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Abstract. The COVID-19 pandemic triggered a wave of novel scientific
literature that is impossible to inspect and study in a reasonable time
frame manually. Current machine learning methods offer to project such
body of literature into the vector space, where similar documents are
located close to each other, offering an insightful exploration of scientific
papers and other knowledge sources associated with COVID-19. How-
ever, to start searching, such texts need to be appropriately annotated,
which is seldom the case due to the lack of human resources. In our
system, the current body of COVID-19-related literature is annotated
using unsupervised keyphrase extraction, facilitating the initial queries
to the latent space containing the learned document embeddings (low-
dimensional representations). The solution is accessible through a web
server capable of interactive search, term ranking, and exploration of
potentially interesting literature. We demonstrate the usefulness of the
approach via case studies from the medicinal chemistry domain.
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1 Introduction

Severe acute respiratory syndrome coronavirus 2 or SARS-CoV-2 is a coron-
avirus, member of the Coronaviridae family, a positive-sense single-stranded
(+ssRNA) RNA virus [I]. The novel virus (initially 2019-nCoV now named
SARS-CoV-2; ‘n’ - novel) was reported in December of 2019 to be originat-
ing from Wuhan, Hubei China [40]. In the closing of 2019-early 2020, the virus
caused a global pandemic of the COVID-19 disease [35]. The latter is of grave
concern, as the majority of cases display mild symptoms, but up to 15 % of pa-
tients progress to pneumonia and multi-organ failure leading to potential death,
especially without medical assistance [30].
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While there are no registered drugs, but several drug and vaccine discov-
ery programs are being actively developed and scaled up, the scientific commu-
nity coherently responded to the COVID-19 pandemic resulting in an increasing
amount of literature that is beyond the search capabilities of individual medical
professionals [38]. Exploration of scientific literature can be facilitated by com-
putationally feasible approaches to summarizing a large amount of text [I7].
This work explores how unsupervised document representation learning and
keyphrase extraction methodologies [ITU5] can be used to build a fast, scalable
web server suitable for literature prioritization. To this end, we implemented
a web server tool and showcase the solution’s scalability on one of the largest cur-
rently known collections of COVID-19-related full medical document databases
— CORD19 [38].

We next present the related work, followed by the developed web server and
its use cases. We conclude with a discussion of the developed tool and further
work.

2 Related work

With the introduction of freely available literature, multiple tools have been
recently developed [14].

Bras et al. [21I] propose bubble-like visualization of the COVID-19 literature
using keyword groups, resulting in hundreds of documents retrieved. The tool
offers search based on pre-defined sets of keywords, which can be ambiguous and
potentially result in papers not directly related to a given query, offering a fast
overview of key topics.

Another interesting project is the Watson Annotator of Clinical dataﬂ ca-
pable of highlighting key terms within a given document. This tool aims not
to provide the global search across the literature but to annotate an e.g., copy-
pasted document with named entities. Such annotation can be very useful for
medical professionals, as it offers, similarly to this work, quick insights into the
key concepts appearing in a given document. A substantially different approach
was undertaken by Googleﬂ where a question answering regime was adopted.
Their search engine can identify publications based on a natural language-based
query, e.g., “What is the medical care for patients during COVID-19 epidemic?”.
The engine recommends (according to its internal ranking) the documents that
are of potential interest.

An interesting approach is also CADTH COVID-19 pandemic online tooEl7
which offers string search to topics related to COVID-19. Another recently re-
leased tool is the COVIDScholaIEI whose core functionality is the most similar

4 https://www.ibm.com/cloud/watson-annotator-for-clinical-data

® https://covid19-research-explorer.appspot .com/

S https://covid.cadth.ca/literature-searching-tools/
cadth-covid-19-search-strings/

"nttps://covidscholar.org/


https://www.ibm.com/cloud/watson-annotator-for-clinical-data
https://covid19-research-explorer.appspot.com/
https://covid.cadth.ca/literature-searching-tools/cadth-covid-19-search-strings/
https://covid.cadth.ca/literature-searching-tools/cadth-covid-19-search-strings/
https://covidscholar.org/

