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Abstract

Background Many studies have shown an association between COVID-19 and autoimmune diseases (ADs). Studies on
COVID-19 and ADs have also increased significantly, but there is no bibliometric analysis to summarize the association
between COVID-19 and ADs. The purpose of this study was to perform a bibliometric and visual analysis of published
studies related to COVID-19 and ADs.

Methods Based on the Web of Science Core Collection SCI-Expanded database, we utilize Excel 2019 and visualization
analysis tools Co-Occurrencel3.2 (COOC13.2), VOSviewer, CiteSpace, and HistCite for analysis.

Results A total of 1736 related kinds of papers were included, and the number of papers presented an overall increasing
trend. The country/region with the most publications is the USA, the institution is the Harvard Medical School, the author
is Yehuda Shoenfeld from Israel, and the journal is Frontiers in Immunology. Research hotspots include immune responses
(such as cytokines storm), multisystem ADs (such as systemic lupus erythematosus, rheumatoid arthritis, and multiple
sclerosis), treatment modalities (such as hydroxychloroquine, rituximab), vaccination and autoimmune mechanisms (such
as autoantibodies, molecular mimicry). The future research direction may be the mechanisms and treatment ideas of the
association between ADs and COVID-19 (such as NF-kB, hyperinflammation, antiphospholipid antibodies, neutrophil
extracellular traps, granulocyte-macrophage colony-stimulating factor), other cross-diseases of COVID-19 and ADs (such
as inflammatory bowel disease, chronic mucocutaneous candidiasis, acute respiratory distress syndrome).

Conclusion The growth rate of publications regarding ADs and COVID-19 has risen sharply. Our research results can help
researchers grasp the current status of ADs and COVID-19 research and find new research directions in the future.
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Introduction

ADs are an important health problem affecting up to 10% of
the population and common human ADs are complex disor-
ders caused by the interaction between polygenic risk fac-
tors and environmental factors [1]. ADs are characterized by
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chronic, systemic, excessive immune activation and inflam-
mation and are associated with almost all body tissues [2,
3]. Currently, glucocorticoids (GCs), non-steroidal anti-
inflammatory drugs, immunosuppressants, fecal microbiota
transplants, and biologics are available for the treatment of
ADs of different origins [4—6]. Many supplements such as
dietary fiber and vitamins (e.g., polyphenols, Vitamin D),
are also considered potentially effective treatment strategies
for managing ADs and reducing the incidence of ADs [4, 7,
8]. However, the social burden of ADs remains severe due
to the complexity of ADs, their impact on almost all systems
of the body, and the large outbreak of COVID-19, which has
had a huge impact on the entire global health system.

As for the effect of COVID-19 on ADs, viruses are an
important component of the environmental factors that
lead to the production of autoimmune antibodies as well as
ADs, and patients with COVID-19 are at risk of developing
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multiple types of autoantibodies and Ads [9]. Possible
causes include the ability of SARS-CoV-2 to overstimu-
late the immune system, which may lead to immune system
dysregulation and induce excessive neutrophil extracellu-
lar traps to form neutrophil-associated cytokine responses,
and the consequences of immune dysregulation range from
autoantibody production to the onset of rheumatic ADs,
while the existence of molecular similarities between the
host's components and the virus are among the influencing
factors [9-11]. The production of tissue-specific autoanti-
bodies is triggered in the acute phase of COVID-19 and may
lead to the development of ADs as long-term complications
[12]. And GCs as a treatment modality for ADs may also
lead to an increased risk of COVID-19 in patients with Ads
[13]. It is evident that COVID-19 is closely associated with
ADs, so we expect to get a more intuitive and comprehen-
sive understanding of the research hotspots and future trends
in this field of ADs and COVID-19 through bibliometric
methods.

The bibliometric analysis uses mathematical and statisti-
cal methods to study the distribution, structure, quantity,
and content evolution of bibliographic information quali-
tatively or quantitatively. It is of great value to describe the
status quo of various research disciplines, publishing trends,
and scientific achievements of researchers, institutions, and
countries, as well as future research hotspots, academic fron-
tiers, and knowledge maps, which provide researchers and
clinicians a comprehensive picture of the current state of
development in a particular research area [14]. Moreover,
bibliometrics has been widely used in immunology [14—16].
And VOSviewer software is a freely available computer pro-
gram that can be used for analyzing bibliometric networks,
constructing maps of publications, authors, or journals based
on a co-citation network or constructing maps of keywords
based on a co-occurrence network [17]. And COOC is a
software developed by Chinese scholars for bibliometrics
and scientific mapping, with continuous iterations [18].
They are both widely used in bibliometrics. We have also
used HistCite as well as CiteSpace, which are also com-
monly used bibliometric tools [19, 20]. It can be seen that
bibliometric analysis is an excellent choice for the study of
COVID-19 and ADs, but there are no relevant studies on the
analysis of the whole literature by bibliometrics of COVID-
19 and ADs. This paper aims to make up for the shortcom-
ings of this study and summarize the studies of COVID-19
and ADs to some extent.
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Material and methods

Data retrieval strategy, data extraction,
and cleaning

The research object of this paper is the correlation study
of COVID-19 and ADs. The Web of Science Core Collec-
tion is a comprehensive and authoritative database, con-
taining more than 12,000 high-quality journals. Thus, we
select the Web of Science Core Collection SCI-Expanded
(SCI-E) database as the search source as the data source
of the research object, and select the advanced search, the
search formula: (TS =COVID-19 OR TS = coronavirus
disease 2019 OR TS =SARS-CoV-2 OR TS =severe acute
respiratory syndrome coronavirus 2) and TS = (autoimmun-
ity OR autoimmune). The retrieval date was from January
1, 2020, to December 31, 2022. At first, 2535 papers were
searched, secondly, 524 papers such as editorial material,
meeting abstracts, letters, news, revised and book chapters
were excluded, and 2011 papers were obtained. Then, to
keep included papers related to this research field, the title,
abstract and keywords of the searched papers were explored
and checked so as to make it clear that these keywords for
retrieval existed in the above fields; otherwise, these papers
were identified as irrelevant pieces of literature, and 275
papers were excluded via this method. Finally, 1736 papers
were included as related pieces of literature in the field of
ADs and COVID-19.

Scientometric analysis methods

The 1736 pieces of literature were exported in plain text for-
mat. We utilize Excel 2019 and visualization analysis tools
COOC13.2, VOSviewer, CiteSpace, and HistCite for overall
trend analysis, synonym merging, frequency and cooperation
of countries/regions, institutions, authors, cluster analysis
of co-occurrence matrix, dissimilarity matrix, two-mode
matrix, citation map, thematic evolution map, burst key-
words and references map to explore the research hotspot
and frontier direction of COVID-19 and ADs.

Results
Annual analysis of publication

Since 2020, the annual research on ADs and COVID-19-re-
lated studies has increased rapidly. There are 221 related
articles in 2020, 687 related articles in 2021, and 828 related
articles in 2022. According to the increasing law of scientific
literature, research in this direction is still in the rising stage.
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Country/region, institution, author and journal
frequency analysis

Through the frequency analysis of countries/
regions (Table 1), it can be seen that the USA is the coun-
try with the most research on ADs and COVID-19, and it
is mainly concentrated in Europe and North America. The
largest research institution is Harvard Medical School. The
institutional distribution is relatively broad, with no con-
centration in one country, but half of the institutions are
located in Europe. The most published author is Yehuda
Shoenfeld from Tel Aviv University. Similar to the insti-
tutional distribution, the authors are widely distributed,
but mainly in Europe, and there is not much difference in
the number of publications among the highly productive
authors. From the distribution of institutions and authors
and the number of publications, it is clear that the field
has received some attention from all regions and that the
research is still in its relatively early stages, with rela-
tively small differences in the number of relevant stud-
ies. The top three journals were Frontiers in Immunology,
Vaccines, and the International Journal of Molecular Sci-
ences. The top 10 journals published a total of 384 articles,
accounting for 22.12 percent of the total published articles,
and 668 journals were included in the study. Meanwhile,
four of the top 10 journals are immunology journals (two
of which focus on autoimmunity and one on vaccines),
four are rheumatology journals, one is a comprehensive

Table 1 Top 10 countries/regions, institutions, authors and journals

journal, and one is a journal of biochemistry and molecu-
lar biology. The types are not homogeneous, which is some
evidence that research on ADs and COVID-19 involves
multifaceted studies and is valued by multiple fields.

