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Background: The neuroimmune axis plays a crucial role in maintaining pulmonary
homeostasis and in�uencing disease outcomes. Although signi�cant progress has
been made in this interdisciplinary �eld, the research remains scattered, and a
uni�ed understanding is still lacking. This study applies bibliometric techniques to
delineate the knowledge landscape, examining its dynamics and structural
features. The objective is to establish a systematic framework for fostering
disciplinary consensus and directing future research directions.
Methods: Data for the primary bibliometric analysis and visualization were drawn
from the Science Citation Index Expanded within the Web of Science Core
Collection. Visualization was performed using VOSviewer and CiteSpace. To
ensure the robustness and validity of our �ndings, a complementary dataset
was retrieved from PubMed for cross-database comparative analysis. The WoS
dataset served as the basis for the main analytical and visual mapping processes,
while the PubMed dataset was utilized to verify the consistency of key trends
and patterns.
Results: Using the WoS Core Collection, 2,171 publications were analyzed. Annual
output rose steadily over the past decade, peaking at 280 articles in 2022 (R� =
0.9315). The United States led with 699 publications, an H�index of 81 and 39.12
average citations, followed by China (n=547). At the institutional level, the
University of California system was most productive (n=62), while Harvard
University showed the greatest impact (4,652 total citations, H�index=31);
collaboration analysis revealed a core-periphery network centered on Harvard
Medical School, with Shanghai Jiao Tong and Fudan University increasing their
collaborative activity. Research hotspots centered on neuroimmunity, notably
neuropeptides and autonomic regulation in asthma, and have expanded post
�COVID to neuro�pulmonary complications. Cross�database validation with
PubMed (1,970 articles) con�rmed high consistency in publication trends and
core topics.
Conclusion: This study is the �rst to systematically analyze the knowledge
structure and developmental trajectory of neuroimmunology in pulmonary
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diseases from 2015 to 2024. The analysis clari�es the leading position of USA and
the rise of China and other emerging contributors. Cross�database validation
supports the robustness of these �ndings. Collectively, these results deepen
comprehension of the �eld’s knowledge framework and furnish empirical
guidance for future research priorities and allocation of resources.
KEYWORDS

neuroimmunity, lung diseases, bibliometrics, CiteSpace, VOSviewer, cross-database
validation
1 Introduction

The lungs, as an important physiological barrier for direct
interaction between the human body and the external
environment, are continuously exposed to various foreign
substances, pathogens, and irritants (1). Traditionally, the
immune system and the nervous system have been regarded as
two independently functioning defense systems: the immune
system provides speci�c protection through cellular and
molecular mechanisms, while the nervous system is responsible
for rapidly detecting threats and coordinating the body’s responses
(2). However, groundbreaking research in recent years has revealed
a profound and complex bidirectional dialogue between these two
systems, highlighting the cellular and molecular mechanisms
underlying this interaction. Soluble mediators including
neurotransmitters, neuropeptides, and cytokines broadly mediate
these interactions by signaling through cell surface receptors on
target cells (3). The nervous system, through its densely distributed
peripheral nerve endings in the airways and lung parenchyma, can
almost instantaneously detect environmental changes, such as
chemical, mechanical, and thermal stimuli. Sensory and
autonomic neurons, together with released neuropeptides (such as
substance P, CGRP) and classical neurotransmitters (such as
acetylcholine, norepinephrine), have been shown to engage in
direct, speci�c crosstalk with innate immune effectors (for
example alveolar macrophages, mast cells, neutrophils and
dendritic cells) as well as adaptive immune populations
(including CD4+ and CD8+ T lymphocytes and B cells), thereby
modulating their migration, activation status, and downstream
effector functions (4). This neuro-immune interplay is crucial for
preserving pulmonary homeostasis, coordinating host defense
responses, and promoting tissue repair (5). When this �nely
tuned regulatory network is disrupted, the protective responses
can turn into pathological processes. Abnormally persistent
neuroimmune signaling is recognized as a principal driver of
multiple chronic pulmonary disorders (6).Understanding the
speci�c molecular mechanisms of neuro-immune interactions not
only provides a new perspective for elucidating the pathophysiology
of lung diseases but also opens up unprecedented therapeutic
prospects. The pandemic has altered the global burden trends of
chronic respiratory diseases (CRD), particularly asthma, followed
by chronic obstructive pulmonary disease (COPD) (7). With the
global aging population, the burden trends associated with low
social demographic index (SDI) levels have raised concerns (8). As
02
COVID-19 becomes endemic, the elderly will be affected by
repeated viral infections, which will increasingly manifest in the
coming years (7). Consequently, investigating how neuro-immune
crosstalk in�uences therapeutic outcomes in pulmonary diseases
is essential.

