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Abstract

Background: Since the beginning of the COVID-19 pandemic, a great number of papers have been published in the pediatric
field.

Objective: Weaimed to assessresearch around the globe on COVID-19 inthe pediatric field by bibliometric analysis, identifying
publication trends and topic dissemination and showing the relevance of publishing authors, institutions, and countries.

Methods: The Scopus database was comprehensively searched for all indexed documents published between January 1, 2020,
and June 11, 2020, dealing with COVID-19 in the pediatric population (0-18 years). A machinelearning bibliometric methodol ogy
was applied to evaluate the total number of papers and citations, journal and publication types, the top productive institutions and
countries and their scientific collaboration, and core keywords.

Results: A total of 2301 papers were retrieved, with an average of 4.8 citations per article. Of this, 1078 (46.9%) were research
articles, 436 (18.9%) were reviews, 363 (15.8%) were letters, 186 (8.1%) were editorials, 7 (0.3%) were conference papers, and
231 (10%) were categorized as others. The studies were published in 969 different journals, headed by The Lancet. Theretrieved
papers were published by atotal of 12,657 authors from 114 countries. The most productive countries were the United States,
China, and Italy. The four main clusters of keywords were pathogenesis and clinical characteristics (keyword occurrences:
n=2240), public health issues (n=352), mental health (n=82), and therapeutic aspects (n=70).

Conclusions: Inthe pediatric field, alarge number of articles were published within alimited period on COVID-19, testifying
to the rush to spread new findings on the topic in a timely manner. The leading authors, countries, and institutions evidently
bel onged to the most impacted geographical areas. A focus on the pediatric population was often included in general articles, and
pediatric research about COV1D-19 mainly focused on the clinical features, public health issues, and psychological impact of the
disease.
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: worldwide [1]. At the same rate, the research community has
Introduction been extremely pralific, with aconsiderable amount of scientific
With its massive and rapid spread, the COVID-19 pandemic  PaPers publisheq within avery short Fi me, _in an effort to address
has been an unprecedented challenge for health care systems Al @Spects of disease management in a timely manner. Many
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journals are offering fast-track  publication  for
COVID-19-elated papers. The availability of reviewersfor an
expedited review process has been called for. In other words,
the editorial process that usually characterizes the research on
a disease has been sped up and amplified in this exceptional
circumstance.

Infection by SARS-CoV-2 seems to be milder in the pediatric
population than in the elderly [2], and the rel ative protection of
children against the severeforms of COVID-19isamajor point
of interest in the comprehension of the pathogenetic mechanisms
of the disease [3]. Therefore, research on COVID-19 in the
pediatric field has experienced astrong increase. The very high
number of continuoudly published papers and the speed at which
research on this topic has been generated makes it extremely
difficult to stay updated with such arapidly evolving knowledge
base. In this regard, a bibliometric analysis of the current
literature on pediatric COVID-19 can help clinicians stay
updated with emerging and swiftly evolving scientific outcomes.
Bibliometric analysisis the attempt to quantitatively assessthe
current literature on a certain topic, allowing researchers to
acquire knowledge about research trends and providing insights
into the contribution of aparticular country or institution to that
topic, as well as data on coauthorship and collaboration [4].

Therefore, we performed a bibliometric analysis of the papers
on COVID-19 in the pediatric field published in the first half
of 2020 to assessresearch on thistopic on aglobal scale, identify
publication trends, and provide some hints on the gap of
knowledge to befilled by future research.

Methods

The Scopus database was comprehensively searched for all the
indexed documents published between January 1, 2020, and
June 11, 2020, dedling with COVID-19 in the pediatric
population (0-18 years of age). The keywords used were COVID
or coronavirusand pediatric or child or children or adolescent$
in the title or abstract. We used only these terms to conduct a
broad search that would ensure the inclusion of relevant
literature. The inclusion criteria were papers that (1) were
published after the first report of COVID-19 from the Wuhan
government on December 31, 2019, and (2) matched the search
keywords. AsCOVID-19 wasfirst reported in Chinaand afairly
large number of research papers were written in Chinese,
language was not limited during the retrieval process.