Prioritization of COVID-19-related literature 3

to the tool presented in this paper. It is based on word and document embed-
ding techniques used for semantic search. It leverages open data from various
data sources. The main results are links to full papers with abstracts and the
most similar documents via document embeddings. The tool, however, does not
explore the possibility of full-text annotation via keyphrase extraction, which is
among the key functionalities of our tool. Finally, the SPIKE tool by the Allen
Institute also offers an exploration of documents at scale, offering insight into
named entities and their relations within documents, which can be very useful
when attempting to answer specific queries based on literatureﬂ The data set
that gave rise to the tools was initially offered at Kaggleﬂ The majority of the
available data on the heavily studied SARS-CoV-2 topic and related COVID-19
pandemic resides on traditional literature bodies that employ heavy user in-
volvement and literature study. A few examples of the literature bodies besides
the aforementioned CORD19 database are offered by NIH as SARS-CoV-2 Re-
sourceﬂ NCBI as LitCovi Rutgers university as COVID-19 Information
Resourceﬂ ECDQEL WH USCFE, VVilein]7 ACE‘E and others. A more

comprehensive overview of related literature databases and tools [37] is provided

by CDA™]

3 COVID-19 Explorer design, implementation and
functionality

The proposed COVID-19 Explorer webserver architecture, shown in Figure[1} is
comprised of two main parts.

First, the raw body of COVID-19-related literature is preprocessed and stored
in the form, suitable for the two subsequent machine learning tasks. The first
task, keyphrase extraction, is conducted with the recently introduced RaKUn
algorithm [32], additionally equipped with scientific stop-word lists to prevent
noisy keyphrases from being detected. The second task, document represen-
tation learning, is conducted by using the widely adopted doc2vec document
embedding algorithm [20], used to learn representations of abstracts of individ-
ual documents. Once keyphrases and document embeddings are obtained, they

8 https://spike.covid-19.apps.allenai.org/datasets/covid19/search
9 https://www.kaggle.com/allen-institute-for-ai/
CORD-19-research-challenge
*Y’https://ncbi.nlm.nih.gov/sars-cov-2/
" https://nncbi.nlm.nih.gov/research/coronavirus/
libguides.rutgers.edu/covid19_resources/
ecdc.europa.eu/en/coronavirus
search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/
who.int/emergencies/diseases/novel-coronavirus-2019
6 lguides.ucsf.edu/COVID19/literature
novel-coronavirus.onlinelibrary.wiley.com
acs.org/content/acs/en/covid-19.html
cdc.gov/library/researchguides/2019novelcoronavirus
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Fig. 1. Visualization of the main processing steps considered by the proposed solution.

are stored in a form suitable for fast access. The document embeddings are also
projected to 2D with UMAP [25], a non-linear dimensionality reduction tool,
as the front end part of the webserver offers interactive exploration also by
querying the semantic (2D) space directly.

All the information is presented in the form of a responsive and fast front
end, requiring minimal computational resources on the client-side.

3.1 Keyphrase extraction

One of the key functionalities of the COVID-19 Explorer is that it enables a di-
rect search via keyphrases, computed from whole scientific documents (papers,
reports, etc.). The extraction method is the in-house developed RaKUn algo-
rithm [32]. The algorithm first transforms a given collection of sentences (a
document) into a document graph — a graph comprised of key tokens, linked via
the co-occurrence relation. An example graph is shown in Figure

Once the graph is constructed for a given collection of text, ranking of nodes
is performed to identify single, two, and three-term keyphrases. The webserver
also implements an auto-suggestion option, which offers interactive exploration
of possible search queries in real-time. The current implementation of RaKUn
employs load centrality, a centrality measure based on the amount of shortest
paths that pass through a given node. The keyphrase computation step is con-
ducted in parallel for each of the considered documents. The resulting keyphrases
and the underlying token graphs are stored and browsed interactively as a part
of the front-end functionality. Further, the keyphrase extraction offers another
functionality that is crucial in the considered document prioritization task — each
keyphrase has a dedicated score for a given document, meaning that the docu-
ments themselves can be prioritized for the global keyphrase score. An example
of how this space can be directly inspected is shown in Figure [3] In addition to
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Fig. 2. An example RaKUn token graph. Each node represents a token in the docu-
ment. Documents, when linked together, form the whole document graph suitable for
identifying the keyphrases (as paths in this graph).

scoring a given keyphrase within a given document, the search results also show
other keyphrases and the document title linked to the corresponding DOI.

