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A B S T R A C T   

The COVID-19 pandemic has prompted several institutions to offer free, dedicated websites and tools to foster 
research and access to urgently needed innovative solutions by facilitating the search and analysis of information 
within the large amount of scientific and patent literature which was published since January 2020. This situ-
ation is clearly exceptional and challenging for patent information users searching for relevant disclosures at a 
given date in a reliable manner. This article provides an overview of search criteria and strategies, main data-
bases and websites, number of publications, biological sequence information and experimental data sets covering 
COVID-19 findings within scientific and patent literature have been disclosed between January and August 2020. 
The analysis of non-patent literature has been focused on the identification, date assignment, disambiguation, 
and access to experimental data. The analysis of patent literature has been focused on the trends found within the 
earliest filed and published patent documents in representative jurisdictions worldwide. Some practical advice 
and strategies for technical, medical, or patentability assessment of COVID-19-related innovations across 
different information formats and resources are proposed.   

1. Introduction 

Beyond the human tragedy, the COVID-19 emergency has required 
most communities and economic sectors worldwide to pursue their ac-
tivities in an unprecedented and unpredictable environment. Compared 
to infectious diseases during the last few decades, the COVID-19 
pandemic combines many of their features (such as geographic distri-
bution and transmissibility) but has an impact amplified by imbalances 
and weaknesses of global ecosystems [1]. The public and private 
research institutions are called to very quickly adapt their governance 
and strategies to support innovation, strengthening collaboration efforts 
to overcome this “Research and Development gap” [2] in response to the 
pandemic. The COVID-19 crisis is also impacting R&D budgets and 
priorities for financing innovation, pushing for major and structural 
changes in both high technology and traditional sectors, affecting work 
life and everyday activities. 

Patenting activities contribute to the dissemination of novel tech-
nical solutions and products, and of innovation in general, and COVID- 
19 emergency affected activities of patent offices and the overall “patent 

industry” as well. This extraordinary situation has triggered some 
changes to the legislative and regulatory frameworks, as summarized by 
World Intellectual Property Organization (WIPO) in a dedicated web-
page [3] or by the World Trade Organization (WTO) in a working paper 
about the national patent-related policies in WTO Member states during 
COVID-19 pandemic [4]. Patent offices, courts, governments and health 
authorities may decide to enact specific country-specific policies appli-
cable to patent rights, in particular by taking into account both financial 
and human rights issues related to the pandemic and its consequences. 
Thus, there are many propopsals to accept far more exceptions to legal 
and commercial policies than those generally applied, with at least 
partially conflicting attitudes towards open access to methods, drugs, 
and equipment [5,6]. 

Since the official declaration of the COVID-19 global outbreak, many 
publishers and institutions have made several tools available for 
extracting and aggregating potentially relevant information from 
“classical” sources (namely peer-reviewed articles and patent literature) 
or those less formally defined and structured (unreviewed publications, 
experimental and clinical data, blogs, information from social 

Abbreviations: IPC, International Patent Classification; CPC, Cooperative Patent Classification; WIPO, World Intellectual Property Organization; EPO, European 
Patent Office; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; COVID-19, Coronavirus Disease 2019; NCBI, National Center for Biotechnology 
Information; EBI, European Bioinformatics Institute; EMBL, European Molecular Biology Laboratory; MeSH, Medical Subject Headings. 

* Corresponding author. 
E-mail addresses: LFalciola@scibilis.be (L. Falciola), massimo.barbieri@polimi.it (M. Barbieri).  

Contents lists available at ScienceDirect 

World Patent Information 

journal homepage: www.elsevier.com/locate/worpatin 

https://doi.org/10.1016/j.wpi.2022.102094 
Received 4 December 2020; Received in revised form 16 January 2022; Accepted 16 January 2022   

mailto:LFalciola@scibilis.be
mailto:massimo.barbieri@polimi.it
www.sciencedirect.com/science/journal/01722190
https://www.elsevier.com/locate/worpatin
https://doi.org/10.1016/j.wpi.2022.102094
https://doi.org/10.1016/j.wpi.2022.102094
https://doi.org/10.1016/j.wpi.2022.102094
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wpi.2022.102094&domain=pdf


World Patent Information 68 (2022) 102094

2

networks). Such a situation is made possible by newly available tech-
nologies and is hardly comparable to past viral outbreaks (for instance, 
those related to Ebola virus), in terms of dimension and speed. Direct 
access and continuous stream of publications of uneven quality and 
consistency have far-reaching consequences on the attitude of public 
opinion. For instance, some French websites indicated a European pat-
ent filed in 2004 (!), referring to a coronavirus strain that was isolated in 
Hanoi (Vietnam), as the “Coronavirus Patent” (Fig. 1). 

This article intends to provide patent information professionals with 
an overview of criteria, data, and sources useful to COVID-19 searches as 
made available until November 2020. Moreover, an analysis of major 
sources of patent and scientific information (including biological se-
quences and datasets for drug and diagnostic development) was per-
formed for the period between January and August 2020, summarizing 
main qualitative and quantitative features of COVID-19 information that 
has been disclosed in this period. Main features of the earliest published 
patent publications that refer explicitly to COVID-19 were reviewed, 
identifying some key issues for establishing and performing search 
strategies in this domain. 

2. Methodology 

The databases and webpages cited from the websites of the afore-
mentioned scientific publishers, patent offices, or other institutions were 
initially accessed, searched and reviewed for this article during July and 
August 2020. The final data reported in tables and figures covering 
publications in the period between January and August 2020 were 
generated using the indicated search strategies and databases between 
September and October 2020. All the website addresses, references, 
datasets, databases, and contents herein are cited as available on Jan. 
11th, 2022. 

The details of webpage names and address for searching non-patent 
literature, clinical information, and experimental data cited in Section 3 
are listed in Supplementary File 1. The scientific literature that was 
published during the period Jan.–Aug. 2020 and explicitly citing 
COVID-19, or relevant synonyms, in the title, abstract, and/or indexing 
was extracted from PubMed and The Lens Scholarly Works using the 
criteria listed in Table 1, according to their specific search functions and 
language. The results of searches were downloaded in csv or xlsx format, 
manually reviewed, compared to each other and to the published 
COVID-19 datasets (as indicated in Section 3), normalized for format, 
and consolidated using spreadsheets that list the main bibliographic and 
indexing details. These files have been used to generate Table 2 and the 
figures that were elaborated for Section 3. 

The details of providers, webpage names and Internet address for 
searching patent literature cited in Section 4, are listed in Table 3. The 
patent documents that explicitly cite COVID-19, or relevant synonyms, 
in the title, abstract, and/or claims and that were filed and published 
during the period Jan.–Aug. 2020 were searched using the Group (1) 
and Group (2) criteria listed in Table 1 in the following databases and 
websites, according to their specific search functions and language: 
Derwent Innovation, Patentscope, DepatisNet, Lens Patents, Espacenet 

Fig. 1. COVID-19 conspiracy theory on the street. The image was taken by the 
corresponding author in a street near the Université Libre de Bruxelles, Brussels 
(Belgium) in early April 2020. 

Fig. 2. Websites providing dedicated databases for searching for COVID-19 scientific literature and data. Further details for these and other cited databases are 
available in Supplementary File 1. 
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and EP Full text Search (both available in the EPO website). The search 
results were downloaded in csv or xlsx format, manually reviewed, and 
compared with the results of similar searches within the registers and 
databases made available by national patent offices (namely in South 
Korea, USA, India, Italy, United Kingdom, Australia, Israel, Singapore, 
Russia, and Spain). The format of the patent data was normalized and 
consolidated using a spreadsheet into a single xlsx file (the “Early 
COVID-19 Patent Dataset”; Supplementary File 2) that contains the 
references to 1130 patent documents, including their publication 
numbers, type of document, title (in English and/or in the original 
language), details on the patent classification as IPC Groups (if available 
on Nov. 2020), relevant dates by month (earliest priority, publication, 
and grant), range in the number of days between earliest priority date 
and publication and/or grant date (in 15-day intervals), and techno-
logical field (as identified on the basis of the definition of indicated IPC 
Subclasses, IPC Groups and/or title). This xlsx file was used to generate 
Tables 4–6 and the figures that were elaborated for Section 4). 

The details of biological sequences and databases cited in Section 5 
are listed in Supplementary File 5. 

Additional details are provided in the text commenting on the tables 
and figures. 

3. Profiling COVID-19 scientific literature and data as published 
in Jan.–Aug. 2020 

3.1. COVID-19 scientific information: providers, dedicated websites and 
nomenclature 

A review of the main webpages or portals dedicated to the COVID-19 
scientific literature has been performed, consolidating the URLs in 
Supplementary File 1. The contents of such databases have been 
compared (Fig. 2) to highlight those providing access to the largest re-
pository of documentation that is selected as being relevant for COVID- 
19. These documents are mostly regular scientific articles and books but, 
in many cases, other types of disclosures are also included: preprints, 
news, reports on clinical activities, experimental datasets, and other 
electronic-only disclosures. These absolute figures regarding the size of 
these databases should not be used to rank such resources accordingly, 
as many other criteria should also be taken into consideration including: 
the coverage (i.e., any coronavirus research or data published even 

before 2020, or focused only on COVID-19 findings in 2020); the list of 
keywords and other selection criteria that have been used to establish 
the database; the available features for searching for and extracting 
either specific information or full text documents; the frequency of up-
date within the database; the reliability in checking for duplicates, 
format, or completeness of contents. 

