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Abstract: Background: The challenges that viral pneumonia poses to the global public health system remain daunt-
ing. In this study, an analysis of publications on viral pneumonia over the past two decades was conducted. Through
this work, we hope to provide inspiration for future research on viral pneumonia. Methods: We extracted all of the
English publications relevant to viral pneumonia published during 1999-2019 from Web of Science. GraphPad
Prism, CiteSpace, and VOSviewer were used to collect and analyze the publication trends in related fields. Results:
We identified 2,006 publications with 62,155 citations as of February 16, 2021. The United States accounted for
the largest number of publications (34.2%), with the highest number of citations (27,616) and the highest h-index
(78). China ranked second in the number of publications. Ctr Dis Control & Prevent proved to be the center of re-
search cooperation. Clinical Infectious Diseases included the most papers published relating to the topic of viral
pneumonia. Chan KH published the most papers in this field (25), while an article from Fouchier RAM presented
the highest citation frequency (1,275). Conclusions: According to the bibliometric analysis database and related
software results, the United States dominates the field of viral pneumonia research. The key term extracted by VOS-

viewer has shifted to “Diagnosis and management”, indicating a new trend for viral pneumonia research.
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Introduction

The morbidity of pneumonia has long been
increasing in children and the elderly worldwide
[1]. Although pneumonia can be triggered by
a variety of microorganisms, the role of viral
pathogens in causing pneumonia has been
underestimated [2]. Respiratory viruses are an
important cause of pneumonia in adults, while
elderly people with underlying cardiopulmonary
disease are more susceptible. In a study on the
detection of pathogens in adults with communi-
ty-acquired pneumonia, researchers followed
193 patients and found that 29 patients were
infected with viruses, accounting for about 15%
[3]. In adults, viral pneumonia is most common-
ly caused by influenza virus, and respiratory
syncytial virus (RSV) is not uncommon [4]. The
most frequently detected viruses in children
with viral pneumonia are RSV (73.5%) and rhi-
novirus (24.3%) [5]. As well-known RNA viruses,
coronaviruses (CoVs) were thought to be among

the relatively harmless respiratory pathogens
in the past. However, with the emergence of
severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome (MERS), CoVs
have attracted attentions worldwide [6]. In Jan-
uary 2020, the global outbreak of novel corona-
virus 2019-nCoV (officially named COVID-19)
was announced as a public health emergency
of international concern (PHEIC) by the WHO
[7]. Pneumonia triggered by COVID-19 is devel-
oping into a global infectious disease, implying
that more attention needs to be paid to viral
pneumonia research.

Bibliometric research provides the overall situa-
tion of a research field through publication indi-
cators such as journals, authors, institutions
and countries, and determines the most influ-
ential research in the field [8]. Bibliometric
mapping visualizes such data and enables a
better understanding of it, while highlighting
the most influential study in the area of interest
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keywords, publication da-
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[9]. Although bibliometric analyses have been
conducted on pneumonia [10] as well as on
viruses such as RSV and MERS-CoV [11], no
bibliometric study has been done on viral
pneumonia.

The present study aims to provide a compre-
hensive analysis of the current research sta-
tus of viral pneumonia based on publications
from the Web of Science (WOS). Bibliometric
methods combining with two major software
(VOSviewer and CiteSpace) and one Online
Analysis Platform of bibliometric analysis were
applied to discover the current trend of this
research area and to predict potential hotspots
in the future and provide an important refer-
ence for researchers in the future and an over-
all perspective for the study.

Materials and methods
Data sources and search strategies

Articles published from 1999-2019 were
included in the present study. All publications
were obtained from the online database Web
of Science Core Collection.

The search process was finished on a single
day, February 16, 2021, to avoid the bias intro-
duced by rapid database renewal. The search
strategy was set as follows: TS = (Viral AND
pneumonia) OR (((Respiratory AND Syncytial
AND Virus) OR (Influenza AND virus) OR (Rhi-
novirus)) AND (Pneumonia)) AND “Language =
English”. Only original articles and reviews
using normal peer review processes were con-
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authors, institutions, pub-
lished journals, sum of ci-
tations, h-index, etc. Micro-
soft Excel 2016 (Redmond,
Washington, USA), GraphPad Prism 8.3 (Gra-
phPad Prism Software Inc., San Diego, CA),
CiteSpace version 5.6. R5 64 bit (Drexel Uni-
versity, Philadelphia, PA, USA), VOSviewer ver-
sion 1.6.12 (Leiden University, Leiden, the
Netherlands) and the Online Analysis Platform
of Literature Metrology (http://bibliometric.
com/) were used for the subsequent quantita-
tive and qualitative analyses. The latest infor-
mation on gross domestic product (GDP) and
population was retrieved from the websites of
the World Bank.

