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Mapping global trends in
research of stem cell therapy for
COVID-19: A bibliometric

analysis

Xinkang Zhang', Jiehui Cai', Lingzhi Chen', Qiuping Yang',
Huiting Tian, Jinyao Wu, Zeqi Ji, Daitian Zheng, Zhiyang Li*
and Yexi Chen*

Department of General Surgery, The Second Affiliated Hospital of Shantou University Medical
College, Shantou, China

Over the past 2 years, the world has witnessed the devastating effects of the
COVID-19 pandemic on humanity. Fortunately, stem cell therapy is widely
used in clinical practice for the treatment of COVID-19 and has saved the
lives of many critically ill patients. A bibliometric analysis of this field can
analyze research hotspots and predict the research trends. This research
analyzed documents from Web of Science between the years 2020-2022.
The bibliometrics software bibliometrix, VOSviewer, and CiteSpace were
used to complete the visual analysis of publications, authors, countries,
documents, organizations, collaborative networks, and keywords clustering.
896 publications on COVID-19 stem cell therapy were included in the
analysis, including 451 articles and 445 review articles. The field grew at the
average growth rate of 103.17% between 2020 and 2021. The United States
had the highest number of publications and citations. Many developing
countries had also contributed significantly to the field. The journal with
the most articles was Stem Cell Research and Therapy. The most cited
journal was Stem Cell Reviews and Reports. The published documents were
focused on five themes: “Cell Biology”, “Medicine Research Experimental”,
“Cell Tissue Engineering”, “Immunology”, and “Pharmacology Pharmacy”. The
bibliometric analysis revealed that current clinical trials had validated stem cell
therapy's remarkable potential in treating COVID-19 and its complications. It
is foreseeable that future research in this area will continue to increase. With
the help of bibliometric analysis, researchers can identify the current state of
research and potential research hotspots.
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Introduction

Since the World Health Organization declared a pandemic on March 11, 2020,
Coronavirus disease-19 (COVID-19), caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has rapidly spread worldwide (1). As of August
24, 2022, a total of 593 million cases have been diagnosed on five continents, with
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more than 6.4 million deaths reported (2). These numbers
continue to increase after multiple rounds of mass vaccination.
There are various clinical manifestations of SARS-CoV-2,
moderate

including mild to respiratory  depression,

inflammation, hypoxia (3), infection of cardiomyocytes
and cardiogenic shock (4), the tendency to clot in micro- and
macrovascular vessels (5), myocarditis caused by the immune
response (6), neurological and psychiatric disorders (7), and
acute respiratory distress syndrome (ARDS) (8), which has high
morbidity and mortality rates.

As a primary problem that endangers the health of all
human beings, research on COVID-19 has become a common
focus in more than 200 countries worldwide. At this stage,
COVID-19 and the multiple complications it causes are still
endangering patients’ lives. New therapeutic approaches are
urgently needed to attenuate the body’s excessive immune and
inflammatory response (9), accelerate lung function recovery
and reduce mortality in patients with severe COVID-19. Stem
cells have powerful immunomodulatory functions, and 80-90%
of cells often accumulate in the lungs after administration (10).
Stem cell therapies can be used to treat severe health conditions
(11), such as mesenchymal stem cells therapy (MSCs therapy),
which has been used in the treatment of influenza patients and
animal models (12) to suppress chronic inflammatory responses
through the release of anti-inflammatory and antifibrotic
cytokines (13). Positive results have been demonstrated in
studies including, but not limited to, asthma (14), acute
lung injury (ALI) (15), and chronic obstructive pulmonary
disease (COPD) (16). Cytokine storm is the most severe
complication of COVID-19 (17). The human immune system is
induced by COVID-19 to acutely release large amounts of pro-
inflammatory cytokines such as IL-1, IL-6, and IFN-y. Cytokine
storm is inseparable from the progression of ARDS (18). Stem
cells can effectively inhibit the release of inflammatory factors
and subsequently reduce the probability of cytokine storm (19).
Stem cells themselves can also secrete IL-10, cell growth factor,
and Vascular endothelial growth factor (VEGF) to alleviate the
symptoms of ARDS, effectively reduce pulmonary inflammatory
infiltrates, repair damaged lung tissues, and reverse pulmonary
fibrosis (20-22). So, with the ability of modulating immunity
and suppressing inflammatory responses, stem cells can reduce
the degree of tissue damage, which may be the main mechanism
for the treatment of patients with COVID-19. Stem cell therapy,
one of the most cutting-edge therapeutic approaches available
today, a wide range of risks associated with SARS-CoV-2
infection can be reduced, and patients’ lives can be saved.

However, to our knowledge, there is no bibliometric
analysis specifically on COVID-19 stem cell therapy. Since
the COVID-19 pandemic has not yet ended and treatment
options for COVID-19 are still inconclusive, COVID-19 is still
endangering the health and lives of patients with mild and
severe diseases worldwide. Therefore, a bibliometric analysis of
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COVID-19 stem cell therapies is needed to clarify the current
research state and inform future studies.

Materials and methods

Research method

First proposed by Pritchard (23), bibliometrics is widely used
to analyze the disciplinary dynamics and research progress of
a field. In bibliometrics, detailed information is obtained about
the authors, countries, research institutions, journals, keywords,
references, etc., to clarify the status of the research in a field of
the literature (24). With the aid of modern computer technology,
bibliometrics can visualize the analysis results in detailed graphs
(25). Tt has been pointed out that visual analysis is a powerful
supplement to the results, helping to interpret the data and help
people better understand the results. At the same time, it can
promote the exploration of deep links between documents.