A major challenge for the patent examination and evaluation may 
come from the many, possibly conflicting sources about the content and 
date of disclosure of COVID-19 information. As a preliminary step, 
patent information specialists should verify which scientific keywords 
are the most appropriate to search for COVID-19 disclosures in scientific 
or patent literature. Similarly to previous situations where a novel entity 
of major scientific importance is identified and, therefore, competition 
for establishing some kind of primacy or leadership starts among in-
vestigators, the process of naming COVID-19 biological and medical 
concepts to be consistently and univocally used in literature and data-
bases (and thus also to be used for future searches) has not been linear or 
fully standardized. Until end of 2019, six coronaviruses were known to 
infect humans: HCoV-229E, HCoV-OC43, HCoV-NL63, HCoV-HKU1, 
severe acute respiratory syndrome (SARS-CoV-1), and Middle East 
Respiratory syndrome (MERS-CoV). As summarized in the World Health 
Organization (WHO) website [7], the infectious agent responsible of the 
novel pneumonia detected in Wuhan, China, during December 2019 was 
described as a new coronavirus (CoV or nCoV; order Nidovirales, Family 
Coronaviridae, Subfamily Coronavirinae, and Genus Betacoronavirus) 
and thus initially named as “2019 novel Coronavirus”, “2019-nCoV” or 
“Wuhan coronavirus”. Only in early February 2020 this novel Corona-
virus was defined as SARS-CoV-2, meaning “severe acute respiratory 
syndrome coronavirus 2′′, to make this virus distinguishable from 
“SARS-CoV-1 which was isolated as the agent responsible for outbreak 
with less dramatic consequences in 2002–2004 and presents some 
sequence similarity. It was also agreed that the illness caused by 
SARS-CoV-2 and overall symptoms of the SARS-CoV-2 infection should 
be called COVID-19 (meaning “Coronavirus Disease 2019”). 

Even a quick search in the scientific literature shows that not only 
“typos” of the official names or acronyms of the virus and the disease 
(for instance COVID-2019 or SARS-CoV2) but also more generic names 
found in newspapers, websites, or social networks such as SARS, Coro-
navirus, Corona, or COVID are quite common, introducing potential 
ambiguity with respect to previously identified Coronaviruses (such as 

Table 1 
Category of search criteria for COVID-19 topics.  

Group Combination of relevant keywords 

Group 
(1)  

“covid-19′′ OR “covid 19′′ OR “covid19′′

“SARS-CoV-2′′ OR “SARS-CoV2” OR “sarscov2′′

“2019 ncov” OR ′′2019-nCoV” OR ′′2019nCoV" 
“covid-2019′′ OR “covid 2019′′ OR “COVID2019′′

“severe acute respiratory syndrome coronavirus 2′′

“2019 novel coronavirus” OR “coronavirus disease 2019′′

“novel corona virus” OR “novel coronavirus” OR “new corona virus” OR “new coronavirus" 
“Wuhan coronavirus" 

Group 
(2) 

“Alternative phrasing” 
“SARS-Coronavirus-2′′ OR “severe acute respiratory syndrome 2′′ OR “severe acute respiratory coronavirus 2′′ OR “coronavirus disease-19” OR “coronavirus 19” OR 
“coronavirus 2019” OR “coronavirus disease-2019” OR “coronavirus-2′′ OR “coronavirus 2′′ OR coronavirus2 
“Location phrasing” 
(wuhan OR hubei OR huanan) AND (“severe acute respiratory” OR outbreak OR betacoronavir* OR coronavir* OR virus OR “Middle east respiratory” OR SARS OR MERS) 
“Alternative acronyms” 
“novel cov” OR “ncov-2019” OR “ncov-19” OR “ncov” OR “cov 2′′ OR CoV2 OR “MERS-COV” OR SARS2 OR “sars-cov” OR Covid 
“General Coronavirus” 
Betacoronavir* OR coronavir* OR “Corona virus” OR “corona viruses”  
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SARS, MERS, or SARS-CoV-1). Further sources of confusion may affect 
the recall and precision features of a search in generic databases or when 
using full-text search engines are the names of companies similar to 
COVID or SARS, and some acronyms used in scientific literature. Ex-
amples of such potentially confusing acronyms are NCO-based names 
referring to Cyanate (NCO) chemical group or CoV-based acronyms 
referring to Coefficient of Variation (NCoV may be used to indicate 
“Naïve Coefficient of Variation”). 

This problem was recognized by databases providers, starting from 
the alternative names that the National Center for Biotechnology In-
formation (NCBI) has listed for official scientific indexation (Severe 

Acute Respiratory Syndrome Coronavirus 2, SARS-CoV-2 [8]and 
COVID-19 [9]). Some of the websites listed in Supplementary File 1 
provide users with details of the criteria that have been used for creating 
literature listings. Main examples are the listing of websites and data-
bases updated regularly by the EPPI (Evidence for Policy and Practice 
Information)-Center [10], or the list of keywords that were used by the 
Center for Disease Control and Prevention (CDC) to establish a database 
for COVID-19 literature covering several sources in October 2020 [11] 
and later integrated in the WHO global COVID-19 literature database 
[12]. 

The analysis of search criteria in the pages cited above together with 

Fig. 3. Trend in COVID-19 scientific publications present in PubMed in Jan.–Aug. 2020. Percentage and absolute values of COVID-19 Pubmed entries compared with 
either total Pubmed entries or PubMed entries for malaria (A). Comparison between cancer-related and COVID-19 Pubmed entries in the same period (B). Weekly 
entries in PubMed based database LitCovid, as available on Nov. 2020 (C). 
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Fig. 4. Trend in COVID-19 scientific publications in PubMed compared to other scientific literature databases and repositories. The content of four datasets of 
scientific publications, either determined using search criteria (in PubMed or Lens Scholar) or as made available to the public (by the CDC website or in an article 
identified as Santos 2020) were compared for the period Jan.–Aug. 2020. The content of the datasets, as an absolute number of entries or their indexing (using PMID, 
DOI, or PMC identifying codes) was compared (A). No publications having the three codes have been found in both CDC Research Articles (since the DOI is indicated 
in combination only with one other code) or in Santos 2020 (since PMC is not indicated). The content is also compared with respect to the indicated months and time 
criteria (B). No content appeared both in Santos 2020 in Aug. 2020 (since this month was not covered in the article) and for CDC Research Articles in Jan. 2020 and 
Feb. 2020 (since such file was started in March 2020 and the publication date is not provided for any entry). The journals (or series of journals) more often present in 
the COVID-19 PubMed dataset generated with the COVID-19 Group (1) or MeSH criteria for the period Jan.–Aug. 2020 are indicated with the corresponding number 
of PubMed entries (C). 
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the browsing of search results looking for sources of potential name 
variants (alternative spellings, acronyms, or typos), has been used to 
establish a list of COVID-19 keywords that were categorized into two 
main Groups (Table 1). The Group (1) criteria includes the most relevant 
criteria that would present the lowest possibilities of confusion, 
including most frequent, unambiguous words and acronyms. The Group 
(2) criteria includes other four main types of name variants: 

• Alternative phrases referring to “novel coronavirus” and other ele-
ments from Group (1);  

• Phrases or keyword combinations referring to coronavirus identified 
in Wuhan area;  

• Short acronyms related to SARS or CoV;  
• Coronavirus in general. 

However, it is important to point out that the different criteria 
categorized in Group (2) criteria, as well as new ones that may appear in 
the next future (defining new variants, for example), would still be 
relevant for elaborating on search strategies for performing the most 
complete COVID-19 prior art search, even if documents relating to 
Coronaviruses other than SARS-CoV-2, or even completely different 
topics, may be found with them. The search results obtained using Group 
(2) criteria may require a further review for evaluating their actual 
relevance or may be filtered by combining these results with other 
criteria such as a publication date later than Dec. 2019 and/or specific 
names of authors, institutions, compounds, or medical topics related to 
COVID-19. 

3.2. Analysis of COVID-19 scientific publications in PubMed 

A detailed bibliometric analysis of the COVID-19 scientific literature 
is not an objective of this article. Some articles have been published 
throughout 2020 in which detailed analyses of scientific production 
have been pursued using various criteria and visualization approaches 
for selecting databases and sources, selecting and combining search 
criteria, categorizing and linking publications, focusing on the produc-
tion of specific countries, institutions or authors [13–15]. A good 
starting point to evaluate which publication or indexing details are 
relevant when examining a publication before or after a given date is the 
PubMed database in the NCBI website, the most popular free database 
for biomedical non-patent literature that indexes publications with 
Medical Sub-Heading (MeSH) system and that has been updated in 2020 
with a new layout and new "PubMed 2.0" features [16]. The COVID-19 
pandemic has prompted not only the introduction of two distinct Sup-
plementary Concepts in PubMed MeSH system (“severe acute respira-
tory syndrome coronavirus 2′′ and “COVID-19” [17]) but also the 
changing of their own policies for including preprints [18] for the rapid 
identification and assessment of scientific publications. 