3.2 Global document representation learning

A prominent capability of the natural language processing methods developed in
recent years is that of learning the representation of a collection of texts, instead
of merely considering the set of hand-crafted features. The current implementa-
tion of the COVID-19 Explorer exploits the widely used doc2vec algorithm [20]
to learn the representations of every document abstract. The purpose of this step
is to map the considered collection of documents into the same semantic space,
offering the capability to explore the e.g., semantic neighborhoods of a given
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COVI D-1 9 Explorer ﬂ Explore all keywords

-
A tool for literature prioritization based on unsupervised keyphrase pneumonia X
detection.

COVID-19 Explorer is a tool for fast and interactive literature prioritization.
We computed keyphrases based on whole texts, offering seamless
exploration and ranking of biomedical documents related to COVID-19
domain. The database, underlying this tool is accessible as CORD19.

-
Clear all 4379 article(s) found

View:  semantic space Search current results: | Search title and abstract

Fig. 3. Global interactive space of document embeddings.

document, interactively. The current implementation of the COVID-19 Explorer
first computes 256-dimensional representations of individual abstracts and next
projects them to two dimensions via the UMAP [25] tool that approximates a
low dimensional manifold representative of the learned high dimensional space.
The implemented semantic viewer is shown in Figure [4]

4 Case studies

This section presents the application of the reported webserver tool and its
main functionalities. We also showcase its performance on multiple use-cases,
aimed at the fast and efficient hypothesis elaboration for research on COVID-19
drug design. We present the general research-field examination together with
key scientific questions regarding the development of novel drugs against the
SARS-CoV-2 pathogen and SARS-CoV-2 therapeutic target examination. In
the presented cases, we demonstrate how the COVID-19 Explorer effectively
identifies the relevant semantically associated literature. Upon navigating to
http://covid19explorer.ijs.si/, the user is presented with a welcome screen
where keyword(s) can be chosen (Figure [5| subfigure 1) and their relationship
using Boolean operators (Figure[5] subfigure 2). The user is then presented with
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Fig. 4. The COVID-19 Explorer’s semantic viewer. Each point in the shown space
represents a document. The positions in the global space of documents are determined
based on the distances between the representations of the documents’ abstracts. In-
tuitively, the documents close to one another can offer insight into the semantically
similar document. The implemented viewer offers a direct exploration of documents —
each point is clickable and triggers an element with a detailed description of a given
document.

a list of examined keywords (Figure [5| subfigure 3) and the list of semantically
connected articles is dynamically updated in the output field below (Figure [5]
subfigure 4). Individual pinpointed articles can be examined in detail and its
semantic space visualized (Figure [5] subfigure 5).

4.1 Case study 1: General COVID-19 domain inquiry

Single keyword examination using the term pandemic yields results where the
top-scoring article (Score: 0.542) entitled “The pandemic present” immediately
affords social anthropology discourse on current pandemic threats including
COVID-19 [39], Amongst the 10 top scoring peer-review articles offered by the
COVID-19 Explorer, 7 investigate the COVID-19 emergency and 3 articles offer
information on the influenza pandemics. The former and latter are two major
subjects found in modern medicinal literature regarding the general topic of
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COVID-19 Exploreri’: 1. s

A tool for literature prioritization based on unsupervised keyphrase
detection. -

COVID-19 Explorer is a tool for fast and interactive literature prioritization.
We computed keyphrases based on whole texts, offering seamless
exploration and ranking of biomedical documents related to COVID-19
domain. The database, underlying this tool is accessible as CORD19.

Clear all
View:  Table + 4 Search current results: ~ Search title and abstrs
L]
Score ¥ Article
/ Title (doi &): Recombination Every Day: Abundant Recombination in a Virus during a Single Multi-Cellular Host Infection

Keywords: recombination, recombination markers, markers, different, genome, different from plants, population, frequency, virus

population, plants (show more)
5. |

Fig. 5. The COVID-19 Explorer’s welcome screen and user input fields. Relevant key
sections of the online tool are emphasized and numbered in red color: 1. user keyword
inspection and input field, 2. Boolean operators imposed on keywords, 3. selected key-
word inspection window, 4. Dynamically updating result field displaying semantically
related peer-review articles, 5. specific article detail button and 2D visualization of the
corresponding semantic space.

