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Abstract: Background and objective: Research on allergic rhinitis (AR) immunotherapy has increased in recent 
decades. This study conducted a bibliometric and visualization analysis of studies related to AR immunotherapy to 
identify research trends and highlight current research foci. Methods: Relevant original publications were obtained 
from the Science Citation Index-Expanded and Social Sciences Citation Index in the Web of Science Core Collection 
databases between 2002 and 2021. CiteSpace and VOSviewer software were used to identify and analyze the re-
search foci and emerging trends in the field of AR immunotherapy. Results: Over the last two decades, the number 
of publications related to AR immunotherapy has increased markedly. With regard to publications and access to 
collaborative networks, the leading country was the USA. Inspection of keyword bursts suggested that “subcutane-
ous immunotherapy”, “quality of life”, “prevalence”, “rhino-conjunctivitis”, and “mechanism” are emerging research 
hotspots. The timeline of the co-cited references cluster diagram revealed that the mechanism of allergen immuno-
therapy has emerged as a main topic in AR immunotherapy. Conclusion: Over the past 20 years, scholars have sig-
nificantly improved their understanding of AR immunotherapy. The current research hotspots of AR immunotherapy 
in the health promotion domain lie in “subcutaneous immunotherapy”, “quality of life”, and “rhino-conjunctivitis”. In 
addition, the mechanism of allergen immunotherapy has emerged as a frontier and focus of this field.
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Introduction

Allergic rhinitis (AR) refers to an IgE-mediated 
inflammatory disease of the nasal mucosa fol-
lowing exposure of the body to environmental 
allergens [1]. Typical symptoms of AR include 
nasal congestion, sneezing, rhinorrhea, and rhi-
nocnesmus. According to estimates produced 
by epidemiological survey research, AR affects 
approximately 10-40% of the global population 
[2]. Alarmingly, the prevalence of AR has risen 
globally in recent years. A recent large retro-
spective cohort study in the USA showed that 
the prevalence of AR was 19.9% [3]. In Europe, 
the prevalence of AR in the Danish adult popu-
lation has increased by 16% in the last three 
decades [4]. An epidemiological survey from 
China showed that the prevalence of AR jump- 
ed from 11.1% in 2005 to 17.6% in 2011 in 18 

major cities across the country [5]. Nasal aller-
gies can lead to decreased productivity, learn-
ing difficulties, deterioration of social function-
ing, and even sleep disturbances [6, 7]. Thus, 
AR has a serious negative influence on the qual-
ity of life. Poorly controlled AR can lead to com-
plications, such as otitis media, chronic sinus-
itis, and conjunctivitis [8]. AR is also a key risk 
factor for asthma. In addition, AR is closely 
related to mental health problems. Patients 
with AR are at significantly higher risk of devel-
oping psychiatric disorders, such as anxiety, 
depression, and cognitive dysfunction, com-
pared with the normal population [9, 10]. AR 
not only severely damages the physical and 
mental health of individual patients, but also 
imposes a heavy financial burden on the health-
care system. In the USA, the medical expendi-
ture for AR alone reached $11.2 billion in 2005 
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and is growing rapidly [11]. A European Union 
survey estimated the total annual cost of lost 
productivity caused by AR to be as high as 100 
billion Euros [12]. Numerous pieces of evidence 
highlight AR as a serious global health problem 
and economic burden. Therefore, the search 
for an effective treatment is urgent.

Currently, drug therapy remains the corner-
stone of AR treatment [8]. Common first-line 
agents for AR include intranasal glucocorti-
coids, oral and intranasal H1-antihistamine, 
and leukotriene receptor antagonists. These 
medications work by anti-inflammatory and 
anti-allergic effects to control symptoms and 
prevent worsening of the disease. Unfortunate- 
ly, pharmacotherapy only controls the condition 
for the duration of use, and does not provide 
sustained efficacy after drug discontinuation 
[13]. In addition, these medications only par-
tially control the symptoms. It is estimated th- 
at 1/3 of pediatric patients and 2/3 of adu- 
lt patients do not achieve adequate symp- 
tom relief using pharmacotherapy [7]. Worries 
about the financial costs, side effects, and effi-
cacy of long-term drug therapy have driven peo-
ple to consider new treatments.

Allergen immunotherapy (AIT) is the etiologic 
treatment of type I allergic diseases caused  
by specific allergens, which is achieved by 
improving the body’s immune tolerance to the 
allergens [14]. Since 1998, the World Health 
Organization has recommended AIT as the only 
etiologic treatment for allergic diseases. The 
latest AIT guidelines developed by the Euro- 
pean Academy of Allergy and Clinical Immuno- 
logy [15] and the most recent Allergic Rhinitis 
and its Impact on Asthma guidelines [8] have 
all included AIT as a first-line treatment for  
AR. The main treatment modalities for AIT are 
subcutaneous immunotherapy (SCIT) and sub-
lingual immunotherapy (SLIT). There is a large 
body of high-quality evidence demonstrating 
that AIT is effective in improving symptoms and 
decreasing the need for medication in patients 
with AR [16, 17]. Currently, AIT is also the only 
treatment modality that can provide long-term 
efficacy after treatment has been stopped. 
More importantly, AIT not only provides good 
control of AR symptoms, but also modifies the 
natural course of AR and prevents the develop-
ment of new allergic diseases [8].

