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Introduction

In early December 2019, an outbreak of a novel coronavirus (designated SARS-CoV-2) was
reported in Hubei Province, Chinal. By March 2020, this disease was declared a global
pandemic by The World Health Organization (WHOQ)?. The research efforts dedicated to
characterizing this disease and steps towards developing treatments and vaccines to fight

this disease initiated an unprecedented rise in related literature publications.

As part of the US National Science Foundation (Award #2029673) RAPID project Corona Virus
— Exploring Causes and Cures through Literature Based Discovery?, Search Technology
retrieved data from PubMed based on the National Library of Medicine’s NCBI SARS-CoV-2
Resources page. These records were imported into Search Technology’s flagship product,
VantagePoint, a powerful text-mining tool for discovering knowledge in search results from
patent and research literature databases. The information is arranged by topic, country, and
organization, so that it can be easily accessed by researchers and clinicians. The project also
uncovered connections across research domains that could identify novel treatments. Both
approaches strive to connect disparate research findings and innovative developments. The
approach profiles the directly relevant research literature to make findings more accessible
and allow researchers to discover complementary knowledge. Literature Based Discovery
methods, using machine learning and related methods, help bridge distinct research

findings.

As part of this work, a web-based dashboard has been created and can be found at

https://searchtechnology.github.io/VPDashboard/. The dashboard functionality allows

detailed insight to the underlying data, and provides access to visualizations developed for

this project.

1 Wang C, Horby PW, Hayden FG, Gao GF. A novel coronavirus outbreak of global health concern. The Lancet.
2020 Feb 15; 395; 10223 467-536

3 https //www nsf gov/awardsearch/showAward?AWD ID 2029673&H|stor|caIAwards false
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‘Welcome to your VantagePoint Dashboard. The COVID-19 search was conducted in the PubMed
database. The National Library of Medicine (NLM) therein provides compiled abstract records that can be
downloaded openly. The dataset currently contains 172,206 records. Additional details can be found at
hitps:/bithy/3rVRULG
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As part of the US National Science Foundation (Award #2023673) RAPID project Corana Virus - Exploring Causes and
Cures through Literature Based Discavery, this site supports the use of bibliometric and text analytic methods to help
researchers understand what researchers are working on COVID-19, who are they working with and where is the research
being conducted.

The Dashboard data is based on a search query run in PubMed. This collection, downloaded on 17 November 2021,
originally contained 206,637 records. Any record not containing an abstract was removed for analysis purposes, resulting
in a dataset of 172,206 PubMed records.

The search query was applied to the PubMed database

“COVID-19" OR Coronavirus OR “Corona virus” OR "2013-nCoV” OR “SARS-CoV” OR “MERS-CoV” OR “Severe Acute
Respiratory Syndrome” OR “Middle East Respiratory Syndrome”

In MEDLINE detail: "COVID-19"[All Fields] OR ("coronavirus"[MeSH Terms] OR “coronavirus'[All Fields]) OR "Corona
virus'TAl Fields] OR *2019-nCoV"[All Fields] OR *SARS-CoV"[All Fields] OR *MERS-CoV"[All Fields] OR “Severe Acute
Respiratory Syndrome'[All Fields] OR "Middle East Respiratory Syndrome’[All Fields].

The query can be found hare: https;//www.ncbi.nim.nih.gov/sars-cov-2/

Our interests include mapping the main players and their interconnections, as these evolve over time. Sueh networking
analyses can help understand the research community and detect possible gaps (opportunities to connect players and
topics that could be synergistic) (Huang et al.. 2019). It can be fruitful, as well. to explore connections across fields and
the involvement of “border fields” (Porter et al., 2019). Transfer of research knowledge to clinical practice poses many
challenges (cf. Ma et al, 2015); COVID-19 confronts special such challenges as a global pandemic.

Year Published

' Breakdown by year of publication. 2022 is year to date.

