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Purpose: Acute lung injury/acute respiratory distress syndrome (ALI/ARDS) is a 
dangerous symptom in patients with severe viral pneumonia. This study aims to 
comprehensively review the cooperation and influence of countries, institutions, 
authors and co-cited journals/authors/references and keywords in the field of 
ALI/ARDS associated with viral pneumonia from the perspective of bibliometrics, 
evaluate the clustering evolution of knowledge structure, and find hot trends and 
emerging topics.

Methods: Publications on ALI/ARDS associated with viral pneumonia published 
from January 1, 1992 to December 31, 2022 were extracted from the Web of 
Science core collection. The document type was limited to original article or 
review, with the language set to English. Citespace was used to conduct the 
bibliometric analysis.

Results: A total of 929 articles were included, and the number of them generally 
increased over time. The countries with the most published articles in this field are 
the United States (320 papers) and Fudan University is the institution (15 papers) 
with the most research results. The New England Journal of Medicine was the 
most frequently co-cited journal, while the most influential co-cited journal was 
American Journal of Clinical Pathology. Reinout A Bem and Cao Bin were the 
most prolific author, but there was no leader in this field. The keywords with both 
high frequency and high centrality were “pneumonia” (Freq = 169, Central = 0.15), 
“infection” (Freq = 133, Central = 0.15), “acute lung injury” (Freq = 112, Central = 0.18), 
“respiratory distress syndrome” (Freq = 108, Central = 0.24), and “disease” (Freq = 61, 
Central = 0.17). “Failure” was the first keyword with citation bursts. Meanwhile, 
“coronavirus,” “cytokine storm” and “respiratory syndrome coronavirus” continue 
to burst.

Conclusion: Although there was a surge in literature since 2020, attentions to 
ALI/ARDS associated with viral pneumonia were still insufficient over last three 
decades. The communication and cooperation among countries, institutions and 
authors need to be further strengthened.
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Introduction

Acute lung injury (ALI)/acute respiratory distress syndrome 
(ARDS) is a critical clinical syndrome with high morbidity and 
mortality (1). In addition to inhalation lung injury, pulmonary 
contusion, sepsis and other causes, viral pneumonia is one of the 
complex causes of ALI/ARDS (2). The treatment and management of 
ALI/ARDS may be different due to various causes. Meanwhile, the 
outbreak of coronavirus epidemic in 2019 has raised more attention 
to ALI/ARDS associated with viral pneumonia.

To humans, the most common type of infection is respiratory 
infection, in which viral infections dominate (3). Influenza virus, 
rhinovirus, and adenovirus frequently cause viral pneumonia, 
which is an important cause of morbidity and mortality (4). The 
emergence of severe acute respiratory syndrome (SARS), avian 
influenza A (H5N1) virus, and pandemic influenza A (H1N1) 
virus in 2009 re-emphasized the important role of respiratory 
viruses as a cause of severe pneumonia (5). Respiratory syncytial 
virus, rhinovirus, human metapneumovirus, human bocavirus 
and parainfluenza virus are the common pathogens causing viral 
pneumonia in children, while influenza virus, rhinovirus and 
coronavirus are the main pathogens causing viral pneumonia in 
adults (5). As well-known that RNA viruses and coronaviruses 
(CoVs) were considered to be  two of the relatively harmless 
respiratory pathogens in the past (6); but in the last few decades, 
CoVs have been associated with 3 new severe diseases, namely 
SARS (7), Middle East respiratory syndrome coronavirus (8) 
(MERS-CoV) and ongoing coronavirus infectious disease 19 (9) 
(COVID-19) outbreaks. The clinical manifestations of the viral 
pneumonia range from mild to severe pneumonia, and severe 
cases could cause ALI/ARDS. ALI/ARDS associated with viral 
pneumonia may have both the characteristics of high infectivity 
of viral pneumonia and high mortality of ALI/ARDS, which will 
have a serious impact on human public health worldwide. 
Patients with ALI/ARDS associated with viral pneumonia need 
more attention.

Bibliometrics is a subject of quantitative analysis, which can help 
researchers identify the current status and frontiers in a particular 
topic or research field, providing new insights and directions for future 
research (10). Citespace is a commonly used bibliometric visualization 
tool for data analysis and visualization, which can promote readers’ 
subjective understanding (11). Although bibliometric analysis of viral 
pneumonia (6) or ALI/ARDS (12) have been performed, no 
bibliometric study of ALI/ARDS associated with viral pneumonia has 
been performed. This study conducted a bibliometric analysis of 
publications, including countries/regions, institutions, authors, 
co-cited journals/authors/references and keywords, so as to explore 
the research status, hotspots and frontiers, and draw knowledge maps 
using Citespace to serve as a reference for relevant future research.