Bibliometric analysis is a pioneering tool to 
quickly explore structures and trends of a sub-

ject through visualization and statistical meth-
ods [18]. It allows quantitative assessment of 
the impact of research literature on a selected 
research area, countries/regions, research col-
laboration, journals, institutions, and authors 
over a given period [19]. Bibliometric analysis 
has been shown to influence various research 
domains. Compared to conventional systemat-
ic reviews and meta-analyses, bibliometric 
analysis can reveal critical issues and develop-
ments in the field of interest more systemati-
cally and visually, and can guide future research 
[20]. CiteSpace is a visualized analysis soft-
ware demonstrating the structure, pattern, and 
distribution of research fields [21]. VOSviewer 
software is used effectively for knowledge do- 
main mapping [22]. VOSviewer and CiteSpace 
can reflect directly the development of a 
research field by presenting numerous data, 
including the productivity of authors and ins- 
titutions, the geographical distribution by re- 
gions, and the results of collaborative relation-
ships. VOSviewer and CiteSpace are widely 
used in various fields of application [22, 23].

To the best of our knowledge, research con-
ducting an overview of AR immunotherapy  
utilizing bibliometric and visualization methods 
to investigate the longitudinal and cross-sec-
tional characteristics, trends, and multiple ram-
ifications of this topic has not been published. 
Thus, we endeavored to identify collaborative 
networks among countries, institutions, and 
authors in this field. This work also aimed to 
explore key contributors to the field over the 
last two decades, and to identify hotspots and 
research trends in various aspects. The find-
ings of the present study depicted a historical 
and promising perspective. Our results also 
provide new insights to global research teams, 
assist them in drafting and administering their 
scientific studies, and will help rhinologists to 
gain a broad grasp of macro and micro per-
spectives across the whole field of AR know- 
ledge.

Materials and methods

Sources of data and strategies for searching

The Science Citation Index-Expanded and So- 
cial Sciences Citation Index from the Web of 
Science Core Collection have been considered 
as the most appropriate database for biblio-
metric analysis. Thus, this study was conducted 
using this database. The search terms were 
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Topic = ((allergic rhinitis) AND (immunotherapy 
OR immunological therapy)). We searched the 
database broadly for relevant publications be- 
tween 2002 and 2021, including only original 
research articles and review articles. The lan-
guage was limited to English. Other document 
types and non-English publications were ex- 
cluded. To avoid the bias induced by regular 
updating of the databases, all publication 
searches and data downloads were performed 
on 1 January 2022. The detailed search proce-
dure for this study is shown in Figure 1. Two 
researchers examined these data individually. 
Controversial points were resolved through dis-
cussion or by seeking the assistance of other 
experts.

Bibliometric analysis

Data were converted to text documents be- 
fore being uploaded into the bibliometric analy-
sis software. CiteSpace 5.8. R3, 64-bit (Drexel 
University, Philadelphia, PA, USA), VOSviewer 
1.6.16 (Leiden University, Leiden, the Nether- 
lands), and a bibliometric online analysis plat-
form (http://bibliometric.com/) were applied to 
locate co-cited references, keywords, coun-
tries, institutions, authors, journals, and net-
work characteristics of “keyword bursts”, as 
well as to demonstrate the results visually. We 
queried the Journal Citation Report 2020, 
including its H-index, impact factor category 
quartile, and category rank. The H-index is con-

sidered a vital indicator to determine the scien-
tific impact of a journal, author, institution, or 
country [24].

VOSviewer can be utilized to construct “scien-
tific knowledge networks” that portray the evo-
lution of research domains, institutional col-
laborations, and predict future research hot- 
spots. In this work, we used VOSviewer to es- 
timate visually the co-occurrence of terms and 
to build density diagrams. The co-occurrence 
analysis function in VOSviewer can be used to 
categorize keywords into different clusters, 
which are denoted by different colors. Clustering 
analysis of study hotspots can be visualized, 
and the keyword co-occurrence network can 
predict growth trends.

CiteSpace was utilized to perform a series of 
analyses of publications to identify research 
hotspots for AR immunotherapy. The publishing 
institution, co-cited references, and relevant 
keywords were included in this analysis. In the 
constructed network visualization diagram, the 
nodes reflected the observed items, with lar- 
ger nodes representing more frequently occur-
ring items. In addition, we used CiteSpace to 
analyze centrality, which is an index that defines 
the importance of a network node, where more 
prominent nodes represent higher centrality 
[25]. Centrality is employed to measure the sig-
nificance of a node’s position in the network. 
The higher the centrality, the higher the number 

Figure 1. Flow frame diagram of the included publications. The diagram displays the detailed selection criteria for 
AR immunotherapy-related publications in the database and the steps of the bibliometric analysis.
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of connections through that node in the net- 
work.

