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Background: Influenza and meningitis are interconnected through shared epidemiological patterns and complications, with influenza 
often leading to bacterial meningitis by compromising host immunity. This study conducted a bibliometric analysis to explore global 
research trends on influenza and meningitis.
Methods: A comprehensive search was performed for publications on influenza and meningitis from 1980 to 2024 using the Web of 
Science Core Collection (WoSCC) database. Bibliometric analysis and visualization were conducted using the “bibliometrix” R 
package, VOSviewer, and CiteSpace.
Results: A total of 397 articles were analyzed, accumulating 12,829 citations. The USA led in productivity, followed by Japan and 
China, with the University of California System as the top institution. Vaccine emerged as the leading journal, while Kawashima Hisashi, 
Oana Shingo, and Yamanaka Gaku were identified as the most influential authors. Keyword cluster analysis identified five primary 
research areas: epidemiology and resistance, diagnostic methods, pediatric implications, vaccination and immunization, and pathogen 
interactions in influenza and meningitis. Notably, the increasing prominence of the keyword “burden” in recent years reflects a growing 
focus on the global epidemiological impact and healthcare challenges associated with these diseases. Additionally, emerging research 
trends include vaccine hesitancy, long-term sequelae in pediatric populations, and integrated approaches to prevention and management.
Conclusion: This study provides a bibliometric analysis of influenza and meningitis research, highlighting emerging trends, 
influential publications, and global collaborations. Despite the use of a single major database, the findings offer valuable insights; 
however, future global reviews may benefit from including multiple databases to maximize recall and minimize bias. Future research 
should prioritize advancements in vaccine development, diagnostic innovation, and integrated management strategies to address 
evolving public health challenges and improve outcomes in influenza and meningitis.
Keywords: influenza, meningitis, bibliometric analysis, VOSviewer, CiteSpace

Introduction
Influenza is an acute respiratory illness caused by influenza viruses A, B, and C, with A and B types being the most 
clinically significant.1 While influenza is primarily a viral disease, its complications can involve both viral and secondary 
bacterial processes, especially in vulnerable populations. Globally, seasonal influenza causes approximately 290,000 to 
650,000 respiratory deaths annually, according to World Health Organization (WHO) estimates, impacting up to 10% of the 
population each year.2 Its clinical presentation includes fever, cough, sore throat, muscle aches, and fatigue, which can 
escalate into severe complications in vulnerable populations such as children, the elderly, and individuals with pre-existing 
conditions.3 Influenza-associated complications encompass not only respiratory system issues but also those affecting other 
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systems, such as the central nervous system. Among these, meningitis stands out as a severe complication with significant 
health consequences, including a high mortality rate and long-term neurological impairments, particularly when the virus 
invades the central nervous system.4 This dual burden of direct morbidity and severe complications underscores influenza’s 
critical role as a public health concern, necessitating continued research into its epidemiology and clinical management.

Meningitis is a severe inflammatory condition of the meninges, the protective membranes surrounding the brain and 
spinal cord, often resulting from bacterial, viral, or fungal infections. It is important to note the distinction between viral 
meningitis—commonly caused by enteroviruses or influenza viruses—and bacterial meningitis, which is typically more 
severe and associated with different pathogens such as Streptococcus pneumoniae and Haemophilus influenzae.5 The 
prognosis, treatment, and long-term outcomes differ significantly between these etiologies, despite some overlapping 
clinical presentations.6 Clinically, meningitis presents with headache, fever, neck stiffness, and altered mental status.7 

Influenza can act as a precursor to meningitis, primarily by disrupting the respiratory epithelium and compromising host 
immunity, which facilitates secondary bacterial infections like pneumococcal or haemophilus influenzae meningitis.8 

Globally, viral meningitis caused by influenza viruses has been increasingly recognized in outbreaks, with influenza- 
associated meningitis cases reported across diverse geographic regions.9 For example, a study tracking influenza-related 
complications identified neurological manifestations, including meningitis, as significant contributors to morbidity.10 

Despite treatment advancements, the condition carries a high burden, with survivors often facing long-term neurological 
sequelae such as hearing loss, cognitive impairment, and motor deficits.11 However, the current state of research on 
influenza and meningitis lacks a comprehensive and integrated analysis, highlighting the need to systematically evaluate 
advancements and gaps in understanding their interplay.12