Bibliometric analysis

The Web of Science has been widely utilized in
most bibliometric analyses, especially those
focused on biomedical research. Relative re-
search interest (RRI) was defined as the num-
ber of publications related to a specific research
field divided by publications across all fields
per year. The impact factor (IF) was obtained by
examining Journal Citation Reports (JCRs) pub-
lished in 2019. The h-index is a bibliometric
measure that combines quantity (publications)
and impact (citations). It allows us to objectively
characterize the scientific output of a research-
er. The h-index means that a scholar/country
has published h papers, and each has been
cited in other publications at least h times,
which is better than other indicators consid-
ered (citation count, citations per paper, and
paper count) in predicting future scientific
achievement. The impact factors of all the jour-
nals are based on the 2019 Journal Citation
Reports by Clarivate Analytics.
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We utilized CiteSpace to represent bibliometric
characteristics such as references, institutions,
authors and terms by visualizing the links
between the nodes in the map. This software is
based on the co-citation analysis theory and
pathfinder, minimum spanning trees algorithm
to make a quantitative analysis of the litera-
ture in specific fields. Meanwhile, this software
can also extract high-occurrence keywords to
analyze potential research trends in future
research. VOSviewer is the science-mapping
software tool developed using the Java pro-
gramming language, which is suitable for biblio-
metric mapping in an easy-to-interpret way. It
can realize the construction and visualization
of the keyword cooccurrence network in vari-
ous fields. Map construction is based on the
VOS mapping technique, which is based on a
cooccurrence matrix, where VOS stands for the
visualization of similarities. With zoom function-
ality, special labeling algorithms, and density
metaphors, the graphical representation of bib-
liometric maps can be enhanced dramatically
via multidimensional scaling.

Results

Contributions of countries to global publica-
tions

Our inclusion criteria were met by 2,006 arti-
cles dating from 1999-2019. The United States
ranked first in the number of publications (686,
34.2%), followed by China (280, 14.0%) and
Japan (147, 7.3%) (Figure 2A). Herein, a posi-
tive correlation was found between the rank-
ings of the publications and the nations’ GDPs.
By calculating the number of papers per year,
we found that the largest number of publica-
tions occurred in 2019 (164, 8.2%) (Figure 2B).
When the number of all-field publications was
considered, the global interest in this field,
measured by the value of RRI, started to
increase in 2003 and reached a 0.004% rate of
growth in 2019, while two peaks (2011 and
2014) emerged in the curve during this prog-
ress (Figure 2B). The proportion of publications
by Chinese researchers rose rapidly over the
past 10 years. Notably, China (29, 26.1%) was
fairly close to the United States (28, 25.2%) in
the number of publications in 2018. This trend
was maintained in 2019 with China (41, 25.0%)
and the USA (43, 26.2%). Scientific research
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cooperation between countries worldwide is
presented through the Online Analysis Platform
of Literature Metrology in Figure 3.

Growth trends of the publications

The cumulative publication numbers for the
world and the top 3 countries, as well as the
corresponding model fitting curves, are shown
in Figure 4. Based on these growth curves, by
the year 2022, there should be an estimated
2,256 papers in this field: 758 from the United
States, 363 from China, and 166 from Japan.
We found that the growth of publications for the
entire world was on a slow curve, which was
also applicable to several major countries, such
as the United States and Japan (Figure 4B and
4D). The number of papers published by those
countries per year has remained unchanged in
recent years, while China showed an obviously
faster growth curve in publications in this field
compared to other countries (Figure 4C).