Results

General overview of publications

From 2002 to 2021, a total of 2402 original 
articles related to AR immunotherapy were pub-
lished. In past two decades, research output 
linked to AR immunotherapy has exhibited  
an overall increasing trend (Figure 2A). The 

number of publications on AR immunothera- 
py has steadily increased over the past two 
decades, with > 4-times as many published in 
2021 as were published in 2002. From 2016  
to 2021, AR immunotherapy research activity 
peaked, with 846 papers being published in 5 
years, accounting collectively for 35.2% of the 
overall number of papers. In terms of the num-
ber of publications annually, the largest num-
ber of articles waspublished in 2020 (192, 
8.0%).

Figure 2. The annual publication trend (A) and the top 10 countries/regions (B) performing research into AR-immu-
notherapy (2002-2021).
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Distribution of countries/regions and institu-
tions

The top 10 contributing countries are shown in 
Table 1 (Figure 2B). The country-collaboration 
network of research into AR immunotherapy is 
shown in Figure 3A. Most of the publications 
were produced from the USA (581), followed by 
Italy (382), Germany (330), the UK (281), and 
China (256). Among the top 10 countries, the 
USA was the most prolific producer of AR 
research, publishing 24.2% of articles. Notably, 
the number of publications from China has 
increased markedly over the past 20 years,  
rising to fifth place overall. Higher centrality in  
a collaborative network correlates with more 
frequent cooperation. The low density of the 
country-based research-network map indicat-
ed largely independent research teams, which 
underlined the need for further collaboration. 
The result of centrality analysis showed that 
the USA (0.56) was at the network core, fol-
lowed by Italy (0.16), and Germany (0.14).

The institution-collaboration network (Figure 
3B) revealed the top-10 institutions, including 
the USA institutions, National Jewish Health 
(46) and University of Cincinnati (36) (Table 2). 
The universities with the highest centrality 
score were Charité Universitatsmedizin Berlin 
(0.22), University of Montpellier (0.21), and Uni- 
versity of Genoa (0.16).

Author network analysis

A visualization map of co-authorship may be 
used to establish analysis organizations with 
the greatest impact and potential collabora-

tors, and could facilitate researchers form 
cooperative ties. Authors with ≥10 publications 
and ≥500 citations were visualized using 
VOSviewer (Figure 4). The presence of overlap-
ping names in the diagram means that some 
names might not be visible. The circles repre-
sent “active” authors with strong research col-
laborations. We identified 8,758 authors who 
contributed articles on the topic of AR im- 
munotherapy from 2002 to 2021. Table 3 lists 
the top-10 most prolific authors during the 
research period. G. Passalacqua of University 
of Genoa (46 publications; 2310 citations) pub-
lished the most articles, followed by S. R. 
Durham of Imperial College London (43 publi-
cations; 3397 citations). O. Pfaar of University 
of Marburg ranked first with respect to the cen-
trality score (0.09).

Distribution of journals

Table 4 shows the characteristics of the top  
10 most prolific journals. More than half of  
the publishers of these periodicals were locat-
ed in the USA. The largest number of articles 
related to AR immunotherapy was published by 
Allergy (178), Journal of Allergy And Clinical 
Immunology (153), Clinical And Experimental 
Allergy (113), International Archives of Allergy 
And Immunology (102), and Annals of Allergy 
Asthma & Immunology (90). Multiple high-
impact-factor articles on AR immunotherapy 
were published in Journal of Allergy and Clini- 
cal Immunology (impact factor =10.793) and 
allergy (impact factor =13.146). The highest 
average number of citations (118.96) and 
H-index (76) were achieved by Journal of Allergy 
and Clinical Immunology. The Journal Citation 
Report quartile Q1 included Journal of Allergy 
and Clinical Immunology, allergy, Pediatric 
Allergy And Immunology, and International 
Forum of Allergy & Rhinology. Q2 contained 
Clinical And Experimental Allergy, Annals of 
Allergy Asthma & Immunology, and Current 
Allergy And Asthma Reports. International 
Archives of Allergy And Immunology, Allergy 
And Asthma Proceedings, and Current Opinion 
In Allergy And Clinical Immunology were listed 
as Q3.

