H. Barouch
contributed substantially to the adenoviral vector vaccine platform, providing influential reviews on vaccine immunity (Ba-
rouch, 2022). The other highly influencing group is related to large-scale global health research institutions. Christopher
J.L. Murray and Simon I. Hay from the Institute for Health Metrics and Evaluation (IHME) are more frequent people on
high-effect publications detailing the global burden of COVID-19 and the impacts of interventions (Bender et al., 2024;
Vollset et al., 2024). Their work often gives massive author lists, demonstrating the collaborative nature of global burden
of disease studies. Lazarus et al. (2022, 2023) have been instrumental in tracking global attitudes towards vaccines, produc-
ing seminal surveys across dozens of countries.

The sample data also shows authors leading study on specific virological and immunological perspectives. For instance,
Markus Hoffmann and Stefan P6hlmann have investigated extensively on viral entry and variant resistance, with their 2022
paper in Cell on Omicron's evasion of antibody-mediated neutralization being a highly cited work (Hoffmann et al., 2022).
Similarly, Wang et al. (2023) reviewed broadly neutralizing antibodies. The collaborative networks are often international,
with frequent partnerships between institutions in the United States, Europe, and China. These collaborations were im-
portant for performing multi-center clinical trials, large epidemiological studies, and global surveillance attempts that un-
derpinned the rapid and robust assessment of vaccine performance (See Fig. 3).



Fig. 3. Density visualization

2.3 Core Journals and Publication Venues

The studies on the COVID-19 pandemic and vaccine research appeared on a wide spectrum of journals, from broad-interest
medical weeklies to more specialized journals in virology, immunology, and public health. High-impact journals like The
Lancet, The New England Journal of Medicine (NEJM), Nature (and its sister journals like Nature Medicine and Nature
Reviews Immunology), Science, and Cell were considered as primary venues for landmark publications due to their rapid
review processes and immense reach.

The Lancet and its specialty journals was the host of a substantial number of pivotal articles, which covers the phase 3 trial
outcomes for different vaccines, major epidemiological studies on vaccine effectiveness and effect (Arsenault et al., 2022),
and comprehensive commissions on the pandemic response (Sachs et al., 2022). NEJM was the other critical outlet, featuring
key clinical trial data (Duarte Moreira et al., 2022) and authoritative reviews on vaccine-induced immunity and variants
(Barouch, 2022). Nature journals were prominent for publishing fundamental scientific research on the virus and vaccines,
including structural investigations of the spike protein, mechanisms of immune evasion by variants, and reviews of vaccine
technology (Chen et al., 2023; Chow, Uyeki, & Chu, 2023).

More specialized journals also were important. Signal Transduction and Targeted Therapy and Nature Reviews Microbiol-
ogy published essential reviews on vaccine progress and virology. Immunology distributed studies on immune responses
and adverse events (Chen, Xu, et al., 2022). Viruses and the International Journal of Molecular Sciences gave platforms
for more specialized studies on virology and vaccine platforms (Gote et al., 2023; Patil, Goldust, & Wollina, 2022). The
diversity of publication venues provides the multidisciplinary nature of the field, engaging clinical medicine, basic science,
public health, and social sciences. The high volume of publications in prominent journals also clears the exceptional priority
and global interest accorded to this research area.
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2.4 Geographic Distribution of Research Output

The geographical distribution of studies on COVID-19 vaccines reflects global scientific capacity and the epicenters of the
pandemic and vaccine development. According to the institutional affiliations in the sample data and general trends, the
United States and China have contributed to this field, significantly. The US contribution is vast and diverse, stemming
from its robust biomedical research infrastructure, including the National Institutes of Health (NIH), academic powerhouses,
and the home bases of some pharmaceutical and biotechnology firms like Pfizer, Moderna, and Johnson & Johnson. Chinese
research output is also significant, with strong contributions in virology, vaccine development (notably the inactivated virus
platforms from Sinovac and Sinopharm), and clinical investigations, as evidenced by studies contributing from the Chinese
experience, such as the one from Shanghai (Zhang, Zhang, & Chen, 2022).