Methods

Data acquisition

All literatures were retrieved from the Web of Science (WOS). 
Literature probe was conducted in the Science Citation Index 
Expanded (SCI-Expanded) of the Web of Science Core Collection 

(WOSCC) on 6 January 2023, employing the following terms in the 
topic: (“viral pneumonia*”) AND (“acute lung injury*” OR “ALI” OR 
“acute respiratory distress syndrome*” OR “adult respiratory distress 
syndrome*” OR “respiratory distress syndrome*” OR “shock lung” OR 
“human ARDS” OR “ARDS”). Original articles or reviews in English 
from January 1, 1992 to December 31, 2022 were finally included, 
while conference abstracts, proceedings papers, book chapters, news, 
presentations and so on were excluded. Ultimately, a total of 929 
records were acquired. Full records and cited references were 
downloaded in plain text format.

Data analysis

Bibliometric analysis included co-authorship and co-citation 
analysis. Co-authorship analysis refers to the evaluation of the 
relationship among items based on the number of coauthored 
documents, which were considered one of the most tangible indicators 
to evaluate collaboration trends and identify leading countries, 
institutions, and authors (13). Co-citation refers to when two or more 
references/authors/journals are simultaneously cited in one or more 
subsequent papers, which is called a co-cited relationship between 
them (13). Co-cited count is defined as the frequency with which two 
or more references/authors/journals are cited together by subsequently 
published articles. The bibliometrics online analysis platform1 was 
applied to analyze the publication trend and national cooperation 
network of the included literatures in diverse countries. Citespace is 
an optimal collaborative network analysis tool for connecting the 
various publication features created by Chaomei Chen, and Citespace 
6.1.R6, 64bit (Drexel University, Philadelphia, Pennsylvania, 
United  States) software was used for visual analysis in this study, 
encompassing countries/regions, institutions, authors, co-cited 
journals/authors/references and keywords. Parameter settings of 
Citespace: time span (1992–2022), years per slice (1), look back years 
(LBY = 5), and selection criteria (g-index: k = 25 for country, 
institution, author, keyword, and co-cited journal; g-index: k = 15 for 
co-cited author and reference).

Results

Distribution of articles by publication 
years/countries

A total of 929 publications were included for additional 
analysis, including 621 original articles and 308 reviews. As shown 
in Figure 1A, the publications on ALI/ARDS associated with viral 
pneumonia can be roughly divided into three stages: stage I (1992–
2008), stage II (2009–2019), and stage III (2020–2022). In the first 
stage, the progress was extremely slow, which lasted for 17 years, 
with an average annual publication number of 4.6. The second 
stage (time span of 11 years) began to increase gradually, with an 
average annual publication number of 24.4, and the highest 
number of annual publications was 32  in 2016. The third stage 

1 http://bibliometric.com/
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showed explosive growth, and the annual publications number 
reached 240 in 2020. The total number of stage III publications was 
584, accounting for 62.9% of all included publications, but the 
duration was no more than 3 years, accounting for 10.0% of the 
total time span. The bar chart (Figure  1B) showed the top  10 
countries by volume of publications in ALI/ARDS associated with 
viral pneumonia research from 1992 to 2022. The first paper 
related to this field was published in France in 1992. The 
United States was identified as the pioneer in this field. China was 
active in all stages. Italy contributed little to the number of papers 
published in this field in the first two stages, but it was rapid in the 
third stage.

Distribution of countries/regions and 
institutions

National/regional cooperation network in research on ALI/ARDS 
associated with viral pneumonia are shown in Figure 2. The top 15 
countries/regions in terms of number of publications are shown in 
Table 1. The United States ranked first with 320 papers, followed by 
China with 158 publications, and the number of papers published by 
other countries/regions did not exceed 100. A purple ring at the edge 
of the node indicates that the node has a high degree of betweenness 
centrality (>0.1), which means that it plays a key role in connecting 
the connected nodes. Purple rings could be observed at eight nodes 

in Figure 2A, which represented these countries/regions ranked in 
descending order of betweenness centrality: Canada (0.15), Australia 
(0.14), England (0.14), Spain (0.14), France (0.13), Italy (0.12), 
Saudi Arabia (0.12), and Japan (0.11).