Analysis of keywords

VOSviewer software was used to search the 
titles and abstracts of the 2402 retrieved pub-
lications for keywords. This produced a map of 
212 terms (5630 in total) with ≥20 occurrenc-

Table 1. The top 10 countries contributing to 
publications related to AR immunotherapy 
between 2002 and 2021
Rank Article counts Centrality score Country
1 581 0.56 USA
2 382 0.16 Italy
3 330 0.14 Germany
4 281 0.03 UK
5 256 0.00 China
6 206 0.00 Spain
7 188 0.01 France
8 179 0.00 Denmark
9 147 0.01 Japan
10 118 0.02 Poland
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Figure 3. The distribution of countries/regions and institutions engaged in research on AR immunotherapy (2002-2021). A. Maps visualizing the contributions of 
countries/regions to publications regarding research into AR-immunotherapy. B. Maps visualizing the contributions of institutions to publications regarding research 
into AR-immunotherapy. The size of node represents the number of articles published by the institution. The link represents their collaboration.
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es each, grouped into five clusters (Figure 5A). 
Among the high-frequency keywords in the  
map were “asthma” (1122), “AR” (1005), “sub-
lingual immunotherapy” (790), “sinusitis” (778), 
“immunotherapy” (736), “children” (611), “effi-
cacy” (565), “double-blind” (561), “safety” 
(384), and “rhino-conjunctivitis” (289). Study 
subjects with similar terms were combined in 
the same catalog, with five main clusters: clini-
cal features, pathogenesis, molecular mecha-
nisms, treatment, and pathophysiology of AR. 
The distribution of keywords in order of occur-
rence was visualized using VOSviewer software 
(Figure 5B). The number of appearances of a 
keyword is defined by the color of the region. 
Before 2010, the majority of studies concen-
trated on the topics “clinical trial” and “safety 
of immunotherapy”, while the latest identified 
research trends suggested that “mechanism  
of immunotherapy” and “standardization of 
immunotherapy” will likely be the focus of 
future research emphasis. VOSviewer was also 
utilized to measure the frequency of keywords 
to calculate their density, which was present- 
ed in a density map (Figure 5C). The “warmer” 
the hue (toward yellow), the higher the density. 
In a particular field, research hotspots tend to 
form at higher grayscale values.

Detection of keyword bursts

Keyword bursts between 2002 and 2021 were 
detected on the basis of examination of 2402 
articles included in the Web of Science Core 
Collection database (Figure 5D). In the figure, 
the chronology is shown by a blue line that 
crosses one year. The burst period is displayed 
as a red reflection line, which marks the start 

and end of the year, as well as the timespan of 
the citation burst. We eliminated terms that 
had little to no research value so that we could 
focus on representing the research trends in 
AR immunotherapy. From 2002 to 2011, “chil-
dren” had the highest burst strength (13.70). 
Between 2012 and 2021, “randomized con-
trolled trial” had the highest burst strength 
(13.19), followed by “prevalence” (10.68) and 
“subcutaneous immunotherapy” (8.82).

Analyses of co-cited references

From 2402 articles, 29,432 cited references 
were presented to analyze the relevance of co-
citations, and a cluster network map was es- 
tablished according to the results. Figure 6A 
presents the visualized network of the co-cited 
articles, with 119 nodes and 118 links. Each 
node represents a cited reference. The links 
between nodes show the frequency of the 
same article being cited. The node diameter is 
proportional to the total number of co-citations 
of the article. These nodes (surrounded by a 
thick purple ring) can be employed to connect 
the growth stages of a field. An “explosion” of 
citations is indicated by a red ring. Then, by cre-
ating a hierarchical order of the co-cited arti-
cles created in the co-citation network, re- 
search hotspots can be identified. “Adverse 
events”, “allergen specific injection immunothe- 
rapy”, “house dust mite”, “bronchial hyperreac-
tivity”, and “sublingual immunotherapy” were 
among the critical clusters of co-cited referenc-
es (Figure 6B).

Figure 7 shows the timeline of the clustering 
plot, which aids the identification of emerging 

Table 2. The top 10 institutions that have collaborated the most on AR immunotherapy between 
2002 and 2021
Rank Article counts Institution Country Centrality score
1 117 University of Genoa Italy 0.16
2 81 Imperial College London UK 0.03
3 50 Charité Universitatsmedizin Berlin Germany 0.22
4 48 Allergologisk Laboratorium Kbenhavn Denmark 0.01
5 46 National Jewish Health USA 0.03
6 40 Center for Rhinology and Allergology Germany 0.13
7 40 Guangzhou Medical University China 0.03
8 37 University of Montpellier France 0.21
9 37 University of Pavia Italy 0.06
10 36 University of Cincinnati USA 0.11
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Figure 4. Map visualizing the most productive authors performing research into ARimmunotherapy (2002-2021). Each colored circle represents an author. The size 
of each colored circle is proportional to the total number of articles published by the author.
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research hotspots in AR immunotherapy. The 
top-10 co-cited articles are listed in Table  
5. The study by Bousquet et al. [26] had the 
most citations in Allergy (2241 citations), fol-
lowed by Brozek et al. [27] in Journal of Allergy 
And Clinical Immunology (1028 citations), and 
Moller et al. [28] in Journal of Allergy And Cli- 
nical Immunology (739 citations). Figure 8  
indicates the top-20 references with the stron-
gest citation bursts. Most references with cita-
tion bursts were derived from publications on 
allergology or immunology, suggesting that 
allergology and immunology are core issues in 
AR immunotherapy.