Countries/regions, institutions, and authors analysis
of cooperation

It can be seen from Fig. 1A that the USA has extensive
cooperation with other countries, among which Italy is the
most extensive. Meanwhile, the USA also has close coop-
eration with England, France, Canada, and Sweden. Italy
also has close cooperation with Germany, England, and
France. In terms of institutions (Fig. 1B), Harvard Medical
School cooperated with Massachusetts General Hospital and
Brigham & Women's Hospital the most times. Harvard Med-
ical School, Massachusetts General Hospital, and Brigham
& Women's Hospital are also part of the Harvard Medical
System. Humboldt University and Charite University Medi-
cal Berlin also have a close collaboration. The University of
Manchester and Kings College London also have a close col-
laboration. Furthermore, the University of Pavia and Karo-
linska Institute have a cross-country collaboration. It can
be seen that cooperation with the same system and between
the same countries is closer than cross-country cooperation.
According to Fig. 1C, it is possible that the study is still in
its early stages and the collaboration between the authors is
more concentrated. The study is divided into two groups,

Rank Country/region Count Institution Count Author Count Journal Count 2022 Impact
factor/JCR
partition

1 USA 494 Harvard Med Sch 48 Yehuda Shoenfeld 14 Frontiers in Immunol- 113 8.786/Q1

(USA) (Israel) ogy
Italy 306 Tel Aviv Univ (Israel) 36 Latika Gupta (UK) 12 Vaccines 45 4.961/Q2
3 Germany 182 Karolinska Inst 36 Tsvetelina Velikova 10 International Journal 35 6.208/Q1
(Sweden) (Bulgaria) of Molecular Sci-
ences
4 England 164 Univ Sao Paulo 33 Rohit Aggarwal 10 Journal of Autoim- 34 14.511/Q1
(Brazil) (USA) munity
5 China 159 Charite Univ Med 30 Jean Laurent Casa- 10 Rheumatology Inter- 31 3.580/Q3
Berlin (Germany) nova (France) national
6 Spain 110 Natl & Kapodis- 30 James B. Lilleker 9 Annals of the Rheu- 29 27.973/Q1
trian Univ Athens (UK) matic Diseases
(Greece)
India 102 Univ Milan (Italy) 30 Poupak Fallahi (Italy) 9 Frontiers in Medicine 27 5.058/Q2
France 97 Univ Tehran Med Sci 28 Eloisa Bonfa (Brazil) 9 Autoimmunity 24 17.390/Q1
(Iran) Reviews
9 Turkey 92 Kings Coll London 28 Alessandro Antonelli 9 Clinical Rheumatol- 24 3.650/Q3
(UK) (Italy) ogy
10 Canada 85 Univ Calif San Fran- 27 Paul Bastard (France) 9 Rheumatology 22 7.046/Q1

cisco (USA)
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Fig. 1 Countries/regions, institution, and author analysis. A Countries/regions cooperative network. B Institutions cooperative network. C

Authors cluster map

represented by Professor Latika Gupta and Professor David
Tak Wai Lui.

Citation analysis

According to Table 2, The most cited article, published in
Clinical Infectious Diseases in 2020 by Xueting Yao et al.,
focuses on the fact that hydroxychloroquine (HCQ) has
the same mechanism of action as chloroquine, but its more
tolerable safety profile makes it the drug of choice for the
treatment of malaria and ADs. The authors suggest that the
immunomodulatory effects of HCQ may also help control
cytokine storms that occur late in critically ill SARS-CoV-2
patients [21]. The second is an article by Paul Bastard et al.
[22] published in Science in 2020. The article describes the
ability of autoantibodies to neutralize the corresponding type
I IFNs to block SARS-CoV-2 infection in vitro, in which
the B-cell autoimmune phenotype with an innate defect in
type I IFN immunity may lead to life-threatening COVID-19
pneumonia. The third most frequently cited, but on average
the most frequently cited article per year, also listed as a hot
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article in the SCI-E database, is an article by Andreas Gre-
inacher et al. [23] published in the New England Journal of
Medicine in 2020. The main topic is thrombotic thrombocy-
topenia after ChAdOx1 nCov-19 vaccination, where regard-
ing ADs, since thrombotic thrombocytopenia is similar to
autoimmune heparin-induced thrombocytopenia, the choice
of anticoagulant may include non-heparin anticoagulants for
heparin-induced thrombocytopenia.

The 180-day usage count reflects the number of times the
article has met a user's information needs as demonstrated
by clicking links to the full-length article at the publisher's
website or by saving the metadata for later use. High usage
counts do not immediately translate into high citation counts,
but they have the advantage of novelty, and researchers tend
to use newer literature overall, but the high frequency of
citations of older literature contributes to its secondary
increase in subsequent use [24]. According to Table 3, the
first ranked article was published in Nature Immunology by
Saurabh Mehandru et al. in 2022, in which the authors pro-
vide available knowledge on the underlying pathophysiologi-
cal mechanisms of the post-COVID-19 syndrome (PCS) or
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Table 2 Ranking of the top 10 highest cited references

Rank Year Title

Journal First Author Citations

1 2020 In vitro antiviral activity and projection of optimized
dosing design of hydroxychloroquine for the treatment
of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)

Autoantibodies against type I IFNs in patients with life-
threatening COVID-19

Thrombotic thrombocytopenia after ChAdOx1 nCov-19
vaccination

2 2020
3 2021

2020 The immunology of multisystem inflammatory syndrome

in children with COVID-19

Guillain barre syndrome associated with COVID-19
infection: a case report

Factors associated with COVID-19-related death in peo-
ple with rheumatic diseases: results from the COVID-
19 global rheumatology alliance physician-reported
registry

Immunogenicity and safety of the BNT162b2 mRNA
COVID-19 vaccine in adult patients with autoimmune
inflammatory rheumatic diseases and in the general
population: a multicentre study

5 2020

6 2021

7 2021

8 2020 Prothrombotic autoantibodies in serum from patients

hospitalized with COVID-19

High-dose intravenous immunoglobulin as a therapeu-
tic option for deteriorating patients with coronavirus
disease 2019

COVID-19 infection and rheumatoid arthritis: faraway,
so close!

9 2020

10 2020

Clinical Infectious Diseases Xueting Yao 1456

Science Paul Bastard 1224

New England Journal of Medicine Andreas Greinacher 1161

Cell Camila Rosat Consiglio 396

Journal of Clinical Neuroscience =~ Zahra Sedaghat 337

Annals of the Rheumatic Diseases Anja Strangfeld 293

Annals of the Rheumatic Diseases Victoria Furer 272

Science Translational Medicine Yu Zuo 268

Open Forum Infectious Diseases ~ Wei Cao 257

Autoimmunity Reviews Ennio Giulio Favalli 255

Table 3 Ranking of the top 10 highest 180 days usage

Rank Year Title Journal First Author Usage Count
2022 Pathological sequelae of long-haul COVID Nature Immunology Saurabh Mehandru 68
2 2021 Long COVID or post-COVID-19 syndrome: putative Infectious Diseases Shin Jie Yong 66
pathophysiology, risk factors, and treatments
3 2021 Mapping the human genetic architecture of COVID-19 Nature Mari E K Niemi 42
2022 Brain motor and fear circuits regulate leukocytes during Nature Wolfram C Poller 39
acute stress
5 2021 Long COVID or post-acute sequelae of COVID-19 Frontiers in Microbiology Amy D Proal 37
(PASC): an overview of biological factors that may
contribute to persistent symptoms
6 2022 Delivery of mRNA for regulating functions of immune Journal of Controlled Release Jia Shi 33
cells
7 2021 Complication and sequelae of COVID-19: what should we Frontiers in Immunology Keda Yang 28
pay attention to in the post-epidemic era
8 2021 COVID-19 and autoimmune diseases Current Opinion in Rheumatology Yu Liu 27
2020 Autoantibodies against type I IFNs in patients with life- Science Paul Bastard 27
threatening COVID-19
10 2022 New-onset autoimmune phenomena post-COVID-19 vac-  Immunology Yue Chen 26

cination

long COVID sequelae that people experience. Detailing the
persistent inflammation, induced autoimmunity, and pre-
sumed viral reservoir [25]. In the second place was an article
by Shin Jie Yong et al. [26] authors in Infectious Diseases,

where their study autoimmunity is one of the driving causes
of long COVID. And the third place was Mari E K Niemi's
article published in Nature, where the study focused on map-
ping the human genetic architecture of COVID-19, and they
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found that some of the 13 genome-wide significant loci asso-
ciated with SARS-CoV-2 infection or severe manifestations
of COVID-19 corresponded to the presence of associations
in autoimmune and inflammatory diseases [27]. It is evident
that the current higher rate of articles is more focused on
studies related to the new crown sequelae long COVID or

PCS. In addition, the effect of COVID-19 vaccination on
ADs appears in both highly cited and highly utilized articles,
which shows that related topics are also hot and cutting-edge
in research on COVID-19 and ADs.