Bibliometric analysis is a multidisciplinary approach that has
been utilized in gynecology, orthopedics, gastroenterology,
complementary and alternative medicine, and other clinical
specialties (9, 10). Through assessment of databases and literature
features, bibliometric methods can predict trajectories of scienti�c
publications and act as a practical tool to identify research frontiers.
Moreover, they yield robust metrics to guide experimental designs
and funding allocation (11). To date, no bibliometric analysis has
speci�cally examined the role of neuro-immune interactions in
pulmonary diseases. This review will provide a systematic account
of neuro-immune regulation in lung disorders and perform a
bibliometric assessment to comprehensively map the development
trends and major research hotspots in this �eld. It will also address
practical obstacles to clinical translation and outline concrete
future directions.
2 Methodology

2.1 Data sources and search strategies

Data for this study were retrieved from two independent
databases—the Web of Science (WOS) Core Collection and
PubMed—to conduct a robust bibliometric analysis and cross-
database validation. The publication period was restricted from
2015 to 2024, in both databases. All searches and data downloads
were completed on a single day to avoid discrepancies caused by
daily database updates. The primary dataset for analytical mapping
and visualization was sourced from the Science Citation Index
Expanded (SCI-Expanded) within the Web of Science Core
Collection (WOSCC). The search strategy for WOS was as
follows: TS=(((“neuro-immune” OR neuroimmune OR “neuro-
immun*” OR neuroimmun* OR “neuro-in�amm*” OR
neuroin�amm*) AND (lung OR pulmonary OR airway OR
respirat*))OR(((“autonomic nervous system” OR “sympathetic
nervous system” OR “parasympathetic nervous system” OR
“vagus nerve” OR “cholinergic”) AND (immun* OR in�amm*))
AND (lung OR pulmonary OR respirat*))OR((“neurogenic
frontiersin.org
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in�ammation” OR “neurogenic pulmonary” OR “neuropeptide”
OR “substance P” OR “CGRP”) AND (lung OR pulmonary OR
airway))OR((“lung-brain axis” OR “pulmonary-brain axis” OR
“neuro-immune axis” OR “neuroimmune axis”) AND (lung OR
pulmonary))). As of December 31, 2024, all publications were
retrieved, resulting in 3,343 relevant documents. After excluding
19 non-English publications and 9 retracted articles, and limiting
the document type to articles and reviews to ensure research quality,
a total of 3124 documents were included. Final 2,171 documents
screened by relevance (Figure 1). We employed CiteSpace to detect
and remove duplicate publications, then extracted titles, abstracts,
keywords, and country af�liations, resulting in a dataset of 1,571
articles and 600 reviews for analysis. To ensure the robustness of
our �ndings and mitigate potential database-speci�c biases, a
parallel validation dataset was retrieved from PubMed using the
following conceptually equivalent search strategy, which
combines Medical Subject Headings (MeSH) and title/
abstract keywords: ((“Neuroimmunomodulation”[MeSH] OR
“neuro-immune” OR neuroimmune OR “neuro-immun*”
OR “neuroin�ammation”[tiab] OR “neuro-in�ammatory”[tiab])
AND (“Lung”[MeSH] OR “Respiratory System”[MeSH] OR lung
OR pulmonary OR airway* OR respirat*)) OR (((“Autonomic
Nervous Sys tem” [MeSH] OR “Sympathe t i c Nervous
System”[MeSH] OR “Parasympathetic Nervous System”[MeSH]
OR “Vagus Nerve”[MeSH] OR “vagus nerve” OR cholinergic)
AND (“Immunity”[MeSH] OR immun* OR in�amm*)) AND
(“Lung”[MeSH] OR pulmonary OR respirat*)) OR ((“Neurogenic
In�ammation”[MeSH] OR “neurogenic in�ammation”[tiab] OR
“neurogenic pulmonary”[tiab] OR “Neuropeptides”[MeSH] OR
“neuropeptide*”[tiab] OR “Substance P”[MeSH] OR “substance
P”[tiab] OR “Calcitonin Gene-Related Peptide”[MeSH] OR
“CGRP”[tiab]) AND (“Lung”[MeSH] OR pulmonary OR
airway*)) OR (((“Brain”[MeSH] AND “Lung”[MeSH]) OR “lung-
brain axis”[tiab] OR “pulmonary-brain axis”[tiab] OR “neuro-
immune axis”[tiab] OR “neuroimmune axis”[tiab]) AND
(“Lung”[MeSH] OR pulmonary)). Retrieval was restricted to
English-language records within the same period and further
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limited to study types including Adaptive Clinical Trial, Clinical
Study, Clinical Trial, Meta-Analysis, Network Meta-Analysis,
Review, and Systematic Review. All searches were conducted on
the same day, and results were downloaded in plain text format to
ensure consistency and reproducibility. Ultimately, 1,970
publications were included for the comparative validation analysis.