Data source and collection

We chose to search all literature on COVID-19 stem
cell therapies from Thomson Reuterss Web of Science
(WOS) core database, including editions of SCI-EXPANDED
(2003-present), SSCI (2003—present), A&HCI (2003-present),
ESCI (2015-present), CCR-EXPANDED (1985-present), and
IC (1993-present). A major reason for choosing WOS was its
comprehensive collection, which includes numerous biomedical
studies, the high quality of the publications included and its
recognition as the most comprehensive bibliometric database
(26). To avoid bias in the results, we standardized the data.
Specifically, different expressions of the same keywords were
standardized to medical subject terms (Mesh), “Stem Cell”, and
“COVID-19”, etc. The search query includes the following: #1,
(((TS = (“Stem Cell*”)) OR TS = (“Progenitor Cell*”)) OR
TS = (“Mother Cell*”)) OR TS = (“Colony-Forming Unit*”);
#2, (TS = (“COVID 19”)) OR TS = (“SARS-CoV-2
Infection*”)) OR TS = (“2019 Novel Coronavirus Disease*”))
OR TS = (“2019 Novel Coronavirus Infection*”)) OR TS
= (“2019 nCoV Disease™ “)) OR TS = (“COVID 19 Virus
Infection®™”)) OR TS = (“Coronavirus Disease 2019”)) OR TS
= (“SARS Coronavirus 2 Infection®”)) OR TS = (“COVID 19
Virus Disease™”)) OR TS = (“2019 nCoV Infection*”)) OR TS
= (“COVID 19 Pandemic*”); #3, (TS = (Therap™)) OR TS =
(Treatment™); #4, “#3” AND “#2” AND “#1”. The publications
span from 2020 to 2022. The search of documents was completed
on August 26, 2022, and a total of 979 articles were searched.
Then we filtered the article type as “Article” and “Review Article”
and the language as English and got 896 articles, including
451 articles and 445 review articles. A total of 83 articles were
excluded, including 8 non-English articles, 1 non-English article
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review, 40 editorial materials, 25 letters, 8 meeting abstracts, and
1 correction. The retrieved papers were exported as plain text
files with “full record and cited references”.

Bibliometric analysis

We analyzed and organized the resulting documents,
their titles,
countries, abstracts, keywords, citations, etc. We chose to

collecting authors, publications, affiliations,
analyze the annual changes in publications using the following
parameters. The average growth rate (AGR) represented the
average of the annual growth rates and was calculated according
to the following formula: AGR = [(Ending Value — Beginning
Value)/Beginning Value] * 100. The compound average growth
rate (CAGR) was the average annual growth rate over a specific
period of more than 1 year. It was calculated using the following
formula: CAGR = [(Ending Value/Beginning Value)(/®) _ 1] *
100, where n was the number of years. The relative growth rate
(RGR) was defined as the growth rate per unit of time, which
was calculated according to the following formula: RGR = [(In
(S2) - In (S1))/(t2 - t1)] * 100, where In (S1) was the logarithm
of the initial number of articles; In (S2) was the logarithm of the
final number of articles; t2 - t1 was the time difference between
the final time and the initial time. The doubling time referred
to the time it took to double the number of publications and
was calculated using the following formula: doubling time = (t2
- t1) * 1g2/(1gS1 - 1gS2) (27, 28). The concepts of S1, S2, and
2 — t1 were the same as the above equation.

In the author analysis section, we chose the following
formula to calculate the overall collaboration analysis for the
COVID-19 stem cell therapy field: C = Nm/Nm + Ns. Here
C referred to the degree of collaboration (DC); Nm referred
to the number of multi-author papers; Ns referred to the
number of single-author papers. The calculation formula for
the collaboration index (CI) is the number of authors in multi-
authored articles divided by the number of multi-authored
articles (29).

We imported the data into VOSviewer, Biblioshiny
(bibliometrix’s web visualization interface), and Citespace for
visual analysis and knowledge mapping. GraphPad Prism 9
(GraphPad Prism Software Inc., San Diego, CA, United States)
was also used to create the required bar charts.

VOSviewer 1.6.18
Leiden, Netherlands) uses a probabilistic-based approach to

(30) version (Leiden  University,
data normalization and is able to provide several types of
visualization views. The meaning of the generated visualizations
is based on three essential elements: size, distance, and color.
Nodes represent specific objects such as keywords, countries,
institutions, etc. The size of a node indicates the frequency of
occurrence, with larger nodes indicating a higher frequency.
The mutual distance between nodes indicates the closeness
of the relationship. The smaller the distance, the closer the
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Search time: August 26th, 2022
Time restriction: from 2020 to
2022

979 documents retrieved from . "
WOS database

*  Document type restriction:
articles or reviews
« Language restriction: English

Studies excluded(N = 83)

* 40 editorial materials

* 25 letters

* 8 meeting abstracts

* 1 correction

+ 8 non-English articles
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896 d (including 451
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bibliometric
—>  analysis and
visualization

FIGURE 1
Flowchart of data collection and analysis.

relationship between two nodes. And different colors represent
different categories (30). We used it to construct co-authorship
networks, coupling networks, co-citation networks, keyword
co-occurrence networks, etc., and also analyzed the link strength
between nodes (31).