By using CiteSpace the top 25 citation burst references
are listed chronologically in Fig. 2A, and these references

A Top 25 References with the Strongest Citation Bursts
References Year Strength Begin End 2020 - 2023
Guan W, 2020, NEW ENGL J MED, V382, P1708, DOI 10.1056/NEJMo0a2002032, DOI 2020 19.98 2020 2020 ..
Zhou F, 2020, LANCET, V395, P1054, DOI 10.1016/5S0140-6736(20)30566-3, DOL 2020 14.39 2020 2020 .,
Gautret P, 2020, INT J ANTIMICROB AG, V56, PO, DOI 10.1016/j.jantimicag.2020.105949, DOT 2020 13.51 2020 2020 ..
Gao JJ, 2020, BIOSCI TRENDS, V14, P72, DOI 10.5582/bst.2020.01047, DOIL 2020 12.79 2020 2020
Huang CL, 2020, LANCET, V395, P497, DOI 10.1016/S0140-6736(20)30183-5, DOL 2020 11.85 2020 2020 .,
Mehta P, 2020, LANCET, V395, P1033, DOI 10.1016/S0140-6736(20)30628-0, DOL 2020 11.79 2020 2020 .,
‘Wang ML, 2020, CELL RES, V30, P269, DOI 10.1038/s41422-020-0282-0, DOI 2020 11.76 2020 2020 .,
Chen NS, 2020, LANCET, V395, P507, DOI 10.1016/S0140-6736(20)30211-7, DOI 2020 8.51 2020 2020
Wang DW, 2020, JAMA-J AM MED ASSOC, V323, P1061, DOI 10.1001/jama.2020.1585, DOL 2020 8.36 2020 2020
Yao XT, 2020, CLIN INFECT DIS, V71, P732, DOI 10.1093/cid/ciaa237, DOIL 2020 8.33 2020 2020 .
Tang N, 2020, J THROMB HAEMOST, V18, P844, DOI 10.1111/jth.14768, DOL 2020 8.18 2020 2020 .
Schrezenmeier E, 2020, NAT REV RHEUMATOL, V16, P155, DOI 10.1038/s41584-020-0372-x, DOL 2020 8.03 2020 2020 ..
Russell CD, 2020, LANCET, V395, P473, DOI 10.1016/S0140-6736(20)30317-2, DOL 2020 7.66 2020 2020 .
Chen Y, 2022, IMMUNOLOGY, V165, P386, DOI 10.1111/imm.13443, DOIL 2022 10.33 2022 2023 a—
Chang SE, 2021, NAT COMMUN, V12, PO, DOI 10.1038/s41467-021-25509-3, DOIL 2021 941 2022 2023 —
Khoury DS, 2021, NAT MED, V27, P1205, DOI 10.1038/s41591-021-01377-8, DOL 2021 911 2022 2023 e
Furer V, 2021, ANN RHEUM DIS, V80, P1330, DOI 10.1136/annrheumdis-2021-220647, DOL 2021 8.81 2022 2023 —
Vera-Lastra O, 2021, THYROID, V31, P1436, DOI 10.1089/thy 2021.0142, DOL 2021 8.19 2022 2023 a—
Braun-Moscovici Y, 2021, ANN RHEUM DIS, V80, P1317, DOI 10.1136/annrheumdis-2021-220503, DOI 2021 7.89 2022 2023 e
Curtis JR, 2021, ARTHRITIS RHEUMATOL, V73, PE60, DOI 10.1002/art. 41928, DOI 2021 7.89 2022 2023 __
Mrak D, 2021, ANN RHEUM DIS, V80, P1345, DOI 10.1136/annrheumdis-2021-220781, DOIL 2021 7.58 2022 2023 ctm—
Moor MB, 2021, LANCET RHEUMATOL, V3, PE789, DOI 10.1016/S2665-9913(21)00251-4, DOIL 2021 7.58 2022 2023
Prendecki M, 2021, ANN RHEUM DIS, V80, P1322, DOI 10.1136/annrheumdis-2021-220626, DOL 2021 7.58 2022 2023 ca—
Deepak P, 2021, ANN INTERN MED, V174, P1572, DOI 10.7326/M21-1757, DOL 2021 7.28 2022 2023 —
Vojdani A, 2021, FRONT IMMUNOL, V11, P0, DOI 10.3389/fimmu.2020.617089, DOI 2021 7.28 2022 2023 E—

01

o

Fig. 2 Citation analysis: A citation burst map; B citation map

@ Springer

@ OO ( OO E

- @@



Clinical and Experimental Medicine (2023) 23:3549-3564

3555

have the greatest burst intensity. References that received
multiple citations over a period of time. Meanwhile, we also
performed a co-citation analysis using HistCite. We used
HistCite to create a citation map of the top 40 articles in the
LCS (Local Citation Score). The graph shows how these
articles are interconnected and how they cite other articles.
The citation map of HistCite allows us to observe the centers
of most of the links incorporated in the articles. These can
be cited centers and citation centers. Among them, as can be
seen in Fig. 2B, although there is no obvious citation center,
number 194 in the graph (Pablos JL, 2020, ANN RHEUM
DIS, V79, P1170) [28] with an LCS of 30, it appears earlier,
is more cited in the top forty articles of the LCS and may be
a seminal work of research in the field. And cited literature
center is No. 487 (Liu Y, 2021, CURR OPIN RHEUMA-
TOL, V33, P155) [29], with an LCS of 52, which cites a
large number of articles in the top forty of the LCS, and
this article is probably a better choice for a comprehensive
understanding of the field.

Keywords frequency analysis

COOC13.2 was used to extract keywords, and the keywords
were synonymously combined, Finally, the top 70 keyword
frequencies are reflected in Fig. 3. Keyword frequency is an
important index that directly reflects the research content,
research hotspot and frontier direction of a field.

Keywords co-occurrence analysis

There must be some correlation among the keywords given
in the paper, and this correlation can be expressed by the
co-occurrence frequency. It is generally believed that the
more lexical pairs appear in the same literature, the closer
the relationship between these two topics will be. As shown
in Fig. 4, removing the subject terms COVID-19, SARS-
CoV-2, autoimmunity, ADs, and the relationship between
autoimmune persons, COVID-19 and SARS-CoV-2 were
associated with infection-related, vaccination, vaccines,
cytokine storm, risk, systemic lupus erythematosus (SLE),
and rheumatoid arthritis (RA). Autoimmunity is associated
with infection, autoantibodies and molecular mimicry. ADs
are associated with vaccination, SLE, and epidemiology. As
can be seen, COVID-19 and ADs are mainly concerned with
immune responses, vaccines and related immune diseases.