The distribution of links among journals is 
shown in a dual-map overlay of journals (Figure 
9), with citing journals on the left and cited jour-
nals on the right. The relationships described 
are indicated by the colored routes connecting 
them. These labels stand for the topics encom-
passed by the journal. In Figure 9, the primary 
citation paths appear as two green paths and 

one orange path. The green path implies stud-
ies published in Medicine/Medical/Clinical jour- 
nals are generally cited by Molecular/Biology/
Genetics and Health/Nursing/Medicine jour-
nals. The orange route indicates that resear- 
ch published by Molecular/Biology/immunolo-
gy journals is cited by research in Molecular/
Biology/Genetics journals.

Discussion

In recent years, the world’s spectrum of diseas-
es has undergone a dramatic shift as a result  
of factors such as changes in lifestyle, environ-
mental pollution, and industrialization. Allergic 
diseases have become one of the most com-
mon diseases in the 21st century, among whi- 
ch AR affects the largest population. Although 
treatment of AR has made great progress in 
recent decades, it still presents a high recur-
rence rate, mainly because current traditional 
drug treatment cannot cure the root cause and 
it is difficult to effectively control AR symptoms. 

Table 3. The top 10 most prolific authors in the field of AR-immunotherapy between 2002 and 2021
Rank Article counts Author Country Centrality score Citations
1 46 Passalacqua G Italy 0.03 2310
2 43 Durham SR UK 0.07 3397
3 41 Pfaar O Germany 0.09 837
4 38 Canonica GW Italy 0.01 1527
5 37 Klimek L Germany 0.04 948
6 36 Ciprandi G Germany 0.03 593
7 34 Calderon MA UK 0.04 1946
8 34 Demoly P France 0.04 1247
9 32 Nelson HS USA 0.03 1301
10 31 Nolte H USA 0.01 1626

Table 4. The top 10 journals according to the number of articles published on AR-immunotherapy 
between 2002 and 2021

Rank Journal Article 
counts Country

Journal  
citation reports 

(2020)

Impact 
factors 
(2020)

Total 
number of 
citations

Mean 
number of 
citations

H-index

1 Allergy 178 UK Q1 13.146 12377 69.53 52

2 Journal of Allergy And Clinical Immunology 153 USA Q1 10.793 18201 118.96 76

3 Clinical And Experimental Allergy 113 UK Q2 5.018 4469 41.32 40

4 International Archives of Allergy And Immunology 102 Switzerland Q3 2.749 1888 18.51 25

5 Annals of Allergy Asthma & Immunology 90 USA Q2 6.347 2619 29.10 31

6 Allergy And Asthma Proceedings 85 USA Q3 2.587 1463 17.21 20

7 Current Opinion In Allergy And Clinical Immunology 61 USA Q3 3.142 1155 18.93 21

8 Pediatric Allergy And Immunology 57 Denmark Q1 6.377 1596 28.00 22

9 Current Allergy And Asthma Reports 51 USA Q2 4.806 716 14.04 16

10 International Forum of Allergy & Rhinology 49 USA Q1 3.858 621 12.67 12
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Worryingly, the recurrent symptoms seriously 
affect the physical and mental health of pa- 
tients. AIT is recognized as the only etiological 
treatment option for AR. There are many advan-
tages for AIT, such as effective control of allergy 
symptoms, modification of the natural course 
of AR, and reduction of new allergies. Currently, 
AIT is gaining increasing attention worldwide, 
and related research is increasing year by year. 
Therefore, a general overview of current trends 
in global AIT research is particularly important. 
This study analyzed the bibliometric output of 
publications in the global AR immunotherapy 
field and revealed the major research hotpots 
and trends between 2002 and 2021. Accord- 
ing to the growth curve, we speculated that 
increasing numbers of scholars are interested 
in AR immunotherapy. We predict that this topic 
will remain a hot research topic in the next 

decade, and the number of related publications 
is forecast to continue to grow.

The USA leads the way by contributing > 20% of 
papers on AR immunotherapy. Most of the top 
10 institutions are in the USA and Europe, 
which has stimulated advances in research 
related to AR immunotherapy. On the one hand, 
this trend reflects the mature environment of 
medical research and health in these coun-
tries/regions; however, on the other hand, it 
reflects an urgent demand for efficacious AR 
immunotherapy. In addition, population sizes 
and national economic differences might sig-
nificantly affect the number of publications. 
Moreover, the USA had the highest centrality 
score and most active cooperation with other 
countries. Many publications were provided by 
the UK, Denmark, and Japan; however, they 

Figure 5. Keywords analysis in publications regarding research into to AR-immunotherapy worldwide (2002-2021). 
A. Keyword mapping in the field of research. B. Keyword distribution displayed chronologically in order of appear-
ance. C. Keyword distribution ordered by their average frequency of appearance. D. AR-immunotherapy research-
related keywords with the strongest citation bursts.