Moreover, Table 1 also exhibits the top 15 most productive 
institutions that contributed to the research on ALI/ARDS 
associated with viral pneumonia. Research institutions with a 
high frequency of publications are identified as influential 
institutions (14). All of them were universities and came from 
seven countries/regions: the United States (6), China (4), Canada 
(1), Australia (1), Greece (1), Iran (1), and India (1). Universities 
have played an important role in this field. Fudan University 
(China) ranked the first with 15 publications, followed by 
Norhtwestern University (the United States) with 13 publications, 
and three universities [Capital Medical University (China), 
Harvard Medical School (the United  States), University 
Pittsburgh (United States)] had 11 publications, also indicating 
that contributions from the United  States and China cannot 
be ignored in this field. However, none of the institutions in this 
field had a betweenness centrality greater than 0.1, indicating 
that the cooperation among institutions needs to be strengthened. 
The overall picture of the institutional network is presented in 
Supplementary Figure S1A, while the largest institutional 
cooperation network is shown in Supplementary Figure S1B, 
which further confirms the fact that the degree of inter-agency 
cooperation in this field needs to be strengthened.

FIGURE 1

(A) Distribution of annual published literature related to ALI/ARDS associated with viral pneumonia from 1992 to 2022; (B) Annual publication volume 
and growth trend of ALI/ARDS associated with viral pneumonia in the top 10 countries from 1992 to 2022.
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TABLE 1 The top 15 countries/regions and institutions contributed to publications on ALI/ARDS associated with viral pneumonia research.

Rank Country Output [n (%)] Institution Output [n (%)]

1 USA 320 (34.44) Fudan University 15 (1.61)

2 China 158 (17.01) Northwestern University 13 (1.40)

3 Italy 95 (10.23) Capital Medical University 11 (1.18)

4 France 56 (6.03) Harvard Medical School 11 (1.18)

5 India 51 (5.49) University Pittsburgh 11 (1.18)

6 Germany 50 (5.38) University Toronto 10 (1.08)

7 Japan 47 (5.06) Johns Hopkins University 10 (1.08)

8 Australia 45 (4.84) Monash University 9 (0.97)

9 Canada 42 (4.52) National and Kapodistrian University of Athens 9 (0.97)

10 Engand 38 (4.09) Stanford University 9 (0.97)

11 Brazil 35 (3.77) University Washington 8 (0.86)

12 Spain 34 (3.66) University Hong Kong 7 (0.75)

13 Saudi Arabia 22 (2.37) Chinese Academy Medical Science 7 (0.75)

14 Netherlands 20 (2.15) University Tehran Medical Science 7 (0.75)

15 Iran 19 (2.05) All India Institute Medical Science 6 (0.65)

Distribution by co-cited journals, authors, 
and co-cited authors

Eight hundred and thirty-eight co-cited journals (nodes) and 
6,641 collaborative relationships (connections) are included in 
Figure  3A. Co-cited journals are those cited together by other 
researchers. Through co-citation of journal analysis, the distribution 
of key knowledge sources can be obtained in a field (15). The top 15 

co-cited journals with the highest frequency of ALI/ARDS 
associated with viral pneumonia research are presented in Table 2. 
The New England Journal of Medicine (631), Lancet (568), and 
JAMA-Journal of the American Medical Association (473) were the 
three most frequently co-cited journals, but none of the co-cited 
journals had a betweenness centrality greater than 0.1, indicating 
that the influence of co-cited journals needs to be  improved in 
this field.

FIGURE 2

Collaborative network of countries/regions. (A) Collaborative network of countries/regions by Citespace. Each node represents a country/region. The 
bigger the node, the more articles the country/region published. The thicker the connection line, the closer the relationship. The cooler colors indicate 
more distant time, while warmer colors indicate more recent time. A node with purple ring means high betweenness centrality (>0.1); (B) Collaborative 
network of countries/regions by a bibliometrics online analysis platform (http://bibliometric.com/). Each area represents a country/region. The larger 
the area, the more articles the country/region published. Lines indicate connections between countries/regions.
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The top 15 active authors and co-cited authors in the field of ALI/
ARDS associated with viral pneumonia research are also shown in 
Table  2. Bem RA was the most active author in the field with 5 
published papers, followed by Cao B with 5 papers and Chen DF with 
4 papers. Most authors published 1 or 2 papers, indicating that only a 
few authors made a sustained contribution to this field. The overall 
picture of the author network is presented in Supplementary Figure S2A, 
Supplementary Figure S2B shows the largest author cooperation 
network. The network map of authors involved in ALI/ARDS 
associated with viral pneumonia research showed a low map density 
(Density = 0.0049) (Supplementary Figure S2A), suggesting that 
research groups were relatively dispersed, with scattered authors and 
that mutual cooperation needed strengthening to share the research 
results of ALI/ARDS associated with viral pneumonia in different 
regions and disciplines, and promote the continuous progress of 
research (15). In addition, due to genetic diversity, inconsistencies in 
population composition, differences in virus strains, and potential 
inconsistencies in treatment efficacy or prognosis in different regions, 
collaboration between different research teams is very important for 
the comprehensive study of ALI/ARDS associated with viral 
pneumonia. The betweenness centrality of all authors was 0.00, 
indicating that most of the authors’ influence was still at a low level 
and the degree of cooperation between authors was not enough.