Keywords, authors analysis

We use the keyword coupling strength of authors' works
to establish the relationship between authors and draw the
corresponding two modular matrix based on the number of
two authors with the same keywords, which directly display
the correlation between authors and keywords in the visual
figure. It can explicitly and directly discover the subject
knowledge structure centered on the main author, which
can also show the diversity of the author's academic inter-
ests. Compared with the cooperative network of authors in
Fig. 1C, Fig. 5A can better reflect the researcher's research
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content and seek cooperation between authors in the same
research field through the coupling of keywords with the
author. Through Fig. 5A, B can intuitively display the
author's research content. For example, Professor Latika
Gupta has done much research on COVID-19, ADs, vacci-
nation, and coronavirus. Meanwhile, we can also reflect on
the common research fields of the authors through Fig. 5A,
B, for example, Latika Gupta, Tsvetelina Velikova, Rohit
Aggarwal, James B. Lilleker, Jeffrey A. Sparks, Sen, Arvind
Nune, Zachary S. Wallace, Elena Nikiphorou, Samuel Kat-
suyuki Shinjo, Eloisa Bonfa, and Hector Chinoy; these
twelve authors have similar research fields.

Keywords cluster analysis

The high-frequency keywords can be considered as a
response to the hotspots in a field, so we have clustered the
high-frequency keywords for cluster analysis to organize the
keywords into categories. According to the color of figure
keywords co-occurrence (Fig. 4) and the understanding of
our related knowledge, we removed the topic words COVID-
19, SARS-CoV-2, autoimmunity, autoimmune, etc., and
classified them into four categories: A. immune reactions,
B. multisystem ADs and therapies, C. vaccines and diseases,
and D. autoimmune mechanisms.
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Hydroxychloroquine

Keywords, time analysis

Figure 6 can reflect the changing trend of research topics
in the field over time. Figure 6A can focus on the annual
keyword burst, which can better grasp the annual frontier,
and provide a reference for the future research and develop-
ment of the industry through the burst keywords in recent
years. By setting the interception frequency of 20 through
COOC13.2, Fig. 6A is obtained. Furthermore, in Fig. 6B,
each circle represents a keyword, the larger the circle the
higher the frequency of the keyword in the year in which
it first appeared in the analyzed data set. Once the keyword
appears, it will be fixed in the year of first appearance,
although it will still appear in subsequent papers, it will not
be shown in the figure, but only in the year of first appear-
ance. If the keyword appears again in later years, the fre-
quency will increase to the position where the keyword first
appeared, and the frequency will increase as many times as
it appears. Because keywords overlap in the images, abbre-
viate granulocyte—-macrophage colony-stimulating factor as
GM-CSF and acute respiratory distress syndrome as ARDS.
The COOC software was used to plot the theme evolution
(Fig. 6B), through which it is possible to reflect the trend of
the domain research theme development over time.
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Discussion
General information
The overall number of relevant studies on ADs and COVID-

19 is on a rapid rise, and the impact of COVID-19 on the
world health system is undoubtedly enormous. There is

the rapid growth of studies related to COVID-19 and ADs;
resistance to viral invasion is closely related to the immune
system. From the early association of SARS-CoV-2 infection
on Ads [9-11, 13], to the subsequent impact of ADs on the
development of long COVID and PCS [12, 25, 26], and the
possible impact on COVID-19 vaccination [23, 30, 31], the
research is in progress, which to some extent has kept the
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study on the rise. From the countries/regions in Table 1 and
Fig. 1A, the USA (494 articles) is the country with the high-
est productivity, and the second place is Italy (306 articles).
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There is close collaboration between countries, especially
the USA with 61 times in Italy. In addition, according to
Table 1 and Fig. 1B, C, the distribution of institutions is
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more dispersed and does not appear to be concentrated in
one country. Similarly, the authors are also very dispersed,
scattered in several countries. However, in general, there is
a concentration in Europe. Furthermore, through Fig. 5, we
can know the authors with the same research direction, such
as these twelve professors, Latika Gupta, Tsvetelina Velik-
ova, Rohit Aggarwal, James B. Lilleker, Jeffrey A. Sparks,
Sen, Arvind Nune, Zachary S. Wallace, Elena Nikiphorou,
Samuel Katsuyuki Shinjo, Eloisa Bonfa, and Hector Chinoy,
which provides references for cooperation and communica-
tion between authors. In addition, many related studies were
published in Frontiers in Immunology (113 papers).

Analysis of current status and hotspots

The research content can be simply divided into four catego-
ries: A. immune response, B. multisystem ADs and treat-
ment, C. vaccination, and D. autoimmune mechanisms.

Category A mainly includes an immune response, such as
cytokine storm, inflammation, activation. The uncontrolled
immune response to SARS-CoV-2 infection triggers a sys-
temic hyperinflammatory response, the so-called cytokine
storm, whereas some hyperinflammatory responses such as
one of the main candidates to explain the catastrophic evo-
lution of some SARS-CoV-2 infected individuals are the
hemophagocytic syndrome (HPS), also known as phagocytic
lymphohistiocytosis, likewise macrophage activation syn-
drome (MAS), which is a subtype of HPS, where this MAS
is developed in the context of ADs [32]. In addition, some
inflammatory factors such as IL-6 play an important role
in both ADs and cytokine storms [33], so the relationship
between the activation of inflammatory responses and ADs
in COVID-19 for cytokine storms generated by the organism
may be one of the hotspots.

Category B includes multisystem ADs such as SLE, RA,
multiple sclerosis (MS), and therapies such as HCQ, and
rituximab. SLE is a chronic autoimmune disease (AD). In
patients with lupus, the abnormal immune response is char-
acterized by the presence of circulating autoantibodies, lym-
phopenia, abnormal T cells and pro-inflammatory cytokines,
and defective regulatory mechanisms leading to immune-
mediated tissue damage [34]. There is a genetic component
to severe COVID-19. We found evidence that genome-wide
genetic association signatures with severe COVID-19 were
associated with signatures of SLE [35]. The use of immuno-
suppressive therapies associated with potential comorbidities
appears to increase the risk of developing severe COVID-19
in pediatric SLE patients and the adverse outcomes of this
disease [34, 36]. Patients with SLE are a unique population
when considering the risk of COVID-19 infection and the
outcome of infection. Systemic GCs and immunosuppres-
sant use and the underlying organ damage caused by SLE
are potential susceptibility factors, and most patients with