Bibliometrix is an R tool that allows for the bibliometric
analysis of data from WOS and the generation of accessible and
engaging images (32). It is based on the R language version
4.1.2. With this software, we obtained several basic information,
including the source of the literature, the number of references,
and the contents of the literature. We move on to obtain further
information, such as the average annual citation rate, the impact
of authors and journals, the citation ranking of journals and
articles, and the contribution of countries and organizations.
The h-index is widely used to assess the number and applied
impact of a researcher’s scholarly output. If an author has n
articles, each of which was cited at least n times among all
scholarly articles, his h-index is n (33). Since the h-index is
often limited by the number of publications and citations, it
favors researchers with a certain number of years of experience.
G-index is proposed as a supplement to the h-index. The papers
are sorted in descending order by the number of citations, and
the citations are stacked by serial number.

G-index is the final serial number such that the cumulative
number of citations is no less then the square of the serial
number (34).

This paper utilized CiteSpace (35) version 6.1.R2 to identify
emergent keywords and references and to locate references and
keywords associated with intense outbreaks.

Figure 1 shows the steps for screening the literature and
analyzing the data in the form of a flow chart.
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FIGURE 2
Bar chart of scientific production.

Results

Annual publication growth and citation
analysis

The 896 papers selected for this study were written by 7,102
authors from 2,083 organizations in 97 countries and regions.
They were published in 441 journals and cited a total of 49,629
references in 7,659 periodicals. The impact factor (IF) (36) was
adopted from the latest annual Journal Citation Reports (JCRs)
of 2022.

Since reports on COVID-19 first appeared in late 2019,
research on COVID-19 stem cell therapies first appeared in
2020, with the average age of the articles at 1.02 years. As seen
in Figure 2, 221 papers were published in 2020, accounting
for 24.67% of the total. 449 articles were published in 2021,
accounting for 50.11% of the total. Since 2022 was not yet closed,
and the final issue volume is not yet known, the growth trend for
that year could not be derived yet, so 2022 was not included in
the analysis. From 2020 to 2021, the growth analysis shows the
average growth rate (AGR) of 103.17%; the compound average
growth rate (CAGR) of 103.17%; the relative growth rate (RGR)
0f70.87%; and doubling time (DT) of 0.98 year. The high growth
rate showed that the field was attracting considerable attention,
and the number of studies continued to increase.

Citation analysis is a method of assessing the level of
published journals, research institutions, and even researchers
with the help of statistical methods. High-quality articles
generally have a high number of citations (36). Table I lists
the top 10 cited papers in the COVID-19 stem cell therapy
field, and the highly cited papers indicate the research trends
in the area. The most highly cited article in this field (37)
was a systematic review with an IF38.637 score and 1,422
citations. It elucidated the significant potential of stem cell
therapies to combat the most severe complication of COVID-19,
cytokine storm (37), which was widely considered to be a
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direct cause of multiple fatal complications of COVID-19 (38).
The second most cited article was “Transplantation of ACE2(-)
Mesenchymal Stem Cells Improves the Outcome of Patients with
COVID-19 Pneumonia” by Leng et al. (21). It was a clinical
case study in which seven patients with COVID-19 injected with
Mesenchymal stem cells (MSCs) showed improvement in lung
function and symptoms of infection. No adverse effects were
observed, and ACE2 (Angiotensin-converting enzyme 2), the
primary receptor for COVID-19 (39), was used in the study to
identify the presence of COVID-19 infection in MSCs injected
into the body.

From the top 10 cited articles, we can see that stem cell
therapy, especially intravenous transplantation of MSCs, has an
imperative role in treating critically ill patients and reducing
cytokine storm. 6 of the top 10 articles were reviews, and 4 were
clinical or scientific studies. Among all articles, 3 articles were
cited more than 500 times, accounting for 0.33% of the total; 8
articles were cited more than 200 times, accounting for 0.89%
of the total, and 32 articles were cited more than 100 times,
accounting for 3.57% of the total.

Countries and organizations analysis

The focus on the treatment of patients with severe
COVID-19 had attracted research contributions from 97
countries and regions and 2,083 organizations worldwide. As
shown in Figure 3A, the main participating countries and
regions are distributed in Europe, America, Asia, and Oceania.
The darker the color means the higher the article output, and
the denser connecting lines means the stronger partnership.
The United States was the most published country in this field
(n =260, 29.02%), followed by China (n = 162, 18.08%), Iran (n
=97, 10.83%), India (n = 94, 10.49%), and Italy (n = 78, 8.71%)
(Table 2). Using VOSviewer to plot Figure 3B, 41 countries meet
the threshold of 5 articles as the minimum number of articles
issued. More articles are produced at a larger node, and a closer
distance represents a stronger relationship. It is divided into
four clusters, each represented by a different color. In Figure 3C,
the yellower colors represented more document output. The
regional correlation showed that the U.S., China, India, and Iran
issued the highest number of documents.

A total of 2,083 organizations were involved in research
in this field, of which Shahid Beheshti University of Medical
Sciences contributed the most papers (n = 33, 3.68%), followed
by Tehran University of Medical Sciences (n = 28, 3.13%),
Harvard Medical School (n =25, 3.13%), Mayo Clinic (n =
17, 1.90%), Karolinska Institute (n = 15, 1.67%), and Zhejiang
University (n = 14, 1.56%). It is worth noting that the
average article citations of Zhejiang University reached 124.29,
outperforming all organizations (Table 3). We then analyzed
the co-authorship of 104 organizations with a threshold of 5
or more, divided into 7 clusters. The five organizations with
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TABLE 1 Top 10 cited articles contributing to this research area.

