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EXECUTIVE SUMMARY

This working paper provides a statistical analysis of 74 patent families which cover subject matter
relevant to ten COVID-19 vaccines. These ten vaccines, comprising over ten billion doses, have
accounted for 99% of the global COVID-19 vaccine production as of 31 December 2021. Eight of
them, namely BNT162b2 (Pfizer/BioNTech), AZzD1222 (AstraZeneca/Oxford), Ad26.COV2-S (J&J),
mRNA-1273 (Moderna), BBIBP-CorV (Sinopharm/Beijing), Coronavac (Sinovac), Covaxin
(Bharat/ICMR), and NVX-CoV2373 (Novavax), have been approved by the World Health
Organization (WHO) for inclusion in its Emergency Use Listing (EUL).

The statistical analysis is based on VaxPalL, a COVID-19 vaccines patent database released by the
Medicines Patent Pool (MPP) on 9 June 2021. The paper introduces the ten COVID-19 vaccines
covered by the VaxPal data, the four types of technology platforms used in their development, as
well as their current global production status.

Through an analytical review of the VaxPalL data, the paper describes patterns and trends of
innovation and patenting activities related to the ten COVID-19 vaccines, including what has been
patented, who has applied for these patents, when and where these patents have been filed, and
the legal status of the 74 patent families in various jurisdictions. Several key findings can be
summarized as follows:

U There are wide variations in the number of patent families involved in each COVID-19 vaccine,
reflecting the different technology platforms deployed for their development. In general, mRNA
and viral vector-based vaccines are more patent-intensive than whole virus and protein subunit-
based vaccines. Nevertheless, there is different patent intensiveness even between the vaccines
based on the same technology platform.

U The review of patenting trends highlights a major role on the part of private enterprises in
COVID-19 vaccine innovation and development, while suggesting that public research
institutions and universities have largely made their contributions through conducting basic
scientific research. Among these private enterprises, it is SME biotech companies rather than
traditional large vaccine companies that have made the most substantive contributions to
COVID-19 vaccine development, particularly in the early development stages.

U Patenting activities of the 74 patent families spread from 1996 to 2021, and most patent
applications were filed before December 2019. The successful development of COVID-19
vaccines benefits from years of medical research and developmentbefore and after the outbreak
of the COVID-19 pandemic.

U Of the 74 patent families, a large majority are based on applications first filed in the United
States or Europe. Analysis of these patent families indicates that COVID-19 vaccine innovation
activities, particularly mRNA-related innovation, mainly took place in the United States and
Europe, consistent with their relative technical strengths in the pharmaceutical and
biotechnology industries. Meanwhile, the great majority of the 74 patent families have
subsequent patent filings in other jurisdictions, mainly including Canada; Australia; Japan; China;
India; Republic of Korea; Singapore; Israel; Mexico; New Zealand; Hong Kong, China; Brazil;
Russian Federation; EAPO member states; and South Africa. Most of the countries receiving
first or subsequent patent filings are among top 25 innovation economies indicated in the World
Intellectual Property Organization (WIPO) Global Innovation Index 2021.

U The legal status of the 74 patent families involved in the ten COVID-19 vaccines is highly
divergent across different jurisdictions. A majority of patents, mainly related to mRNA and viral
vector-related technologies, have been granted in the United States, Australia, EPO member
states, Japan, Russian Federation, China, Canada, South Africa, New Zealand, Israel, and
Republic of Korea. In most developing countries, the information on whether patent applications
for these 74 patent families have been made or not remains unavailable.

Thus, there is no such thing as an "international patent" or "COVID-19 vaccine patent”, nor a one-
on-one correspondence between any current vaccine and one specific patent. Country-level analysis
of the legal status of these 74 patent families is ultimately essential for national policy and decision



patents and patent applications in distinct jurisdictions is also crucial to inform the ongoing policy
debate on the role of IP rights in the promotion of technology transfer and local production. It may
contribute to identifying potential IP-related obstacles to local production, to developing
corresponding IP strategies to address any identified obstacles, and more broadly, to making well-
informed technology and public health policies and legislative decisions in response to the COVID -19
crisis and future pandemics.



1 BACKGROUND

Since its outbreak in January 2020, the COVID-19 pandemic has caused approximately 285 million
confirmed infection cases and over 5 million deaths globally.! At the time of writing, there is still
few effective medical treatments for COVID-19.2 Universal vaccination is considered as a critical
part of the solution to end this pandemic. With unprecedented speed, more than 300 vaccine
candidates have been developed and tested at pre-clinical or clinical stages, among which eight have
been evaluated and approved for inclusion in the WHO Emergency Use Listing (EUL) since
December 2020.3

In the meantime, vaccine manufacturers have reportedly produced 1.5 billion doses per month, and,
as of 31 December 2021, the total manufacturing output has surpassed the 10.9 billion dose mark.4
According to one estimate, by June 2022, total vaccine production will reach 24 billion which may
outstrip global demand.®