SLE have evidence of high type I interferon activity, which
could theoretically act as an antiviral defense or contribute
to the deleteriously high inflammatory response in COVID-
19, such as the cytokine storm mentioned above [34, 37].
It can be seen that for SLE may be due to genetic reasons,
but also the use of drugs such as immunosuppressants may
lead to greater susceptibility to infection, and may also lead
to a high inflammatory response due to high type I inter-
feron activity, which shows that the relationship between
SLE and COVID-19 is very complex and is one of the hot
spots of research related to COVID-19 and ADs. In RA, it is
a chronic AD that can cause progressive joint damage, loss
of function and comorbidities [38]. RA is a high-risk factor
for SARS-CoV-2 infection, and COVID-19 and RA share
a common mechanistic pathway of immunopathogenesis
mediated through aberrant angiotensin-converting enzyme
(ACE)/ACE2 activity and a common mechanistic pathway of
immunopathogenesis driven by the activity of macrophage
clusters [39, 40]. Similar to SLE, the COVID-19 pan-
demic modulates treatment strategies for complex diseases
such as RA, with an increased risk of infection compared
to the general population because of the overall impaired
immune system typical of ADs and the medical-derived
effects produced by corticosteroids and immunosuppres-
sive drugs [41]. However, there are also articles indicating
that patients who do well on stable doses of steroids and/or
disease-modifying antirheumatic drugs (DMARDSs) should
be allowed to continue their use unless they are infected, in
which case temporary discontinuation of methotrexate and
leflunomide may be considered [42]. It is evident that the
use of anti-inflammatory and immunomodulatory therapy in
the context of RA and COVID-19 is a double-edged sword.
Early and appropriate use of these drugs has been shown
to be beneficial in response to cytokine storms, but, on the
other hand, their use in late stages is controversial and some
of them may even promote viral replication through their
immunosuppressive effects if used prematurely [40, 42].
Thus, about the use of drug amount and duration is also a
hot topic of research related to COVID-19 and ADs. For MS,
MS is a T cell-mediated AD of the central nervous system
(CNS) [43]. At the genetic level, COVID-19 hospitaliza-
tion and MS share five risk genes within two loci, including
TNFAIPS, HSD17B4, CDC37, PDE4A, and KEAP1, which
may mediate the association between MS and COVID-19
[44]. Their study also showed that MS was associated with
a 19% increased risk of hospitalization for COVID-9, while
hospitalization for COVID-19 was associated with a 15%
increased risk of MS [44]. During the pandemic, appropri-
ate disease modifying therapy (DMT) for MS patients is
essential, as up to 70% of MS patients receive DMT treat-
ment. On the one hand, ADs and immunosuppressive drugs
both increase the risk of infection due to impaired immune
system, and on the other hand, delaying MS treatment has
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serious consequences for the CNS. Overall, DMT does not
seem to cause COVID-19 infection in MS patients through
decreased immune response and cytokine storm, and DMT
is acceptable to a certain extent; however, as a preventive
measure, supervision by neurologist is strongly recom-
mended [45, 46]. For COVID-19 and MS, the main focus
is on the use of DMT therapy. Furthermore, Guillain—Barre
syndrome, encephalitis and Autoimmune hepatitis (AIH),
but according to Fig. 3, they ranked 42nd, 43rd and 50th
in the list of high-frequency keywords, respectively. There
are also many related studies, which are also among the
diseases of focus in COVID-19 and ADs. Category B also
includes and therapies such as HCQ, Rituximab. HCQ was
originally used as an antimalarial drug as an immunomodu-
lator and anti-inflammatory agent in the treatment of auto-
immune and rheumatic diseases, and its efficacy is related
to the inhibition of lysosomal antigen processing, MHC-II
antigen presentation and toll-like receptors (TLR) func-
tion [47]. In the context of the COVID-19 pandemic, the
potential efficacy of HCQ for SARS-CoV-2 infection has
attracted researchers' interest. However, its adverse events
(AE), such as cardiac toxic effects (e.g., arrhythmias), and
the finding that nearly 10% of COVID-19 patients treated
with chloroquine and HCQ can cause QT interval prolonga-
tion, have been reported. The effects on cytokine production
and antigen presentation inhibition may have immunological
consequences, such as blocking innate and adaptive antiviral
immune responses in COVID-19 patients, making the use of
HCQ controversial [40, 47-49]. However, the study of HCQ
in COVID-19 has allowed researchers to deepen their under-
standing of how HCQ plays a role in ADs and other diseases
[50]. As for rituximab, it is a chimeric monoclonal antibody
against CD20-positive B lymphocytes, and B cell-target-
ing strategies such as rituximab are widely used in B-cell
hematological malignancies, theumatic and musculoskeletal
diseases, and various Ads [51, 52]. For the impact of adap-
tive immunodeficiency due to rituximab, to achieve a stable
clinical response and minimize the risk of the emergence
of SARS-CoV-2 genomic variants, this group of patients
may benefit from combination regimens, including passive
immunotherapy and long-term antiviral therapy [51].
Category C mainly includes vaccination, vaccines, immu-
nosuppression, epidemiology. For vaccines, a variety of
diseases and therapies described above have been associ-
ated with vaccination. new onset autoimmune phenomena
after COVID-19 vaccination are increasingly reported (e.g.,
immune thrombocytopenia, AIH, Guillain-Barré syndrome,
IgA nephropathy, RA, SLE, MS) [53, 54]. The previously
mentioned rituximab, with its B-cell regeneration kinetics
and vaccination response, protective neutralizing antibodies
and vaccination response is expected to diminish until initial
B-cell repopulation, and rituximab is the main reason for the
negative serum IgG antibody level response to SARS-CoV-2
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spike-in S2/S6 protein (39% positive) [30, 55]. Furthermore,
in addition to rituximab, treatment with GCs, mycophenolate
mofetil (MMF), and abatacept was associated with a sig-
nificant reduction in BNT162B2-induced immunogenicity
[30]. However, other studies have suggested that although
there may be COVID-19 vaccination-related AE, overall,
the benefits of effective prevention and reduction of severe
COVID-19 through vaccination may outweigh the risk of
vaccine-related AE. Among them, all the vaccines obtained
in some studies were well tolerated in RA patients, and the
incidence of AE was comparable to that in healthy controls
[9, 56, 57].

Category D includes antibodies, autoantibodies, molec-
ular mimicry. The study screened clinical records with
COVID-19 but no prior ADs for the most common autoan-
tibodies and found a significantly higher incidence of anti-
nuclear antibodies, antineutrophil cytoplasmic antibodies
and ASCA immunoglobulin antibodies. The study also rec-
ommended screening for autoimmune markers in patients
with COVID-19 when deciding whether to receive plasma
transfer therapy [58]. The presence of autoantibodies may
predict the adverse clinical course of COVID-19 patients
[59]. However, some studies have also indicated that autoan-
tibodies to any marker tested were not significantly elevated
in patients with severe COVID-19, such as anti-IFN anti-
bodies that are unlikely to promote long-term COVID-19
symptoms after the acute phase of infection [60, 61]. As for
molecular mimicry, it is one of the mechanisms by which a
virus can induce an autoimmune response, with the produc-
tion of specific autoantibodies and the action of certain vac-
cine adjuvants seem to be important factors in the autoim-
mune phenomenon [53, 62]. There are also data to support
the role of molecular mimicry in COVID-19 autoimmun-
ity of diseases such as immune thrombocytopenic purpura.
molecular mimicry provides a pathway for the development
of in vitro diagnostic assays [63]. Furthermore, the study of
molecular mimicry phenomenon will also help to guide the
experimental and clinical trials of producing safe and effec-
tive vaccines [64].

Frontier analysis

According to Fig. 6A, burst keywords can find annual hot
issues. As for 2022, the most prominent keywords mainly
include Heparin Induced Thrombocytopenia (HIT), NF-xB,
Inflammatory Bowel Disease (IBD), Hyperinflammation,
Chronic Mucocutaneous Candidiasis (CMC), Antiphos-
pholipid Antibodies (aPL), Neutrophil Extracellular Traps
(NETs). First for HIT, thrombotic complications induced by
COVID-19 vaccine were observed with thrombotic events
at unusual sites accompanied by thrombocytopenia. Since
this new entity called vaccine-induced thrombotic thrombo-
cytopenia (VITT) shows a pathophysiological mechanism
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similar to that of HIT, the main pathogenic mechanism
behind this rare phenomenon has not been determined,
but at least part of the pathology is related to a vaccine-
triggered autoimmune response [65, 66]. It can be seen
that the frontiers of research on HIT in this direction are
mainly associated with the emergence of thrombotic AE of
COVID-19. NF-kB is a central mediator of inflammation,
response to DNA damage and oxidative stress, and due to
its central role in many important cellular processes, Nf-kB
dysregulation is associated with the pathology of impor-
tant human diseases (e.g., RA, MS), causing inappropriate
inflammatory responses [67]. It has also been shown that
epigallocatechin-3-gallate and melatonin upregulate sirtuins
proteins, leading to downregulation of pro-inflammatory
gene transcription and NF-kB, thus protecting COVID-19
patients to some extent from oxidative stress in autoimmune,
respiratory and cardiovascular diseases [68]. Therefore, the
discovery and identification of available drugs and mecha-
nisms of NF-kB inhibition may be among the frontiers for
the treatment of pulmonary inflammation in SARS-CoV-2
patients. IBD, which includes Crohn's disease (CD) and
ulcerative colitis (UC), is a chronic autoimmune inflamma-
tory disease of the intestine that often requires immunosup-
pressive and biological therapies to control its activity [69,
70]. The imbalance of the autoimmune system in patients
with IBD and the long-term use of immunosuppressive
drugs may increase the risk of infection, and the systemic
symptoms caused by COVID-19 may also induce or exac-
erbate intestinal inflammation [71]. This study also showed
that two pathways, ACE/ACE2 and IL-17, were found to
be potential synergistic regulatory targets for COVID-19
and IBD, and that for the use of IBD drugs and vaccines
during a COVID-19 pandemic the benefits outweigh the
risks, and that individualized clinical monitoring of IBD
patients would be the best therapeutic strategy for effective
disease control [71]. As for hyperinflammation, it is one of
the features of a dysregulated immune system response in
COVID-19 [72]. There are also pathological reports that the
withdrawal of drugs for the treatment of ADs (such as fin-
golimod, an immunotherapy drug used in MS patients) may
also lead to COVID-19 reactivation and hyperinflammatory
syndrome [73]. As for CMC, it has mainly been studied in
combination with type I IFN autoantibodies [22, 74]. aPL
are autoantibodies that can be the main autoantibodies that
appear during severe COVID-19 infection [75, 76]. As for
COVID-19 vaccines, they do not significantly promote the
appearance of autoantibodies associated with the antiphos-
pholipid syndrome [77]. Regarding NETs, its release is a
key effector function mediating the deleterious effects of
neutrophils and occurs during a process of neutrophil death
called NETosis, which is observed in large numbers in the
neutrophils of many COVID-19 patients, leading to adverse
coagulation dysfunction and immune thrombosis [78]. The