A previous paper [19] compared the number of publications until 
mid-June 2020that are obtained by combining different types and for-
mats of keywords. Our analysis has taken a different approach by 
considering both the global number of entries in PubMed and the 
indexing speed in PubMed during a nine-month period from Dec. 2019 
(when COVID-19 literature was absent) until Aug. 2020 (Fig. 3). The 

results were generated by comparing the Group (1) criteria with other 
criteria described above but referring specifically to the entry month, i.e. 
the month when the article is indexed in PubMed, independently from 
the official publication date. This approach, focusing on the actual 
availability and searchability of the scientific literature in PubMed, 
shows that less than 80 entries are found in Dec. 2019 (and less than 900 
entries for the whole year 2019) by searching PubMed for “Coronavi-
rus”, while in 2020 several thousands of publications relating to 
COVID-19 Group (1) criteria have been entered each month, at least 
since April 2020. These data are compared not only with those obtained 
by including COVID-19 Group (2) criteria but also with overall PubMed 
entries, indicating that this rapid increase has made COVID-19 the topic 
of almost 9% of all entries in PubMed in Aug. 2020. This number of 
publications largely outweighs the newest publications about other 
important medical topics, such as malaria which is still a major health 
problem in some parts of the world. Even if only a small number of 
publications is identified by using the COVID-19 Group (2) criteria, an 
important percentage of the publications presenting the COVID-19 
Group (1) criteria in the title or abstract are not indexed with either 
specific MeSH Supplementary Concepts, at least as of Nov. 2020. When 
elaborating and performing searches in PubMed. It is consequently 
important to take into account this delayed and possibly incomplete 
indexing process within PubMed, which may be pursued retrospectively 
over several months after an article is formally added into the database. 

The importance of integrating at least main name variants when 
drafting COVID-19 search strategies in PubMed (and possibly in other 
scientific or patent databases) is suggested by other qualitative and 
quantitative observations upon COVID-19 searches in PubMed summa-
rized in Fig. 3. For instance, since Apr. 2020 the number of publications 
found in PubMed with COVID-19 Group (1) criteria reaches around 70% 
of those indexed for a broad health subject such as cancer. An important 
fraction of publications is indexed for both cancer and COVID-19 Group 
(1), indicating the interest in evaluating the impact of COVID-19 on the 
medical management of other pathologies, such as cancer [20], and 
which may become of interest also for patenting activities. A further 
topic of interest is also how the increase in COVID-19 during Aug. 2020 
may actually be a consequence of a specific review process, with pre-
viously published documents that have been most recently added (or 
newly indexed) in PubMed during a short period of time. LitCovid, the 
NCBI webpage proposing a subset of PubMed entries intended to be 
specific for COVID-19 [21], shows weekly data confirming that 
approximately 2000 COVID-19 publications are regularly entered in 
PubMed every week since May 2020 until Nov. 2020. Other discrep-
ancies were observed with respect to one of the first articles about 
COVID-19 pandemic, highlighting the potential for international spread 
via commercial air travel of a “pneumonia of unknown etiology”, indicated 
in PubMed as having its earliest date on Jan. 17th, 2020 [22] when the 
journal website indicates the publication on Jan. 14th, 2020 [23]. These 
observations confirm how it is important to carefully verify the official 
publication date of search results in PubMed, given the variable 
discrepancy or delay (from a few days up to several months) between 
such date and the other date information for a given article in this 
database, potentially impacting both actual searchability of articles 
within PubMed and the conclusions about applicable prior art for 

Table 2 
Other sources including publications not or poorly covered in PubMed.  

Categories CDC Research Articles Lens 
Scholar 

Santos 
2020 

ArXiv, SSRN, and other Open Access or preprint providers (other than BiorXiv and MedrXiv) ✓ ✓ ✓ 
References with obsolete PMID, incomplete details on the origin of publication or identification codes ✓ ✓ ✓ 
Homeland Security Digital Library ✓ ✓  
WHO publications ✓ ✓  
National & intl. journals in law, politics, economics ✓ ✓  
National journals in biomedical sciences (in non-English language, mainly) ✓ ✓  
References to Clinical Trials ✓    
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Table 3 
Webpages dedicated to COVID-19 patent information.  

Provider Webpage name Main features 
Web Address 

Patentscope (WIPO) COVID-19 
INDEX 

Webpage listing almost 100 search strategies for 10 technological areas, including IPC codes, with or without Coronavirus-related keywords (launched on Apr. 
21st, 2020) 
https://patentscope.wipo.int/search/en/covid19.jsf 

EPO Fighting coronavirus Webpage listing almost 200 search strategies in Espacenet format grouped in four broad themes and multiple sub-categories, with xlsx files and links, including 
CPC codes, IPC codes, and/or Coronavirus-related keywords (launched on June 22nd, 2020, last updated in Jun. 2021) 
https://www.epo.org/news-events/in-focus/fighting-coronavirus.html 

Lens COVID-19 Datasets: Patents Search strategies and datasets covering 16 technologies, including CPC codes and/or Coronavirus-related keywords (launched on Jan. 28th, 2020, last updated 
on May 19th, 2020) 
https://about.lens.org/covid-19/ 

China Patent Information Center 
(CNPAT) 

Information platform for patents 
on COVID-19 

Two separate datasets of Chinese and non-Chinese, “world patent documents”, divided into 9 categories and several categories, linked to reports analyzing the 
data (in Chinese only, established on April 29th, 2020; without explicit description of search strategy to define them) https://ncp.patentstar.cn/en/Home/Specia 
lDB 

IPAustralia Information on COVID-19 
technology 

Patent information on the latest COVID-19 technology is organized in six sections with graphical analysis and related search strategies (for Derwent Innovation 
and EPOQUE syntax) that are provided in a separate xls file https://www.ipaustralia.gov.au/tools-resources/publications-reports/information-covid-19-techn 
ology 

South Korean Intellectual Property 
Office (KIPO) 

COVID-19 Patent Information 
Navigation 

Five separate datasets of patent documents (no explicit description of search strategies) that are divided into several categories (established on Mar 24th, 2020) 
https://www.kipo.go.kr/kpo/BoardApp/ApplInfoAppE 

Medicine Patents Pool Databases for patents covering vaccines and medicines, searchable for the patented medicines being tested for COVID-19, and organized by country 
VaxPal https://medicinespatentpool.org/what-we-do/vaxpal 
MedsPal, https://www.medspal.org/?keywords=covid&page=1 

Spanish Patent & Trademark Office 
(SPTO) 

Since March 2020 website offers two distinct tools dedicated to new patent publications related to COVID-19 in the form of a quarterly bulletin (PDF file, in Spanish only) and weekly updated 
technological alerts (as html, xls or PDF file, also in English), without explicit description of search strategies 
Coronavirus: Diagnosis and 
therapy (alerts) 

http://www.oepm.es/en/informacion_tecnologica/informacion_gratuita/Alertas_Tecnologicas/detalle.html?id=68400&n=CORONAVIRUS:& 

Coronavirus: Diagnosis and 
therapy (bulletin) 

https://www.oepm.es/en/informacion_tecnologica/informacion_gratuita/boletines_de_vigilancia_tecnologica/boletines_oepm/coronavirus/index.html 

Italian Patent & Trademark Office 
(UIBM) 

Fighting coronavirus List of patent applications filed in Italy between 2009 and 2019 disclosing products and technologies applicable to COVID-19, using categories and selection 
method adapted from WIPO Patentscope COVID-19 Index (in Italian only) https://www.uibm.gov.it/biotech/covid-19.html  

L. Falciola and M
. Barbieri                                                                                                                                                                                                                   

https://patentscope.wipo.int/search/en/covid19.jsf
https://www.epo.org/news-events/in-focus/fighting-coronavirus.html
https://about.lens.org/covid-19/
https://ncp.patentstar.cn/en/Home/SpecialDB
https://ncp.patentstar.cn/en/Home/SpecialDB
https://www.ipaustralia.gov.au/tools-resources/publications-reports/information-covid-19-technology
https://www.ipaustralia.gov.au/tools-resources/publications-reports/information-covid-19-technology
https://www.kipo.go.kr/kpo/BoardApp/ApplInfoAppE
https://medicinespatentpool.org/what-we-do/vaxpal
https://www.medspal.org/?keywords=covid&amp;page=1
http://www.oepm.es/en/informacion_tecnologica/informacion_gratuita/Alertas_Tecnologicas/detalle.html?id=68400&amp;n=CORONAVIRUS:&amp;
https://www.oepm.es/en/informacion_tecnologica/informacion_gratuita/boletines_de_vigilancia_tecnologica/boletines_oepm/coronavirus/index.html
https://www.uibm.gov.it/biotech/covid-19.html


World Patent Information 68 (2022) 102094

8

evaluating patentability. 

3.3. Analysis of COVID-19 scientific publications in other literature 
databases 

The relevance of observations made above for COVID-19 publica-
tions in PubMed, can be compared with the features of datasets available 
from other providers of COVID-19 scientific literature. Three other 
COVID-19 scientific literature datasets were used for comparison: the 
scientific publications that can be extracted using the COVID-19 Group 
(1) criteria from the databases of scientific publications in The Lens 
Scholarly Works website [24], the COVID-19 database [25] that was 
established by CDC in March 2020 until October 2020 (when it was 
integrated within the corresponding resource in the WHO website), and 
the dataset published together with a publication about COVID-19 sci-
entific publications [26]. All three providers list PubMed as a source of 
the literature but it is interesting to evaluate how much they actually 
overlap with PubMed (and with each other) and how many and which 
type of references may be additionally found in these datasets which 
integrate other sources. However, this analysis for aggregating or 
disambiguating references in the literature is extremely difficult given 
the different format of authors’ names, titles and/or bibliographic de-
tails among databases. The references common to two or more sources 
can be precisely defined on the basis of identification codes such as the 
PubMed ID (PMID), the PubMed Central ID (PMC), or the Digital Object 
Identifier (DOI) only. If the identification codes for references extracted 
from PubMed were fairly complete and reliable, the situation is unfor-
tunately quite different for documents that are selected in these other 
sources as being relevant for COVID-19, mainly because a large fraction 
of references in these databases do not list, or list in incorrect format, 
such identification codes, leading also to potentially duplicated entries. 