2.2 Mapping tools

For this analysis, VOSviewer (v.1.6.20), and CiteSpace
(v.6.4.R1) were employed to process all 2,171 documents.
VOSviewer is a program for constructing and visualizing maps
from network data (12). Through citation data analysis, the tool
constructs co–citation, collaboration, and citation networks,
offering a lucid visual depiction of the knowledge structure within
a given research domain. VOSviewer (v.1.6.20) was employed to
map and visualize countries, institutions, journals, and authors (13).
CiteSpace is a Java-based tool for analyzing and visualizing network
data (Chen, 2006). It remains a distinctive and widely cited program
in information visualization research (14). It is widely used in
academic research and trend forecasting. Therefore, in this study,
we utilized VOSviewer to map coupling relationships among
authors, journals, and countries, and applied CiteSpace to
visualize the knowledge base and hotspots of neuroimmune
research in lung diseases while forecasting emerging
research frontiers.

The number of publications and citation counts are often used
as indicators of bibliometrics. As two important perspectives for
measuring research signi�cance, the number of publications (Np) is
commonly used to quantify productivity, while citation counts (Nc)
can re�ect impact (15).

The H�index is mainly employed to assess a researcher’s
scholarly output and to forecast future research impact. It merges
productivity and in�uence by establishing a threshold that links Np
and Nc. A researcher with H publications, each cited at least H
times, is assigned an H�index equal to H. Moreover, although the H
�index was developed to evaluate an individual’s scholarly
FIGURE 1

Screening procedure for eligible studies.
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performance, it can be adapted to quantify the publication output of
a country or region, and likewise the productivity of an institution
or a journal (16).

Furthermore, the impact factor (IF), as computed from the
latest edition of the Journal Citation Reports (JCR), is widely
regarded as one of the principal indicators of the scholarly quality
and in�uence of medical journals (17). The Global Citation Score
(GCS) is regarded as an article’s Nc metric. It serves as a key
measure of a paper’s contribution to its discipline, where a high
GCS re�ects substantial attention from researchers around the
world (18).

VOSviewer (v.1.6.20) serves to construct and visualize
bibliometric network maps, offering analytical tools to display
relationships among entities like authors, journals, and keywords,
thereby enhancing understanding of the academic landscape (11,
13). In this study, VOSviewer is applied for co-citation and co-
occurrence analyses: node size corresponds to publication volume,
line thickness denotes relationship intensity, and node color
distinguishes clusters or time periods.

CiteSpace applies multiple approaches including cluster
analysis, timeline/distribution pro�ling, dual�map overlays, and
citation�burst detection to generate visual maps of knowledge
domains and their developmental trajectories. These approaches
help uncover principal themes, nascent topics, and how research in
a given �eld has evolved (19). Cluster analysis can classify keywords
and uncover fundamental research themes related to
neuroimmunology in pulmonary diseases. By frequently utilizing
a large number of keywords and references, it helps identify
emerging research trends. This approach facil itates a
comprehensive understanding of how different aspects of
neuroimmunology are related to lung disease research.