10.3389/fpubh.2022.1016237

Documents DOI Total citations TC per year Normalized TC
Ye etal. (37), ] Infection 10.1016/.jinf.2020.03.037 1422 474.00 28.87
Leng et al. (21), Aging Dis 10.14336/AD.2020.0228 658 219.33 13.36
Nishiga et al. (41), Nat Rev Cardiol 10.1038/541569-020-0413-9 515 171.67 10.46
Lietal. (50), Int ] Antimicrob Ag 10.1016/j.jjantimicag.2020.105951 476 158.67 9.67
Liuetal. (51), ] Autoimmun 10.1016/j.jaut.2020.102452 404 134.67 8.20
Riva (52), Nature 10.1038/s41586-020-2577-1 356 118.67 7.23
Wang et al. (53), ] Leukocyte Biol 10.1002/JLB.3COVR0520-272R 317 105.67 6.44
Lotfi et al. (54), Clin Chim Acta 10.1016/j.cca.2020.05.044 287 95.67 5.83
Sengupta et al. (44), Stem Cells Dev 10.1089/s¢d.2020.0080 263 87.67 5.34
Ulrich and Pillat (55), Stem Cell Rev Rep 10.1007/s12015-020-09976-7 235 78.33 4.77

& VOSviewer

FIGURE 3

(A) Distribution and collaboration of country or region; (B) Network map of co-authorship between countries with more than six publications;
(C) Density map of co-authorship between countries with more than six publications.
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the highest total link strength were Harvard Medical School
(53), The Royal Melbourne Hospital (51), Peter MacCallum
Cancer Center (50), Mayo Clinic (49), and Karolinska Institute
(47) (Figure 4).

Collaboration and author analysis

Based on our screened data, a total of 7,102 authors
contributed to the field, 32 of whom published single-author
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articles. The average number of authors per article was 6.57.
The average number of co-authors per article of 9.04, and an
international co-authorship percentage of 30.17%. The degree
of collaboration (DC) and the collaboration index (CI) values
for each year from 2020 to 2022 were listed in Table 4, both
increasing yearly. DC increased from 0.95 year in 2020 to 0.98
year in 2022, and Cl increased from 8.08 in 2020 to 10.39 in 2022.

The top 10 most prolific authors were listed in Table 5. Wang
Fu sheng and Shi Lei were ranked first with 7 publications,
accounting for 0.78% of the total publications, followed by
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TABLE 2 Most productive countries contributing to this research field.

Country Documents Citations Average article
citations
USA 260 6,967 26.80
China 162 6,685 41.27
Iran 97 1,521 15.68
India 94 1,578 16.79
Italy 78 1,869 23.96
England 66 1,814 27.48
Germany 54 1,187 21.98
Spain 37 1,301 35.16
Canada 37 312 8.43
Japan 33 551 16.70

Ljungman Per (1 = 6, 0.67%), Zhao Robertchunhua, Xu Ruonan,
Xiang Charlie, Arjmand Babak (n = 5, 0.59%). As seen in
Figure 5, the 89 authors with three and more publications
formed four larger co-author groups, with Huang Lei, Li
Yuanyuan, Shi Lei et al. being the closest collaborators. The top
five authors with the highest link strength were Wang Fu sheng
(total link strength = 43), Shi Lei (total link strength = 42),
Xu Ruonan (total link strength = 40), Zhang Chao (total link
strength = 39), and Huang Lei (total link strength = 36). The
number of citations was more indicative of the centrality of the
authors due to the relatively short emergence of the field. Table 6
lists the top 5 authors with the highest number of citations, with
Zhao Robertchunhua ranking first with 691 citations, followed
by Rezaei Nima (396 citations), Shi Lei (369 citations), Wang Fu
sheng (305 citations), and Xiang Charlie (283 citations).

The h-index is an important tool for evaluating the
quantity and quality of academic output, especially in the
medical field (40). On the h-index, Wang Fu sheng ranked
highest (h-index = 6), while Das S, Ljungman Per, Shi Lei,
Wang Fu sheng, and Zhang Robertchunhua ranked 2nd

TABLE 3 Most productive organizations contributing to this research field.

Organization Documents
Shahid Beheshti University of Medical Sciences 33
Tehran University of Medical Sciences 28
Harvard Medical School 25

Mayo Clinic 17
Karolinska Institute 15
Zhejiang University 14

Icahn School of Medicine at Mount Sinai 13
Huazhong University of Science and Technology 12
Shiraz University of Medical Sciences 11
Tabriz University of Medical Sciences 11
Frontiersin Public Health 06
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respectively (h-index =5). The g-index is also considered a
useful complement to the h-index if both researchers have
identical h-index (34). Interpreting the result by referring to
these two parameters will help identify the truly influential
scholars. Of all the researchers, Wang Lu and Wang Fu sheng
had the highest g-index (g-index = 7). Ljungman Per, Zhang
Robertchunhua, and Kumar Santosh came second (g-index =
6), followed by Das S, Shi Lei, and Rezaei Nima (g-index = 5).
Wang Fu sheng has the best output and quality in this field.

Journal and research category analysis

The 896 papers in this dataset were published in 441
journals. The ten journals with the largest number of articles in
this field are shown in Table 7. The top 10 journals published
a total of 176 articles, accounting for 19.64% of the total
number of publications. Stem Cell Research and Therapy had
the most articles, totaling 33. Stem Cell Reviews and Reports
ranked second, with 23 papers. The third was Frontiers in
Immunology, with 25 papers. The following journals were
International Journal of Molecular Sciences and Cells, with 20 and
18 papers, respectively. These journals are mainly focused on
cell biology and immunology-related fields. In terms of citations,
Stem Cell Reviews and Reports ranked first with 799 citations,
and Aging and Disease ranked second with 743 citations. They
were followed by Stem Cell Research and Therapy (574 citations),
Cell Stem Cell (411 citations), and Frontiers in Immunology
(374 citations). The h-index can be used to measure the impact
of these journals. Stem Cell Research and Therapy and Stem
Cell Reviews and Reports had the highest h-index of 12. Stem
Cells Translational Medicine, Cells, Frontiers in Immunology, and
International Journal of Molecular Sciences all had an h-index of
7, followed by Aging and Disease (h-index = 6) (Table 8).