pandemics [I0JTI8)[7]. The journals found by the COVID-19 Explorer are all of
high-impact in the respective fields and encompass Social Anthropology, Journal
of Medical Humanities, Emerging Infectious Diseases, Public Health, The Cana-
dian Journal of Addiction, The Lancet and British Journal of Surgery. The key-
word pandemic thus offered a balanced perspective from social studies (20 %)
and modern medical science perspective (80 %) on the field of pandemic studies,
especially focusing on COVID-19 on the first, and influenza in the second place.
A similar broad, yet subject-focused outlook in correlation to the present-time
problem would be difficult to impossible for identification using one search op-
eration in other peer-review literature search engines. Supplementing the search
with the covid keyword and using AND Boolean operator offered by COVID-19
Explorer shifts the result focus entirely to COVID-19 related peer-review arti-
cles. Top scoring hits offer the general outlook on COVID-19 health effects [30],
possible treatments [I3], promoting the mental healthcare during the COVID-19
pandemic [27/2], elaborating on children study problems [3] and clinical prob-
lems encountered during the COVID-19 pandemic [6I12]. The results in effect
mirror the key media-reported problems and challenges imposed by the current
global crisis and could be retrieved by COVID-19 Explorer in a single search
operation.
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4.2 Case study 2: SARS-CoV-2 potential therapeutic drug/target
identification

There are only a few therapeutic options for SARS-CoV-2, a pathogen causing
worldwide havoc [I6/34]. Therefore, novel drug design is paramount, as well as
an inquiry into viral biochemistry along with the identification and assessment
of potential novel therapeutic targets that could be of use for the development
of novel drugs [40]. Using the COVID-19 Explorer, we examined the subject
by using two straightforward keywords, i.e. sars-cov-2 and receptor joined by
AND operator. The reported web server tool immediately delivered a focused
overview on the subject comprised of 10 top scoring articles where peer-review
literature offered an outlook on the antimicrobial chemical matter with activity
against SARS-CoV-2 virus - a repurposing study in one article [15], human-
to-human transmission of COVID-19 in one article [26], elaboration on human
ACE2 receptor in 7 articles [23J/4T129128], current insight into viral morphology,
biochemistry, and pathogenesis [I9] and involvement of the virus in resulting
COVID-19 disease [3I]. Worth mentioning is also the correctly identified con-
nection between ACE2 host entry receptor and viral binding partner S-protein
[41] (COVID-19 Explorer 4th hit article with the score of 0.295). This key find-
ing represents a prominent therapeutic target for the development of novel drugs
and vaccines against SARS-CoV-2 [42]. Modifying the search to sars-cov-2 and
target keywords, associates the discourse tightly to medicinal chemistry and re-
sults in peer-review article focus on ACE2 in viral pathogenesis [33], comparison
of the SARS-CoV-2 with SARS-CoV and MERS-CoV [9] as well as identifying
two key potential therapeutic targets for the development of novel drugs against
SARS-CoV-2 - 3CLpro and RdRp [422]. Furthermore, the top 10 suggested
articles of the COVID-19 Explorer tool also include elaboration on the viral en-
try mechanism involving TMPRSS2 extracellular protease (5th hit with a score
of 0.285) [31]. TMPRSS2 protease is essential in understanding spike protein
processing and the mechanism of viral cell entry [24].

4.3 Using the COVID-19 Explorer API

For the user benefit, the COVID-19 Explorer web server tool also exposes a
RESTful API with a simple syntax:

http://cord19explorer.ijs.si/gp/api’keyword=query

where query is a user-defined search term. Additional keywords can be added
with &query26querys. .. and the search output hitlist can be limited with a
limit=N and N is the requested number of articles. To restraint the server
load, the current hitlist is limited to 50 but this can be adjusted as needed.
For example, using a scripting language (e.g., Python) and perhaps a notebook
software (e.g., Jupyter) elaborate search patterns can be performed and results
analyzed. For example upon searching for a simple keyword=3clpro a hitlist
is obtained and can be readily analysed article/publisher-wise Figure @
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Similarly, the user can easily obtain articles with a specific term in the ab-
stract. For example, a list of articles with a term inhibitor in the abstract as
a subset of API hitlist, discern the publication year, field of study and so on.
The exposed RESTful API is thus an easy approach towards automatization and
incorporation of COVID-19 Explorer’s searches into other tools and workflows.