Compared with the author collaboration network 
(Density = 0.0049), the density of the co-cited author network 
(Density = 0.0101) was significantly increased (Figure 3B). Huang CL 
ranked the highest about co-cited counts (147), followed by Zhou F 
(141), Guan W (109), and Wang DW (108), while the remaining 
co-cited authors were co-cited less than 100 times (Table 2). There are 
two nodes with the purple circle shown in Figure 3B: The nodes with 
the purple circle in the upper right of Figure 3B represents the co-cited 
author Peiris JSM, with a high centrality of 0.11; The node with the 

purple circle in the lower left of Figure 3B represents the co-cited 
author, named Ashbaugh DG, who had high betweenness centrality 
(0.16) despite being co-cited by only 10 articles. In the Citespace 
co-analysis visualization, cooler colors indicate more distant time, 
while warmer colors indicate more recent. In the field of ALI/ARDS 
associated with viral pneumonia, Ashbaugh DG had a greater 
influence in the early stage, and Peiris JSM had the greatest influence 
in the middle stage, but there is no co-cited author with high 
influence recently.

Co-cited references analysis

There are 866 nodes and 3,087 links in co-cited references citation 
network map as shown in Figure 4A. The top 15 co-cited references in 
the field of ALI/ARDS associated with viral pneumonia research are 
displayed in Supplementary Table S1. Among the top 15 most co-cited 
references, 14 were published in 2020 and 1 was delivered in 2021, all 
of which were related to COVID-19. ALL papers were in top journals 
(IF>10): Lancet (5), New England Journal of Medicine (4), JAMA-
Journal of the American Medical Association (2), JAMA Internal 
Medicine (1), Nature (1), Lancet Respiratory Medicine (1), and Cell (1). 
Three references were co-cited over 100 times, and others were 
co-cited between 45 and 91 times. Among the top  15 co-cited 
references, no reference had centrality greater than 0.1, three 
references had relatively high centrality of 0.7 (16), 0.6 (17), and 0.5 
(18), and the others had centrality between 0.00 and 0.02.

A total of 113 clusters were calculated, of which 20 clusters were 
dominant and contained most of the co-cited references (Figure 4B). 
Details of the most co-cited references in cluster #0 to cluster #19 are 
available in Supplementary Table S2. In this cluster analysis, the 
modularity Q value of 0.812 was greater than 0.300, and the silhouette 

FIGURE 3

(A) Network of co-cited journals; (B) Network of co-cited authors. Each node represents a co-cited journal/author. The larger the node, the more 
frequently it is co-cited. A node with purple ring means high betweenness centrality (>0.1). The thicker the purple circle, the stronger the betweenness 
centrality.

https://doi.org/10.3389/fmed.2023.1158519
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Zhang et al. 10.3389/fmed.2023.1158519

Frontiers in Medicine 06 frontiersin.org

T
A

B
LE

 2
 T

h
e 

to
p

 1
5

 a
ct

iv
e 

co
-c

it
ed

 jo
u

rn
al

s,
 a

u
th

o
rs

, a
n

d
 c

o
-c

it
ed

 a
u

th
o

rs
 in

 t
h

e 
fi

el
d

 o
f 

A
LI

/A
R

D
S 

as
so

ci
at

ed
 w

it
h

 v
ir

al
 p

n
eu

m
o

n
ia

 r
es

ea
rc

h
.

R
an

k
C

o
-c

it
e

d
 J

o
u

rn
al

a
C

o
u

n
t

C
e

n
tr

al
it

y
R

an
k

A
u

th
o

rs
C

o
u

n
t

C
e

n
tr

al
it

y
R

an
k

C
o

-c
it

e
d

 a
u

th
o

rs
C

o
u

n
t

C
e

n
tr

al
it

y

1
N

ew
 E

ng
l J

 M
ed

63
1

0.
06

1
Be

m
 R

A
5

0.
00

1
H

ua
ng

 C
L

14
7

0.
01

2
La

nc
et

56
8

0.
02

2
C

ao
 B

5
0.