Institutions with research publications on viral
pneumonia

The Centers for Disease Control & Prevention
in the USA had the highest number of publica-
tions among institutions worldwide. Sixty-seven
papers were from this institution, which acco-
unted for 3.3% of all publications. Within the
top 15 institutions in this field, there were 7
USA institutions, 4 Chinese, 2 Finland, 1
Netherlands and 1 Spain institution(s) (Table
1). As shown in maps generated by CiteSpace
and VOSviewer, Ctr Dis Control & Prevent
played the dominant role in this area, followed
by Univ Hong Kong, NIAID and Capital Med Univ
(Figure 5A and 5B).

Journals with research publications on viral
pneumonia

Approximately one-third of the papers within
this scope were published in 20 journals (486,
24.23%). The number of papers published in
Clinical Infectious Diseases (IF = 9.055) was
the highest with 58 records. PLOS One (IF =
2.776) ranked second with 56 publications.
The IF of journals ranking third and fourth was
similar to that of PLOS One. The American
Journal of Respiratory and Critical Care Medi-
cine (IF = 16.494) and The European Respira-
tory Journal (IF = 11.807) had 51 and 48 publi-
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Figure 2. Contributions of different countries/regions to the research on viral pneumonia. A. The number of publications, citation frequency (x0.05),
H-index (x5) and GDP (x5, per trillion dollar) in the top 10 countries or regions; B. The number of publications worldwide and the time course of the
relative research interest in viral pneumonia.
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Figure 3. The network of cooperation among countries/regions in research on viral pneumonia. The cooperative

relations between countries/regions were visualized.
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Figure 4. Model fitting curves for the growth trends in publications on viral pneumonia. A. Global; B. USA; C. China;

D. Japan.

cations on viral pneumonia, respectively, rank-
ing fifth and seventh in the number of publi-
cations. Other journals that had significant
academic impact included the Journal of The
American Medical Association (JAMA) and the
New England Journal of Medicine (NEJM), each
publishing 10 articles in this field. The top 10
journals with the most publications on viral
pneumonia are listed in Table 2.

Authors with research publications on viral
pneumonia

The top 10 authors published 282 papers
accounting for 14.1% of all the literature in this
research area. Yuen, K. -Y. from the University
of Hong Kong published 42 papers related to
viral pneumonia, ranking first in the number of
publications. McCullers, Jonathan, A. published
37 papers and ranked second among all au-
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thors. As shown in Table 3, among the top 10
authors with the most publications on viral
pneumonia, there were 4 authors from China, 4
from the USA, 1 from Spain and 1 from Finland.
Notably, the citation frequency of all 3 authors
from the University of Hong Kong in China
exceeds 3,000 (Tables 3 and 4).

Analysis of the cooccurrence of keywords in
the publications on viral pneumonia

We analyzed the keywords extracted from the
2,006 publications with VOSviewer. As shown
in Figure 6A, 202 keywords (defined as terms
that occurred more than 15 times within titles
and abstracts in all papers) were identified
and classified into 3 clusters: “Pathogenesis”,
“Epidemiology” and “Diagnosis and manage-
ment”. Within the “Pathogenesis” cluster, the
following keywords were frequently mentioned:

Am J Transl Res 2022;14(5):2972-2987
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Table 1. Top 15 institutes with most publications on viral pneumonia

Average citation

Rank Institution Publications Country
per term

1st Centers for Disease Control & Prevention - USA 67 106.54 USA
2nd University of Hong Kong 46 147.33 China
3rd NIH National Institute of Allergy & Infectious Diseases 36 71.67 USA
4th Capital Medical University 31 38.77 China
5th University of Barcelona 30 26.4 China
6th University of Washington 28 60.21 Spain
7th Erasmus MC 26 138.85 Netherlands
8th SUNY Stony Brook 24 12.46 USA
8th University of Rochester 24 106 USA
8th Vanderbilt University 24 64.5 USA
8th Winthrop University Hospital 24 12.71 USA
9th Northwestern University 23 26.13 USA
9th University of Turku 23 27.91 Finland
10th  Turku University Hospital 22 87.41 Finland
10th  Chinese Academy of Medical Sciences 22 25.50 China

pneumonia (567), infection (351), influenza
(199), and virus (154). In the “Epidemiology”
cluster, the primary keywords were children
(282), bronchiolitis (124), mortality (100), and
tract infections (87). In the “Diagnosis and
management” cluster, relevant keywords were
also found, including community-acquired
pneumonia (182), etiology (159), polymerase
chain reaction (125), responses (81), and respi-
ratory viruses (75).