Bibliometric analysis, which employs quantitative and statistical methods to identify research trends, emerging fields, 
and key collaborations, serves as a valuable tool for strategic planning and resource allocation in research institutions, 
facilitating more informed decision-making. In recent years, bibliometric analyses have been increasingly used in the 
field of infectious diseases and central nervous system disorders to map research trends, collaborations, and knowledge 
gaps.13,14 For example, previous studies have focused on the epidemiology of influenza itself and on broader inflamma
tory or immune responses in the CNS.15,16 However, to the best of our knowledge, a comprehensive bibliometric analysis 
specifically addressing the intersection of influenza and meningitis remains unavailable. This study aims to address this 
gap by conducting a comprehensive bibliometric analysis of existing research on influenza and meningitis.

Materials and Methods
Search Strategies and Data Collection
A literature search for influenza and meningitis research was conducted using the Web of Science Core Collection 
(WoSCC), a comprehensive and authoritative database that indexes high-quality research across various disciplines, 
covering publications between 1980 and 2024. The search strategy was as follows: (TS = (Influenza OR Grippe*)) AND 
TS = (Meningitis*).17 To avoid inconsistencies from database updates, the literature retrieval was conducted on 
December 26, 2024. The choice to use only WoSCC was based on its broad coverage, standardized metadata, and 
superior compatibility with bibliometric software. While searching multiple databases is generally recommended for 
systematic reviews to maximize recall and minimize bias, for bibliometric studies, merging data from different sources 
often introduces inconsistencies and duplicate records, and may reduce data quality and software compatibility. This 
approach is supported by Bramer et al, who highlight the practical and methodological challenges of merging records 
from multiple databases for bibliometric analysis.18

The inclusion criteria were: 1. Original articles and research papers related to both influenza and meningitis; 2. 
Publication date between 1980 and 2024; and 3. English language. The exclusion criteria included: 1. Reviews, editorial 
materials, letters, meeting abstracts; 2. Non-English publications; and 3. Articles unrelated to the research topic. All records 
retrieved from WoSCC were directly exported in plain text format. Duplicate entries were automatically detected and 
removed by CiteSpace and the R package bibliometrix during the bibliometric analysis process. As this study aimed to 
provide a comprehensive overview of global research output, no additional manual screening for relevance was conducted.
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Consistent with standard bibliometric practice, no formal quality assessment was performed, as bibliometric analyses 
aim to map research output and trends rather than evaluate the methodological quality of individual studies. This is in 
line with recommendations in the bibliometric literature.19

Data collected included: publication counts, citation counts, article titles, author details, institutions, countries/ 
regions, keywords, and journal names for subsequent bibliometric analysis.

Statistical Analysis
Microsoft Excel 2019, the R package “bibliometrix” (version 4.3.3), VOSviewer (version 1.6.20), and CiteSpace (version 
6.3. R1) were utilized for data analysis and visualization. The R package “bibliometrics” enabled visualization of 
publication outputs from corresponding authors across different countries and the article count from the top ten 
institutions.20 VOSviewer was employed to visualize collaborations among countries, institutions, and authors, co- 
occurrence and coupling networks of journals networks, as well as keyword analysis.21 CiteSpace was applied for 
keyword burst analysis, with parameters set as follows: time slicing from January 1994 to December 2024, with a slice 
interval of one year; node types set to keywords; and thresholds of the top five keywords per segment, employing 
pathfinder pruning and merged networks. These settings facilitated a visual analysis to generate a keyword timeline map 
for “influenza and meningitis”, offering insights into the temporal development of key research themes.

Several parameters from the WoSCC, including the h-index and g-index were employed to quantify the academic 
impact of individuals and journals.22,23 The h-index is a vital indicator for evaluating researchers’ academic contributions 
and predicting their future scientific achievements. The g-index enhances this evaluation by giving more weight to highly 
cited articles, providing a better assessment of a researcher’s impact. Journals were assessed using Impact Factor (IF) and 
Journal Citation Reports (JCR), which are widely recognized metrics for evaluating the academic influence, citation 
frequency, and overall quality of scholarly publications.20

Results
An Overview of Publications
The overall selection process was presented in Figure 1. The study analyzed 397 articles published between January 1980 
and December 2024, spanning 246 journals and involving 2,499 authors, with a total of 930 keywords and 12,829 
references. The annual article count demonstrated an average growth rate of 2.71%, with an international collaboration 
rate of 19.9%.