Still taking into account such limitations, it is possible to make some 
quantitative and qualitative evaluation of COVID-19 publications made 
available through these four sources using COVID-19 Group (1) criteria 
for extracting them (Fig. 4). At the total number of references, The Lens 
Scholarly Works and the CDC datasets provide at least double the ref-
erences present in PubMed (even if there are some duplication and un-
certain identification issues). The trends over the first eight months of 
2020 show how the datasets in the article and in The Lens Scholarly 
Works, which were meant to cover the period until Aug. 2020, do not 
include all the latest COVID-19 publications already included in 
PubMed. A further analysis can be carried out for the origin of publi-
cations indexed in different databases. As expected, the majority of 
publication sources extracted from PubMed, and almost entirely 
included also in the other three datasets, are leading publishers of 
biomedical and scientific literature, preprint services (bioRxiv/medR-
xiv) [27], or open access publishers such as PLoS [28]. 

Together with some specific publications in scientific domains such 
as epidemiology, virology, or environment, this selection of journals 
comprises approximately 15% of all COVID-19 publications that were 
indexed in PubMed during Jan.–Aug. 2020. A summary of additional 
sources found in the scientific literature datasets other than PubMed was 
made (Table 2). Aside from undetermined references, the datasets ob-
tained from CDC and Lens.org include publications from a wide range of 
sources of potential interest depending on the specific objective of the 
search: additional preprints or open-access publication platforms, jour-
nals having more limited distribution (and often published in a non- 
English language), reports and communications from institutions, jour-
nals in domains other than purely biomedical ones (generally covered by 
PubMed in a limited manner), or references to clinical trials. 

This analysis of scientific publications by means of the proposed 
COVID-19 search criteria and the databases selection is far from being 
complete but still provides some insights and issues relating to the 
search and analysis of COVID-19 scientific literature in general and for 
patent evaluation. The extension of the search in two or more databases 
of scientific literature is even more fundamental than usual in order to 

appropriately cover literature potentially relevant for evaluating the 
patentability requirements of inventions claimed as useful for fighting 
COVID-19, but it requires being careful to check a number of details 
when searching such databases. On one hand, the choice and the evo-
lution of names or keywords used by investigators since the beginning of 
the pandemic should be attentively evaluated. On the other hand, 
generic scientific database and specific datasets containing COVID-19 
literature may differ quite significantly for both their coverage and 
overall searchability in terms of indexing, presence of identification 
codes, search tools, and delay from official publication date. The 
continuous flow of several thousands of COVID-19 articles published 
each month since April 2020 is making the search in databases with 
quality, consistency, and format issues already before the pandemic 
even more difficult. It should also be highlighted that preprints, or even 
publications that were made hastily available through websites and 
databases without a proper peer- and publishing review, may later on be 
republished with modifications, or even retracted, as already indicated 
in a specific webpage [29]. 

A further uncertainty remains about whether and how these datasets 
will be maintained in the future to allow patent information specialists 
to evaluate prior evidence correctly with respect to current legal stan-
dards. This situation may evolve in the future towards a more structured 
and integrated way of making available scientific publications. These 
events further justify specific attention when searching for, re- 
extracting, or maybe even saving copies of all relevant COVID-19 in-
formation as available at a given date, if to be considered at a later time 
during the patent proceedings or legal challenges. For instance, the 
notice of concurrent patent filings or license may be mentioned within 
the dedicated section of the text for a number of COVID-19 articles 
published in journals that commit authors to notify potential conflict-of- 
interest or financial matters related to the content of article. This in-
formation of potential patent or business relevance is irregularly, or not 
at all, indexed in PubMed using a specific search field (Conflict of In-
terest Statements) and thus it is hardly searchable and quantifiable 
without a detailed article-by-article analysis [30]. 

3.4. Expanding COVID-19 scientific literature: business, clinical & 
experimental information 

Additional resources for COVID-19 information beyond scientific 
literature databases may be important to identify details relevant to 
expand the search criteria and provide patent information users with 
more complete reports. This consideration applies to searches that are 
related not only to getting a more global coverage of a specific product 
or technology but also to the origin or confirmation of statements about 
COVID-19 found in social or general media that may have received more 
or less deserved attention. 

A first example of such resources are dedicated websites of journals 
with a structured and commented-on selection of COVID-19 medical and 
scientific news reports, where further details relevant to patent-related 
topics may be found for products and technologies that investigators 
and entities may disclose in parallel or even before the actual scientific 
publication. Major scientific publishers such as Science [31], Nature 
[32], Cell [33], JAMA [34], or BMJ [35] have consolidated news, links, 
and other COVID-19 contents within a specific webpage in their portals, 
covering their own and other publications. Other information webpages 
have established fully or partially free portals to consolidate their arti-
cles and news coverage where business or social consequences of the 
pandemic are also reported with potentially useful details and insights. 
Among them, the dedicated webpages of The Economist [36], The Sci-
entist [37], and Bioworld [38] are worth a mention for their higher 
standards in selecting and reporting specific COVID-19 news. 

A second example are the websites reporting clinical trials, and in 
general the activities that clinical institutions have established to vali-
date findings of diagnostic and therapeutic relevance in human subjects 
but such trials are often cited in scientific publications or news in a not 
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very detailed or updated manner. The search and analysis of such clin-
ical information that is disclosed between the initial discovery and the 
much later formal publication of final clinical results at conferences or in 
journals has always been difficult due to the wide variety of complete-
ness, standards, and search features in dedicated databases. The COVID- 
19 crisis has provoked an intense interest from a large audience in any 
clinical progress, even at most preliminary stage, and this has pushed 
traditional providers of clinical information to consolidate and update 
data on COVID-19 clinical trials in a more complete and transparent 
manner. The main website covering clinical trials worldwide, Clinicalt 
rials.gov, has established specific webpages with a summary [39] and 
an indexing system [40] for COVID-19 clinical research. Updated list-
ings and links to national clinical registries are also accessible through 
specific links in the International Clinical Trials Registry Platform at 
WHO [41]. Additional information resources associating clinical 
research and official status for drug and vaccine authorization can be 
found in the dedicated webpages established of regulatory authorities 
such as the Food & Drug Administration (FDA) [42] or by other orga-
nizations such as the Milken Institute [43]. 

A third example is experimental data that authors cite in a publica-
tion but are not fully reported in the corresponding official PDF file as 
searchable full text, tables, or graphics of the document. This definition 
covers multimedia contents (for example, videos or audio descriptions of 
protocols) and functional and structural information over chemical or 
biological compounds, often including information related to experi-
mental values as measured over a number of samples, (such as inhibi-
tory, stimulatory, or antiviral activity) or in a human population (such as 
clinical or epidemiological data). Biological sequences or chemical co-
ordinates are also available in well-established, dedicated databases that 
are freely accessible worldwide and allocate unique accession numbers 
to the molecules and data that is deposited for each molecule. In-
vestigators can use this indexing in their publications and for performing 
searches for specific entries by applying text, sequence, and/or chemical 
criteria (further details are provided in Section 5 below). Such data may 
be provided by the authors by means of either links in the corresponding 
webpage of the publication or to a stand-alone file within a dedicated 
public repository. These types of disclosures are generally briefly cited in 
the official text of the article as supporting information, supplementary 
materials, or otherwise, and made available to readers for further 
analysis as links to web-only material in various formats (PDF or Word 
files, csv/xlsx Excel-compatible files, txt or xml files, or other data- 
specific formats that may be not easily used). 

The experimental data or other files associated with a publication 
within an article can be extracted and compared only by reviewing the 
webpage of the article. At most, only specific databases, such as PubMed 
or PMC have an “associated data” filter that would allow searchers to 
identify relevant articles presenting such files [44], but this search 
feature does not guarantee that all articles with additional files will be 
actually identified. This publication trend started in the early 2000s, in 
parallel with pressure upon authors and publishers for more trans-
parency about the access and quality of original data used for a publi-
cation. Technical and cost accessibility of new technologies allow for the 
generation and elaboration of an exponentially increasing amount of 
data for a wide range of applications. Similar files, in alternative formats 
and/or versions, can be uploaded by authors even in locations other 
than the publisher’s website, such as webpages or repositories that are 
maintained by many universities and organizations. Obviously, a num-
ber of COVID-19 articles have also been published alongside similar 
additional files, for example an article that provides readers with a 
supporting spreadsheet file summarizing predicted or experimental 
binding affinities of more than 8000 compounds as candidate inhibitors 
of a SARS-CoV-2 protease [45]. Some websites have tried to consolidate 

such data in electronic repositories where these files, and other datasets 
made available by investigators independently from any publication or 
submission as preprint, are aggregated in a more or less organized 
manner into databases, allowing data mining across documentation in 
various formats. Among these searchable databases listed in Supple-
mentary File 1, the most interesting are COVID-19 Open Research 
Dataset (CORD-19 [46]), Mendeley COVID-19 Dataset, Zenodo 
COVID-19 Data, Figshare COVID-19 Open Research Data, and Google 
COVID-19 Open Data. 