VizLink Chart

v A multivariate chart allowing a drill-down
of several metrics within the COVID19 Dataset.
The chart currently displays the categorization.
Grant autherities with 250 or more articles in
the dataset. and country of origin,

World Map

0 This map represents the countries of
origin for the institutions present in the COVID-
19 dataset. Selecting a country will display the
key institutions, other countries of origin of
collaborating institutions, and a month of
publication distribution for each nation,

Categorization

Natural Language Processing (NLP)
extraction was used to generate terms and
phrases from Abstracts of COVID-19 PubMed
records. This list was cleaned to remove
stopwords, to consolidate similar terms, and
to eliminate all terms appearing only once.
This list of around S00k topics was further

rafined Lsing nd nr d

Institution - 100 or more
2 Alisting of institutions in the COVID-19
dataset with 100 or more publications in
PubMed. While this list has been cleaned using
VantagePoint software, this should not be
considered a final or comprehensive cleaning of
names.

Grant Authority

? The source of grants taken from the Grant
Acknowledgement field has been cleaned.
Sources with 250 or more publications are
listed. The National Institute of Allergy and
Infectious Disease, a part of the US National
Institutes of Health, is by far the largest grant
authority with over 3,000 publications.

Categorization X Categorization

Natural Language Processing (NLP)
extraction was used to generate terms and
phrases from Abstracts of COVID-19 PubMed
records. This list was cleaned to remove
stopwords, to consolidate similar terms, and
1o eliminate all terms appearing only once.
This list of around 900k topics was further
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blication Month

Illl A chart displaying the publication velocity
of the articles in the COVID-19 dataset. For
publications not listing a discrete month i

Figure 1: VantagePoint Dashboard

Data Processing

Data were imported into VantagePoint [www.theVantagePoint.com] using standard import

functionality. Importing parses the raw PubMed records into individual fields in preparation

for data cleaning and text analytics. The file was reduced to records containing a unique

English-language title (crucial for text-based analytics), and data cleaning was done on fields

key to analysis, including Institution Name, Grant-issuing Authorities, Publication Month,

and Journal Title.
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Abstracts from each article were converted to Natural Language Processing (NLP) phrases in

preparation for further data processing and data categorization.

Number Number of o Data .
Meta fao= fime Created

(filters)

Abstract 171,107 100% Training Field 2022-03-08, 11:34:30
Abstract (NLP) (Phrases) 2,455,083 1 2022-03-08, 13:12:13
Abstract (NLP) (Phrases) NLP Refined 2,080,370 2022-03-09, 11:35:47
Affiliation (Cleaned) 155,154 Organization 2022-03-08, 11:34:30
Affiliation (email) 64,057 31% 2022-03-08, 11:34:30
Avrticle Identifier, DOI Link 167,941 Link 2022-03-08, 11:34:30
Article Identifier, PubMed 171,107 100% 2022-03-08, 11:34:30
Author (First) P Nome | Affiliation 162,571 Person, Parent 2022-03-08, 11:34:30
Author Name P name 1175110 Person, Parent 2022-03-08, 11:34:30
Author P name 1.190,005 Person, Parent 2022-03-08, 11:34:30
Categorization 36 2022-03-10, 11:55:30
Chemical Registry Numbers ¥ Number | Name 7.422 Parent 2022-03-08, 11:34:30
Date Published 998 Date 2022-03-08, 11:34:30
Grant Acknowledgements 46,376 2022-03-08, 13:12:13
Grant Acknowledgements (Cleaned) 24,545 2022-03-08, 13:12:13
Grant Authority 22,344 2022-03-08, 13:12:13
Institution 149,241 Qrganization 2022-03-08, 11:34:30
Institution Country 221 Country 2022-03-08, 11:34:30
Investigators 151,421 Person 2022-03-08, 11:34:30
Journal Title 7.621 2022-03-08, 13:12:13
Journal Title Abbrev. 7.656 2022-03-08, 11:34:30

Figure 2: VantagePoint Summary Screen

Time Trends
Records in PubMed are tagged with the date of the issue in which the article was published.