As shown in Figure 6B, VOSviewer colored
all keywords according to the average number
of times the word appeared. Specifically, blue
indicates that the word appeared relatively
earlier, while yellow indicates a recent appear-
ance. During the early stage of research on
viral pneumonia, pneumonia (cluster 1, AAY =
2000.7) was the major topic in this field. More
recently, research trends demonstrated that
“infection” might be a new target in the studies
on viral pneumonia (cluster 1, AAY = 2005.2).
Within the first cluster (“Pathogenesis”), one of
the newest words was “inflammation” (cluster
1, AAY = 2013.6), which occurred 34 times. In
the second cluster (“Epidemiology”), “disease
severity” (cluster 2, AAY = 2015.2) and “hospi-
talization” (cluster 2, AAY = 2013.8) were re-
cently emerging words and appeared 22 and
29 times, respectively. For the third cluster
(“Diagnosis and management”), “biomarkers”
(cluster 3, AAY = 2015.6) rather than “commu-
nity-acquired pneumonia” was noted as a new
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topic, which appeared 18 times. We extracted
the top 25 keywords with the strongest cita-
tion bursts from the WOS data imported by
CiteSpace for the analysis of the trends of the
future research hotspots (Figure 7).

Discussion

The number of global publications on viral
pneumonia has been continuously increasing
over the past twenty years. Our data suggest
that the keywords of the publications on viral
pneumonia were classified into 3 clusters
(“Pathogenesis”, “Epidemiology” and “Diagno-
sis and management”) by VOSviewer version
1.6.12. A research trend analysis indicated
that the research on viral pneumonia has
gradually transformed from pathogenesis into
diagnosis and management (Figure 6B). Of the
top 25 keywords with the strongest citation
bursts, “bronchiolitis” and “acute respiratory
syndrome” seemed to be classical research
hotspots while “SARS” and “coronavirus” might
indicate future trends.

Our results clearly demonstrated that the USA,
China and Japan ranked first, second and third
respectively, in terms of the number of publica-
tions on viral pneumonia among the top 20
countries with the most publications (Figure
2A). The close cooperation between the USA
and other countries has contributed to the
research of viral pneumonia and further scien-
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Table 2. Top 10 journals on viral pneumonia publications

SCR?#  Journal Contribution (%) h-index  JIF® Qc:?;gfr)l/? (yezﬁ:w)
1st Clinical Infectious Diseases 58 (2.9) 36 8.313 Q1 Yes
2nd  PLOS ONE 56 (2.8) 22 2.740 Q1 Yes
3rd Pediatric Infectious Disease Journal 54 (2.7) 29 2.126 Q2 No
4th Journal of Clinical Virology 52 (2.6) 21 2.777 Q2 No
5th American Journal of Respiratory and Critical Care Medicine 51 (2.5) 13 17.452 Q1 No
6th Journal of Infectious Diseases 49 (2.4) 31 5.022 Q1 No
7th European Respiratory Journal 48 (2.4) 12 12.339 Q1 No
8th Journal of Virology 40 (2.1) 23 4.501 Q1 No
9th BMC Infectious Diseases 39 (2.0) 17 2.688 Q2 Yes
9th Journal of Medical Virology 39 (2.0) 18 2.021 Q2 No

SCR: standard competition ranking, IF: impact factor, OA: open access. ?Equal journals have the same ranking number, and then a gap is left in
the ranking numbers; °The JIF (journal impact factor) was reported according to the Journal Citation Reports (JCR) 2019; °Quartile in category
was derived from a related field in the Journal Citation Reports (JCR) 2019; “Open access journals accelerate change and make the results of

research available online for all to read and use.