The literature retrieval group consisted of 3 trained
professionals. We used the export feature of the search engine
to retrieve data for further processing. All extracted literature
entries were exported into Microsoft Excel (Microsoft Corp)
for screening and selection. The reviewers (AM, FT, GG, SB)
independently screened thetitles, abstracts, and, if ambiguous,
full texts for the inclusion of articles. Discrepancies were
resolved through discussions among them and with a fifth
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reviewer (IR) in case of difficulties in reaching an agreement.
The reviewersindependently conducted information extraction
from theincluded papers. Discrepancieswere similarly resolved
through discussion among the reviewers.

For studies that fulfilled the inclusion criteria, the following
information was extracted: authors, affiliations, and country of
origin (when there was more than one author, the corresponding
author’s information was used), journal, publication date,
publication type, citation, and abstract. The abstract and title of
every record retrieved were screened to determine which studies
should be assessed further.

We performed explorative data analysis for:

«  Total number of papersto measure global productivity;

- Total citations to assess the relevance of an author,
institution, or country;

« Journal and publication typesto assess topic dissemination;

- Scientific collaboration between authors, institutions, and
countries to show how they related to others;

«  Corekeywords to show clusters of research topics.

The intracountry and intercountry collaboration indices were
presented as single-country publication (SCP) and
multiple-country publication (MCP), according to the country
of the corresponding author, and the timing of the first
COVID-19 case reported for each country was highlighted as
well.

A machine learning bibliometric methodology was applied to
evaluate the distribution of each factor. The bibliometrix R
package with its Biblioshiny web interface was used [5].

No ethics approvals were considered necessary as this was a
literature-based study.

Results

General Data

A total of 2301 papers were retrieved. Out of them, 1078
(46.9%) were research articles, 436 (18.9%) werereviews, 363
(15.8%) wereletters, 186 (8.1%) were editorials, 7 (0.3%) were
conference papers, and 231 (10%) were categorized as others.

Citation Analysis

The retrieved articles had 11,063 citations with an average of
4.8 citations per article. Of the retrieved papers, 869 (37.8%)
were cited at least once. The 10 most frequently cited articles
areshown in Table 1. Thetop-ranking paper (n=1255 citations)
was published in The New England Journal of Medicine and
was focused on the clinical characteristics of COVID-19 in
China

Table 2 showsthe distribution of the prevalence of theretrieved
articles according to the number of citations.
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Table 1. List of the 10 most cited articles about COVID-19 in the pediatric population.

Authorsand reference  Title

Journal

Publication date Total citations, n (%)

Guan et al [6] Clinical characteristics of coronavirus dis-

ease 2019 in China

Chaneta [7] A familial cluster of pneumonia associated
with the 2019 novel coronavirus indicating
person-to-person transmission: A study of

afamily cluster

Mehtaet a [8] COVID-19: Consider cytokine storm syn-

dromes and immunosuppression

Wu et a [9] A new coronavirus associated with human

respiratory disease in China

Wu et a [10] Risk factors associated with acute respirato-
ry distress syndrome and dezath in patients
with coronavirus disease 2019 pneumonia

in Wuhan, China

Chenetal [11] Clinical characteristics and intrauterine
vertical transmission potential of COVID-
19 infection in nine pregnant women: A

retrospective review of medical records

Lai eta [12] Severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) and coronavirus
disease-2019 (COVID-19): The epidemic

and the challenges

Xueta [13] Evolution of the novel coronavirusfrom the
ongoing Wuhan outbreak and modeling of
itsspike protein for risk of human transmis-
sion

Dong et al [14] Epidemiology of COVID-19 among chil-
drenin China

Luetal [15] SARS-CoV-2 infection in children

The New England Journal of
Medicine

Lancet

Lancet

Nature

JAMA Internal Medicine

Lancet

International Journal of Antimi-

crobial Agents

Science China Life Sciences

Pediatrics

The New England Journal of

April 30, 2020 1255 (11.3)

February 15,2020 735 (6.6)

March 13, 2020 324 (2.9)

February 3,2020 309 (2.8)

March 13, 2020 201 (2.6)

February 12,2020 275 (2.5)

February 12,2020 213 (1.9)

January 21,2020 153 (1.4)

June 1, 2020 134 (1.2)

April 23, 2020 128 (1.2)

Medicine

Table 2. Distribution of published papers about COVID-19 in the pediatric population according to the number of citations.