European nations, collectively and individually, are another part of the hub of research. The United Kingdom (with institu-
tions like the University of Oxford, a developer of the AstraZeneca vaccine), Germany (home to BioNTech), and multina-
tional consortia have generated a substantial share of the literature. Other countries with strong scientific traditions, such as
Canada, Australia, Japan, and South Korea, also feature prominently. The global south, including India, Brazil, and South
Africa, had good contribution critically through the conduct of clinical trials, studies on vaccine effectiveness in various
populations, and research on variants. For instance, the work of Salim S. Abdool Karim in South Africa has been significant
in shaping understanding of the epidemic in the region. Nevertheless, the distribution is not the same, giving pre-existing
disparities in scientific funding and infrastructure. A large share of high-impact, highly-cited clinical trials and fundamental
science articles are associated with a small number of high-income countries. This highlights a persistent challenge in global
health research. However, the extensive international collaborations observed in several articles, such as the global vaccine
hesitancy surveys (Lazarus et al., 2022, 2023) and the Global Burden of Disease studies (Vollset et al., 2024), show a
concerted effort to include data and perspectives from a large range of countries, enriching the global understanding of the
pandemic and vaccine rollout.

2.5 Dominant Thematic Clusters in the Literature

A study of the titles, abstracts, and author keywords from the sample dataset discloses various dominant and interconnected
thematic clusters that have structured the research landscape on COVID-19 vaccines during the pandemic. Vaccine Devel-
opment, Platforms, and Immunology. A basic cluster concerns the scientific and technological underpinnings of the vaccines
themselves. This incorporates detailed reviews of various vaccine platforms, with mRNA vaccines receiving particular
attention because of their novelty and high efficacy. The review articles by Fang et al. (2022) and Gote et al. (2023) give a
comprehensive study on the advances in mRNA vaccine technology, including lipid nanoparticle delivery systems, struc-
tural modifications of the mRNA, and the immune responses they have. Besides, studies on adenoviral vectors, inactivated
viruses, and protein subunits flourished. An essential sub-theme within this cluster is the survey of immune responses,
encompassing the generation and durability of neutralizing antibodies, the primary role of T-cells, and the concept of
broadly neutralizing antibodies that could target multiple coronaviruses, as reviewed by Chen et al. (2023). Vaccine Effi-
cacy, Effectiveness, and Impact. As vaccines were deployed, an extensive structure of literature involved assessing their
performance in real-world settings. This cluster is dominated by investigation measuring vaccine effectiveness (VE) against
infection, symptomatic disease, severe illness, hospitalization, and death. A substantial concentration has been devoted to
the waning of immunity over time and the subsequent requirement for and effectiveness of booster doses, as published in
clinical trials like the one by Duarte Moreira et al. (2022). Moreover, a study evaluated the population-level effect of
vaccination on transmission dynamics, mortality, and health system resilience (Arsenault et al., 2022). The Global Burden
of Disease studies (Bender et al., 2024) are a macro-level attempt to quantify the overall mortality and morbidity burden
attributable to COVID-19 and other respiratory infections, providing context for the effect of all interventions, including
vaccines.

SARS-CoV-2 Variants and Immune Evasion. The appearance of variants of concern, specifically the Omicron variant,
constituted a big research thrust. An important article by Hoffmann et al. (2022) showed the profound resistance of the
Omicron variant to neutralization by antibodies from vaccinated or convalescent individuals. This cluster shows the molec-
ular mechanisms of immune escape, the resulting reductions in vaccine effectiveness against infection and transmission,
and the adaptation of vaccines to target new variants. The other papers by Fan et al. (2022) and Khandia et al. (2022)
substantially cover the characteristics, pathogenicity, and global health concerns related to the Omicron variant.