Figure 6. Map of co-cited references (A) and a map of the clustered network of co-cited references (B) related to 
research on AR-immunotherapy (2002-2021). In the map, the nodes represent the analyzed co-cited references. 
The color and thickness in the inner circle of the node indicated cited frequency of different time periods.
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Figure 7. Cluster-labeled co-cited references displayed on a timeline from 2002 to 2021. This cluster analysis revealed that the high-frequency co-cited references 
related to AR-immunotherapy research were mainly clustered into eleven categories. This diagram clearly shows the differences in the appearance time point and 
time span of those clusters.
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might have fewer collaborations with other 
countries, as evidenced by their lower centrality 

score. We suggest that countries with a lower 
centrality score should strengthen internation-

Table 5. The top 10 most co-cited references related to AR immunotherapy between 2002 and 2021

Rank Title Author Year Journal Citation 
frequency

1 Allergic rhinitis and its impact on asthma (ARIA) 
2008 update (in collaboration with the World 
Health Organization, GA(2)LEN and AllerGen)

Bousquet J 2008 Allergy 2241

2 Allergic Rhinitis and its Impact on Asthma (ARIA) 
guidelines: 2010 Revision

Brozek JL 2010 Journal of Allergy And 
Clinical Immunology

1028

3 Pollen immunotherapy reduces the development 
of asthma in children with seasonal rhinocon-
junctivitis (the PAT-Study)

Moller C 2002 Journal of Allergy And 
Clinical Immunology

739

4 IL-10 and TGF-beta cooperate in the regulatory 
T cell response to mucosal allergens in normal 
immunity and specific immunotherapy

Jutel M 2003 European Journal of 
Immunology

690

5 Allergen immunotherapy: A practice parameter 
third update

Cox L 2011 Journal of Allergy And 
Clinical Immunology

686

6 Specific immunotherapy has long-term preven-
tive effect of seasonal and perennial asthma: 
10-year follow-up on the PAT study

Jacobsen L 2007 Allergy 652

7 Clinical efficacy and immune regulation with 
peanut oral immunotherapy

Jones SM 2009 Journal of Allergy And 
Clinical Immunology

467

8 Immunotherapy with a ragweed-toll-like receptor 
9 agonist vaccine for allergic rhinitis

Creticos PS 2006 New England Journal 
of Medicine

441

9 Sublingual immunotherapy with once-daily grass 
allergen tablets: A randomized controlled trial in 
seasonal allergic rhinoconjunctivitis

Durham SR 2006 Journal of Allergy And 
Clinical Immunology

429

10 Allergic rhinitis Greiner AN 2011 Lancet 420

Figure 8. Top 20 co-cited references with the strongest bursts of citation (2002-2021). The red thick line represents 
frequently cited references during this time period. The green bar means that the reference was not frequently cited 
in this time period.
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Figure 9. The dual-map overlay of journals publishing papers related to AR immunotherapy from 2002 to 2021. Cited journals are on the right, citing journals are 
on the left, and the line paths represent citation relationships.
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al exchange and cooperation with other coun-
tries to establish a good partnership, particu-
larly with the pioneering countries in AR re- 
search, which will accelerate their progress in 
this field. Charité Universitatsmedizin Berlin, 
University of Montpellier, and University of 
Genoa have the most collaborations with other 
institutions, which is a worthwhile lesson for 
those institutions that rarely interact with each 
other. G. Passalacqua had the most publica-
tions in the field of AR immunotherapy. S. R. 
Durham, O. Pfaar, G. W. Canonica, and L. Kli- 
mek were the most productive authors in the 
past two decades. A distinct geographical pat-
tern of global investigators in AR immunothera-
py became evident. Most scholars were work-
ing in Europe and the USA, and these authors 
were working mainly in the allergy or otolaryn-
gology departments of their university-affiliated 
hospital.

The journals with the maximum number of pub-
lications on AR immunotherapy were Allergy, 
Journal of Allergy And Clinical Immunology, 
Clinical And Experimental Allergy, International 
Archives of Allergy And Immunology, and An- 
nals of Allergy Asthma & Immunology. These 
publications are world leaders in the field of 
otolaryngology and allergy. This trend suggests 
that AR immunotherapy is one of the core top-
ics of otolaryngology and allergology. The top-
10 co-cited references for the period 2002-
2021 demonstrated that scholars were paying 
more attention to the clinical administration of 
AR. Notably, the “Allergic rhinitis and its impact 
on asthma (ARIA) 2008 update” published by 
Bousquet et al. [26] was recognized as a treat-
ment guideline by rhinologists and allergists 
worldwide. The 2008 version adds articles pub-
lished after 2000 to the 2001 version, and an- 
alyzes and classifies them using the new meth-
od of classification of clinical evidence recom-
mended by the World Health Organization and 
Shekelle et al. [29] published in the British 
Medical Journal. A dual-map overlay provides a 
macroscopic view of the evolution of research 
content at the discipline level. In Figure 9, the 
dual-map overlay of journals indicates the dis- 
ciplinary distribution of academic journals. 
Immunology, molecular biology, and genetics 
are the fundamental and core subjects of AR 
immunotherapy. As observed from the three 
main pathways in the visualization map, re- 
search on AR immunotherapy has begun to 
translate from a single discipline to a multidisci-
plinary one.