To facilitate analysis based on month or year of publication, these dates were grouped into
months based on the original date. Articles in editions published as, e.g., “Summer 2021,”
were included in the first month of the period designated (June 2021). Articles with no time
designation beyond year of publication were not included in the month-by-month

breakdown.
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Year Published

2022 (ytd)

2020 2021

Figure 3: Publication Year Trends for Covid-19 PubMed Records, as of March 2022

Publication year as of early March 2022 is displayed in Figure 3. In 2020, there were 41,231
records containing English abstracts and unique English titles. In 2021, that number had
increased to 85,716 records, more than doubling from the previous year. In the first 2
months of 2022, there were 22,300 records published year to date, suggesting that the

current year will eclipse trends seen previously.
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Figure 4: 2020 Month-by-Month

In the first full year of the pandemic, volumes went from just under 300 related research

publications in February to nearly 6,500 in December, an increase of over 2,500% (Figure 4).
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Figure 5: Monthly trends through early March 2022

Publication volumes have mostly leveled off since Year One of the pandemic, slowing to a
28% increase over 2021 (Figure 5).

Geographic Distribution

In PubMed, institution is tied to the location of the affiliations publishing research works. A
benefit of this is that for papers co-authored by researchers in different locations, the maps

reflect the location of all researchers involved in the work.
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Figure 6: Institution Countries for 2020

After the first full year of the pandemic, the US and China were the leading countries
conducting research, with over 7,000 articles each. Figure 6 shows national contribution
levels worldwide. India, the UK, and Italy also showed high volumes of research publishing.
Italy was particularly hard hit by the early phase of the pandemic, so this pattern is not

surprising.
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Figure 7: Institution countries Jan 2020-Feb 2022

Moving into year 3 of the pandemic, the US is alone at the top of the statistics, with nearly
40,000 publications. China’s output has slowed somewhat, with just over 19,000 published
works. Italy’s output continues to be strong, with over 13,000 publications. Figure 7 shows

worldwide contributions at a glance.

Technical Categorization

Abstracts from articles in the COVID dataset were parsed to phrases and processed with
VantagePoint’s “Refine NLP” tool. Refine NLP cleans a field of text phrases using a
multilayered approach consisting of several specialized stopword lists and technical thesauri

in addition to other text cleaning tools.
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This allows a user to select a custom list of terms to remove from the selected field, from
either the default thesaurus directory or a Keyword List. It also allows that user to customize

the terms to keep.

This field was further modified using List Cleanup. Related terms, e.g., ARDS and Acute
Respiratory Distress Syndrome, were combined into groups. Irrelevant terms were removed

from the field to avoid inclusion in category analysis.

This field was then analyzed through generation of concepts in VantagePoint. The software
performs iterative cluster analysis on a set of list items (phrases or terms), and evaluates the
resulting clusters on several dimensions, including amount of the dataset covered and
amount of overlap of the clusters. The algorithm then chooses the best set of clusters based
on these metrics and creates term groups that correspond to the clusters. Each cluster

comprises the high - loading terms that tend to co - occur (typically some 3 - 10 terms).
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Categorization (December 2020 data)
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Figure 8: Technical categorization for full collection
Figure 8 shows topical concept clusters and the number of records in which they appear.
“Mortality” is the most represented term in the classification, followed closely by Risk

Factors.
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Categorization (March 2022 data)
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Figure 9: Categorization as applied to data through December 2020

Figure 9 shows a contrasting view of the topical cluster prevalence of the research published in

just the first year.

VizLink Drill-down

A feature in VantagePoint is the ability to drill down across concepts using the VizLink tool. In this
analysis, multiple parameters can be selected in a single graphic, e.g. the Technical

Categorization, the provider of grant funding, and the institution country of the organizations

authoring the work.