4. Extracting and comparing COVID-19 patent literature as 
published in Jan.–Aug. 2020 

4.1. COVID-19 patent information: providers and criteria 

Since the official announcement of the COVID-19 outbreak in Feb. 
2020, patent offices have started a series of initiatives and improved 
their internet services to support applicants and other users of patent 
system to perform actions from remote locations with respect to the 
formalities, the payments, the filing and the examination of patent ap-
plications, as well as other proceedings usually performed at patent 
offices such as the extension (automatic or requested by the applicant) of 
some deadlines. The World Intellectual Property Organization (WIPO) 
has started providing patent information users at large (investigators, 
companies, policymakers) with information collected from patent of-
fices worldwide, reports, and specific tools. Together with the COVID-19 
IP Policy Tracker [47], the WIPO website also provides users with a 
glossary containing key concepts related to the technologies applicable 
to COVID-19 in English and nine other languages [48] and a dedicated 
COVID-19 Search facility within their own patent search tool Patent-
scope [49]. Similar initiative taken by WIPO as well as other patent 
offices have been reported in World Patent Information [50] and 
reviewed in this Section together with other patent information tools 
identified by authors in the websites of patent offices in the webpages 
listed in Table 3. 

These webpages and the quick description that is provided are 
clearly not exhaustive, but some general observations can be made, also 
in view of the benchmarking made in a presentation at EPOPIC 2020 
[51]. It should be noted that the two major patent offices - the United 
States Patent and Trademark Office (USPTO) and the Japanese Patent 
Office (JPO) - have preferred (at least until end November 2020) not to 
establish any specific search facilities on their websites, and instead to 
concentrate on a series of procedures and programs providing support to 
inventors and patent applicants as indicated in a joint statement issued 
in June 2020 [52]. These patent offices have proposed compiling a 
database of patent licensing data, as the one accessible through the 
USPTO’s COVID-19 Response Resource Center [53]. A further obser-
vation is that the COVID-19 patent search facilities can be divided into 
those providing users with full details about the search criteria used to 
generate the datasets on their websites (thus, giving the possibility to 
adapt them to users’ needs) and those not explicitly describing the 
criteria used to establish and update their datasets. The first category 
includes only the dedicated patent search tools in WIPO (Patentscope), 
EPO (Espacenet), IP Australia, and The Lens Patents. Aside from patent 
offices, the Lens.org and Medicine Patent Pools websites provide users 
with patent datasets that are either covering biological sequences (in the 
former) or are more drug-focused (in the latter). In general, all such 
listings broadly cover products and technologies applicable to Corona-
viruses in general, other virologic pathogens, and epidemics, without 
imposing any time limit. 

The analysis of the patent literature related to COVID-19 has been 
pursued by some authors, as of Nov. 2020, mostly covering pre-2020 
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patent filings, sometimes combining references from scientific literature 
and patent-based findings about coronavirus on the basis of previous 
outbreaks caused by SARS-CoV-1 and MERS-CoV that require confir-
mation as being applicable during this pandemic. These publications are 
not always describing the search criteria and methodology used to 
establish their selection of patent literature starting from technical in-
formation and needs related to COVID-19. For instance, some publica-
tions have focused on potentially relevant patent filings related to 
vaccines and other drugs of various chemical nature, highlighting spe-
cific molecular sequences or scaffolds and patent classifications [54,55], 
antiviral strategies involving small molecules and biologics [56–59], 
natural compounds or traditional medicine products with anti-viral 
properties [60,61], or nanotechnology-based solutions [62]. 

4.2. The Early COVID-19 patent dataset: construction 

It is not easy, when comparing the features and outcomes of the 
search strategies proposed in these publications (where available) or in 
the free patent information facilities listed above, to evaluate which are 
most interesting for future searches. However, it seems interesting to 
consolidate the search strategies that were explicitly disclosed and 
meant to be applied by users in the same websites proposing them, such 
as those present in the WIPO, EPO, and The Lens websites between Feb. 
and Nov. 2020. The main features of these and other free databases for 
searching patent information have been previously review [63] but 
some major improvements have been introduced since 2019 and have 
been exploited to design tools supporting COVID-19 search. 

An overview of the search criteria defined in Patentscope, Espacenet 
and The Lens Patents, for a total of almost 300 search strategies, have 
been consolidated in xls file and analyzed. This review has been per-
formed by separating keywords, the International Patent Classification 

(IPC) codes, and the Cooperative Patent Classification (CPC) codes that 
have been assigned to a large variety of technologies, and not only those 
of a strictly biomedical nature, applicable to COVID-19. The listing 
shows some specificities of choices made by either each provider 
compared to the others or by the same provider for different topics. For 
instance, Patentscope search strategies all present at least a technology- 
specific IPC code (but no CPC codes) and, where present, always the 
same combination of Coronavirus-related keywords (including viral 
classifications and synonyms but, interestingly, not the official virus 
name SARS-CoV-2). The Espacenet search strategies presented in the 
“Fighting Coronavirus” website [64], associate Coronavirus-specific 
keywords (but in various alternative strategies comprising different 
names, acronyms, and even some non-English terms, and again never 
SARS-CoV-2) to technology-specific keywords, IPC and/or CPC codes, 
sometimes choosing very specific classification codes. The search stra-
tegies proposed by The Lens Patents are those more broadly referring to 
Coronavirus-related matters (by keywords only) and applicable tech-
nologies (by IPC only). At the level of specific topics, it is interesting to 
compare some broader choices of patent classification codes made in 
Patentscope compared to those made for searching Espacenet, for 
instance with respect to informatics, medical equipment, or drug clas-
sifications (with Espacenet not listing any IPC code under A61P, quite 
strangely). 

The above-mentioned observations regarding COVID-19 patent 
literature analysis and search strategies have motivated the authors to 
evaluate patent publication by restricting the search, on one hand, to the 
main names and acronyms found in the Covid-19 scientific literature 
analyzed in Section 3 and, on the other hand, to the patent documents 
actually filed and published during the same first eight months period 
(between January and August 2020). The search was performed in a 
selection of patent search facilities and confirmed by later searching in 
the patent registry and databases of major patent offices, limiting the 
presence of the main COVID-19 keywords (those identified as Group (1) 
criteria in Section 3) to title, abstract, and claims, where the potential 
usefulness in any aspect of COVID-19 medical management is more 
explicitly indicated. Obviously, such a search cannot be considered as a 
complete search of COVID-19 findings in patent literature but is inten-
ded only to point out how and where users of the patent system have 
chosen to file patent applications and improve the visibility of their own 
patent activities under such unusual circumstances, even by requesting 
an accelerated examination and publication in many cases. The search 
was initially performed in databases covering several patent authorities 
and then confirmed or refined using the databases and registers of na-
tional patent offices. Further details on the search process and of the 
construction of this patent literature dataset, named “Early COVID-19 
Patent Dataset” and comprising 1130 entries, are provided in Section 
2 above and in Supplementary File 2. 

4.3. The Early COVID-19 patent dataset: general filing trends 

A first level of analysis of the Early COVID-19 Patent Dataset is made 
with respect to jurisdictions and types of documents filed in such ju-
risdictions (Table 4) to evaluate how the different types of patent pro-
tection available in each country, as summarized for PCT Contracting 
States in the dedicated WIPO webpage [65], have been preferred by 
applicants for early patent examination and disclosure. This overview 
clearly shows major differences, with patent filings in China and India 
representing more than 80% of total patent documents, with only oc-
casional filings submitted at major international offices (WIPO and 
EPO), or in most other countries. Another interesting trend is the one 
observed in countries where it is possible to search the early publication 
of details for provisional patent applications or Innovation Patents, such 
as in the United Kingdom, Australia and Singapore. In this subset of 
patent document (totaling almost 10% of Early COVID-19 Patent Data-
set), the actual level of disclosure is very uneven, with titles being mostly 
quite generic but sometimes with details about chemical or biological 

Table 4 
Geographic distribution of patent documents in Early COVID-19 Patent Dataset.  

Patent Office No. of 
patent 
document 

Commentaries 

China 822 Including 34 utility models and 26 granted patents 
India 119 All patent applications whose bibliographic 

information are published in the Official Journal of 
the Indian Patent Office 

United 
Kingdom 

55 Including 54 provisional patent applications (only 
one regular patent application) 

Australia 43 Including 15 Innovation Patents and 27 provisional 
patent applications (only one regular patent 
application) 

South Korea 15 Including 7 granted patents 
USA 14 Including 10 Continuation-in-Part applications, 

with earlier priority dates between 2013 and 2019 
(one already granted) and 4 patent applications 
filed in 2020 (one already granted), mostly relating 
to either diagnostic or therapeutic technologies 

Singapore 14 Including 13 provisional patent applications (only 
one regular patent application) 

Germany 12 All utility applications, for either diagnostic or 
protective means 

Russia 12 Including 9 granted patents, all related to either 
diagnostic or therapeutic technologies 

Israel 6  
Brazil 5 
Spain 4 
Philippines 2 
WIPO 1 
EPO 1 
Colombia 1 
Chile 1 
Italy 1 
Taiwan 1 
Norway 1 

TOTAL 1130 Prevalence of patent documents from China and 
India (>80%)  

L. Falciola and M. Barbieri                                                                                                                                                                                                                   



World Patent Information 68 (2022) 102094

11

products. This information points, nonetheless, to inventors and appli-
cants that may file regular applications on these topics using provisional 
patent filings as priority documents in the following 12 months, simi-
larly to those authors of scientific publications that have declared the 
filing of a patent application comprising data present in the article (a 
specific article about this topic is in preparation). 