00
2

Zh
ou

 F
14

1
0.

03

3
Ja

m
a-

J A
m

 M
ed

 A
ss

oc
47

3
0.

02
3

C
he

n 
D

F
4

0.
00

3
G

ua
n 

W
10

9
0.

01

4
Am

 J 
Re

sp
 C

rit
 C

ar
e

40
5

0.
02

4
Ba

tih
a 

G
ES

4
0.

00
4

W
an

g 
D

W
10

8
0.

03

5
Pl

os
 O

ne
37

2
0.

00
5

Zh
u 

H
Y

4
0.

00
5

H
off

m
an

n 
M

92
0.

03

6
Cl

in
 In

fe
ct

 D
is

36
0

0.
03

6
Zh

an
g 

L
3

0.
00

6
Zh

u 
N

91
0.

00

7
N

at
ur

e
33

8
0.

04
7

Bi
m

e 
C

3
0.

00
7

Ra
ni

er
i V

M
89

0.
04

8
Ch

es
t

30
9

0.
03

8
Li

u 
L

3
0.

00
8

Zh
ou

 P
89

0.
04

9
J V

iro
l

29
4

0.
04

9
Sh

i X
L

3
0.

00
9

Pe
iri

s J
SM

77
0.
11

10
J I

nf
ec

t D
is

29
2

0.
02

10
Lu

yt
 C

E
3

0.
00

10
C

he
n 

N
S

73
0.

03

11
In

te
ns

 C
ar

e M
ed

28
3

0.
01

11
A

kk
an

ti 
B

3
0.

00
11

W
or

ld
 h

ea
lth

 o
rg

an
iz

at
io

n
72

0.
06

12
Sc

ie
nc

e
28

0
0.

02
12

M
on

i M
A

3
0.

00
12

W
u 

ZY
67

0.
01

13
P 

N
at

l A
ca

d 
Sc

i U
sa

27
3

0.
03

13
A

l-k
ur

ai
sh

y 
H

M
3

0.
00

13
C

ao
 B

65
0.

05

14
La

nc
et

 R
es

p 
M

ed
26

5
0.

00
14

Ro
dr

ig
ue

z-
m

or
al

es
 A

J
2

0.
00

14
C

ha
nn

ap
pa

na
va

r R
64

0.
01

15
N

at
 M

ed
26

0
0.

03
15

W
an

g 
T

2
0.

00
15

W
u 

C
M

62
0.

00

a Jo
ur

na
l n

am
es

 a
cc

or
di

ng
 to

 In
de

x 
of

 M
ed

ic
al

 Jo
ur

na
l A

bb
re

vi
at

io
ns

. B
ol

d 
fo

r h
ig

h 
ce

nt
ra

lit
y 

(>
0.

1)
.

value of 0.870 was greater than 0.700, indicating that the clustering 
results were highly reliable (Figure 4B). Each cluster label was selected 
by indexing terms from the references based on log-likelihood ratio 
algorithm. In addition, a timeline map was constructed to display the 
vital clusters of co-cited references (Figure 4C).

The top 25 co-cited references with the strongest citation bursts 
are presented in Supplementary Figure S3. The article (19), a review 
published by Beigel in 2005, was the first reference with the citation 
bursts appearing in 2006, which was related to human infection with 
avian influenza A (H5N1). The article (20) published by Peiris in 2004, 
was the reference with the citation bursts appearing in 2007, which 
subject matter was related to H5N1 viral pneumonia with respiratory 
distress. In addition, there were 14 of the top 25 references that showed 
a citation burst starting in 2010, and all of them were related to H1N1. 
Two references were mainly related to treatment: the topic of one 
article published in 2009 by Davies et al. (21) was “Extracorporeal 
membrane oxygenation for 2009 Influenza A (H1N1) acute respiratory 
distress syndrome”; the topic of the other article published in 2011 by 
Martin-Loeches et al. (22) was “Use of early corticosteroid therapy on 
ICU admission in patients affected by severe pandemic (H1N1)v 
influenza A infection.” The article written by Perez-Padilla et al. (23) 
had the strongest burst (17.33), which found novel swine-origin 
influenza A (H1N1) virus infection could cause acute respiratory 
distress syndrome, and other articles had a burst strength between 
4.66 and 17.33. Mauad et  al. (24) summarized the pulmonary 
pathology of fatal novel human A (H1N1) influenza infection.