The annual growth rate indicated that research on influenza and meningitis steadily increased over time (Figure 2). 
This growth could be divided into two distinct phases. Phase one, covering the period before 2009, experienced an annual 
publication growth of fewer than 10 articles. Phase two demonstrated a steady increase in annual growth rates, 
culminating in a peak of 29 articles in 2021.

Analysis of Countries
The top publishing countries were primarily located in Asia, North America, and Europe (Figure 3A and Table S1). In the 
field of influenza and meningitis research, the top three contributors in terms of total publications are the USA (438), 
Japan (102), and China (95). The USA also has the highest total number of citations, at 2,598, followed by the UK (959) 
and Japan (811). However, in terms of average citations per publication, the standout countries are the UK (38.4), France 
(34.6), and Canada (34.1). Notably, despite its relatively high publication output, China has lower total citations (296) 
and average citations per publication (11).

Publications were further categorized into Single Country Publications (SCP) and Multiple Country Publications 
(MCP). The MCP number of USA was 20, while China and Japan only had 2 and 1 MCP, respectively. Among the 34 
countries involved in international collaborations with at least one article, the USA (total link strength = 70) had the 
highest number of collaborations, followed by the UK (total link strength = 38) and Germany (total link strength = 30) 
(Figure 3B). Detailed bibliometric indicators of the high-impact journals are provided in Table S2.
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Analysis of Institutions
The top 10 institutions contributing to the research, as shown in Figure 4A, include six from the USA, two from France, and one 
each from the UK and Canada. The top three institutions in terms of publication volume were the University of California System 
(34 articles), the Centers for Disease Control and Prevention (CDC) (30 articles), and the University of Oxford (21 articles). 
Among the 54 institutions engaged in international collaborations with at least nine articles, Johns Hopkins University had the 
highest number of collaborations (total link strength of 23), followed by the Centers for Disease Control and Prevention - USA 
(total link strength of 15) and the University of Pittsburgh (total link strength of 13) (Figure 4B).

Figure 1 Flowchart of the literature screening process. Meningitis*: the asterisk (*) represents a truncation symbol used to retrieve variations of the word “meningitis”.
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Analysis of Journals
For research on influenza and meningitis, the top three journals by h-index were Vaccine (h-index = 13, TP = 21, TC = 414), 
Pediatric Infectious Disease Journal (h-index = 10, TP = 14, TC = 306), and PLOS ONE (h-index = 7, TP = 11, TC = 203). 
All three journals were highly influential in the field, with Vaccine being classified in the JCR Q2 category and Pediatric 
Infectious Disease Journal and PLOS ONE in JCR Q1. Among the top 10 journals by h-index, Clinical Infectious Diseases 
had the highest IF (8.2), followed by Journal of Medical Virology (IF = 6.8). A total of 59 journals with at least two related 
publications were selected for analysis. Co-occurrence networks were constructed to examine the association between 
publications across different journals by evaluating shared references (Figure 5A). The three key journals with the highest 
total link strength in co-occurrence networks were Clinical Infectious Diseases (9), Pediatric Infectious Disease Journal 
(4), and Pediatrics (4). To improve clarity, a simplified journal co-occurrence network (Figure S1) is provided, focusing on 
the main publication clusters.

Additionally, coupling networks were created to assess the extent of thematic or topical connections between journals 
based on frequent co-citation patterns (Figure 5B). High link strength in the coupling network suggested a strong intellectual 
relationship, demonstrating a shared research focus within the field. The same three key journals—Pediatric Infectious 
Disease Journal (137), Vaccine (115), and Pediatrics (101)—exhibited the highest total link strength in this network.