For example, if you click on the bar for “Public Health,” the visual will redraw to reflect this

selection in the other visuals.

vantagtio//{%w

Search Technology

12



MEW Categaorization

]

o3 0

VizLink Chart

- ] @) V]

2D.IDOO 4U.IDOO

Mortality
Risk Factors
‘Women
Vaccine

FCR

Public Health
Inflammation
Healthcare
Elderly
Efficacy
Lungs

[810]

Mental Health
Fear
Lockdown
Surgery

FFE

ARDS
Physicians
Hypertension
Schools
Disease Severity
Clinicians
Fatigue
Mutations
Wuhan
ACE2

Masks
Pregnancy
Severe Acute Respiratory Syndrome
First Wave
mRNA

o

Grant Authority - 250 or maore e jJ IIII E g M
ol

4,000
3,000
2,000
1,000
0
2 0T D D e + o 2 9 59 0 0009
ee*‘@“\k\%‘e@’;&a@ g\*‘&& @*\Qe‘%&@%e‘\id*‘\(?&'%‘\\;x
L i L
£ 4
@&‘géﬁ\?‘k@\é@ LRGSO 2
FFEFX T ST T F eS¢

Figure 10: VizLink

The Grant Authority window now reflects the funding entities for the Public Health segment

of the database. Detail windows allow insight into the Institutions, other Categorization

topics, and the top authors. The article details from the selected records can be viewed in

the Title window.
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Figure 11: Drill-down in VizLink

From the Record View in the dashboard, key details from the relevant article are easily
accessible. Users can link directly to the article in PubMed for more detail or to access the

full article.

&) Record View
Value

Pubmed URL hitps://pubmed.ncbi.nlm.nih.gov/35176516
[Title Investigating COVID-19 risk perception and preventive behaviours in third-level students in Ireland.
JAuthor Borges, Joyce / School of Psychology. National University of Ireland, Galway, Ireland

Byrne, Molly / School of Psychology. National University of Ireland, Galway, Ireland
Institution National University of Ireland
|Abstract (OBJECTIVES: The novel coronavirus outbreak required the population’s compliance with public health measures yet young adults have been

identified as having low risk perceptions and relatively low adherence with preventive measures. This study investigated third-level
students' COVID-19 risk perception, knowledge and attitudes, and preventive behaviours between February and June 2021 to further
understand young adults' beliefs and behavioural response to the COVID-19 pandemic in Ireland. DESIGN: Cross-sectional guantitative
online survey design. METHODS: Three hundred and sixty-four university students completed an online survey which measured risk
perception, preventive behaviours, knowledge of COVID-19, vaccination attitude and source of COVID-19 information. RESULTS: University
students in Ireland reported high levels of knowledge of COVID-19 and high adherence to preventive behaviours. While risk perception
levels were moderately high, students displayed higher concern for others than for themselves. High levels of risk perception significantly
predicted preventive behaviours while general knowledge of the virus increased the likelihood of vaccine uptake. Over two-thirds of
participants were willing to take the COVID-19 vaccine if available. CONCLUSIONS: Vaccination hesitancy remains a concern among the
lyoung adult population requiring urgent attention from public health officials. The implication for health policymakers is that positive
behavioural responses of the young population can be reinforced by targeting risk perceptions and by increasing the public's knowledge
and understanding of COVID-19.

Institution Country Ireland
NEW Categorization \Vaccine
Risk Factors
Fear
Public Health
Source |Acta Psychol (Amst). 2022 Apr;224:103535. doi: 10.1016/j.actpsy.2022.103535. Epub 2022 Feb 14
Date Published 2022 Apr
Pubmed ID 35176516

Figure 12: Record View in COVID Dashboard
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Knowledge Model Development

Using information from the derived categorization, a knowledge model was constructed. This tool
set allows a user to navigate the literature and identify what is and is not of interest from adjacent
domains. This methodology requires only the collection of seed documents and terms the
researcher would use in a traditional search. Those are then used to identify candidate documents,
within a broader, curated database. To spotlight what is novel, records containing the target terms
can be separated. of records — reaching beyond those that contain the search terms. is the
remainder gives a collection of documents with semantic relationship to the original set, but which

would not be identified by a standard query for keywords.

Researchers are prone to falling into disciplinary silos, wherein they find new literature within their
familiar domain, to the exclusion of the wealth of knowledge to be found in adjacent areas. A
recommender system based on documents relating to a disease found in humans, for example, may
not retrieve records describing similar symptoms in, say, cats. Should the veterinary article provide

a cure unexplored in humans, such a resource would be invaluable.