Keywords analysis

Keywords are the high-level summary. High-frequency and high-
centrality keywords often reflect hot research topics in a field (25). A 
total of 636 keywords were extracted, of which 86 terms appeared 
more than 10 times, and 10 appeared more than 50 times. The top 15 
keywords with the highest frequency and centrality in the field of ALI/
ARDS associated with viral pneumonia research are displayed in 
Table 3. “Pneumonia” ranked first with 169 occurrences, followed by 
“infection” (133), “acute lung injury” (112), and “respiratory distress 
syndrome” (108). The rest of the top 15 keywords had frequencies 
ranging from 41 to 80 occurrences. In addition, “respiratory distress 
syndrome” (0.24), “acute lung injury” (0.18), “disease” (0.17), 
“pneumonia” (0.15), “infection” (0.15), and “activation” (0.13) shared 
“bridge” effects in the keyword co-occurrence map (Figure 5A).

Clustering knowledge map was built to visualize keyword clusters. 
Ten clusters were produced by indexing terms from the keywords 
based on log-likelihood ratio algorithm including #0 acute lung injury 
#1 viral pneumonia #2 extracorporeal #3 covid-19 #4 t cell #5 selenium 
#6 acute respiratory distress syndrome #7 bronchlolitis obliterans #8 
avian influenza and #9 monoclonal antibody (Figure 5B). The most 
typical labels in each cluster are shown in Supplementary Table S3. 
The mean silhouette values of the 10 clusters in the figure was greater 
than 0.7 indicating good homogeneity suggesting that the analysis 
results were reliable. Keyword timeline diagram was constructed to 
explore the time characteristics of the research field reflected by each 
cluster (Figure 5C)

“Burst keywords” mean that keywords are cited frequently over 
some time (15). The top 25 keywords with the strongest citation bursts 
since 1992 are shown in Figure 6, which are also the research frontiers 
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in the field. The red bars indicate the emergence and duration of 
research hotspots (26). The shortest duration of the burst was 1 years 
and the longest duration was 18 years. The keywords “failure” (1993–
2011), “distress syndrome” (1995–2008), and “virus” (2002–2019) 
received the longest attention in the past period. Keywords such as 
“coronavirus” (2020–2022), “respiratory syndrome coronavirus” 
(2020–2022), and “cytokine storm” (2020–2022) have been used more 
recently, indicating that these keywords have received enough 
attention lately and potentially may become future research hotspots. 
Coronavirus had the strongest citation burst intensity (7.42), followed 

by virus (6.68), critically ill patient (6.47), acute lung injury (5.82), 
H1N1 (5.6), influenza (5.39), and other top 25 keywords with a burst 
strength between 3.51 and 5.35. These words are mainly concentrated 
in three categories: population of concern for ALI/ARDS associated 
with viral pneumonia (e.g., critically ill patient and children), causes 
for ALI/ARDS associated with viral pneumonia (e.g., coronavirus, 
virus, H1N1, influenza, a virus, a H1N1, and a(H1N1), risk factor, 
respiratory syndrome coronavirus), pathogenesis of ALI/ARDS 
associated with viral pneumonia (e.g., pathogenesis, nf kappa b, 
cytokine storm, and dendritic cell). Combined with the above data 

FIGURE 4

Networks of co-cited references. Each node represents a co-cited references. (A) A network diagram of co-cited references. The larger the node, the 
more frequently it is co-cited. The thicker the connection line, the closer the relationship. The cooler colors indicate more distant time, while warmer 
colors indicate more recent time. A node with purple ring means high betweenness centrality (>0.1); (B) Clusters plots of co-cited references. Different 
colors represent different clusters of co-cited references; (C) Time line and clustering view of co-cited references. The larger the node, the more 
frequently it is co-cited. The thicker the connection line, the closer the relationship. The cooler colors indicate more distant time, while warmer colors 
indicate more recent time. A node with purple ring means high betweenness centrality (>0.1), and red ring represents a citation burst.
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TABLE 3 The top 15 keywords with the highest frequency and centrality in the field of ALI/ARDS associated with viral pneumonia research.