The Early COVID-19 Patent Dataset also shows that applicants have 
completed the full process from the examination up to patent grant in 
less than 6 months in countries such as USA, China, South Korea, and 
Russia. The number of US patent filings is mostly consequential to the 
use of US-specific provisions to continue and re-submit pending appli-
cations with additional information. Applicants from other countries 
like Germany, Israel, Brazil, or Spain show some limited interest in 
achieving earlier patent protection even at a national level, sometimes 
by appplying for utility models. This data seems to indicate a general 
preference for making use of national rather than international au-
thorities to accelerate the patent proceedings but with major differences 
across countries. In China, according to a study of listed Chinese com-
panies [66], the applicants appear engaged in a kind of “patent race”, 
but other considerations may then affect the preference of domestic 
applicants with respect to the patent examination and renewal process 
[67]. A recent study also suggests that non-Chinese companies could 
expect to be disadvantaged during patent examination by “technology 
protection” [68]. In any case, the Chinese Patent Office provided an 
unusual visibility to applicants that obtain an early patent grant, as 
shown in the press release about a patent covering a COVID-19 vaccine 

[69]. 
A second level of analysis in the Early COVID-19 Patent Dataset is 

made with respect to the type of patent documents, in general and by 
earlier filing or publication date (Fig. 5). The data show that, aside to 
standard patent proceedings, but the preference for utility models or 
provisional patent applications is clear in specific countries. When these 
data are analyzed by the month indicated as the earliest priority date (or 
initial filing) and the publication date between Jan. and Aug. 2020, the 
earliest patent filing date found was in mid-January, with the earliest 
publication dates in March 2020. The global trend of the two dates is 
fairly predictable, with an increase of publications over the selected 
period of time and the peak filings in March 2020 which follow the same 
pattern as the number of months between initial filing and publication 
(on average slightly higher than 3 months). However, a burst of filings 
appeared, especially those of provisional patent applications and utility 
models filed between February and April 2020. Since May 2020, the 
number of already published patent filings reached a kind of plateau, if 
not decreased but it can be expected when taking into account that, for 
example, provisional patent applications have a statutory, public noti-
fication of less than two months from filing). 

4.4. The Early COVID-19 patent dataset: patent classification symbols 
and trends in main technological domains 

A third type of analysis in the Early COVID-19 Patent Dataset was 
carried out with respect to the technological domains where early patent 

Fig. 5. Early COVID-19 Patent Dataset: analysis by document and technology type. The Early COVID-19 Patent Dataset is analyzed with respect to the type of 
documents, with the total numbers indicated in parentheses (A) and the earliest month indicated in the official databases for claiming priority rights (or as direct 
filing) and for publication (B). The percentage of documents, by priority month, for each type of document is shown in the table below the graph. 
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filings and publications were pursued (Fig. 6). The authors have defined 
four technological areas on the basis of the categories defined in the 
literature cited above], the categorization of criteria for searching 
COVID-19 patent literature in Patentscope and Espacenet, the IPC 
classification (at the level of group and where available), and by looking 
at the English titles of the documents in the Early COVID-19 Patent 
Dataset. These four technological areas are Diagnostic (means to identify 
or predict SARS-CoV-2 infected subjects), Therapeutic (means to treat 
COVID-19 patients and SARS-CoV-2 infected subjects), Protection 
(means to avoid SARS-CoV-2 infection by blocking virus contact or 
propagation mechanically), and Cleaning (means to avoid SARS-CoV-2 

infection by removing or destroying the virus). This categorization 
was used to simplify the analysis of topics that are present in the early 
filed and published patent documents and should not be obviously 
considered as a definitive status, with patent documents that may 
disclose findings relevant or exploitable in more than one domain. As 
main patent classification criteria, the IPC Group was chosen since it 
appears providing a granularity sufficient to identify main technological 
features. 

When the consistency and the number of IPC Groups is compared, 
first within each technological domain and then between technological 
domains, some distinctively featured documents can be identified. 

Fig. 6. Early COVID-19 Patent Dataset: category of technologies and related IPC Groups. The 10 most frequent IPC Groups in the documents published with at least 
one IPC code (1033 out of 1130) are listed under the four technological domains defined by the authors The percentage of documents within each category of 
technology that present either a given IPC Group (in the histogram) or a given number of distinct IPC Groups (pie chart with the key at the bottom of the figure) is 
indicated. The greyed IPC Groups are those found common to two technological domains. 
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Within Diagnostic Technologies, the IPC Groups C12Q1, G01N33 and 
C12R1 (identifying processes and assays for investigating, measuring or 
testing or analyzing materials, using microorganisms, nucleic acids, 
enzymes, etc.) are largely prevalent, where patent applications may 
combine two or more Subgroups within these IPC Groups. A frequently 
present IPC Group, C12N15 (referring to genetic engineering and related 
products such as plasmids), may be used to define both Diagnostic and 
Therapeutic Technologies. However, patent documents that refer to 
Therapeutic Technologies are strongly associated with specific A61P 
Groups associated with anti-infectives or disorders of the respiratory 
system and to a generally wider range of IPC groups, given the frequent 
association of specific IPC Groups under A61K and A61P subclasses. This 
finding would suggest that the number IPC Groups may be used to 
facilitate a preliminary categorization of patent documents relating to 
drugs and vaccines. Many IPC Groups within the C07 Subclass that 
define molecular entities having different chemical nature also apply 
when referring to the pharmaceutical use and preparations of chemical, 
biological, or otherwise defined compounds. A large variety of IPC 
Groups under A61K Subclass are present in patent documents catego-
rized under Therapeutic Technologies, with the expected prevalence of 
A61K31 (defining medicinal preparations containing organic active in-
gredients, often associated with novel reformulation and/or adminis-
tration of known drugs for further medical uses) and A61K39 (broadly 
defining medicinal preparations containing antigens or antibodies, 
including vaccines). The frequency of patent filings under IPC Group 
A61K36 (defining medicinal preparations that contain ingredients with 

undetermined constitutions from algae, fungi, or plants) is relatively 
high in China and India where such preparations are extensively used in 
traditional medicine. 

This analysis further shows that Protection Technologies are mostly 
associated with IPC Groups under IPC Subclass A41D (which includes a 
series of outerwear, accessories, and protective garments, in particular 
for medical personnel and uses) and IPC Subclass A62B (which includes 
a series of life-saving devices and products such as those related to 
respiratory apparatus, helmets and filters for breathing-protection pur-
poses). Patent documents categorized under Protection Technologies 
may share the IPC Group G16H50 (referring to Information and 
Communication Technologies for medical diagnosis or other medical 
uses) or IPC Subclass A61L (referring to disinfection, sterilization or 
purification methods for human safety and health) with Diagnostic or 
Cleaning Technologies, given the possibility that such devices may 
combine features or be useful in other domains. Patent documents 
categorized under Cleaning Technologies also share a comparable dis-
tribution in a number of different IPC Groups (somehow between the 
distribution observed for Diagnostic and Therapeutic Technologies) but 
present specific IPC Groups related to preparations, chemical com-
pounds, methods or apparatus for disinfecting, sterilizing materials 
(under A61L2, A01P1, and A61L101) or air-conditioning and ventilation 
(under groups within IPC Subclass F24F). 

The analysis of IPC Groups in the Early COVID-19 Patent Dataset 
may suggest other trends. For instance, the IPC Groups related to novel 
chemicals or biologicals are not strongly represented, possibly because 

Table 5 
Patent documents in Early COVID-19 Patent Dataset that claim biological or chemical entities.  

IPC 
Group 

No. of patent documents in Early COVID- 
19 Patent Dataset 

Commentaries 

C07K14 38 Protein sequences containing more than 20 amino acids from SARS-CoV-2 (or human ones recognizing SARS-CoV-2 
sequences), to be used for developing diagnostic and/or therapeutic applications 

C07K16 31 Antigens from SARS-CoV-2 (or human ones recognizing SARS-CoV-2 sequences) or related antibodies, to be used for 
developing diagnostic and/or therapeutic applications 

C12N5 22 Human, animal or plant cell products and technologies, to be used for developing diagnostic and/or therapeutic products 
C07K19 19 Peptides-based products to be used for diagnostic and/or therapeutic products 
C12N7 16 Bacterial cell products and technologies, to be used for developing diagnostic and/or therapeutic products 
C12N1 8 Viral products and technologies, to be used for developing diagnostic and/or therapeutic products 
C07F9 6 Compounds containing elements of Groups 5 or 15 of the Periodic System (essentially Phosphorus-containing compounds)  

Table 6 
Potentially relevant IPC (Sub)classes or Groups poorly represented absent in the Early COVID-19 Patent Dataset.  