Analysis of Authors
Among the top 10 authors ranked by h-index in Table S3, Hisashi Kawashima, Anna Shinwa, and Gaku Yamauchi ranked 
first, second, and third, respectively, in this field, each with identical metrics (h-index = 5, g-index = 6, m-index = 0.29, 

Figure 2 Annual number of publications.
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Figure 3 Global Distribution and Collaboration Network of Publications. (A) Distribution of corresponding author’s publications by country. (B) Visualization map depicting 
the collaboration among different countries.
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TP = 6, TC = 91). A collaboration network was constructed for authors with two or more publications, reflecting their 
interconnected contributions to advancing this critical area of research (Figure 6). Overall, authors from various 
institutions were classified into more than three groups based on their collaboration levels, with most of these 
collaborations being geographically driven. Among the 93 authors engaged in international collaborations with at least 

Figure 4 Institutional Contributions and Collaboration Network in Research. (A) Top ten institutions by article count and rank. (B) Visualization map depicting the 
collaboration among different institutions.

Journal of Multidisciplinary Healthcare 2025:18                                                                                 https://doi.org/10.2147/JMDH.S537261                                                                                                                                                                                                                                                                                                                                                                                                   7615

Xiong et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 5 Visualization map depicting the co-occurrence networks of journals and coupling Networks. (A) The co-occurrence networks of journals. (B) The coupling 
networks of journals.
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two articles, Oana Shingo, Yamanaka Gaku, and Kawashima Hisashi each demonstrated the highest number of 
collaborations (total link strength of 33), highlighting robust and well-established collaborative networks among these 
leading researchers.

Analysis of Keyword Co-Occurrence and Burst Keyword
A total of 162 keywords with at least 3 occurrences were identified (Figure 7A), allowing the rapid identification of 
research hotspots within the field. The keyword cluster analysis, now visualized in a simplified network (Figure S2), 
identified five primary thematic areas within influenza and meningitis research. The red cluster (Epidemiology and Public 
Health) included terms such as “infections”, “epidemiology”, “population”, and “resistance.” The blue cluster 
(Diagnostics and Clinical Assessment) comprised keywords like “diagnosis”, “polymerase-chain-reaction”, “acute 
encephalopathy”, and “herpes-simplex encephalitis.” The purple cluster (Pediatric and Neurological Impact) contained 
terms such as “children”, “infants”, “encephalitis”, and “complications.” The green cluster (Vaccination and 
Immunization Strategies) featured keywords like “influenza vaccination”, “immunization”, and “efficacy.” Finally, the 
yellow cluster (Pathogen Interactions and Disease Synergy) focused on terms like “streptococcus-pneumoniae”, “influ
enza-virus”, “lethal synergism”, and “seasonality.” These clusters highlight the distinct research areas and recurring 
themes in the field of influenza and meningitis.

The change in node color reflected the variation in keyword frequency and thematic relevance over time (Figure 7B). 
In addition, a simplified keyword timeline network (Figure S3) visualizes the temporal evolution of research focuses. The 

Figure 6 Visualization map depicting the collaboration among different authors.
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Figure 7 Continued.
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analysis of keywords revealed distinct research focuses across different periods. Before 2010, frequently occurring 
keywords included “infections”, “children”, “infants”, and “vaccine.” By 2014, the keywords expanded to encompass 
terms like “immunization”, “outbreak”, “risk”, and “population.” From 2018 onward, prominent keywords included 
“seasonal influenza”, “manifestations”, “attitudes”, and “knowledge.”

The keyword burst analysis identified key terms with notable citation increases over specific time periods (Figure 7C). 
“Hemophilus influenzae” showed an early burst from 1994 to 1999 (burst strength 2.21). The strongest burst was 
observed for “immunization” during 2015–2020 (burst strength 4.54). More recent bursts include “public health” (2020– 
2021, burst strength 2.37) and “burden” (2021–2024, burst strength 2.26).