Rank Keyword Count Initial year Rank Keyword Centrality Initial year

1 Pneumonia 169 1994 1 Respiratory distress syndrome 0.24 1992

2 Infection 133 1994 2 Acute lung injury 0.18 2007

3 Acute lung injury 112 2007 3 Disease 0.17 1995

4 Respiratory distress syndrome 108 1992 4 Pneumonia 0.15 1994

5 Coronavirus 80 2005 5 Infection 0.15 1994

6 Acute respiratory distress syndrome 68 2002 6 Activation 0.13 1998

7 Disease 61 1995 7 Virus 0.09 1992

8 Viral pneumonia 56 1997 8 Epithelial cell 0.08 1998

9 Acute respiratory syndrome 52 2004 9 Acute respiratory distress syndrome 0.07 2002

10 Pathogenesis 50 1998 10 Expression 0.07 1992

11 Viral infection 47 2011 11 A virus 0.07 1994

12 Cytokine storm 43 2020 12 Critically ill patient 0.06 2007

13 Critically ill patient 43 2007 13 Children 0.06 1996

14 Virus 42 1992 14 Viral pneumonia 0.05 1997

15 Mortality 41 1993 15 Distress syndrome 0.05 1995

Bold for high centrality (>0.1).

and analysis, the major research frontiers in recent years are 
coronavirus, acute lung injury, cytokine storm, and 
respiratory syndrome.

Discussion

This study analyzed the number of countries, institutions, co-cited 
journals, and authors, etc. in the research on ALI/ARDS associated 
with viral pneumonia. The results show that over the past 31 years, 
there has been a gradual increase in research on this topic worldwide, 
with an explosive growth in 2020, which was significantly associated 
with the outbreak of novel coronavirus in 2019. Through the 
visualization map, the communication and contact among countries, 
institutions and authors can be  seen intuitively (Figure  2; 
Supplementary Figures S1, S2). It is not difficult to find that the 
cooperation between countries is closer than that between institutions, 
and the cooperation between institutions is also significantly closer 
than that between authors. Countries/Regions with centrality greater 
than 0.1, occupied an important position in the research of ALI/ARDS 
associated with viral pneumonia. However, despite the relatively small 
number of publications in Canada, England, Spain, and Saudi Arabia, 
the impact was significant. The United States and China were in a 
leading position in the number of publications in this field, but their 
influence still needed to be strengthened, with the centrality of 0.08 
and 0.02, respectively. In addition, the top  15 institutions are all 
universities, indicating that institutions of higher learning are the 
mainstay of this field and play an important role in research on this 
topic (Table 1).

Co-cited references not only present the core literature that plays 
a pivotal role in the evolutionary process within a field, but also 
unmask the changing trends in research priorities (27). Through the 
timeline map of co-cited references, it can be found that in terms of 
time distribution, clustering was relatively concentrated, mainly 
including #0 covid-19, #1 cytokine storm, #2 H1N1, #3 respiratory 

failure, #4 novel avian-origin influenza, #5 complications, #6 
mechanical ventilation, and #7 autopsy. It was obvious that #0 covid-
19, #1 cytokine storm, #6 mechanical ventilation, and #7 autopsy 
clusters mainly occurred from 2015 to 2022, indicating that these 
clusters are hot spots for ALI/ARDS associated with viral pneumonia 
research (Figure 4C). It is worth noting that the top 15 most co-cited 
references were all related to COVID-19, which is clearly relevant to 
the ongoing COVID-19 outbreak since 2019. In addition, the top 25 
co-cited references with the strongest outbreak were mainly related to 
H1N1, involving the pathological mechanism (23) and treatment (22) 
of ALI/ARDS caused by H1N1, which was related to the pandemic of 
2009 H1N1. Martin-Loeches et  al. (22) showed that early use of 
corticosteroids in patients with ALI/ARDS due to pandemic influenza 
A H1N1 infection did not lead to better outcomes and was associated 
with an increased risk of superinfection. This has reference value for 
the current exploration of the treatment of ALI/ARDS caused by 
COVID-19. In addition, Davies et  al. (21) found Extracorporeal 
Membrane Oxygenation as a salvage treatment modality for ALI/
ARDS associated with viral pneumonia.