The top-10 high-frequency keywords in co-
occurrence cluster analyses demonstrated 
that the potential pathophysiological mecha-
nism, optimal treatments, and outcome eva- 
luation of multi-treatment regimens continue  
to be hot topics. Burst keywords indicate 
emerging trends and research frontiers. Five 
frontiers of AR immunotherapy were iden- 
tified: “SCIT” (2016-2021), “quality of life” 
(2017-2021), “prevalence” (2019-2021), “rhino- 
conjunctivitis” (2018-2021), and “mechanism” 
(2019-2021). Recently, scholars around the 
world have sought AR treatments with better 
clinical efficacy. Numerous studies have shown 
that AIT has tremendous benefits for early 
intervention in respiratory allergic diseases. A 
recent systematic review showed that AIT can 
significantly improve nasal and ocular symp-
toms of AR and reduce drug use [30]. In addi-
tion, AIT can improve the quality of life of 
patients with AR, prevent further progression  
of AR to asthma, reduce the occurrence of  
new allergies, and provide long-term treat- 
ment effects [31]. All of these advantages are 
unmatched by drug therapy. Since 1911, when 
Noon first inoculated grass pollen extracts into 
patients with hay fever, SCIT has evolved into  
a well-established and effective treatment  
for AR and has been the dominant mode of 
administration of AIT for a long time [32]. In the 
last 20 years, however, SLIT has been increas-
ingly advocated and widely used in clinical 
practice. In Europe, 45% of patients receiving 
AIT are treated with SLIT [33]. In addition, SLIT 
is now the predominant treatment modality for 
AIT in some European countries. Part of the 
reason for this is that the safety of SCIT has 
been questioned. Some cases of fatal adverse 
reactions to SCIT were reported in the 1980s 
[34]. In a 4-year safety study of SCIT, the prob-
ability of systemic adverse reactions was 0.1% 
for a total of 23.3 million injections, of which 
97% were mild to moderate systemic adverse 
reactions and the incidence of fatal serious 
systemic adverse reactions was 1 in 1 million 
[35]. SCIT requires that patients must attend 
the hospital regularly to receive injections, 
which is impractical in many cases, particularly 
during epidemics.

SLIT is the delivery of allergen vaccines in tab-
let or droplet form by the sublingual route. 
There is clear evidence for the efficacy of SLIT 
in suppressing the progression of AR and in 
maintaining efficacy after discontinuation of 
the drug. Three randomized, double-blind, pla-
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cebo-controlled trials all had 3 years of continu-
ous SLIT treatment and followed patients for 1 
to 2 years after the end of treatment. The 
results showed that patients in the SLIT group 
had lower symptom scores than those in the 
placebo-treated group [36-38]. It is generally 
accepted that SLIT lasting for 3 years or more 
can achieve a more satisfactory long-term out-
come [39]. A prospective study by Marogna et 
al. showed that after 3 to 4 years of mainte-
nance of house dust mite SLIT, patients with  
AR achieved 7 to 8 years of symptomatic remis-
sion [40]. The lack of direct controlled studies 
of SCIT and SLIT, means that currently, there is 
no consensus on the merits of the efficacy of 
the two modalities. A meta-analysis of dust 
mite AIT by Huang et al. showed no significant 
difference in the efficacy of SCIT and SLIT in 
patients with AR [40]. A network meta-analysis 
showed good efficacy of SCIT and SLIT for grass 
pollen allergies, with no significant difference 
between them [41]. In contrast to SCIT, where 
fatalities have been reported, there have been 
no reports in the literature of SLIT resulting in 
fatal adverse effects. SLIT has a lower inci-
dence of systemic adverse reactions and the 
main adverse effects of SCIT are local oral 
mucosal pruritus, discomfort, and gastrointes-
tinal reactions [42]. The vast majority of cases 
resolve spontaneously without medical inter-
vention. A review summarizing 104 SLIT stud-
ies showed that SLIT-related systemic adverse 
reactions accounted for 0.056% of the total 
number of doses administered, while serious 
adverse reactions were even rarer, at about 
0.014% [43]. However, it is important to edu-
cate the patient on how to manage any adverse 
reactions that occur. In summary, SLIT facili-
tates patient self-management without medi-
cal monitoring and has a low incidence of seri-
ous systemic adverse effects. SLIT can be used 
as a safe and effective alternative to SCIT. In 
the future, we recommend that SLIT should be 
one of the important directions of AIT research.