Discussion
General Information
This bibliometric study has unveiled the current state of research on influenza and meningitis, highlighting the USA as 
the leading contributor, followed by Japan and China, with the University of California System and the Centers for 
Disease Control and Prevention standing out as top institutions. Notably, Japan’s prominent contribution may be 
attributed to its strong tradition in pediatric infectious disease research, robust public health surveillance, and early 
adoption of diagnostic technologies; these factors likely explain its high research productivity relative to its population 
size and are worthy of further exploration in future bibliometric or qualitative research. Vaccine emerged as the most 
influential journal, and Kawashima Hisashi, Oana Shingo and Yamanaka Gaku were identified as the most influential 
authors. Keyword co-occurrence and burst analysis revealed five major research clusters in influenza and meningitis, 

Figure 7 Keyword Co-occurrence Network, Timeline Evolution, and Burst Analysis. (A) Visual analysis of keyword co-occurrence network analysis. (B) Visual Analysis of 
Keyword Co-occurrence Network and Timeline Change Analysis. (C) Analysis of Burst Keywords.
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covering epidemiology, diagnosis, pediatric implications, vaccination, and pathogen interactions, while chronological 
trends indicated a shift from infection surveillance to immunization impact, with recent keyword bursts emphasizing 
public health burden and vaccination strategies.

Kawashima Hisashi contributed notably to pediatric neurology and infectious diseases, with one of his key works explored 
neurodevelopmental outcomes in children.24 Oana Shingo’s work, Viral coinfections in children with invasive pneumococcal 
disease, focusing on infectious diseases in pediatric populations.25 Yamanaka Gaku’s collaborative research significantly 
overlaps with these themes, further contributing to advancements in pediatric infectious disease management.26

Keyword Analysis
Thematic keyword analysis revealed key areas of focus, including epidemiology, vaccination, pediatric health, diagnos
tics, and pathogen dynamics, reflecting the field’s evolution from foundational studies to advanced preventive strategies 
and precision interventions aimed at improving global health outcomes.

Epidemiology and Public Health
The red cluster underscores a focus on epidemiology and population-level disease patterns. Core keywords like 
“infections”, “epidemiology”, “population”, and “resistance” highlight research aimed at understanding the burden and 
transmission of influenza and meningitis. The epidemiological cluster demonstrated strong evidence for population-level 
patterns, particularly highlighting how seasonal influenza epidemics contribute to increased bacterial co-infections.27 

Notably, research has shown that influenza-induced inflammation significantly compromises mucosal barriers and 
immune responses, leading to heightened susceptibility to invasive pneumococcal infections during peak flu seasons.28 

At the molecular level, influenza infection upregulates the expression of host proteases such as TMPRSS2, facilitating 
bacterial adherence and invasion while simultaneously suppressing alveolar macrophage function, thereby exacerbating 
secondary infections.29 However, our analysis indicates that studies from low- and middle-income countries (LMICs) 
remain underrepresented, likely due to language barriers, resource limitations, and publication bias, which may restrict 
global understanding of disease epidemiology.

Diagnostics and Clinical Assessment
The blue cluster reflects advancements in diagnostic tools and efforts to decipher clinical presentations of these diseases. 
Key terms such as “diagnosis”, “polymerase-chain-reaction (PCR)”, and “acute encephalopathy” illustrate the focus on 
precision diagnostics. Advances in diagnostic capabilities, particularly PCR technologies, have transformed our under
standing of disease presentation and progression.30 The implementation of molecular diagnostic techniques has not only 
improved detection sensitivity but also revealed previously unrecognized patterns in pathogen dynamics.31 These 
findings suggest that early detection through PCR-based methods may significantly improve survival outcomes in 
meningitis cases, though further research is needed to quantify the long-term benefits of rapid diagnosis.32 

Nonetheless, there is a persistent need for rapid and affordable diagnostic tools, particularly in LMICs, as highlighted 
by recent shifts in global health research priorities.33 Future research should focus not only on accuracy, but also on the 
affordability and accessibility of diagnostics to ensure impact in resource-limited settings.

Pediatric and Neurological Impact
The purple cluster centers on pediatric populations, with keywords such as “children”, “infants”, “encephalitis”, and 
“complications.” Studies have consistently reported that children are disproportionately affected by influenza and menin
gitis, both in terms of incidence and severity.34 The high rate of long-term sequelae in pediatric cases - affecting up to 30% 
of survivors - underscores the critical importance of preventive strategies for this vulnerable population.35 Mechanistically, 
children exhibit increased susceptibility due to an immature adaptive immune system, characterized by lower baseline 
levels of memory B and T cells and a delayed interferon response, which impairs viral and bacterial clearance.36 