development of NETs and neutrophilia are two of the many
measures of increased inflammation in severe COVID-19
that are also associated with its autoimmune complications,
including coagulopathy, myocarditis, and multisystem
inflammatory syndrome in children (MIS-C) [79]. Accord-
ing to Fig. 6B, the top eight keywords in 2022, excluding
the more abstract and previously mentioned keywords, are
also ARDS, GM-SCF and blood-brain barrier. ARDS is a
serious disease caused during the progression of COVID-
19, which can be caused by cytokine storm and is associ-
ated with high mortality [80, 81]. Endogenous GM-CSF
deficiency or insufficiency may be associated with a variety
of infections, including autoimmune alveolar proteinosis
(aPAP), wound healing, and anticancer immune checkpoint
inhibitor therapy [82]. Finally, regarding the blood—brain
barrier, the cytokine storm and hypoxia conditions men-
tioned above may lead to the destruction of the blood—brain
barrier, abnormal coagulation and autoimmune neuropathy
[83]. Infection with the Omicron variant of SARS-CoV-2
can damage the blood-brain barrier, increase its permeabil-
ity and intrathecal inflammation, and cause autoimmune
encephalitis [84, 85]. Thus, from Fig. 6A, B, we think that
HIT, NF-xB, IBD, hyperinflammation, CMC, aPL, NETs,
ARDS, GM-SCEF, and blood—brain barrier may be the future
research direction.

Strength and limitation

This study provides the first visual, objective, accurate,
and comprehensive systematic analysis of the literature
on COVID-19 and ADs and their trends, which can pro-
vide comprehensive guidance for clinicians and scholars
in this field. The bibliometric and visual analysis can help
researchers visualize the hot spots, evolution and frontiers of
research on COVID-19 and ADs. Inevitably, this study has
some limitations. The literature included in our study may
not be comprehensive, as our study only examined data from
the Web of Science SCI-E database. Therefore, the identified
articles may not adequately reflect all COVID-19 and ADs
studies, and more detailed studies are expected in the future.

Conclusion

In conclusion, ADs and COVID-19 have attracted increasing
attention in terms of the amount of relevant literature pub-
lished each year. Europe and USA have made the greatest
contribution to this field, and the cooperation between them
is closer, and the publications are more concentrated. The
research focus is mainly on cytokines, autoimmune-related
diseases (such as SLE, RA, MS, Guillain—Barre syndrome,
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encephalitis, AIH), Hot or controversial therapies (e.g., HCQ
and rituximab), as well as vaccine safety, autoantibodies and
molecular mimicry. As for the research frontiers of ADs and
COVID-19, they may be HIT, NF-kB, IBD, hyperinflamma-
tion, CMC, aPL, NETs, ARDS, GM-SCEF, and blood—brain
barrier. These findings may help clinical physicians and
researchers to understand hotspots of ADs and COVID-19
and provide a reference for future research directions.

Author Contributions Conceptualization, Methodology, Investiga-
tion, Data Collection, Writing, Drawing, Reviewing and Editing were
performed by [Youao Zhang]. Methodology, Reviewing and Editing
were performed by [Zixuan Jia]. Conceptualization, Investigation,
Reviewing and Editing were performed by [Xu Xia]. Conceptualiza-
tion, Methodology, Investigation, and Reviewing were performed by
[Jieyan Wang]. All authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript.

Funding This work was supported by Special Fund Project for Science
and Technology Innovation Strategy of Guangdong Province (Grant
number pdjh2023b0107), National College Students Innovation and
Entrepreneurship Training Program (Grant number 202212121008),
Project of Guangdong Medical Science and Technology Research Fund
(Grant number A2022362), Shenzhen Fundamental Research Project
(Grant number JCYJ20220530165014033), and Scientific Research
Projects of Medical and Health Institutions of Longhua District, Shen-
zhen (Grant number 2021017).

Data and material availability The datasets generated during the cur-
rent study are available in the Web of Science (http://www.webofknowl
edge.com).

Declarations

Conflict of interest The authors declare no competing interests. The
authors have no relevant financial or non-financial interests to disclose.

Ethical approval The data are all from the public database Web of Sci-
ence, which does not involve ethical issues.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References:

1. Marson A, Housley WJ, Hafler DA. Genetic basis of autoimmun-
ity. J Clin Invest. 2015;125(6):2234-41.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

Xiao ZX, Miller JS, Zheng SG. An updated advance of
autoantibodies in autoimmune diseases. Autoimmun Rev.
2021;20(2):102743.

Wu F, Gao J, Kang J, Wang X, Niu Q, Liu J, et al. Knowledge
mapping of exosomes in autoimmune diseases: a bibliometric
analysis (2002-2021). Front Immunol. 2022;13:939433.

Khan H, Sureda A, Belwal T, et al. Polyphenols in the treatment
of autoimmune diseases. Autoimmun Rev. 2019;18(7):647-57.
Konforte D, Diamandis EP, van Venrooij WIJ, Lories R, Ward
MM. Autoimmune diseases: early diagnosis and new treatment
strategies. Clin Chem. 2012;58(11):1510-4.

Hanssen N, de Vos WM, Nieuwdorp M. Fecal microbiota trans-
plantation in human metabolic diseases: From a murky past to a
bright future? Cell Metab. 2021;33(6):1098-110.

Shen P, Lin W, Deng X, et al. Potential implications of quercetin
in autoimmune diseases. FRONT IMMUNOL. 2021;12:689044.
Hahn J, Cook NR, Alexander EK, et al. Vitamin D and marine
omega 3 fatty acid supplementation and incident autoimmune
disease: VITAL randomized controlled trial. BMJ-Brit Med J.
2022;376:¢66452.

Dotan A, Muller S, Kanduc D, David P, Halpert G, Shoenfeld Y.
The SARS-CoV-2 as an instrumental trigger of autoimmunity.
Autoimmun Rev. 2021;20(4):102792.

Gracia-Ramos AE, Martin-Nares E, Hernandez-Molina G. New
onset of autoimmune diseases following COVID-19 diagnosis.
Cells-Basel. 2021;10(12):3592.

Tang KT, Hsu BC, Chen DY. Autoimmune and rheumatic mani-
festations associated with COVID-19 in adults: an updated sys-
tematic review. Front Immunol. 2021;12:645013.

Votto M, Castagnoli R, Marseglia GL, Licari A, Brambilla I.
COVID-19 and autoimmune diseases: is there a connection? Curr
Opin Allergy Clin Immunol. 2023;23(2):185-92.

Akiyama S, Hamdeh S, Micic D, Sakuraba A. Prevalence and
clinical outcomes of COVID-19 in patients with autoimmune dis-
eases: a systematic review and meta-analysis. Ann Rheum Dis.
2021;80(3):384-91.

Zhang Y, Peng Y, Xia X. Autoimmune diseases and gut micro-
biota: a bibliometric and visual analysis from 2004 to 2022. Clin
Exp Med. 2023. https://doi.org/10.1007/s10238-023-01028-x.
Wu HY, Liu T, Zhong T, et al. Research trends and hotspots of
neoadjuvant therapy in pancreatic cancer: a bibliometric analysis
based on the Web of Science Core Collection. Clin Exp Med.
2023. https://doi.org/10.1007/s10238-023-01013-4.