2.3 Key parameter settings of bibliometric
tools

CiteSpace and VOSviewer were employed to perform
bibliometric analyses and visualization. For CiteSpace, the time
span was set to 2015–2024 with a time slice of 1 year. Node
selection used the g�index (k = 5); additional settings were Link
Retaining Factor (LRF) = 2.5, maximum links per node (L/N) = 10,
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Look�back years (LBY) = 5, and topology pruning coef�cient (e) =
1.0. Cluster analysis was conducted using the log�likelihood ratio
(LLR) algorithm. Network size was reported by N (number of nodes)
and E (number of edges). Cluster quality was evaluated by modularity
Q and the weighted mean silhouette S, with Q > 0.3 and S > 0.7
regarded as indicative of a signi�cant and reliable clustering structure.

VOSviewer was applied sequentially to visualize networks for
countries, institutions, journals, and co�cited references. For each
analysis type, appropriate minimum occurrence thresholds and
Attraction/Repulsion parameter values were chosen based on the
underlying data distribution. Normalization was performed using
fractional counting, similarity between items was calculated with
the cosine measure, and clustering utilized the software’s default
density�based clustering algorithm (13). In the network
visualizations, node size was proportional to item frequency and
label size correlated with total link strength; spatial layout was
generated using the VOS core layout algorithm to ensure clear and
interpretable maps.
3 Results

3.1 Overview of research on
neuroimmunology in the �eld of lung
diseases

This study analyzed 2,171 papers from 88 countries and 2,960
institutions, authored by 12,675 researchers, published across 855
journals. These papers cited references from 11,150 journals,
encompassing a total of 129,933 citations. When evaluating the
development status and research interest of a discipline, the number
of publications remains the most critical indicator.

From 2015 through 2024, the annual number of publications
addressing neuroimmunology in pulmonary diseases rose each
year, reaching a maximum in 2022 with a total of 280 papers. In
the subsequent years the publication output underwent only slight
�uctuations and showed no marked variation. Over the past decade,
cumulative publication totals in this discipline have nearly doubled
(Figure 2A). To capture the overall change in publication volume
FIGURE 2

Temporal dynamics of publications on neuroimmune research in lung diseases (2015–2024). (A) Annual publication counts. (B) Comparison of
model �ts for cumulative and annual publication volume.
frontiersin.org

https://doi.org/10.3389/fimmu.2026.1751834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhao et al. 10.3389/fimmu.2026.1751834
more accurately, this study compared the �t between cumulative
publication volume and annual publication volume (Figure 2B).
The �tting curve of cumulative publication volume aligned more
closely with actual publication data, with a goodness-of-�t value
R�=0.9315, more accurately depicting the long-term trends in this
research �eld and providing more reliable data support for
subsequent trend predictions. Overall, these data indicate that
research in this �eld has become a focal point of interest, showing
rapid advancements.

3.2 National contributions and partnerships

We conducted a visual analysis of the publication quantity for
each country (Table 1). In terms of publication volume, the United
States leads with the highest number, followed by China and Germany
(Figure 3A). Although other countries also contributed, their
Frontiers in Immunology 05
publication numbers were relatively lower (Figure 3B). Speci�cally,
the United States, which leads in publication output, has produced 699
papers and ranks �rst in both H�index (81) and mean citations per
paper (39.12). China ranks second by publication volume (547), with
its H�index and average citations slightly below those of the United
States. Substantial contributions also come from Germany, the United
Kingdom, Italy, and Canada. In VOSviewer, the Attraction and
Repulsion parameters were set to 5 and -5, respectively, and all 88
countries were included in the analysis. The prominent role of the
United States is additionally re�ected in its cross�country
collaborations, reinforcing its leadership position (Figure 3C). The
country�level collaboration network shows that China maintains close
partnerships with the Philippines, South Korea, and Switzerland,
whereas the United States exhibits strong collaborations with
Norway, Italy, and Russia, suggesting that international academic
partnerships display regional patterns. Further analysis shows that
institutions tend to prefer domestic partners; therefore, we
recommend strengthening inter�institutional cooperation at
national and international levels to remove barriers that hamper
scholarly collaboration.