IPC Symbol Short definition of Technology or Product 

A41D19 Gloves (with anti-viral properties) 
A47B-D; E04B-C Tables, chairs, partitions, panels, and other specially adapted furniture 
A47K Sanitary equipment (for disinfection) 
A61B18,42 Surgical instruments, gloves, containers for surgical/diagnostic tools 
A61F7 Thermal appliances for medical or therapeutic treatment 
A61G3 Medical transportations 
A61H31 Artificial respiration or heart stimulation 
A61M1 Suction or pumping devices for medical purposes 
A61P33 Antiparasitic agents 
A62D5,7 Materials for coverings, clothing protecting from harmful chemicals 
A62D9 Composition of chemical substances for use in breathing apparatus 
B08; B15 Chambers or hoods for preventing escape of dirt or fumes 
B25J9 Programme-controlled manipulators, robot 
B29C; B33Y Additive/3D manufacturing or plastics (for protections, face masks) 
B32B Layered products (with imprinted surfaces having antiviral properties) 
B60N; B60R Arrangements, seats specially adapted for vehicle 
B65D83 Sterilizing air, objects involving spraying 
C07D Heterocyclic compounds (with anti-viral properties) 
C07H Sugars and nucleotide derivatives (with anti-viral properties) 
C09D Coating composition with inactivating or repelling effect against viruses 
C12M3 Cell or virus culture apparatus 
C12P Fermentation or enzyme-based processes for preparing compounds 
F24F9, -12, -24 Screen, ventilation to prevent entry or contact with virus 
G02B21,23,37 Microscopy, instruments for viewing inside bodies 
G06F3,19 Digital computing or data processing equipment or methods 
G06N5,7 Artificial Intelligence for medical uses 
G16C Chemoinformatics  
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generating and characterizing novel compounds requires more time 
and/or because applicants having the technical and financial resources 
to generate them prefer to pursue patent proceedings in a more tradi-
tional manner, taking advantage of the 12 month-priority with publi-
cation at 18 months. Earlier filed and published patent documents 
referring to COVID-19 applications seem to mostly refer to novel uses or 
adaptations of existing compounds, preparations, or methods. However, 
even if present in a limited number of patent documents, novel com-
pounds can be identified according to IPC Groups, the most frequent 
being listed in Table 5. Among them, there is a clear prevalence of 

proteins (in the form of antigens or antibodies, for instance), but Groups 
under IPC Subclass C12 N defining cell-based products and technologies 
are also present, and in fact are more present than classical IPC Groups 
for small molecules such as those under IPC Subclasses C07D or C07C. 
The presence of IPC Group C07F9 is explained by the fact that some 
phosphorus-containing compounds are known as nucleotide analogues 
having anti-viral properties, including the candidate COVID-19 drug 
Remdesivir [70]. 

The representation and trends described for the Early COVID-19 
Patent Dataset using the IPC Groups may be compared to the results 

Fig. 7. Early COVID-19 Patent Dataset: analysis by technological domain. The number of patent documents in the Early COVID-19 Patent Dataset are assigned to 
each of the four technological domains defined by the authors, indicating the percentage in the Early COVID-19 Patent Dataset in parentheses (A). The Early COVID- 
19 Patent Dataset is also analyzed with respect to the days between the date of priority filing (or direct filing) and of publication, and the four technological do-
mains (B). 
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obtained using the almost 300 COVID-19 search strategies proposed by 
Patentscope, Espacenet, and The Lens Patents. It is interesting to note 
which IPC Groups are shared with the approaches that are proposed by 
these patent search platforms. As expected, a large number of IPC 
Groups are present in both the predefined searches and in the Early 
COVID-19 Patent Dataset. The large majority of the IPC Groups listed in 
Fig. 6 are present in one or more of the published search strategies with a 
few exceptions, mainly for Cleaning Technologies (A61L101, A01N59, 
A01P1, and F24F13). However, quite a number of IPC Groups proposed 
in Patentscope, Espacenet, and The Lens Patents search strategies are 
rarely or not at all represented in the Early COVID-19 Patent Dataset, as 
summarized in Table 6. These IPC Groups cover quite a variety of topics, 
in particular with respect to transportation, appliances, materials, in-
formation technology, disinfection, or medical uses that are either more 
often categorized in the Early Covid-19 Patent Dataset using other IPC 
Groups or, apparently, absent from the Early Covid-19 Patent Dataset. 

Future searches in the COVID-19 patent literature will allow a 
conclusion of whether the observations made above on the basis of Early 
COVID-19 Patent Dataset are fully or partially reflecting the applicants’ 
attitude that are active in specific countries and/or in technological 
areas (lack of interest, patent filings still to be completed, or simply filed 
and prosecuted in a more standard, not accelerated manner). In any 
case, extending the search to include both CPC codes and keywords 
related to COVID-19 in the full-text and in the granted claims will return 
a more complete analysis of innovation trends consequent to or trig-
gered by this crisis during the year 2020. Further trends in the Early 
COVID-19 Patent Dataset may be defined on the basis of the above 
mentioned four technological domains and filing trends (Fig. 7). As 
expected, a majority of patent documents in the Early COVID-19 Patent 
Dataset are associated with either diagnostic or therapeutic uses, with an 
even higher preference for Therapeutic Technologies among provisional 
patent applications. However, the distribution according to the days 
between the filing and publication month suggest that, independently 
from the filing month, those assigned to Cleaning or Protection Tech-
nology were often published earlier (at least 70% were published less 
than three months from filing) than those for Diagnostic or Therapeutic 
Technologies (at least 70% were published between two and four 
months). Regarding the distribution and prevalence of the IPC Groups 
described above, often only later, more in-depth searches in the patent 
literature explain and confirm these initial observations about preva-
lence or preference of choices made by applicants about filing and 
disclosing patent applications in connection to COVID-19. 

5. COVID-19 chemical information and biological sequence 
information 

5.1. Access to COVID-19 chemical & biological structural information 

The access and searchability of biological sequences and chemical 
structures within scientific and patent literature is facilitated by the 
dedicated databases established by many organizations and their spe-
cific policies for managing such information. In particular, two in-
stitutions, NCBI (National Center for Biotechnology Institutions, USA) 
and EBI (European Biotechnology Institute, UK), should be mentioned 
since they have made a major effort to aggregate and offer a structured 
access to biological and chemical data about SARS-CoV-2 biology. Main 
COVID-19 resources in NCBI and EBI websites are summarized in 
Table 7. A repository of raw, primary functional data available through 
NCBI is associated with NCATS (National Center for Advancing Trans-
lational Science) which organizes its own screening and biological data 
into four main sections, as described in a related publication [71]. A 
further NIH COVID-19 dedicated webpage summarizes its own and 
external resources for data under separate, searchable sections. EBI has 
announced a series of initiatives about providing timely information on 
SARS-CoV-2 and COVID-19 research, the main COVID-19 resources 
being grouped in a separate portal [72] that is intended also to facilitate 
data submission, sharing, and analysis from external users. 

Among these data, those related to biological properties of small 
organic molecules that may be validated as COVID-19 candidate ther-
apeutic compounds are also of particular interest for patenting analysis. 
In this domain, the NCBI and EBI databases that cover chemical com-
pounds of biological interest (PubChem [73] and ChEMBL [74], 
respectively) present chemical and experimental data about potential 
SARS-CoV-2 activities of specifically indexed compounds listed therein. 
It is not easy to list, let alone to compare, similar websites or dedicated 
sections in terms of origin, amount, and overall quality of their content. 
It is equally difficult to evaluate how many publications, and possibly 
patent applications already filed, may have exploited data found in these 
repositories. 

5.2. Identifying COVID-19 protein sequences & related publications 

A separate analysis should be dedicated to the search and analysis of 
biological sequences (i.e., nucleic acids and proteins). The NCBI and EBI 
portals usually covering this type of information have established some 
specific webpages and other resources for the analysis of newly identi-
fied SARS-CoV-2 sequence data, such as in COVID-19 UniProtKB [75] or 
Ensembl COVID-19 [76] for protein and nucleic acid sequences, 
respectively. These websites and resources in other websites may also 
cover and compare nucleic acids or proteins of previously identified 
Coronaviruses (being potentially relevant for present SARS-CoV-2 

Table 7 
Webpages dedicated to bioinformatic and chemoinformatic data related to COVID-19 research.  

NIH-NCBI data 
resources 

OpenData COVID-19 (NCATS) NCBI SARS-CoV-2 data hub 
OpenData Browser, activities of compounds in the Approved Drug Collection and other collections 
in relevant biological assays) 

Listings of deposited SARS-CoV-2 protein and genome 
sequences as deposited by researchers worldwide 

Omics Efforts, listing publications that contain publicly accessible original (or re-analyzed) data 
from studies in proteomics, genomics, epigenomics, etc. as generated using human samples, cell/ 
animal models, SARS-Cov-2 variants, and/or clinical data 

Links to bioinformatic tools for analyzing, geo-localizing, 
and comparing such sequences 

EMBL-EBI data 
resources 

COVID-19 Data Portal Other EBI Resources 
Sequences, being viral (SARS-CoV-2 ones) or host (relevant human ones) UniProt COVID-19 Portal, with latest available SARS-CoV-2 

protein sequences 
Expression data at gene/protein level of human genes involved in SARS-CoV-2 activity or infection Ensembl SARS-CoV-2 genome browser, with links to latest 

SARS-CoV-2 nucleotide sequences 
Proteins, with sequence and functional data on SARS-CoV-2 and human proteins PDBe-KB COVID-19 Data Portal, listing protein sequences, 

structures and interactions data 
Biochemistry, with information about relevant human pathways, interactions, targets, compounds IntAct coronavirus dataset, listing molecular interaction 

data from literature 
Links to other Data hubs, bioinformatic resources, and European research projects Europe PMC COVID-19 pre-prints, indexing separately pre- 

prints with open data  
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patent and research activities), often in association with the human se-
quences that appear interacting with SARS-CoV-2 molecular compo-
nents or are somehow involved in SARS-CoV-2 biology or pathology. 
Two further tools of interest are those available in the “Human Coro-
naviruses Data Initiative” portal in Lens.org [77], using their own PatSeq 
Finder search tool to extract prior Coronavirus-related sequences that 
are described in the patent literature (as of May 2020), as well as a 
database established at Oxford University and named CoV-AbDab 
dedicated to antibodies recognizing SARS-CoV-2 proteins [78]. 