Wan C, Kong X, Liao Y, et al. Bibliometric analysis of the 100
most-cited papers about the role of gut microbiota in irritable
bowel syndrome from 2000 to 2021. Clin Exp Med. 2022. https://
doi.org/10.1007/s10238-022-00971-5.

van Eck NJ, Waltman L. Software survey: VOSviewer, a com-
puter program for bibliometric mapping. Scientometrics.
2010;84(2):523-38.

Zhou T, Qu J, Sun H, Xue M, Shen Y, Liu Y. Research trends
and hotspots on montessori intervention in patients with demen-
tia from 2000 to 2021: a bibliometric analysis. Front Psychiatry.
2021;12:737270.

. Zhang Q, Zeng Y, Zheng S, et al. Research hotspots and frotiers

of stem cells in stroke: a bibliometric analysis from 2004 to 2022.
Front Pharmacol. 2023;14:1111815.

Tan L, Wang X, Yuan K, et al. Structural and temporal dynam-
ics analysis on drug-eluting stents: history, research hotspots and
emerging trends. Bioact Mater. 2023;23:170-86.

Yao X, Ye F, Zhang M, et al. In Vitro antiviral activity and pro-
jection of optimized dosing design of hydroxychloroquine for
the treatment of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). Clin Infect Dis. 2020;71(15):732-9.


http://www.webofknowledge.com
http://www.webofknowledge.com
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10238-023-01028-x
https://doi.org/10.1007/s10238-023-01013-4
https://doi.org/10.1007/s10238-022-00971-5
https://doi.org/10.1007/s10238-022-00971-5

Clinical and Experimental Medicine (2023) 23:3549-3564

3563

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Bastard P, Rosen LB, Zhang Q, et al. Autoantibodies against
type I IFNs in patients with life-threatening COVID-19. Science.
2020;370(6515):eabd4585.

Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA,
Eichinger S. Thrombotic thrombocytopenia after ChAdOx1 nCov-
19 vaccination. New Engl J Med. 2021;384(22):2092—-101.
Wang XW, Fang ZC, Sun XL. Usage patterns of scholarly articles
on web of science: a study on web of science usage count. Scien-
tometrics. 2016;109(2):917-26.

Mehandru S, Merad M. Pathological sequelae of long-haul
COVID. Nat Immunol. 2022;23(2):194-202.

Yong SJ. Long COVID or post-COVID-19 syndrome: putative
pathophysiology, risk factors, and treatments. Infect Dis-Nor.
2021;53(10):737-54.

COVID-19 Host Genetics Initiative. Mapping the human genetic
architecture of COVID-19. Nature. 2021;600(7889):472-7.
Pablos JL, Abasolo L, Alvaro-Gracia JM, et al. Prevalence of hos-
pital PCR-confirmed COVID-19 cases in patients with chronic
inflammatory and autoimmune rheumatic diseases. Ann Rheum
Dis. 2020;79(9):1170-3.

Liu Y, Sawalha AH, Lu Q. COVID-19 and autoimmune diseases.
Curr Opin Rheumatol. 2021;33(2):155-62.

Furer V, Eviatar T, Zisman D, et al. Inmunogenicity and safety
of the BNT162b2 mRNA COVID-19 vaccine in adult patients
with autoimmune inflammatory rheumatic diseases and in
the general population: a multicentre study. Ann Rheum Dis.
2021;80(10):1330-8.

Bril F, Al DS, Dean M, Fettig DM. Autoimmune hepatitis devel-
oping after coronavirus disease 2019 (COVID-19) vaccine: Cau-
sality or casualty? J Hepatol. 2021;75(1):222-4.

Alijotas-Reig J, Esteve-Valverde E, Belizna C, et al. Immunomod-
ulatory therapy for the management of severe COVID-19. Beyond
the anti-viral therapy: a comprehensive review. Autoimmun Rev.
2020;19(7):102569.

Hirano T. IL-6 in inflammation, autoimmunity and cancer. Int
Immunol. 2021;33(3):127-48.

Spihlman AP, Gadi N, Wu SC, Moulton VR. COVID-19 and
systemic lupus erythematosus: focus on immune response and
therapeutics. Front Immunol. 2020;11:589474.

Wang Y, Guga S, Wu K, et al. COVID-19 and systemic lupus
erythematosus genetics: a balance between autoimmune
disease risk and protection against infection. PLoS Genet.
2022;18(11):e1010253.

Lupu A, Miron IC, Gavrilovici C, et al. Pediatric systemic lupus
erythematous in COVID-19 era. Viruses-Basel. 2023;15(2):272.
Fernandez-Ruiz R, Paredes JL, Niewold TB. COVID-19 in
patients with systemic lupus erythematosus: lessons learned
from the inflammatory disease. Transl Res. 2021;232:13-36.
Mclnnes IB, Schett G. Pathogenetic insights from the treatment
of rheumatoid arthritis. Lancet. 2017;389(10086):2328-37.
Hu H, Tang N, Zhang F, Li L, Li L. Bioinformatics and system
biology approach to identify the influences of COVID-19 on
rheumatoid arthritis. FRONT IMMUNOL. 2022;13:860676.
Dewanjee S, Kandimalla R, Kalra RS, et al. COVID-19 and
rheumatoid arthritis crosstalk: emerging association, therapeutic
options and challenges. Cells-Basel. 2021;10(12):3291.
Favalli EG, Ingegnoli F, De Lucia O, Cincinelli G, Cimaz R,
Caporali R. COVID-19 infection and rheumatoid arthritis: Fara-
way, so close! Autoimmun Rev. 2020;19(5):102523.

Roongta R, Ghosh A. Managing rheumatoid arthritis during
COVID-19. CLIN RHEUMATOL. 2020;39(11):3237-44.
Hosang L, Canals RC, van der Flier FJ, et al. The lung
microbiome regulates brain autoimmunity. Nature.
2022;603(7899):138-44.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Baranova A, Cao H, Teng S, Su KP, Zhang F. Shared genetics and
causal associations between COVID-19 and multiple sclerosis. J
Med Virol. 2023;95(1):e28431.

Rostami MS, Ghasemi-Kasman M. Impact of disease-modifying
drugs on the severity of COVID-19 infection in multiple sclerosis
patients. J Med Virol. 2021;93(3):1314-9.

Sormani MP, De Rossi N, Schiavetti I, et al. Disease-modifying
therapies and coronavirus disease 2019 severity in multiple scle-
rosis. Ann Neurol. 2021;89(4):780-9.

Bansal P, Goyal A, Cusick AT, et al. Hydroxychloroquine: a com-
prehensive review and its controversial role in coronavirus disease
2019. Ann Med. 2021;53(1):117-34.

Kalra RS, Tomar D, Meena AS, Kandimalla R. SARS-CoV-2,
ACE2, and hydroxychloroquine: cardiovascular complications,
therapeutics, and clinical readouts in the current settings. PATHO-
GENS. 2020;9(7):546.

Meyerowitz EA, Vannier A, Friesen M, et al. Rethinking the role
of hydroxychloroquine in the treatment of COVID-19. FASEB J.
2020;34(5):6027-37.

Udupa A, Leverenz D, Balevic SJ, Sadun RE, Tarrant TK, Rogers
JL. Hydroxychloroquine and COVID-19: a rheumatologist’s take
on the lessons learned. Curr Allergy Asthm R. 2021;21(1):5.
Furlan A, Forner G, Cipriani L, et al. COVID-19 in B cell-
depleted patients after rituximab: a diagnostic and therapeutic
challenge. Front Immunol. 2021;12:763412.

Chisari CG, Sgarlata E, Arena S, Toscano S, Luca M, Patti F.
Rituximab for the treatment of multiple sclerosis: a review. J
NEUROL. 2022;269(1):159-83.

Chen Y, Xu Z, Wang P, et al. New-onset autoimmune phenomena
post-COVID-19 vaccination. Immunology. 2022;165(4):386—401.
Etemadifar M, Nouri H, Pitzalis M, et al. Multiple sclero-
sis disease-modifying therapies and COVID-19 vaccines: a
practical review and meta-analysis. J] Neurol Neurosur Ps.
2022;93(9):986-94.