Number of citations

Articles, n (%)

>100
50-100
20-49
5-19
<5

17 (0.74)

25 (1.09)

70 (3.04)
202 (8.78)
1989 (86.44)

Journal Analysis

The studieswere published in 969 different journals. The Lancet
headed thelist with atotal number of 29 publications, followed
by the Journal of Medical Virology (n=26) and Science of the
Total Environment (n=25). In anayzing the publications
referencelists, the most cited sourceswere The Lancet (n=2336
citations), followed by The New England Journal of Medicine
(n=1835), and the Journal of American Medical Association
(n=1017).
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Author Analysis

A tota of 12,657 authors contributed to these papers, with a
mean of 5.5 authors per document. Out of this total, 239 were
authors of single-authored documents and 12,418 were authors
of multiauthored documents.

Country Analysis

The retrieved papers were published by authors from 114
countries. The most productive country in the COVID-19
research field in pediatrics was the United States, with 178
publications, followed by China, with 138 publications, and
Italy, with 87 publications. Table 3 showsthetop 10 productive
countries.
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Table 3. Thetop 10 productive countries publishing on the topic of COVID-19 in the pediatric population.

Country Articles, n SCP? n MCP®, n First reported case®
United States 178 134 44 January 30, 2020
China 138 119 19 December 31, 2019
Italy 87 70 17 February 20, 2020
India 30 23 7 March 2, 2020
France 26 21 5 February 7, 2020
United Kingdom 23 10 13 January 28, 2020
Canada 22 10 12 January 27, 2020
Iran 19 15 4 February 19, 2020
Korea 18 14 4 January 20, 2020
Australia 17 11 6 January 25, 2020

8SCP: single-country publication.
bmcP: multiple-country publication.
Source: WHO Coronavirus (COVID-19) Dashboard [16].

Institution Analysis

The published articles came from 4919 ingtitutions, with the
top 10 institutions accounting for 614 (26.7%) papers. The
Huazhong University of Science and Technology was the most

productiveinstitution, with 117 documents, followed by Harvard
Medical School (n=82 publications) and the University of
Oxford (n=67). Table 4 displays the top 10 productive
institutions.

Table 4. Thetop 10 productive institutions publishing on the topic of COVID-19 in the pediatric population.

Ingtitution Country Articles, n (%)
Huazhong University of Science and Technology China 117 (5.1)
Harvard Medical School United States 82(3.6)
University of Oxford United Kingdom 67 (2.9)
University of Washington United States 63 (2.7)
University of California United States 61 (2.6)
University of Toronto Canada 56 (2.4)
Tehran University of Medical Sciences Iran 47 (2.0)
University College London United Kingdom 45 (2.0
Universal Scientific Education and Research Network _a 39(1.7)
University of Melbourne Australia 37(1.6)

3N ot applicable.

Collaboration Analysis

Figure 1 showsthe country collaboration anaysis. The network
diagram showed that China and the United States were the
leaders in COVID-19 research in cooperation with other
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countries (each node represents a country, node size corresponds
to publication number, connecting lines represents country
cooperation, and line thickness indicates collaboration
frequencies). Overall, developed countries had greater
collaboration networks than developing territories.
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Figure 1. Collaboration map between countries in publications on COVID-19 in the pediatric population.

Longtude

Latitude

Keyword Analysis

Overall, the three most common keywords were COVID-19
with 880 occurrences, coronavirus with 368 occurrences and
Sars-Cov2 with 294 occurrences. Multimedia Appendix 1 shows
aword cloud for the most common keywords of the retrieved
papers

When keywords were clustered into themes, four main clusters
emerged: pathogenesis and clinical characteristics (keyword
occurrence: n=2240), public health issues (n=352), mental health
(n=82), and therapeutic aspects (n=70).

Discussion

Principal Findings

In this bibliometric review, we amed to provide a
comprehensive portrait of published research on COVID-19in
the pediatric population. The bibliometric approach properly
fitstheaim of representing all scientific publicationson acertain
topic in adefined time frame. Therefore, this method has been
recently used by many authors to depict the state of current
knowledge about COVID-19 under different perspectives
[17-27], and we used it to focus on the pediatric population.