A deeper analysis of these resources and information is beyond the 
scope of this article but patent information professionals should be 
aware that, as in many other biomedical domains, for SARS-CoV-2 there 
is also a wide number of codes, names, and representations with respect 
to the same biological sequence that may be found in different databases 
or publications. A main example is represented by proteins that are 
encoded by SARS-CoV-2 genome whose RNA sequence was first released 
on Jan. 10th, 2020 [79] but then integrated on the basis of several 
findings accumulated since then by analyzing clinical samples world-
wide. The details of SARS-CoV-2 biology, genomic variability, and 
candidate targets for therapeutic intervention are extensively reviewed 
[80,81]. The majority of the SARS-Cov-2 RNA genome is translated 
within human infected cells as two large polyproteins (named ORF1a 
polyprotein, or Replicase polyprotein 1a, and ORF1ab polyprotein, or 
Replicase polyprotein 1 ab). These proteins undergo a proteolytic pro-
cess generating further 16 proteins (named as NSP1-NSP16, which have 
mainly replicative roles or enzymatic activities). The remaining part of 
the genome codes for 4 proteins mainly performing structural functions 
(generally indicated as S, E, M, and N proteins) and for a series of 
accessory proteins whose actual existence in vivo, number, and function 
is still an object of intense study. They appear coded by Open Reading 
Frames (ORFs) in the SARS-CoV-2 genome that are partially overlapping 
with each other or with the ORF sequences of structural proteins. Apart 
from the 6 main accessory proteins (named as ORF3a, ORF6, ORF7a, 
ORF7b and ORF10), at least other 4 sequences have been identified as 
new potential ORFs by different investigators. 

Some important details need to be taken into account when search-
ing for names and sequences of the SARS-Cov-2 proteins are indexed in 
NCBI, EBI, and Lens.org websites, as of Nov. 2020. The names and codes 
identifying SARS-Cov-2 proteins for a total of 29 sequences (including 
some sequences that appear either unreviewed or as errors) are assigned 
in NCBI webpages to separate records as protein sequences and/or as 

separate Supplementary Concepts in MeSH thesaurus. On the EBI web-
site, SARS-CoV-2 proteins are identified in the UniprotKB protein 
database under a specific taxonomy code which is associated with only 
13 reviewed entries (10 directly coded proteins, the 2 polyproteins, plus 
another ORF not specifically identified as such in NCBI) but UniProtKB 
further lists thousands of different, unreviewed, partial protein entries. 
Aside from obviously different accession numbers between EBI and 
NCBI databases, it should be also noted that some preferred names for 
SARS-Cov-2 proteins in the two databases are different, with a variable 
number of alternative names for each protein in the database record. 
Thus, if the search of patent-relevant information involves the specific 
structure, activity, and/or interactions of a specific SARS-CoV-2 protein, 
it is important to identify and use correctly at least the names that NCBI, 
MeSH, and UniprotKB list. An even more detailed, and complex, prior 
analysis of such databases would be then required to evaluate naming, 
coding, and actual sequences for SARS-CoV-2 nucleic acids, in particular 
for diagnostic uses and early detection of mutations within clinical 
samples that are associated toSARS-COV-2 variants-of-concern [82]. 

SARS-Cov-2 gene and protein names can be used to search PubMed, 
using both MeSH Supplementary Concept and the main scientific names 
to identify those protein that may be more extensively cited in patent 
applications as well (Fig. 8). The details on SARS-Cov-2 proteins (names, 
size, and codes) that were identified in NCBI and EBI resources are 
consolidated in Supplementary File 3. This analysis shows that only few 
among the annotated SARS-Cov-2 proteins are frequently cited in sci-
entific articles listed by PubMed for the Jan.–Aug. 2020 period, with 
protein-specific Supplementary Concept being associated with a vari-
able, but still quite low, fraction of total PubMed entries presenting the 
protein name in the title or abstract. In particular, four of them (S/Spike 
protein, NSP5/3C-like proteinase, NSP12/RNA-dependent RNA poly-
merase, and N/nucleocapsid protein) appear as those most extensively 
studied in COVID-19 scientific literature and thus, possibly, will be the 
most present in future patent literature as well. However, scientific 
literature has highlighted how both the biological activities and coding 
capacity of SARS-CoV-2 are still partially unexplored, with other poorly 
characterized, minor viral ORFs having potential regulatory or func-
tional relevance [83–85]. Future studies about the sequence and prop-
erties of SARS-CoV-2 proteins and their interactions with human 
molecules may suggest additional targets and strategies for developing 
novel therapeutic or diagnostic applications, and thus opening new 
opportunities for patent filings. 

Fig. 8. PubMed Entries related to SARS-Cov-2 proteins. The NCBI MeSH Supplementary Concept and related alternative names for each SARS-Cov-2 protein in EBI, 
NCBI, and MeSH related records, in combination with Covid-19 keywords (see COVID-19 Group (1) criteria and MeSH Supplementary Concepts), were used to search 
within PubMed on Sept. 16th 2020 for records entered between Jan.–Aug. 2020. The six most commonly cited SARS-Cov-2 proteins are shown. Additional details 
about main names and codes for SARS-CoV-2 proteins are provided in Supplementary File 3. 
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Fig. 9. COVID-19 patent and pandemic timeline during Dec. 2019–Aug.2020. The listed events and the related dates have been selected from the patent information 
and related resources (as available on November 2020) that has been presented in this article (left) and the cited literature (right). 
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6. Conclusions 

This paper was drafted during the fourth quarter of 2020 and does 
not (and cannot) list and analyze, all the relevant websites and data 
sources in this ever-changing landscape but our findings suggest some 
considerations about future searches and analysis of patent information. 
The searches and the websites listed in the text or in Tables, together 
with the cited references, can be used to select patent-related publica-
tions and actions to be compared with the sequence of major COVID-19 
medical and scientific milestone events, showing how the situation 
quickly evolved just before the declaration of the COVID-19 pandemic, 
and for the first 6 months following (Fig. 9). 

The quantitative and qualitative analysis of information made by this 
report, as of November 2020, is not able to predict any future findings in 
patent literature released after the statutory delay for patent publication 
(18 months from an earlier, priority date, in general), nor conclude 
whether or how valuable “COVID-19 specific” datasets and documen-
tary repositories will be still available in the future for patent-related 
analysis. Already during the preparation and the revision of this article, 
the contents of quite a number of websites dedicated to COVID-19 
research have been aggregated, ceased to be regularly updated, or 
have simply disappeared already. Given the increasing amount and 
often rapid obsolescence of information, there is no guarantee that all 
providers will continue to allocate the time and resources required to 
keep the databases updated and accessible, thus leading to potential 
confusion and inconsistency for future technical or patentability as-
sessments. In fact, it has been observed that possibly hundreds of online- 
only journals may have already "vanished" [86]. Such issues related to 
stability and availability of scientific publications may affect the prior 
art evaluation process, and in particular for biomedical technologies, 
where non-patent literature is often predominant over patent literature 
as relevant prior art [87,88]. 

It should also be noticed that, lacking any specific treatment for 
COVID-19 during the first months after the pandemic outbreak, the only 
immediately available option was to face the emergency by exploiting 
possibly incomplete, COVID-19 findings that are generated by using 
equipment and drugs already commercially available (or otherwise 
known from virologic or respiratory clinical research). This approach is 
generally been defined as “Drug Repurposing”, but in the present case it 
may lead to a potential “tsunami” of such projects based on serendipi-
tous observations or more systematic, large scale analysis of candidate 
compounds [89]. Patentability of findings about known materials, 
compounds, or other products used to fight against COVID-19 may then 
be challenged by means of open access preprint repositories or by other 
approaches summarized in a report published by WIPO Magazine [90]. 
Indeed, the impact of the flood of non-patent literature and data freely 
available during 2020 still has to be assessed for the patentability of 
novel biological or chemical entities that will be claimed in patent ap-
plications filed and published from mid-2020 onwards, after pursuing 
more “normal” and lengthy drug discovery programs. 

Another important aspect is how the “frontrunners” having not only 
filed patent applications earlier but also having had their publications, 
examinations, and even grants accelerated, will be provided with fully 
enforceable patent rights. Aside from the pressure of public opinion and 
governments requiring immediate, “IP rights-free” access to potentially 
life-saving technologies, some uncertainties about patent granting pro-
cess are consequent to the complexity of both defining the disclosure 
date for relevant publications in 2020 and anticipating how pre-2020 
disclosures about Coronavirus-related matters in general would be 
considered relevant for the patentability of claims related to SARS-CoV- 
2 biology and COVID-19 medical management. Indeed, the complex 
access to SARS-Cov-2 biological samples and the lack of appropriate 

validation protocols in the early months of the pandemic would suggest 
that only a limited number of early patent filings contain reliable and 
specific data supporting the broadest scope of claims. 

On Jan. 5th, 2020, WHO has published what may be considered as 
the first official report about a pneumonia of unknown etiology detected 
in Wuhan City, Hubei Province of China [91] and, as of November 2020, 
factors associated with the SARS-Cov-2 infectivity and origin are still 
partially known. Since then, COVID-19 has possibly irrevocably changed 
not only many aspects of daily life and health systems but also economy 
and innovation, with major efforts are still required to overcome con-
sequences of this pandemic on other clinical conditions or in specific 
populations. The patent system will not avoid new challenges not only to 
legal framework but also to attitudes and policies well established 
among users and stakeholders over the last few decades. 
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