Table 3. Top 10 authors with the most publications in the research scope of viral pneumonia

No. of No. of
Author Country Affiliation L -
y Publications  Citations

Yuen, K. -Y. China  University of Hong Kong 42 4,479
McCullers, Jonathan A. USA Le Bonheur Children’s Hosp 37 4,359
Chan, Kwok-Hung China  University of Hong Kong 35 5,794
Peiris, J. S. Malik China  University of Hong Kong 33 3,478
Falsey, Ann R. USA University of Rochester 30 2,973
Rosenberg, Helene F. USA NIH National Institute of Allergy & Infectious Diseases (NIAID) 29 1,520
Torres, Antoni Spain University of Barcelona 23 430
Ruuskanen, Olli-Pekka Finland  University of Turku 20 1,650
Wunderink, Richard G. USA Northwestern Memorial Hospital 17 82
Cao, Bin China  Capital Medical University 16 316
Table 4. Top 10 most-cited papers related to viral pneumonia

) Correspondin Publication  Total Correspondin
Title P e Journal - p g

authors Year Citations authors’ country

Isolation of a Novel Coronavirus from a Man with Fouchier, RAM  NEW ENGLAND 2012 1,275 Netherlands
Pneumonia in Saudi Arabia JOURNAL OF MEDICINE
A crucial role of angiotensin converting enzyme 2 Jiang, CY NATURE MEDICINE 2005 1,219 China
(ACE2) in SARS coronavirus-induced lung injury
Pneumonia and Respiratory Failure from Swine-Origin  Perez-Padilla, R NEW ENGLAND 2009 935 Mexico
Influenza A (HIN1) in Mexico JOURNAL OF MEDICINE
Respiratory syncytial virus infection in elderly and Falsey, AR NEW ENGLAND 2005 933 USA
high-risk adults JOURNAL OF MEDICINE
Clinical progression and viral load in a community Yuen, KY LANCET 2003 826 China
outbreak of coronavirus-associated SARS pneumonia:
a prospective study
Characterization and complete genome sequence of Yuen, KY JOURNAL OF VIROLOGY 2005 647 CHINA
a novel coronavirus, coronavirus HKUZ1, from patients
with pneumonia
Human metapneumovirus and lower respiratory tract Crowe, JE NEW ENGLAND 2004 592 USA
disease in otherwise healthy infants and children JOURNAL OF MEDICINE
Severe Respiratory Disease Concurrent with the Bertozzi, SM NEW ENGLAND 2009 464 Mexico
Circulation of HIN1 Influenza JOURNAL OF MEDICINE
Viral pneumonia Ruuskanen, O  LANCET 2011 442 Finland
Detrimental contribution of the Toll-like receptor (TLR) Si-Tahar, M PLOS PATHOGENS 2006 341 France

3 to influenza A virus-induced acute pneumonia
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Figure 6. The co-occurrence analysis of all keywords in publications of viral pneumonia. A. Mapping of the keywords in the area of viral pneumonia. The words were
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Top 25 Keywords with the Strongest Citation Bursts

ease prevention and treat-
ment [16].

1999 - 2019

= Interestingly, the ranking of

|

each country’s publications

was roughly consistent with

their relative GDPs (Figure

2A). At the same time, we

found that most of the top

20 countries in terms of

publications were devel-

oped countries. Especially

among the top ten coun-

tries in terms of publica-

tions, China was the only

developing country. The

incidence of viral pneumo-

nia varies based on socio-

: economic and sociocultu-
—_— ral factors [17]. Risk fac-

tors for pneumonia-such as

Keywords Year Strength Begin End
in vivo 1999 5.112000 2009
parainflucnza virus 1999 5.78 2001 2006
virus infection 1999 552001 2004
bronchioliti 1999 12.472002 2007
acute respiratory syndrome 1999 9.922003 2007
hong kong, 1999 9.56 2003 2008
identification 1999 6.552003 2005
community 1999 552003 2008
tract 1999 6.61 2007 2010
transmission 1999 5.382008 2013
h5nl 1999 5.642009 2010
hinl 1999 12.452010 2012
critically ill patient 1999 6.972010 2013
pandemic influenza 1999 6.482010 2016 ..
ahlnl 1999 6.22010 2014
seasonal influenza 1999 5.822012 2014
hospitalized children 1999 5.492012 2015
burden 1999 522013 2019
china 1999 6.04 2014 2019
feature 1999 5372014 2015
clinical feature 1999 5.242014 2015
saudi arabia 1999 5222014 2015
requiring hospitalization 1999 7.732016 2019
inflammation 1999 5.272016 2019
intensive care unit 1999 5232016 2017

— malnutrition, air pollution

Figure 7. The top 25 keywords with the strongest citation bursts during 1999 to
2019. The extract keywords of burst detection were originated from CiteSpace.