Additionally, the underdeveloped blood-brain barrier in infants facilitates pathogen invasion, exacerbating the severity of 
central nervous system infections.37 Despite these findings, the literature on long-term neurodevelopmental outcomes and 
interventions in children, especially in LMICs, remains limited and represents a notable research gap.
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Vaccination and Immunization Strategies
The green cluster highlights the critical role of vaccines, with terms like “influenza vaccination”, “immunization”, and 
“efficacy.” Vaccination remains the cornerstone of prevention for both influenza and pneumococcal meningitis.38 While 
meta-analyses demonstrate significant reductions in hospitalizations and disease incidence among vaccinated popula
tions, issues of vaccine hesitancy and variable efficacy in specific demographic groups remain substantial barriers.39 The 
emerging research on universal influenza vaccines targeting conserved viral regions may offer a promising solution to 
these challenges, though further clinical trials are needed to confirm their efficacy.40 Social and behavioral research on 
vaccine acceptance, public attitudes, and implementation science is still insufficiently represented, particularly for 
marginalized and resource-limited populations.

Pathogen Interactions and Disease Synergy
The yellow cluster delves into pathogen-specific interactions and seasonal trends, with representative terms including 
“streptococcus-pneumoniae”, “influenza-virus”, “lethal synergism”, and “seasonality.” These studies reveal how influ
enza acts as a precursor to bacterial meningitis by disrupting the respiratory epithelium and facilitating secondary 
infections.41 Influenza virus infection compromises mucociliary clearance by impairing ciliary function and inducing 
epithelial cell apoptosis, allowing bacterial pathogens like Streptococcus pneumoniae and Neisseria meningitidis to 
colonize the upper respiratory tract more effectively.42 The viral infection also triggers excessive pro-inflammatory 
cytokine release, including IL-6 and TNF-α, which can enhance blood-brain barrier permeability, thereby facilitating 
bacterial invasion into the central nervous system.42,43 Research supports previous findings of a 25% increase in 
meningitis cases following peak flu activity, suggesting a clear temporal relationship between these infections.44 

Additionally, epidemiological modeling studies indicate that co-infections can significantly worsen disease severity 
and mortality rates, underscoring the importance of understanding host-pathogen interactions in seasonal outbreaks.45 

These insights highlight the need for integrated surveillance systems and the coordination of prevention strategies that 
can address both viral and bacterial pathogens, especially in regions where healthcare resources are limited.

Keyword Burst
The evolution of research on influenza and meningitis has undergone significant transitions over the past decades. Before 
2010, the research focus was foundational, addressing the burden of diseases like influenza and meningitis on vulnerable 
populations, with keywords like “infections”, “children”, “infants”, and “vaccine” prominently featured. Studies established 
fundamental understanding of disease burden, particularly in vulnerable populations.27 Analysis of global epidemiological 
data revealed striking meningitis incidence rates of 40 cases per 100,000 annually among children under five years, with 
mortality rates exceeding 10% despite therapeutic advances.46 These findings were particularly significant as they established 
the mechanistic relationship between influenza and bacterial meningitis, demonstrating how viral infections compromise host 
immunity and facilitate bacterial invasions, particularly by Streptococcus pneumoniae.47

On the preventive front, early investigations into vaccines began to emerge. Initial vaccine trials yielded promising 
results, with polysaccharide vaccines demonstrating a 25% reduction in invasive bacterial diseases among vaccinated 
infants.12 However, these early interventions faced significant implementation challenges, particularly in achieving 
comprehensive coverage.48 Multi-cohort analyses during this period identified premature birth as a significant risk factor 
for severe influenza-associated complications, highlighting the necessity for stratified preventive approaches.49

The period from 2010 to 2014 marked a significant shift toward understanding population-level dynamics and risk 
assessment, highlighted by keywords like “immunization”, “outbreak”, “risk”, and “population.” Epidemiological studies 
demonstrated temporal correlations between influenza peaks and increased meningitis cases, attributed to co-infections 
and immune suppression.27 The implementation of conjugate vaccine programs showed marked success in reducing 
meningitis incidence among vaccinated populations.50 Mathematical modeling of outbreak dynamics revealed that 
delayed vaccine deployment significantly increased hospitalization rates.51 Risk stratification analyses identified age 
and pre-existing respiratory conditions as critical determinants of disease severity, with elderly populations showing 
particularly vulnerable to adverse outcomes.52
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Contemporary research has increasingly focused on clinical manifestations and societal factors affecting disease 
control. Seasonal influenza epidemics continue to demonstrate strong associations with increased meningitis hospitaliza
tions, including keywords like “seasonal influenza”, “manifestations”, “attitudes”, and “knowledge”53 Long-term follow- 
up studies of pediatric meningitis survivors have documented significant sequelae, including hearing impairment and 
developmental delays, emphasizing the critical importance of early intervention.53