5 Discussion

Let us discuss the usefulness of the proposed tool alongside its drawbacks. The
developed COVID-19 Explorer offers scalable and highly efficient summariza-
tion of scientific documents via keyphrases, based on whole texts. Compared to
e.g., conventional approaches are undertaken by large databases such as e.g.,
PubMed, where the keywords are determined by the authors themselves (and
manually tagged by professionals), the purpose of this work was to demonstrate
that at least to some extent, this process can be automated in and unsupervised
manner, without any human interventions, and offers a scalable approach to the
exploration of vast amounts of scientific literature. One of the key goals of the
COVID-19 Explorer is to filter existing information and thus simplify arduous
exploration (often random) of scientific literature to domain experts.

The proposed implementation offers two fundamentally different approaches
to the exploration of the document, which we were able to link — namely, the tool
offers exploration directly in the space of latent embeddings of documents via an
interactive 2D visualization, but also exploration directly via ranked keywords,

present throughout the documents. Exploration via keywords was specifically
Jornal occurrence
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journals
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optimized by taking into account the existing lists of scientific stopwords. Thus
the RaKUn keyphrase extraction phase was adopted for the scientific domain,
which is also a contribution of this work. Furthermore, RaKUn was updated with
the capability of detecting connectives — words that link multiple terms; for ex-
ample “COVID-19 in the USA” represents a keyphrase where in was identified
to fit between the two key phrases. The RaKUn achieves such behavior by back-
tracking back to the raw text and statistically identifying how suitable a given
connective is. Therefore a suitable context can be tailored upon the search re-
quest. Finally, we believe that the existing semantic space could be improved by
incorporating both the document embedding information, additionally equipped
with the whole-document keywords. Finally, we plan to explore more sophisti-
cated summarisation techniques, summarised for the interested reader in [§];
many of these techniques are based on computationally more expensive neural
language models, which, however, could offer superior performance.

Using the reported tool for general COVID-19 subject outlook revealed a
hit-list of semantically connected articles where a broad overview on the global
COVID-19 crisis from the social studies and a modern medicinal perspective was
obtained in a single search query. Furthermore, simple keyword exploration of
the general subjects from the Medicinal chemistry domain quickly afforded rel-
evant high-impacting peer-review articles from journals respective on the field.
In essence, a review article deconstruction was achieved with key articles, ideas,
and themes offered as top hits. Inspection of specific terms from SARS-CoV-2
antiviral drug design returned lists of relevant primary literature as well as asso-
ciations to other complementary research approaches, e.g., exploration of 3CLpro
target exposed associations to PLpro, RdRp, and 2’-O-MTase therapeutic tar-
gets. Furthermore, the reported tool helps the user with an implemented API
in the background and precomputed lists of related keywords in the foreground.
Upon inputting a specific keyword, a list of semantically related suggestions is
offered, unaffected by the user preference but rather derived from the underlying
body of data.

6 Conclusions

In this work, we presented an approach for summarization of large collections of
scientific documents based on automatic keyphrase extraction. The approach was
extended with a simple-to-use web interface, where users can explore the seman-
tic space of COVID-19-related medical literature. As keyphrases were computed
based on whole texts automatically, the proposed tool offers exploration capabil-
ities beyond a few author-assigned keywords present in dominant search engines.
Furthermore, the keyphrase extraction algorithm was specifically adapted for the
biomedical domain via scientific stop word lists, which substantially improved
the search performance and the quality of the results.

We demonstrated the usefulness of the proposed approach in different case
studies, studying different aspects of the current COVID-19 pandemic, from
molecular (receptor) level to more general, disease co-occurrence level. We demon-
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strated that the tool indeed offers a fast and intuitive exploration of the scientific
literature as well as an alternative view on the underlying body of work. Fur-
thermore, the proposed article ranking system, which assigns a score to each
paper, was shown to prioritize the literature in a manner suitable for literature-
based discovery and exploration. The article ranking idea is also a novelty of
this paper. Finally, even though the existing web service offers an intuitive and
fast exploration of existing literature, we believe the approach could be extended
to incorporate contextual embeddings, which could further distill the relevant
literature. Even though the focus of this work was the CORD-19 corpus, the
authors are aware, the proposed approach can be generalized for any collection
of relevant literature.

7 Availability and Requirements

COVID-19 Explorer is available at http://covidl9explorer.ijs.si/| as a freely ac-
cessible webserver. The web server’s landing page includes the links to the repos-
itory and the data used to completely reproduce the webserver locally.
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