In terms of research categories, a total of 86 research
categories were included in this dataset. Table 9 lists the
top five research categories and their number of papers:

Citations Average article citations
464 14.06
693 24.75
1,112 44.48
570 33.53
253 16.87
1,740 124.29
687 52.85
860 72.67
50 455
211 19.18
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FIGURE 4
Network map of co-authorship between organizations in this field.

TABLE 4 The degree of collaboration (DC) and collaboration index (Cl) in COVID-19 stem cell therapy.

Year Total number Number of single Number of Number of authors in DC CI
of authors authored publications multi-authored multi-authored
publications publications
2020 1,707 11 210 1,696 0.95 8.08
2021 3,706 17 432 3,689 0.96 8.54
2022 2,092 4 201 2,088 0.98 10.39

TABLE 5 Most productive authors contributing to this research field.

Authors Documents h-index g-index m-index TC NP PY start
Wang FS 7 5 7 1.667 305 7 2020
ShiL 7 5 5 1.667 369 5 2020
Ljungman P 6 5 6 1.667 196 6 2020
Zhao RC 5 4 4 1.333 691 4 2020
XuRN 5 4 5 1.333 253 5 2020
Xiang C 5 4 5 1.333 283 5 2020
Arjmand B 5 2 2 0.667 14 2 2020
Hare JM 4 3 4 1.000 283 4 2020
LiYY 4 4 4 1.333 260 4 2020
LiLJ 4 4 5 1.333 242 5 2020
“Cell Biology” (206 publications), “Medicine Research “Pharmacology Pharmacy” (89 publications). In terms of
Experimental” (165 publications), “Cell Tissue Engineering” publishers, the top five publishers in terms of number of
(156 publications), “Immunology” (90 publications) and publications were “Elsevier” (174 publications), “Springer
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FIGURE 5
Network map of co-authorship of authors with four or more publications in this field.
TABLE 6 Top 5 cited authors contributing to this field.
Authors Citations h-index g-index m-index NP PY start
Zhao RC 691 4 4 1.333 4 2020
Rezaei N 396 4 5 1.333 5 2020
ShiL 369 7 5 1.667 5 2020
Wang FS 305 5 7 1.667 7 2020
Xiang C 283 4 5 1.333 5 2020
Nature” (153 publications), “Mdpi” (93 publications), “Frontier TABLE 7 Top 10 most published sources.
Media Sa” (74 publications), and “Wiley” (65 publications).
Source Documents
C l l . d t t Stem cell research and therapy 33
oup I_ng ana ySIS and co-citation Stem cell reviews and reports 23
ana lys IS Frontiers in immunology 21
International journal of molecular sciences 20
Figures 6A,B show the coupling analysis of literature and Cells 18
sources. Different colors represent different clusters. The node . -
Stem cells translational medicine 16
size represents the frequency of citations. In Figure 6A, using World journal of stem cells 13
a minimum of 20 citations of a document as the threshold, a .
Transplantation and cellular therapy 12
total of 152 articles were included in the analysis. They were o )
Frontiers in cell and developmental biology 11
divided into 6 clusters. The red cluster was the largest cluster . )
Aging and disease 9

and included 52 items. Its main themes were case analyses
of COVID-19 stem cell therapy and phase reviews. Among
other clusters, Ye et al.’s (37) “The pathogenesis and treatment
of the “Cytokine Storm” in COVID-19”, Leng et al’s (21)
“Transplantation of ACE2—Mesenchymal Stem Cells Improves
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the Outcome of Patients with COVID-19 Pneumonia”, and
Nishiga et al’s (41) “COVID-19 and cardiovascular disease:
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TABLE 8 Top 10 highest-impact journals in this area.

Source h-index g-index
Stem cell research and therapy 12 23
Stem cell reviews and reports 12 22
Stem cells translational medicine 7 16
Cells 7 12
Frontiers in immunology 7 16
International journal of molecular sciences 7 13
Aging and disease 6 9
Cell stem cell 5 5
Frontiers in cell and developmental biology 5 7
Frontiers in pharmacology 5 7

TABLE 9 Top 5 active research subject categories.

Research subject category Documents
Cell biology 206
Medicine research experimental 165
Cell tissue engineering 156
Immunology 90
Pharmacology pharmacy 89

from basic mechanisms to clinical perspectives” had the highest
citation frequency. Using 20 citations of a cited reference as the
threshold, four clusters of 228 references were obtained. The
top cluster was indicated in red, with 97 objects representing
the most influential research areas (Figure 6C). The top five
most cited references were Leng et al. (21) (324 citations),
Huang et al. (42) (207 citations), Hoffmann et al. (43) (180
citations), Sengupta et al. (44) (131 citations), Xu et al. (45)
(126 citations). According to the co-citation analysis of article
sources in Figure 6D, the largest cluster of citation sources
included 113 items, including journals The New England Journal
of Medicine, Lancet, Blood, and JAMA. The following journals
were the most cited in the field: The New England Journal of
Medicine (n = 1,786), Lancet (n = 1,540), Nature (n = 1,281),
Stem Cell Research & Therapy (n = 1,215), and Cell (n = 1,074).
Citation burst is an indicator used to detect the most active
areas of research during different time periods. Using CiteSpace,
we detected the 20 references with the strongest citation burst
and generated the list (Figure 7). It was worth mentioning that
the article with the highest citation burst intensity (strength =
18.82) by Wilson et al. (46), which documented a phase I clinical
trial of MSCs for ARDS with favorable results. This was the
second clinical trial of MSC worldwide, and all patients in this
trial showed good tolerability. It was also worth mentioning
that the paper “Mesenchymal stem cells and management of
COVID-19 pneumonia” (47), which became a burst citation in
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m-index TC NP PY start
4.000 574 23 2020
4.000 799 22 2020
3.333 362 15 2020
2333 155 13 2020
2333 374 16 2020
2.333 187 15 2020
2.000 743 9 2020
1.667 411 5 2020
1.667 59 10 2020
1.667 51 7 2020