tific research cooperation among countries
(Figure 3). China has sustained rapid growth in
the number of publications (Figure 4). China’s
contribution to this research field increased
largely within a relatively short time. We predict
that China will replace the USA in this research
field in the near future. As the most populous
country in the world, China has a large number
of pneumonia patients. A systematic literature
review reported that the prevalence of CAP
in Chinese children < 6 months of age was
37.88%, which was the highest among 90
developing and newly industrialized countries
[13]. In addition, the community outbreak of
a novel coronavirus-associated severe acute
respiratory syndrome in Guangdong, China,
2003 propelled Chinese researchers to explore
the epidemiology, etiology and management
of the disease [14]. In addition, China had a
unique research direction advantage: tradition-
al Chinese medicine, which dominated a part of
the publications. For instance, Yinhuapinggan
granule (YHPG), a Chinese medicinal granule,
had protective effects on influenza viral pneu-
monia [15]. In the context of the recent break-
out of the 2019 novel coronavirus (2019-nCoV)-
infected pneumonia, traditional Chinese me-
dicines such as Astragalus and Lianhua Qing-
wen capsules have been recommended for dis-
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or tuberculosis-may occur
more frequently in develop-
ing than in developed coun-
tries [18]. Therefore, devel-
oping countries likely have a larger population
at high risk for viral pneumonia. Nevertheless,
developing countries-though experiencing the
most significant consequences of viral epidem-
ics-cannot compete equally in viral pneumonia
research due to the lack of funding and inade-
quate infrastructure. Similar gaps can also be
found in other research fields [11].

Frequently cited papers usually have a high
academic impact. Detailed information about
the top 10 cited publications on viral pneumo-
nia is listed in Table 4. Except for one basic
research article, all the other publications were
clinical studies published in high-IF journals.
The rule that papers published in high-IF jour-
nals have the highest citations is also applica-
ble for other diseases [23]. In turn, the articles
cited most frequently help maintain the high IF
of the journal [24]. “Isolation of a Novel Corona-
virus from a Man with Pneumonia in Saudi
Arabia” was cited 1,275 times, which was the
most cited paper. This study was published in
the New England Journal of Medicine, and the
authors isolated an unknown coronavirus from
the sputum of an old man who had acute pneu-
monia in Saudi Arabia [25], which was later
named the Middle East respiratory syndrome
coronavirus. The second most cited paper, with
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935 citations, was the report of the clinical and
epidemiologic characteristics of patients hospi-
talized for novel swine-origin influenza A (H1N1)
virus (S-0IV) pneumonia [26]. The novelty and
timeliness of the article determine whether it
could be published in these high-IF journals,
which promotes the rapid development of
research to a certain extent. After the outbreak
of the pandemic, many papers were published
in a short time, including some articles in high-
IF journals such as the New England Journal of
Medicine [27] and Lancet [28]. These articles
are likely to be frequently cited in the future.

Notably, Clinical Infectious Disease published
58 papers in the field, which was the most
among all the journals. PLOS One, Pediatric
Infectious Disease Journal and Journal of
Clinical Virology were also major journals that
published research on viral pneumonia. Thus,
major developments within this field are likely
to be presented in the aforementioned jour-
nals. Whether the journal is open access (OA) is
an important factor for researchers to publish
their papers. J. Gabrielle Breugelmans’s [29]
study indicated that there is a real, measurable
citation advantage for publishing poverty-relat-
ed disease papers in OA journals, which incre-
ases the scientific impact. However, research-
ers, especially those from low-income nations
or countries, have limited budgets to pay for
publication in renowned open-access journals
[11], which increases the difficulties of their
publication activities. To address this problem,
broader waiver policies should be offered in the
future.