In order to explore the research trends and the latest hot spots, a 
cluster analysis was performed on the keywords, and a total of 10 
clusters were obtained. Different from other viruses, SARS in 2002, 
H5N1 in 2003, H1N1 in 2009, MERS-CoV in 2012 and COVID-19 in 
2019 are more likely to cause ALI/ARDS, which in turn cause greater 
harm to human public health. This may partly explain why they have 
become the focus of research in the field. Cytokine storm is considered 
to be  one of the main causes of ALI/ARDS associated with viral 
pneumonia (28). Studies have shown that delayed release of IFN in the 
early stage of MERS-CoV infection can hinder the body’s antiviral 
response (29). Later, the rapidly increasing cytokines and chemokines 
attract many inflammatory cells, such as neutrophils and monocytes, 
leading to excessive infiltration of inflammatory cells into lung tissue, 
which causes ALI/ARDS (29). The treatment of ALI/ARDS associated 
with viral pneumonia mainly includes two aspects: mechanical 
ventilation therapy such as extracorporeal membrane oxygenation 
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therapy and non-mechanical ventilation therapy such as alveolar 
surfactant supplement therapy and moderate use of glucocorticoids. 
Sahebnasagh et al. (30) suggest that a neutrophil elastase inhibitor 
(sivelestat) may be a promising treatment option for patients with 
acute lung injury/ARDS in COVID-19, but this view needs to 
be tested in large clinical trials. In addition, studies have shown that 
PTP1B inhibitors protect against acute lung injury and regulate 
CXCR4 signaling in neutrophils, which means that the use of PTB1B 
inhibitors in patients with severe viral pneumonia may have a 
preventive effect on ALI/ARDS (31).

Compared with previous research in this field, this study has some 
strengths. Most importantly, this is the first bibliometric study of ALI/
ARDS associated with viral pneumonia. In addition, the online 
bibliometric analysis platformand and bibliometric software 
(Citespace) were used together for analysis and visualization, which 

increased the richness of the results. Although the analysis and 
visualization in this study are relatively comprehensive and objective, 
it has several limitations. First, the search date for included 
publications in our study was up to January 6, 2023, but new articles 
were continuously published that were not included in our study. 
Second, our study only included publications in English, and 
contributions from publications in other languages may have been 
overlooked. Finally, due to the format requirements of Citespace, 
we ended up counting only publications in the WOSCC database, 
which may have missed articles from other databases, such as 
Pubmed, Medline, and Scopus. However, because of the significant 
cross-replication of the literature in the various databases and the 
authority of the WoSCC database, we consider that this work still can 
be  applied to present the overall situation and general trend for 
this field.

FIGURE 5

Keywords map. Each node represents a keyword. A co-occurrence relationship between two keywords is represented by links connecting two nodes. 
(A) Network of keywords. The size of each node indicates the frequency of the keywords, whereas the node labels show the keywords. The thicker the 
connection line, the closer the relationship. The cooler colors indicate more distant time, while warmer colors indicate more recent time. A node with 
purple ring means high betweenness centrality (>0.1); (B) Clusters plots of keywords. Different colors represent different clusters of keywords; (C) Time 
line and clustering view of keywords. The size of each node indicates the frequency of the keywords. The thicker the connection line, the closer the 
relationship. A node with purple ring means high betweenness centrality (>0.1), and red ring represents a citation burst.
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FIGURE 6

Top 25 keywords with strongest citation bursts. The years between “Begin” and “End” represent the period when the keyword was more influential. 
Years in light blue mean that the keyword has not yet appeared, years in dark blue mean that the keyword is less influential, and years in red mean that 
the keyword is more influential.

Conclusion

Bibliometric analysis demonstrates, in the field of ALI/ARDS 
associated with viral pneumonia, the United States and China have 
been the leader. The United  States ranked first with 320 
publications, followed by China with 158 papers. In addition, 
Canada is the country with the highest influence in this field. 
Fudan University, Northwestern University and Capital Medical 
University were the most important institutions. The New England 
Journal of Medicine is the most frequently co-cited journal, but 
none of the co-cited journals in this field had a betweenness 
centrality greater than 0.1, indicating that the influence of co-cited 
journals needs to be  improved. Bem RA is the most highly 
published author in this field, and David G Ashbaugh is the most 
influential co-cited author. With the development of research, the 
study focus has gradually shifted from pathological mechanism 
analysis to the identification of high-risk groups, treatment and 
management, prevention and risk factor analysis. At the same 
time, the continuous outbreak of keywords such as “coronavirus,” 
“respiratory syndrome coronavirus” and “cytokine storm” 
indicates that these keywords will continue to be research hotspots 
in the future. In summary, our study objectively and 

comprehensively shows the research trends, hotspots, frontiers, 
existing problems and deficiencies in the field of ALI/ARDS 
associated with viral pneumonia through bibliometric analysis, 
hoping to help scholars in this field to quickly identify their 
strengths and weaknesses, so as to enrich and improve the 
development of this field.
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