The most impressive result was the large number of articles
published within alimited period on a single topic. Most were
research articles, but, notably, more than 15% of the total
published papers were letters, testifying to the rush to quickly
spread even preliminary results and personal perspectives[28].
The low rate of conference papers was probably due to the fact
that most of the national and international conferences scheduled
in that period were cancelled in compliance with social
distancing measures.
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The citation analysis showed that only about one-third of the
published papers were cited at least once, suggesting that the
short time frame and the rapidly increasing amount of literature
likely lowered the possibility of a paper being cited. However,
the top-cited paper reached a high number of citationsin avery
short time.

The leading authors, countries, and institutions evidently
belonged to the most impacted geographical areas, as aready
pointed out in previous general bibliometric analyses.

Thekeyword analysis, aswell asthetop-cited articles, revealed
that a focus on the pediatric population was often included in
general articles about COVID-19 as well. Anayzing the
keyword clusters, it was observed that pediatric research about
COVID-19 mainly focused on the clinical features of the disease
and public health issues. Notably, mental health—related topics
were of outstanding interest, even overcoming therapeutic
aspects. Psychosocial challengesand opportunitiesfor children
with chronic health conditions during lockdown, such asdigital
approachesto remote pediatric health care delivery, represented
amainstream topic in the publication trends during the pandemic
[29,30]. This, aong with the lack of emergency
preparedness—elated topi csamong the most recurrent keywords,
could suggest that COVID-19 research in pediatrics more
frequently addressed the psychological impact of lockdown,
per the milder clinical course of the disease among children,
and unlike what emerged in a similar bibliometric anaysis
outside the pediatric area[17].

Taken together, our findings demonstrate that scientists around
the world, facing the unprecedented emergency of the
COVID-19 pandemic, felt compelled to publish their findings
and opinions with the aim to contribute to the evolving
knowledge base as soon as new evidence emerged. This
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occurred even in the pediatric field, which has up to now not
been so serioudly involved in the COVID-19 emergency.

This process was facilitated by high-impact medical journals
opening special issues or columns for COVID-19 [31], some
publishers waiving publication fees and providing free access
to article content, and many journals opting to fast track peer
review. It would be desirabl e that some of these positive aspects
implemented in the current difficult times would become
common practice. Nonethel ess, in such an accel erated publishing
process, it should be of great importance to keep the quality of
research papers high, which is essential to spread valuable
information [22,32]. In the future, it would be interesting to
compare thisfirst 6-month publication rush to later publication
attitudes about the COVID-19 topic in the pediatric field.

Limitations

Our study has some limitations that need to be acknowledged,
pertaining mainly to theintrinsic bias of having considered only
studiesindexed in Scopuswithin alimited time frame, knowing
that results may differ had other databases been included or the
time period extended. However, this bibliometric analysis of
COVID-19 publications in the pediatric field offers a global
overview of what has been published on thetopic, which alows
for the identification of possible gaps in knowledge for new

Monzani et al

lines of research. In particular, the Scopus database was chosen
for its reliability, wide coverage of scientific production, and
daily updates. We decided to search only one database mainly
to avoid duplicate results. Moreover, asthisbibliometric analysis
addressed avery recent and rapidly evolving topic, we preferred
to search only one reliable database to overcome gaps in the
promptness of updates from different sources. Finally, we
preferred Scopus as our main data source since it provides data
analysisfor publications and citations, and allowsthe resultsto
be sorted according to the number of citations.

Another limitation consists of the limited time frame of our
analysis. Using a different methodol ogical approach, such asa
living systematic review, would allow for areal-time update on
therising evidencein such arapidly evolving field. Asaresult,
it would be possible for authors to constantly monitor gapsin
knowledge, which they could try to fill with future research.

Conclusion

In conclusion, a substantial humber of papers have been
published on the topic of COVID-19 in the pediatric field. It
would be advisable to carry on implementing the positive
changes to publication policies that emerged during the
COVID-19 pandemic, which will aid in providing solid evidence
toinform and support clinical and public health decision making.
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