Vaccine Safety and Adverse Events. The fast speed of vaccine development and deployment required intense scrutiny of
their safety profiles. This cluster documents and analyzes adverse events of special interest (AESI), ranging from common,
transient reactions like injection-site pain and fever to rare but critical events such as myocarditis, pericarditis, and vaccine-
induced immune thrombotic thrombocytopenia (VITT). Research also studies the potential for vaccines to trigger new-onset
autoimmune phenomena, a subject reviewed by Chen, Xu, et al. (2022). The overall consensus from this vast body of work
is that the vaccines are remarkably safe, with the benefits far outweighing the risks.
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Vaccine Acceptance, Hesitancy, andPolicy. The social and behavioral sciences attributed an important cluster ofliterature
on vaccine acceptance. Substantial papers by Lazarus et al. (2022,2023) systematically tracked vaccine hesitancy across
numerous countries, detectingkey determinants such as trust in government, panic of side effects, andexposure to misinfor-
mation. This study intersects with public health policy,exploring strategies to prevent vaccine uptake, combat misinfor-
mation, andensure equitable access. The Lancet Commission on the pandemic (Sachs et al.,2022) heavily endourse the
significance of these socio-behavioral factors andsound policy in the overall pandemic response.

Broader Pandemic Context and System-Level Impacts. Lastly, a substantial body of research considers vaccines within the
wider context of the pandemic's impacts, which includes papers on the disruption of other health services, the effect on non-
COVID disease management, and the broader societal and economic consequences. The study by Flor et al. (2022) on
gender equality is an instance, demonstrating how the pandemic and its control measures impacted men and women. Re-
search on supply chain disruptions, as reviewed by Moosavi et al. (2022), also falls into this category, highlighting the
logistical challenges of a global vaccination campaign.

2.6 Citation Analysis and Research Impact

Citation counts serve as an estimate proxy for the effect of scientific work within the research community. The literature on
COVID-19 pandemic and vaccines features various papers with exceptionally high citation numbers in a short period, re-
flecting their foundational importance. These high-impact articles can be divided into a few key types. First are the initial
reports of the phase 3 clinical trials for the leading vaccines. The papers detailing the efficacy and safety of the Pfizer-
BioNTech (BNT162b2) and Moderna (mRNA-1273) vaccines in the New England Journal of Medicine are among the most
cited articles in the entire corpus. While not all are in the sample, their effect is pervasive. Subsequent follow-up articles,
such as the one on a third dose of BNT162b2 by Duarte Moreira et al. (2022), also garnered substantial citations, guiding
global booster policy.

Second, seminal reviews that synthesized quickly evolving knowledge have been highly influential. Barouch's (2022) re-
view in the NEJM on “Covid-19 Vaccines - Immunity, Variants, Boosters” gives a comprehensive overview for clinicians
and researchers. In addition, the review by Chow, Uyeki, and Chu (2023) on the impacts of the pandemic on community
respiratory virus activity provided critical insights into the broader ecological impact of NPIs and SARS-CoV-2 circulation.

Third, groundbreaking primary research on virology and immunology, specifically concerning variants, has received high
citation counts. The Cell paper by Hoffmann et al. (2022) that characterized the extensive antibody evasion of the Omicron
variant is an important example. This work gave the mechanistic explanation for the observed reductions in vaccine effec-
tiveness versus infection with this variant and spurred further research into variant-updated vaccines.

Fourth, large-scale global papers and commissions have played a significant effect. The Lancet Commission report by Sachs
et al. (2022) is a highly cited article of lessons from the pandemic. The big, multi-country studies on vaccine hesitancy by
Lazarus et al. (2022, 2023) have been pivotal in shaping the understanding of public attitudes and the social dimensions of
the vaccination campaign.

Note that the speed of citation accumulation for these papers has been large, a phenomenon characteristic of “hot” research
fields. This gives the urgent necessity for the scientific community and policymakers to construct upon the latest evidence
to inform both further research and public health action.