2021. It raised the problem that stem cells were difficult to be
obtained and produced for large-scale clinical treatment and
proposed the use of nanotechnology to synthesize LIF (leukemia
inhibitory factor), the active ingredient produced by stem cells,
for treatment.

Analysis of keywords

The minimum threshold value of keyword occurrence was
set to 10 times, and a total of 139 keywords were included in
the analysis, generating a total of 4 clusters. Keywords with high
relevance were merged into one cluster (Figure 8), and keyword
clustering helped to find the focus of the research area. The
red cluster contained the most keywords (n = 46), including

» o«

“stromal cells”, “mesenchymal stem cell”, “acute lung injury”,
etc. The green cluster was followed (n = 35), which includes
“COVID-19”, “therapy”, “transplantation”, etc. Next was the
blue cluster (n = 33), including “SARS-CoV-2”, “coronavirus”,

» o«

“cytokine storm”, “ace2”, etc. Finally, the yellow cluster (n = 25)
contained “infection”, “expression”, “regeneration”, and so on.
Overall, the most frequently used keywords were “stromal cells”
(n = 136), “mesenchymal stem-cells” (n = 115), “stem-cells” (n
= 110), “coronavirus” (n = 94), “acute lung injury” (n = 93), etc.

Keywords plus are those keywords that appear only in the
titles of the references cited in the articles and do not appear in
the titles of the articles (48). Figure 9A shows the thematic map
drawn by analyzing keywords plus, divided into four quadrants
in total. The horizontal axis is the Relevance degree (Centrality);
the larger it is, the higher the relevance is. The vertical axis
indicates the Development degree (Density); the larger it is,
the more it is developed and studied. In addition, the first
quadrant is Motor Themes, the topics in this quadrant have
high centrality and high density, and are important topics in
the current research field; the second quadrant is Niche Themes,
in which the issues in this quadrant have high density but low
centrality, meaning that they are highly developed but not very
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Top 20 articles with the strongest citation burst.

References Year Strength Begin End 2020 - 2022
Wilson JG, 2015, LANCET RESP MED, V3, P24, DOI 10.1016/5S2213-2600(14)70291-7, DOl 2015  18.592020 2020 ...
Simonson OE, 2015, STEM CELL TRANSL MED, V4, P1199, DOI 10.5966/sctm.2015-0021, DOI 2015 7.22020 2020 ...
Lang S, 2020, CLIN REMISSION CRITI, V16, P9179, DOI 10.3969,4issn.2095-4344. 2012.49.011, DOI 2020 6.86 2020 2020 ...
Wang DW, 2020, JAMA-J AM MED ASSOC, V323, P1061, DOI 10.1001/jama.2020.1585, DOI 2020 6.38 2020 2020 ..,
Monsel A, 2015, AM J RESP CRIT CARE, V192, P324, DOI 10.1164/rccm.201410-17650C, DOI 2015 5.822020 2020 ...

Sheahan TP, 2020, NAT COMMUN, V11, PO, DOI 10.1038/s41467-019-13940-6, DOI 2020 5.412020 2020 ...
Zumla A, 2016, NAT REV DRUG DISCOV, V15, P327, DOI 10.1038/nrd.2015.37, DOI 2016 4.73 2020 2020 ...
Bai Y, 2020, JAMA-J AM MED ASSOC, V323, P1406, DOI 10.1001/jama.2020.2565, DOI 2020 4.7 2020 2020 ...
Mair-jenkins J, 2015, J INFECT DIS, V211, P80, DOI 10.1093/infdis/jiu396, DOI 2015 4.452020 2020 ...
Guan W, 2020, NEW ENGL J MED, V382, P1708, DOI 10.1056/NEJM0a2002032, DOI 2020 4.41 2020 2020 ...
Tian XL, 2020, EMERG MICROBES INFEC, V9, P382, DOI 10.1080/22221751.2020.1729069, DOI 2020 4.11 2020 2020 ...
Uccelli A, 2015, ANN NY ACAD SCI, V1351, P114, DOI 10.1111/nyas.12815, DOI 2015 4.11 2020 2020 ...
Yang XB, 2020, LANCET RESP MED, V8, P475, DOI 10.1016/52213-2600(20)30079-5, DOI 2020 4.022020 2020 ...
Cao B, 2020, NEW ENGL J MED, V382, P1787, DOI 10.1056/NEJM0a2001282, DOI 2020 3.952020 2020 ...
Shen CG, 2020, JAMA-J AM MED ASSOC, V323, P1582, DOI 10.1001/jama.2020.4783, DOI 2020 3.932020 2020 ...