The timeline of the co-cited references cluster 
diagram indicates a growing interest in the 
mechanism of action of AIT. Although AIT has 
been used for many years, its molecular mech-
anism is still not fully understood. Recent  
studies have shown that AIT modulates the 
immune system through several pathways to 
induce immune tolerance to allergens [44]. A T 
helper cell (Th)1/Th2 imbalance is one of the 

most critical immunological features of AR, 
which is characterized by an increased allergen 
Th2-type immune response and a relatively 
weakened Th1-type response [45]. Several clin-
ical studies have found that the Th1/Th2 bal-
ance is restored in patients with AR after AIT, as 
evidenced by a decrease in the production  
of Th2-type cytokines (e.g., interleukin (IL)-4, 
IL-5, and IL-13) in peripheral blood, and an 
increase in the proportion of Th1 cells and 
interferon gamma (IFN-γ) levels [46, 47]. T regu-
latory cells (Tregs) play a key regulatory role in 
maintaining the body’s immune tolerance by 
secreting various suppressive cytokines such 
as IL-10, IL-35, and transforming growth factor 
beta (TGF-β) [48]. Several studies have further 
explored the molecular mechanisms by which 
AIT affects Tregs. Current studies show that AIT 
can induce an increase in Tregs in peripheral 
blood [47, 49]. A clinical trial conducted by 
Gómez et al. [50] showed that a 1-year period 
of AIT increased allergen-specific Th1/Treg fre-
quencies. Several studies have further explor- 
ed the molecular mechanisms by which AIT 
affects Tregs. A recent study showed that AIT 
can regulate the TNF/TNFR2 signaling cascade 
to enhance function of Tregs [51]. Datta et al. 
[52] reported that AIT enhances the anti-apop-
totic ability of Tregs, which results in an increase 
in the number of peripheral Tregs.

B cells promote allergic reactions through the 
production of IgE and the secretion of various 
cytokines. AIT reduces the pathological IgE+ B 
cell subset and promotes the production of 
blocking antibodies by antigen-specific B cells 
[53]. IgG4 is the primary blocking antibody in- 
duced by AIT, which competes with IgE to bind 
allergenic epitopes on effector cells, such as 
mast cells and basophils, to inhibit allergic 
reactions [48]. A randomized, double-blind, pla-
cebo-controlled study by James et al. demon-
strated that grass pollen AIT induces allergen-
specific IgG production that was sustained 
after treatment discontinuation [54]. Another 
study showed that one year of house dust mite-
SCIT was able to downregulate CD23 (a low-
affinity IgE receptor) on memory B cells, there-
by impairing IgE synthesis and antigen presen-
tation [55]. A growing body of evidence under-
scores the importance of B regulatory cells 
(Bregs) for the induction of allergen tolerance 
by AIT. Bregs are considered one of the major 
producers of peripheral IgG4 during AIT [14]. 
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Many studies on inhaled allergens have found 
that AIT induces increased IgG4 and peripheral 
Breg frequencies. Boonpiyathad et al. reported 
a significant increase in peripheral blood IL- 
10+ B cell frequency in patients after 2 years  
of house dust mite Der p1-AIT and that this 
increased frequency correlated with improve-
ment in the patients’ clinical symptoms [56]. 
The ability of AIT to induce IgG4 production and 
promote IL-10 secretion by Bregs was also 
observed in a study of grass pollen AIT [53]. In 
addition, the frequency of circulating IL-10+ 
Breg subsets is a good predictive biomarker  
for the success of AIT treatment [57]. In sum-
mary, AIT can treat AR by altering allergen-spe-
cific effector T cell and B cell response pat-
terns, enhancing the function of regulatory T 
and B cells, and modifying antibody responses. 
However, the mechanism of action of AIT still 
requires further investigation.

Limitations

Some limitations of the present study should 
be addressed. The Web of Science Core Colle- 
ction database is regarded as the most vital 
source of data for bibliometric analysis, thus it 
was searched as the sole database in this 
research. Some research might have been 
missed. Besides, only articles and reviews, and 
English publications were used for analysis, 
which may have led to some bias. In addition, 
the affiliations of the authors could not be  
fully determined; thus, some of them could be 
honorary or part-time. It is possible that some 
authors might have duplicate names or have 
the same author from different institutions. 
Nevertheless, this study has established a 
foundation for academics to quickly identify  
the research foci and emerging trends in AR 
immunotherapy.

Conclusion

This bibliometric research was the first to ana-
lyze publications on AR immunotherapy world-
wide. Over the past two decades, there has 
been an overall upward trend in the number  
of publications in the field of AR immunothera-
py. The USA and European countries publish 
the vast majority of the world’s papers in the 
field of AR immunotherapy. It is necessary to 
strengthen cooperation and communication 
between countries, institutions, and teams. 
“Subcutaneous immunotherapy”, “quality of 

life”, and “rhino-conjunctivitis” are academic 
foci in this area. In recent years, scholars have 
focused on the mechanisms and safety of 
immunotherapy. In future studies, the mecha-
nism of AR immunotherapy still deserves in-
depth investigation.
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