2.7 Evolution of Research Focus Over Time

The research concentrated on COVID-19 vaccines has dynamically evolved in lockstep with the pandemic itself, the rollout
of vaccines, and the appearance of new scientific and public health challenges. The timeline can be significantly segmented
into distinct, albeit overlapping, phases.

The initial phase (late 2020-early 2021) was dominated by studies on vaccine development and the reporting of phase 1/2/3
clinical trial results. The questions were associated with safety, immunogenicity, and efficacy under controlled conditions.
The scientific discourse was covered with articles detailing the design of different vaccine platforms (mRNA, viral vector,
etc.), their mechanisms of action, and the first evidence of their ability to prevent COVID-19.

The second phase (mid-2021 through 2022) was involved with the era of real-world evidence and variants. As vaccines
were authorized and deployed at scale, the studies concentrated on observational investigations of vaccine effectiveness
(VE) in various populations and against emerging variants like Delta. This period also witnessed the first reports of waning
immunity, leading to a surge in investigations on booster doses and hybrid immunity. Concurrently, the emergence of the
Omicron variant late in 2021 constructed a new study imperative: understanding its extensive mutations, transmissibility,
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and capacity for immune evasion, as discussed by Hoffmann et al. (2022) and Fan et al. (2022). Research on vaccine safety
was also overwhelmed during this phase, with large-scale studies confirming the overall safety profile while identifying and
quantifying rare adverse events.

The third phase (2022 onward) is characterized by a maturation and diversification of research themes. While investigations
on VE against new Omicron sub-lineages and the effectiveness of bivalent/updated vaccines continued, the studies were
more devoted to addressing longer-term issues. These include the durability of immune protection, the effect of vaccination
on Long COVID, and the development of next-generation vaccines (e.g., pan-coronavirus vaccines). Besides, there was a
growing body of reflective and systemic studies, analyzing the lessons learned from the vaccine rollout, the socio-economic
impacts of the pandemic, and the resilience of health systems (Arsenault et al., 2022; Flor et al., 2022; Sachs et al., 2022).
The concentration also broadened to include the interaction between COVID-19 vaccination and other health factors, as
observed in the review of herpes zoster by Patil, Goldust, and Wollina (2022), reflecting a return to a broader health per-
spective alongside the specific COVID-19 focus.

3. Conclusion

This scientometric survey of the Scopus database on the COVID-19 pandemic and vaccines has disclosed a vast domain of
substantial scale, speed, and diversity. The analysis of approximately 20,000 publications confirmed a global scientific
enterprise that essentially tracked, responded to, and assisted an unprecedented global health crisis. The field was driven by
a combination of fundamental virological and immunological research, large-scale clinical and epidemiological surveys,
and critical social science inquiry into vaccine acceptance and policy. The key results of this survey emphasize the centrality
of certain themes: the quick development and real-world evaluation of novel vaccine platforms, the relentless challenge
posed by essential evolution and variants, the critical importance of monitoring vaccine safety, and the undeniable role of
public trust and communication in the success of a vaccination program. The cooperative nature of this research, often
spanning continents and disciplines, has been a defining key feature, helping the robust and quick generation of evidence.
The high citation effect of foundational clinical trials, key virological investigations, and major reviews have shown a field
that is highly integrated, with new findings quickly being absorbed and built upon by the global research community. How-
ever, this study also points to existing gaps and future guidelines. While the response was quick, the equitable distribution
of research capacity and output have remained a concern, with a dominance of high-income countries in high-impact pub-
lications. Future studies must continue to concentrate on the long-term safety and efficacy of vaccines, the development of
more durable and broad-spectrum coronavirus vaccines, and the integration of COVID-19 vaccination into routine health
systems. Moreover, a critical area for ongoing study is the synthesis of lessons learned to strengthen global preparedness
for any possible future pandemics, improving not only the technical tools but also the governance, communication, and
equity frameworks that underpin an effective response.
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