Shimabukuro-vornhagen A, 2018, J IMMUNOTHER CANCER, V6, PO, DOI 10.1186/540425-018-0343-9, DOI 2018

Gao JJ, 2020, BIOSCI TRENDS, V14, P72, DOI 10.5582/bst.2020.01047, DOI

2018 5.822020 2020 ...

2020 3.932021 2022
3.77 2020 2020 ...
2020 3.77 2020 2020 ...
2020 3.67 2020 2020 ...
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Keywords plus (A) Thematic map; (B) Thematic evolution map.

relevant to the research field and less critical; the third quadrant
is Emerging or Declining Themes, the themes in this quadrant
have low centrality and density, there are two possibilities for
such themes, either they are being eliminated, or they are
just emerging; as for the themes in the fourth quadrant, they
have high centrality and low density, which means they have
become the basic knowledge of the field. Figure 9A shows ten
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different categories of themes. The green clusters (keywords:
“coronavirus”, “covid-19”, and “infection”) were Motor Themes
in the domain, and the pink clusters (keywords: “stem-cell
transplantation”, “risk”, and “diagnosis”) indicated Declining
Themes. In addition, there are four clusters belonging to
Basic Theme: orange cluster, including the keyword “therapy”,
“disease”, and “versus-hot-disease”; brown cluster, including
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Keywords Year Strength Begin End 2020 - 2022
sars coronavirus 2020 5.132020 2020 ...
acute respiratory syndrome 2020 4.822020 2020 ...
sar 2020 3.032020 2020 ...
wuhan 2020 2.292020 2020 ..
respiratory syndrome coronavirus 2020 2.152020 2020 ...
management 2020 1.982021 2022 _om
convalescent plasma 2020 1.94 2020 2020 ...
multiple myeloma 2020 1.91 2020 2020 ...
distress syndrome 2020 1.91 2020 2020 ...
outbreak 2020 1.82020 2020 ...
cardiovascular disease 2020 1.79 2021 2022
immunity 2020 1.59 2021 2022
epithelial cell 2020 1.59 2021 2022 _pum
inflammatory cytokine 2020 1.522020 2020 ...
bortezomib 2020 1.522020 2020 ...
lenalidomide 2020 1.522020 2020 ...
american society 2020 1.522020 2020 ..
sars coronavirus infection 2020 1.522020 2020 ...
inhibit 2020 1.522020 2020 ...
replication 2020 1.49 2020 2020 ...

FIGURE 10
Top 20 keywords with the strongest keywords burst.

» o«

the keyword “stromal cells”, “acute lung injury”, and “bone-
marrow”; and blue cluster, including the keyword “cancer”,
“impact”, and “mortality”. Four clusters were belonging to Niche
Themes. Figure 9B was the Thematic evolution map, which
was used to predict the future changes of the clusters within
Figure 9A. We can foresee great developments and changes in
this field in the future. COVID-19 stem cell therapy research
will give rise to more subdivided research directions. The
emergence of more clusters in the first quadrant indicates
that this research area holds great potential for growth. The
emergence of keywords such as “antibodies” and “cd8(+) t-
cells” reflects that the relationship between stem cell therapy and
immunity will be an important research direction. Meanwhile,
the increase of keywords such as “open-label”, “double-blind”,
and “clinical characteristics” indicates more clinical trials in this
field, which marks the further maturation of research.

We used CiteSpace to detect words that frequently appear
over time, i.e., burst keywords. Figure 10 shows the top 20
strongest burst keywords, most of whom became burst keywords
in 2020. The five keywords with the highest outbreak intensity
were almost pointed to sars coronavirus, which was because
COVID-19, identified in the Chinese city of Wuhan, had so
many similarities with SARS in clinical manifestations and
at the molecular level, thus making it named SARS-CoV-2.
This provided an opportunity to discover effective therapeutic
drugs like those effective against SARS. “sars coronavirus”
had the highest outbreak intensity at 5.13. “management”,
“cardiovascular disease”, “immunity”, and “epithelial cell”
became the burst keywords in 2021. They covered several
aspects of COVID-19: pathogenic mechanism, clinical features,
and treatment, indicating that researchers are committed to
comprehensively understanding and controlling COVID-19
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from basic theory to practical application, to better cope with
this public health problem. The function of stem cells to regulate
immunity has become a crucial aspect in the research of stem
cell therapies because of their ability to inhibit the release
of inflammatory cytokines and reduce the risk of developing
multiple complications of COVID-19. The damage of alveolar
epithelial cells by COVID-19 greatly affected the lung function
of patients, and stem cells possessed the ability to differentiate
into alveolar epithelial cells (49). Research in this area could
effectively improve patient prognosis.