To explore the research trend and the most
recent hotspots, visualized mapping was
applied by using VOSviewer. In the past two
decades, the keywords were divided into 3
groups: “Pathogenesis”, “Epidemiology” and
“Diagnosis and management” (Figure 6). The
pathogenesis of viral pneumonia is incomplete-
ly understood and cannot be unified due to its
different etiologies. We found that the cooccur-
rence in the “Pathogenesis” cluster was not as
close as that in the other clusters (Figure 6A),
which may also be due to the difference in the
causes of pneumonia. For example, MERS-CoV
infects both humans and camels via the CD26
receptor on nonpiliated bronchial epithelial
cells [30]. SARS-CoV pneumonia is related to
immunopathologic injury, angiotensin receptor
enzyme 2 (ACE-2) and CD209L, which have
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been found to be functional receptors for SARS-
CoV [31]. Research progress on pathogenesis
mainly relies on the development of basic
research, while there was only one basic
research article in the top 10 cited articles
(Table 4), which revealed the detrimental effect
of Toll-like receptor (TLR) 3 on influenza A virus-
induced acute pneumonia [32]. The discrepan-
cy between the importance of basic studies
and its citation frequencies could be explained
by the large differences between various types
of viral pneumonia models, and that models
are largely determined by pathogen-specific
features of virulence, infection dose, transmis-
sion mode and other factors. Therefore, we
could make use of murine acute lung infec-
tion models [33], perform a semiquantitative
evaluation of that model through historical
pathology, and combine model-specific pathol-
ogy features with other factors to establish
pathogen- and model-adapted criteria to pro-
mote pathogenesis and preclinical research.

In epidemiology studies, according to data from
the World Health Organization (WHO), influenza
occurs with an annual attack rate of 5%-10%
in adults and 20%-30% in children [17]; 450
million cases of pneumonia are recorded, and
approximately 4 million people die from this
disease annually [1]. However, these data
remain sparse, and there are no relatively accu-
rate data for the morbidity and mortality of viral
pneumonia. Due to the atypical clinical mani-
festations, the definition of viral pneumonia
varies greatly, which increases the difficulty of
cross study statistical analysis [11]. In addition,
there are significant differences in the number
of publications between developed and devel-
oping countries. Therefore, in epidemiological
studies of viral pneumonia, more interventions
should be applied in the data collection pro-
cess through established monitoring systems,
such as determining local morbidity and mor-
tality, creating disease models and developing
diagnostic criteria.

The diagnosis of viral pneumonia depends on
laboratory tests of specimens from the upper/
lower respiratory system. The detection meth-
ods include viral culture, immunofluorescence
microscopy, measurement of antibodies in
serum samples, etc. [1]. The introduction of
polymerase chain reaction (PCR) into the diag-
nosis has increased our capability of detect-
ing respiratory viruses. In general, PCR-based
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methods are more sensitive than conventional
diagnostic methods [1]. Symptomatic support-
ive care, especially respiratory support for
patients with hypoxemia, is critical in the man-
agement of viral pneumonia [34]. The use of
antibiotics and high-dose corticosteroids in
viral pneumonia treatment is still controversial
[35]. In clinical practice, the usage of antivirals
(neuraminidase inhibitors and amantadine) is
limited [36]. Further progress is needed in
improving simple diagnostic procedures and
finding more effective treatment options.

Of note, a gradual shift of focus from the
“Pathogenesis” and “Epidemiology” clusters
to the “Diagnosis and management” cluster
appeared in the time-period map (Figure 6B),
which predicted the demand and development
of the research. In the exploration of the role of
viruses in hospital-acquired and ventilator-
associated pneumonia [37], a considerable
number of cases indicated that the primary
viral infection was followed by a secondary bac-
terial infection or a viral-bacterial coinfection
[38]. Clinical evidence suggests that mixed
infections cause more severe inflammatory
reactions and clinical symptoms than viral or
bacterial infections alone [1]. However, the clin-
ical characteristics of viral and bacterial pneu-
monia are highly variable and sometimes over-
lap with each other [1], which makes the precise
diagnosis of viral pneumonia quite challenging.
Physicians relied on serologic tests to make
diagnoses for a long time until the introduction
of polymerase chain reaction (PCR) techniques
[39]. In addition, radiographic and computed
tomography (CT) patterns of patients can be
used to classify viral families [40], which pro-
vides a new choice for the diagnosis of viral
pneumonia. Future research, such as point-of-
care lateral flow immunoassays combining the
detection of IgM and 1gG, which avoid false
negative rates of testing, still need to be under-
taken [41].