3.3 Contribution of the issuing institution
and journal contribution

In bibliometric analyses, major-contributing institutions
frequently exhibit strong links with top-contributing countries,
and institutional input to the �eld represents an important
bibliometric dimension. In VOSviewer, the minimum number of
documents per organization was set to 8, with Attraction = 8 and
Repulsion = �2. The publication output of these institutions for
2015–2024 was visualized graphically (Figure 4A), The network
exhibits a pronounced core-periphery structure, with a rich
diversity of node colors re�ecting differences in institutional
TABLE 1 Top 10 countries in terms of number of publications.

Rank Country NP NC H-
index

Average per
item

1 USA 699 26706 81 39.12

2 China 547 10626 49 20.04

3 Germany 151 4850 38 32.46

4 Canada 114 4132 30 36.71

5 UK 113 4071 38 36.15

6 Italy 112 3855 35 34.57

7 Japan 108 2592 23 24.26

8 Brazil 93 2294 26 25.1

9 Australia 91 2708 27 29.98

10 France 83 2908 31 35.13
FIGURE 3

Geographic distribution and international collaboration on the research. (A) Top3 contributing countries. (B) Global map of outputs: Publications are
unevenly distributed geographically, with clear regional concentrations in North America, Europe and East Asia and many countries showing
relatively modest output, pointing to opportunities for broader geographic engagement. (C) International collaboration network.
frontiersin.org

https://doi.org/10.3389/fimmu.2026.1751834
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhao et al. 10.3389/fimmu.2026.1751834
activity and connection strength within the collaboration network.
Leading institutions, exempli�ed by Harvard Medical School
(Harvard Med Sch), form a vividly colored core region
characterized by dense collaborative links, whereas peripheral
institutions are more dispersed and exhibit sparse connections.
Figure 4B presents the temporal evolution of the collaboration
network (color scale from deep blue to bright green representing
2015–2024). The color distribution clearly indicates that the
network center is dominated by Harvard Medical School, whose
node and surrounding links display the brightest green, signifying
the highest recent collaborative activity and continued leadership in
global research cooperation. At the same time, Chinese institutions
such as Tongji University (Tongji Univ), Fudan University (Fudan
Univ), and Shanghai Jiao Tong University (Shanghai Jiao Tong
Univ) also appear in vivid green, re�ecting a marked increase in
their collaborative activity in later years and their emergence as
indispensable components of the global collaboration network.
Table 2 presents the top ten institutions by publication count
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relevant to this analysis. In order to avoid duplicate records and
enhance data reliability, publications attributed to “Harvard
University,” “Harvard University Medical Af�liates,” and
“Harvard Medical School” were merged, deduplicated, and
uniformly assigned to “Harvard University.” Final statistics
indicate that the University of California System ranked �rst with
62 publications (Np = 62), followed by Harvard University(Np
=58). Harvard University also recorded the largest total citations
(NC = 4652) and the highest H�index (31), together re�ecting the
particularly strong research output quality and in�uence from the
United States. In VOSviewer, the minimum number of documents
per source was set to 5, with Attraction = 6 and Repulsion = -4, the
density plot in Figure 5A illustrates that journal impact is
commonly evaluated using publication count, citation frequency,
and impact factor (IF). Table 3 enumerates the ten journals with the
greatest publication volume: International Journal of Molecular
Sciences and Frontiers in Immunology leads with 56 articles
(5.1%), followed by PLOS One with 42 articles (1.9%). Other
FIGURE 4

Publication output of top institutions and their collaboration links with leading countries. (A) Collaboration network of institutions with �8
publications, showing a distinct core-periphery structure. (B) Temporal evolution of the collaboration network (color gradient: dark blue-bright
green, representing 2015-2024).
TABLE 2 The top 10 institutions in the number of publication.

Rank Af�liations Country NP NC H-index Average per item

1 University of California System USA 62 2425 23 39.4

2 Harvard University USA 58 4652 31 81.03

3
Institut National de la Sante et de la

Recherche Medicale (Inserm)
France 50 1627 25 32.6

4 University system of Ohio USA 38 1511 19 39.95

5 Universidade De Sao Paulo Brazil 34 660 16 20.24

6 Centre National De La Recherche Scienti�que France 30 872 18 29.13

7 Imperial College London UK 30 1040 17 34.83

8
National Institutes of

Health NIH USA
USA 30 975 15 32.63

9
Pennsylvania Commonwealth System of Higher

Education
USA 30 830 16 27.73

10 State University System of Florida USA 30 736 16 25
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