“Cytokine Storm” was chosen to illustrate this process, and the model was applied across the
entirety of the PubMed database. The "Cytokine Storm" search returned 27,543 records, of which
371 contain neither /cytokin/ nor /storm/, and none were in the seed corpus. We augment the
knowledge modeling with citation analyses to add a dimension reflecting article impact. Among
those 371 records, average similarity between the knowledge model and the record was 0.51
(min=0.50, max=0.56), while the average number of citations was 29.62 (min=0, max=401). The top

results from the modeling can be seen in the table shown below.

15
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Top 10 *CYTOKINE 5STORM™ TITLES BY RELEVANCE METRIC.

Title Similarity  Citations  Score
Histoplasmosis: a clinical and laboratory update. 0.5249 401 07625
Screening of an FDA-approved compound library identifies four small-molecule inhibitors of Middle East respiratory 05128 251 0.5694
syndrome coronavims replication in cell culture.

Bovine surfactant therapy for patients with acute respiratory distress syndrome. 0.5210 178 0.4825
Treatment of acute respiratory distress syndrome with allogeneic adipose-derived mesenchymal stem cells: a random- 0.5106 146 0.4373
ized, placebo-controlled pilot study.

Rok of selectins in development of adult respiratory distress syndrome. 05128 142 0.4335
Acute respiratory distress syndrome. 0.5298 124 0.4194
Acute respiratory distress syndrome in blunt traumsa: identification of independent risk factors. 05462 04 0.3903
Idiopathic acute eosinophilic pneumonia: a study of 22 patients. 05113 107 0.380
Acute respiratory distress syndrome and acute Jung injury. 0.5421 94 0.3882
Molecular pathology of emerging coronavirus infections. 0.5046 101 03782

Table 1: Top 10 "Cytokine Storm" titles by relevance metric
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Conclusions

The COVID-19 pandemic is unprecedented in modern times. The impacts of the disease which to
date has killed over 6,000,000 worldwide and infected over half a billion* has led to jolts to the
global economy, politics, society, and nearly all aspects of life. As has been the case with other
earth-changing incidents, the true toll may not be catalogued for decades. Researchers from every
discipline have responded in epic fashion detailing the etiology of the disease, the efforts to develop

a vaccine, and the social and economic impact of the pandemic.

Through the use of VantagePoint software, this massive volume of works can be analyzed to

connect the dots of this wide-ranging research information.

The project dashboard [https://searchtechnology.github.io/VPDashboard/] provides means for
researchers, research managers, or interested others to get a “birds-eye” perspective on the
worldwide COVID-19 research compiled by PubMed — some 171,107 records profiled, as of March
2022.

4 https://covid19.who.int/
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About Search Technology

Search Technology, Inc. is the producer of VantagePoint, a powerful text-mining tool for
discovering knowledge in search results from patent and literature databases. VantagePoint
helps you rapidly understand and navigate through large search results, giving you a better
perspective—a better vantage point—on your information. The perspective provided by
VantagePoint enables you to quickly find WHO, WHAT, WHEN and WHERE, enabling you to

clarify relationships and find critical patterns—turning your information into knowledge.

VantagePoint works with search results from text databases. First conduct a search using a
search engine provided by your database provider. Then download the raw data to your

computer, and import it into VantagePoint using an Import Filter.

VantagePoint is most useful when your search strategy returns "more than you want to read."
It can provide great benefit when working with only a few dozen records, but it is most helpful

when you need to work with thousands of records.

VantagePoint is a professional-grade desktop text mining application offering Analysts a broad
suite of powerful refining, analyzing, and reporting tools for scientific, technical, market and

patent information.

Contact Us
Search Technology US Headquarters

6025 The Corners Pkwy NW # 202, Norcross, GA 30092
Telephone: (770) 441-1457

Sales Information: https://thevantagepoint.com/contact-us.html

We welcome your comments and reserve the right to revise this publication and/or make improvements or
changes to the products or programs described in this publication at any time, without notice.

Copyright © Search Technology, Inc. 2022 All Rights Reserved. No part of this publication may be reproduced in
any form without the prior written consent of Search Technology, Inc.
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