Baker D, Roberts C, Pryce G, et al. COVID-19 vaccine-readiness
for anti-CD20-depleting therapy in autoimmune diseases. Clin
Exp Immunol. 2020;202(2):149-61.

Gil-Vila A, Ravichandran N, Selva-O’Callaghan A, et al. COVID-
19 vaccination in autoimmune diseases (COVAD) study: vaccine
safety in idiopathic inflammatory myopathies. Muscle Nerve.
2022;66(4):426-37.

Naveen R, Parodis I, Joshi M, et al. COVID-19 vaccination in
autoimmune diseases (COVAD) Study: vaccine safety and toler-
ance in rheumatoid arthritis. Rheumatology. 2022. https://doi.org/
10.1093/rheumatology/keac624.

Sacchi MC, Tamiazzo S, Stobbione P, et al. SARS-CoV-2 infec-
tion as a trigger of autoimmune response. CTS-Clin Transl Sci.
2021;14(3):898-907.

Gagiannis D, Steinestel J, Hackenbroch C, et al. Clinical,
serological, and histopathological similarities between severe
COVID-19 and acute exacerbation of connective tissue disease-
associated interstitial lung disease (CTD-ILD). FRONT IMMU-
NOL. 2020;11:587517.

Peluso MIJ, Mitchell A, Wang CY, et al. Low prevalence of
interferon o autoantibodies in people experiencing symptoms
of post-coronavirus disease 2019 (COVID-19) conditions, or
long COVID. J Infect Dis. 2023;227(2):246-50.

Ulndreaj A, Wang M, Misaghian S, et al. Patients with severe
COVID-19 do not have elevated autoantibodies against
common diagnostic autoantigens. Clin Chem Lab Med.
2022;60(7):1116-23.

Salle V. Coronavirus-induced autoimmunity. Clin Immunol.
2021;226:108694.

Frankel AE, Wylie D, Peters B, Marrama D, Ahn C. Bioinfor-
matic analysis underpinning the frequent occurrence of immune

@ Springer


https://doi.org/10.1093/rheumatology/keac624
https://doi.org/10.1093/rheumatology/keac624

3564

Clinical and Experimental Medicine (2023) 23:3549-3564

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

thrombocytopenic purpura in COVID-19 patients. ISR Med
Assoc J. 2022;24(5):320-6.

Marino GA, Légaré S, Lo BG, et al. Human molecular chap-
erones share with SARS-CoV-2 antigenic epitopes potentially
capable of eliciting autoimmunity against endothelial cells:
possible role of molecular mimicry in COVID-19. Cell Stress
Chaperon. 2020;25(5):737-41.

Elrashdy F, Tambuwala MM, Hassan SS, et al. Autoimmun-
ity roots of the thrombotic events after COVID-19 vaccination.
AUTOIMMUN REV. 2021;20(11):102941.

Guetl K, Raggam RB, Gary T. Thrombotic complications after
COVID-19 vaccination: diagnosis and treatment options. Bio-
medicines. 2022;10(6):1246.

Roberti A, Chaffey LE, Greaves DR. NF-kB signaling and
inflammation-drug repurposing to treat inflammatory disorders?
Biology-Basel. 2022;11(3):372.

Chattree V, Singh K, Singh K, Goel A, Maity A, Lone A. A
comprehensive review on modulation of SIRT1 signaling path-
ways in the immune system of COVID-19 patients by phyto-
therapeutic melatonin and epigallocatechin-3-gallate. J Food
Biochem. 2022;46(12):e14259.

Franzosa EA, Sirota-Madi A, Avila-Pacheco J, et al. Gut micro-
biome structure and metabolic activity in inflammatory bowel
disease. Nat Microbiol. 2019;4(2):293-305.

Vigano C, Mulinacci G, Palermo A, et al. Impact of COVID-19
on inflammatory bowel disease practice and perspectives for the
future. World J Gastroentero. 2021;27(33):5520-35.

Tao SS, Wang XY, Yang XK, et al. COVID-19 and inflam-
matory bowel disease crosstalk: from emerging association to
clinical proposal. ] Med Virol. 2022;94(12):5640-52.

Novelli L, Motta F, De Santis M, Ansari AA, Gershwin ME,
Selmi C. The JANUS of chronic inflammatory and autoimmune
diseases onset during COVID-19-a systematic review of the
literature. J Autoimmun. 2021;117:102592.
Gomez-Mayordomo V, Montero-Escribano P, Matias-Guiu JA,
Gonzalez-Garcia N, Porta-Etessam J, Matias-Guiu J. Clinical
exacerbation of SARS-CoV2 infection after fingolimod with-
drawal. J Med Virol. 2021;93(1):546-9.

Bastard P, Orlova E, Sozaeva L, et al. Preexisting autoantibod-
ies to type I IFNs underlie critical COVID-19 pneumonia in
patients with APS-1.J Exp Med. 2021;218(7):e20210554.
Huang PI, Lin TC, Liu FC, et al. Positive Anti-SSA/Ro
antibody in a woman with SARS-CoV-2 infection using

@ Springer

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

immunophenotyping: a case report. Medicina-Lithuania.
2020;56(10):521.

Drosos AA, Pelechas E, Voulgari PV. Seronegative erosive
arthritis following SARS-CoV-2 infection. Rheumatol Ther.
2022;9(1):295-301.

Thurm C, Reinhold A, Borucki K, et al. Homologous and heter-
ologous anti-COVID-19 vaccination does not induce new-onset
formation of autoantibodies typically accompanying lupus erythe-
matodes, rheumatoid arthritis, celiac disease and antiphospholipid
syndrome. Vaccines-Basel. 2022;10(2):333.

Zhu 'Y, Chen X, Liu X. NETosis and neutrophil extracellular traps
in COVID-19: immunothrombosis and beyond. Front Immunol.
2022;13:838011.

Root-Bernstein R. From co-infections to autoimmune disease via
hyperactivated innate immunity: COVID-19 autoimmune coagu-
lopathies, autoimmune myocarditis and multisystem inflammatory
syndrome in children. Int J Mol Sci. 2023;24(3):3001.

van Eijk LE, Binkhorst M, Bourgonje AR, et al. COVID-19:
immunopathology, pathophysiological mechanisms, and treat-
ment options. J Pathol. 2021;254(4):307-31.

Mobasheri L, Nasirpour MH, Masoumi E, Azarnaminy AF, Jafari
M, Esmaeili SA. SARS-CoV-2 triggering autoimmune diseases.
Cytokine. 2022;154:155873.

Lazarus HM, Pitts K, Wang T, et al. Recombinant GM-CSF for
diseases of GM-CSF insufficiency: Correcting dysfunctional mon-
onuclear phagocyte disorders. Front Immunol. 2022;13:1069444.
Mahboubi MM, Karvandi MS, Maafi P, Doroudian M. Neu-
rological complications associated with Covid-19; molecular
mechanisms and therapeutic approaches. REV MED VIROL.
2022;32(6):e2334.

Kato S, Yoshikura N, Kimura A, Shimohata T. Possible autoim-
mune encephalitis associated with the severe acute respiratory
syndrome coronavirus 2 omicron variant successfully treated with
steroids. Internal Med. 2022;61(24):3739-41.

Poli K, Kowarik M, Hamprecht K, et al. Recurrent acute dissemi-
nated encephalomyelitis (ADEM) after COVID-19-vaccination
and after subsequent COVID-19-infection: a case report (part II).
Front Neurol. 2023;14:1149612.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Knowledge mapping of COVID-19 and autoimmune diseases: a visual and bibliometric analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Data retrieval strategy, data extraction, and cleaning
	Scientometric analysis methods

	Results
	Annual analysis of publication
	Countryregion, institution, author and journal frequency analysis
	Countriesregions, institutions, and authors analysis of cooperation
	Citation analysis
	Keywords frequency analysis
	Keywords co-occurrence analysis
	Keywords, authors analysis
	Keywords cluster analysis
	Keywords, time analysis


	Discussion
	General information
	Analysis of current status and hotspots
	Frontier analysis
	Strength and limitation

	Conclusion
	References