Discussion

In this study, 896 publications in the field of COVID-
19 embryonic stem cell therapy between 2020 and 2022
were selected for bibliometric analysis and visualization using
software such as Bibliometrix, VOSviewer, and CiteSpace to get
a more precise and more definitive picture of the latest research
trends in the field. The number of articles published in this
field has grown rapidly since 2020, with the compound average
growth rate (ARG) of 103.17% and doubling time (DT) of 0.98
year, meaning that the number of articles doubled almost 1
year, signifying a booming field with great potential for growth.
All articles included in the dataset were cited a total of 16,058
times, with an average of 17.92 citations per article. Six of
the top 10 most cited papers are reviews (37,50, 51, 53-55)
summarizing the current clinical presentation of COVID-19,
possible management options, and clinical manifestations and
mechanisms of complications. The impressive results of stem
cell therapy in the treatment of critically ill patients and the
progress of current outcomes were also documented. In the
most influential article, “The pathogenesis and treatment of
the “Cytokine Storm” in COVID-19”, the COVID-19 infection
was complicated by cytokine storm, resulting in ARDS and
multiple infections. MSC regulated immunity to reduce the
release of inflammatory factors and repaired damaged lung
tissue (37). Among the most cited articles, Leng et al. reported
that seven patients (One critically ill, four seriously ill, and two
common patients) at Beijing Youan Hospital (Beijing, China)
were injected with Mesenchymal Stem Cells (MSCs), and all
showed improved clinical presentation after several days. In
addition, MSCs were found to have an anti-inflammatory effect
in COVID-19 patients and a decrease in key inflammatory
markers (21). The paper also confirms that MSCs are ACE2- by
10x scRNA-seq survey for the first time. Considering that they
act as receptors in the process of virus infection, this feature
makes MSCs resistant to SARS-CoV-2 infection theoretically.
The report by Wilson et al. (46), which documented the
promising results and relatively reliable safety profile of MSCs in
phase I clinical trial for the treatment of ARDS, provides a solid
foundation for current research on the use of stem cell therapies
in patients with COVID-19.
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A total of 97 countries and regions were included in the
study. The United States was the most prominent contributor
to the field, with the most publications and citations. The
contribution of developing countries in this field couldn’t be
ignored, with three of the top five countries. China ranked
second in the number of published articles, while having the
highest average number of citations per article (n = 41.27).

The authors in this field had high degree of collaboration
(DC) and collaboration index (CI), and the trend was increasing
year by year, indicating the strong collaboration of scholars in
this field. Wang fu-sheng, Shi lei (n = 7, 0.78%), Ljungman
per (n = 6, 0.67%), Zhao robertchunhua, Xu ruonan, Xiang
charlie, Arjmand babak (n = 5, 0.59%) were the top 5 authors
in this field in terms of publications, with Wang fu-sheng having
the highest h-index and g-index. Zhao robertchunhua had the
highest number of citations (691 citations), and Wang fu-sheng
had the strongest link strength with other authors.

Seven of the top 10 journals with the highest number of

»

articles belonged to “Cell Biology,” and the most cited journals
were Stem Cell Reviews and Reports (799 citations), Aging and
Disease (743 citations), Stem Cell Research and Therapy (574
citations), which shows the importance of cell-level research in
the field.

There is no doubt that stem cell related keywords were
critical, occupying the top positions in terms of frequency of
occurrence. The following keyword was coronavirus and lung
injury related, while the high frequency of “mesenchymal stem-
cells” was closely associated with many clinical trials of MSCs
injections, which had been shown to have the ability to modulate
hyperimmune and inflammation and to alter the cytokine storm
to improve the clinical condition of patients. In addition, MSCs
themselves had been shown to be clinically effective against a
range of lung diseases and reduce pulmonary fibrosis (22, 56).

Although intravenously infused MSCs have been shown
to migrate into the lung and secrete a variety of factors that
play an important role in modulating immunity, improving
lung function, and combating pulmonary fibrosis, much of
the research on stem cell therapy is still in the early stages
of clinical trials (57-59). The large-scale application of stem
cell therapy is still facing some obstacles at this stage due to
insufficient research. First, the issue of stem cell heterogeneity is
one of the most important problems in the clinical application
of stem cell therapy for COVID-19. It is currently impossible
to accurately guarantee the consistency of stem cell quality. In
addition, the clinical efficacy of stem cell therapy is affected
by many factors such as safety, cell viability, cell source,
frequency and route of administration, etc. Current trial results
are insufficient to cover the actual situation of hundreds of
millions of infected patients worldwide, and the commonly
used modalities may have unpredictable effects on a small
number of patients. For example, intravenous stem cells are
currently the most used route of administration in COVID-19
stem cell therapy. This is because intravenous stem cells can
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induce the retention of large numbers of stem cells in the
lungs through pulmonary effects, which can promote lung tissue
repair (60). However, some studies had found that intravenous
stem cell administration to critically ill patients on ECOM
caused cells to adhere to membrane oxygenator fibers, resulting
in a significant reduction in blood flow through the membrane
(61), so endotracheal administration is often more appropriate
for this group of patients.

There are still significant limitations in our study. First,
our data sources were limited to Web of Science (WOS).
Due to the limitations of existing software technology, it
was impossible to directly combine multiple databases’ search
results. The reason we chose to use WOS rather than
other databases (e.g., Embase, PubMed, etc.) is that it is
recognized as the most used and suitable bibliometric database
in scientometrics, and its format can be directly recognized
by the bibliometric software used in this paper. In addition,
the language of the selected literature was limited to English,
so some multilingual studies were not included. Finally, the
literature selection criteria included in the research were
subjective, so that not all the documents included in the
analysis were in line with the requirements. Our findings apply
only to the time point of our study (August 26, 2022), and
we believe that our research will be of some help to future
scientific studies.

Conclusion

Therapies for treating COVID-19 by injecting stem cells
have achieved the expected results in multiple clinical trials
worldwide. Technology is still evolving rapidly, making them
a powerful tool in the fight against high-risk diseases
and emerging diseases. This bibliometric study examined
developments in the field over the 2 years from the onset
of the COVID-19 pandemic in early 2020 to August 2022
and completed an analysis of co-occurrence networks and
keyword clustering by mapping collaborative networks of
authors, countries, institutions, and journals through an analysis
of published papers over this period. The studies that have
contributed significantly to the field are highlighted, the
available research results are summarized, and predictions
and outlooks on future directions are presented. Given
that the COVID-19 pandemic is still not over, research
on stem cell therapies will continue, which in the long
run will represent a disruptive change to the existing
treatment paradigm.
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