The emergence of vaccine hesitancy as a significant barrier to disease control has prompted increased attention to 
social and behavioral factors.40 While educational interventions have shown promise in improving vaccine acceptance, 
significant regional variations persist. Furthermore, enhanced clinical awareness has demonstrated measurable improve
ments in early diagnosis and treatment outcomes, particularly in resource-constrained settings.54 Our findings emphasize 
that future research should not only pursue technological advances but also address social determinants of health, 
implementation barriers, and health equity issues.

Future Perspectives in Influenza and Meningitis Research 
Future research in influenza and meningitis should prioritize the integration of advanced diagnostic technologies, such as 
high-throughput data chip sequencing and multimodal imaging, to surpass the limitations of PCR and enhance detection 
accuracy, allowing for earlier and more precise pathogen identification. Additionally, the development of rapid, afford
able, and accessible diagnostic tools is urgently needed for LMICs, where disease burden is often highest and resources 
are scarce.55 Expanding the development of universal vaccines targeting conserved viral and bacterial antigens offers 
potential for broader protection against co-infections. Enhanced surveillance systems combining real-time epidemiolo
gical data with genomic tracking could predict outbreaks more effectively. Addressing vaccine hesitancy through tailored 
public health campaigns and global collaboration to ensure equitable vaccine access will be essential. Emphasis on long- 
term patient outcomes, particularly in vulnerable populations, will drive innovations in personalized treatment and 
comprehensive care strategies. Moreover, future bibliometric studies should attempt to stratify analyses by pathogen 
(viral vs bacterial), to offer more granular insights for clinical and public health practice, as current database indexing 
limits such differentiation.

Strengths and Limitations
This study provides a comprehensive overview of research trends and advancements in influenza and meningitis by 
employing a bibliometric approach, which allows for the identification of key contributors, influential articles, and 
evolving research priorities. The integration of multiple analytical tools ensures robust data visualization and network 
mapping, facilitating a nuanced understanding of collaborative networks and thematic clusters. Furthermore, the temporal 
analysis of keywords offers valuable insights into the shifting focus of research, from foundational studies to contem
porary challenges, enabling a strategic perspective on future directions.

In accordance with the recent BIBLIO reporting guideline for bibliometric reviews, this study adheres to minimum 
requirements for transparency and reproducibility. There are also some limitations, including potential publication bias, 
as only English-language articles were considered, which may exclude relevant studies in other languages. Furthermore, 
the analysis is based on available publications, and the conclusions may not fully reflect ongoing research efforts or 
emerging trends beyond the publication period. Additionally, the reliance on citation-based metrics may disproportio
nately favor older studies with more time to accumulate citations, potentially underrepresenting the impact of recent, 
high-quality research. Finally, differences in database indexing and journal coverage may have led to the omission of 
important articles not included in the WoSCC database, limiting the comprehensiveness of the analysis.

Conclusion
This comprehensive bibliometric analysis of influenza and meningitis research highlights the evolution of global research 
priorities, key contributors, and emerging trends in the field. The increasing prominence of keywords such as “seasonal 
influenza”, “knowledge”, and the recent burst of “burden” reflects a shift toward addressing vaccine efficacy, public health 
education, and vaccine hesitancy as central challenges. The findings underscore that research efforts are increasingly 
focused not only on epidemiology and clinical management, but also on societal and systemic aspects of disease control.
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Implications for clinical practice and policy include the urgent need to develop rapid, affordable diagnostic tools, 
advance the creation of universal vaccines, and implement integrated, equitable public health strategies to reduce the burden 
of both influenza and meningitis worldwide. Continued global collaboration and attention to research gaps—particularly in 
low- and middle-income settings—will be essential to effectively mitigate the impact of these diseases in the future.
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