In the management of viral pneumonia, novel
antiviral agents like small interfering RNAs such
as cidofovir have been developed for treating
viral infection [42]. A study discovered that an
exchange protein directly activated by cyclic
AMP can serve as a potential therapeutic target
for resisting respiratory syncytial virus [43].
Controversial issues such as the prophylactic
use of antibiotics and high doses of corticoids
have also been explored. A study on 288 influ-
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enza A (H7N9) viral pneumonia cases showed
that high-dose corticosteroids were associated
with longer viral shedding and increased mor-
tality [44]. In recent years, there have been
many other similar clinical studies [45]. Clinical
studies with higher quality and larger sample
randomized controlled trials are expected to
provide evidence-based practice for these con-
troversial management issues in the future.
Nonspecific treatment interventions are essen-
tial for preventing severe morbidity and mortal-
ity during outbreak, if there is no vaccine or
specific antiviral drugs [12].

For the latest hotspot, “biomarkers” from the
cluster “Diagnosis and management” appear-
ed most recently (cluster 3, AAY = 2015.6)
(Supplementary Materials). CAP is one of the
most common infectious diseases caused by
bacterial and viral pathogens [4]. Clearly, respi-
ratory viruses can both cause pneumonia and
predispose the patient to secondary infection
with bacterial pathogens and coinfection [46].
Therefore, there is an urgent need for a more
reliable and clear detection method to distin-
guish bacterial pneumonia from viral pneumo-
nia. Furthermore, the choice of therapy and the
need for hospitalization are determined by the
causative agent and disease severity [47],
which makes significant the prediction of the
severity of viral pneumonia. Many recent stud-
ies have explored the possibility of using bio-
markers in clinical practice. Xinge Yang’s [48]
research found that serum YKL-40 (a chitinase-
like protein secreted by macrophages in the
inflammatory response) levels on day 5 were a
possible prognostic biomarker for viral pneu-
monia in children. Engelmann [49] found that
Myxovirus resistance protein 1 (MxA), which
inhibits the early phases of viral replication,
may be a biomarker for viral infection and can
be used to discriminate bacterial from viral
infections with a high area under the curve
(AUC; 0.89). Until now, in addition to the tradi-
tional biomarkers CRP and PCT, few biomarkers
have been approved for clinical usage. However,
with the development of new technologies-
such as proteomics, metabolomics, and single-
cell sequencing-in the search for new biomark-
ers, we believe that integrating the diagnosis
and management of viral pneumonia will be
largely improved in the near future. In this
regard, searching for biomarkers with high sen-
sitivity and specificity during the onset and
course of viral pneumonia seems to be a prom-
ising future research direction and hotspot.
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The top 25 keywords with the strongest cita-
tion bursts suggested that “bronchiolitis”,
“acute respiratory syndrome” and “Hong Kong”
were traditional research hotspots. The reason
“Hong Kong” attracted researchers’ interest
may be that it was once threatened by SARS,
and related institutions further researched viral
pneumonia. Meanwhile, “SARS” turned out to
be a contemporary research focus for out-
breaks of SARS in the past two decades.
However, research on “coronavirus” seemed to
stop the advancement at an early time, which
may partly explain why great damage to the
public health system was caused by COVID-19.

This bibliometric analysis investigated publica-
tions extracted from the Web of Science Core
Collection database. The data analysis is com-
prehensive and objective. However, limitations
are inevitable. Selection bias is unavoidable in
the literature retrieval process with respect to
manual screening. Due to our inclusion criteria,
we used publications only in English, and may
have excluded some important non-English
studies related to viral pneumonia. In addition,
the database continuously updates studies,
so a slight discrepancy may exist between our
bibliometric analysis results and the actual
research situation. Owing to the worldwide
increase in the investment in scientific research
to tackle diseases, research on viral pneumo-
nia will be further increased. Cooperation and
information sharing between developed and
developing countries are necessary. Based on
our bibliometric analysis results, specifying the
types of viral pneumonia and setting different
coping strategies corresponding to different
types of viral pneumonia would enhance the
public health system’s capability to respond to
epidemics induced by viral pneumonia.

Conclusion

The USA was the most productive country in the
research on viral pneumonia. The keywords
extracted by VOSviewer gradually shifted from
“Epidemiology” and “Pathogenesis” to “Diag-
nosis and management”. The top 25 keywords
included by the burst detection feature in
CiteSpace indicated promising research hot-
spots, such as “SARS”. However, research on
“coronavirus” needs to be further advanced.
Our study provided profound insights into the
current status of viral pneumonia research,
which might indicate its future trend for the
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preparation of resisting threats from viral
pneumonia.
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