Despite these impressive achievementsin vaccine
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products through national legal and policy measures.® It also calls on holders of knowledge, IP, and
data to voluntarily share, license,
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Since October 2020, WTO Members have been engaged in inclusive and comprehensive discussions
on the TRIPS waiver proposal, but still have different perspectives on the appropriate role for IP
protection, particularly patent protection, to play in ramping up global manufacturing capacity and
promoting local production.1” In the meantime, through organizing and participating in a series of
events on the issue of COVID-19 and vaccines equity, the WTO has been working with other
international organizations, key Members, and leading vaccine manufacturers to better understand
the challenges preventing the production, scaling up, and distribution of vaccines.'® Notably, in
June 2021, the Directors General of the WHO, the WIPO, and the WTO, agreed to strengthen their
support to Members battling the pandemic by collaborating on a series of workshops to augment the
flow of information on the pandemic and by implementing a joint platform for tripartite technical
assistance to Members relating to their needs for medical technologies.® In the meantime, the WTO
also urged its Members to find pragmatic compromises in their ongoing negotiations on the TRIPS
waiver proposal.?°

2 OBJECTIVES

The role of IP rights in the promotion of technology transfer and local production in the area of public
health has been widely discussed in the international 1P community for many years.?! Itis commonly
understood that technology transfer and local production depend on many conditions, and IP
protection is only one of these conditions which in itself will not be decisive.?? Nevertheless, a sound
IP system can be used and designed to create an enabling environment for technology transfer and
local manufacturing.

As mentioned above, the TRIPS Agreement provides an international legal framework for the
protection of IP rights, and provides considerable flexibilities for WTO Members to design such a
sound IP system at the domestic level. In 2010, in the context of the discussions on the WIPO
Development Agenda, the WIPO Secretariat prepared a report on the issue of patent-related
flexibilities in the TRIPS Agreement and their legislative implementation at the national and regional
level
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the patent right; and flexibilities related to the use and enforcement of the patent right. This report
highlights the importance of information on patent status for countries to make policy and legislative
decisions on the utilisation of these flexibilities at the national level.

This working paper conducts a detailed examination and analysis of 74 patent families involved in
ten COVID-19 vaccines based on the data made available as of 9 June 2021 on VaxPalL, a COVID-19
vaccines patent database developed by the Medicines Patent Pool (MPP). It aims to derive insightful
technical and legal information from this complex patent data and then present the informationin a
clear and accessible form.

The paper first describes the VaxPalL data with a focus on its vaccine selection and patent search
and selection methodology. It then introduces the ten COVID-19 vaccines covered by the VaxPalL
data, the four types of technology platforms used in their development, as well as their current
global production status. Through an analytical review of the VaxPalL data, it then describes patterns
and trends of innovation and patenting activities related to the ten COVID-19 vaccines, including
what has been patented, who has applied for these patents, when and where these patents have
been filed, and the legal status of these patent applications in various jurisdictions.

This information may provide useful background for policymakers on the significance and potential

impact of these patent families with relevance for access to and production of these vaccines in their
individual countries.
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matter. Alongside the main worksheet, ten subsidiary worksheets presented the legal status of
patent families relating to each of the ten individual vaccines in different jurisdictions.3°

4 OVERVIEW OF TEN COVID-19 VACCINES: TECHNOLOGY PLATFORMS AND CURRENT
MANUFACTURING

Four technology platforms have been deployed for COVID-19 vaccine development: whole virus
(inactivated and attenuated), protein subunit, viral vector, and nucleic acid (DNA, RNA, and mRNA).
These four technology platforms use different methods to trigger human's own immune system to
recognize and respond to COVID-19. Each method has its own advantages and disadvantages in
terms of technology maturity, vaccine efficacy, manufacturing complexity, production cost and
product stability (see Table 2).

4.1 Overview of four technology platforms for COVID-19 vaccine development
Whole virus (inactivated and attenuated)

Among the four technology platforms, whole virus vaccine is the most conventional and thus the
most mature technology. Based on the discovery that a similar but weaker cowpox virus extracted
from animals can trigger the human immune response to the more deadly smallpox virus, Edward
Jenner developed the first vaccine against smallpox at the end of the 18th century.*® This idea led
to the development of the first weakened (attenuated) vaccine against rabies in 1885, and the first
destroyed (inactivated) vaccine against typhoid in 1896.4% In general, inactivated virus vaccines are
safer than attenuated ones, but they provide a weaker immune response, and thus typically require
booster shots.*?

As the most conventional type of vaccine, one distinct advantage presented by whole virus vaccine
is the relative ease of manufacture at a large scale given that the supply of raw materialsis normally
sufficient, and the production methods are well known.*® This advantage has been evidenced by
the large-scale production of two whole virus-based COVID-19 vaccines: BBIBP-CorV
(Sinopharm/Beijing) and Coronavac (Sinovac) (see section 4.2). As another advantage, whole virus
vaccine, in particular inactivated vaccine, is relatively stable. For example, Coronavac (Sinovac) can
be stored at normal fridge temperatures of 2-8°C and may remain stable for up to three years.*
Thus, whole virus vaccine is a preferable option for regions with limited access to refrig eration.

However, since different viruses require different manufacturing processes, the manufacturing of
whole virus vaccines requires specialized laboratory facilities (e.g. fertilized eggs, cells, or
bioreactors) to cultivate, isolate, purify, and attenuate or inactivate viruses safely, which
unavoidably increase costs and production time.45

Protein subunit
Protein subunit is also a well-established vaccine technology. Instead of using a whole virus, this

type of technology only uses specific parts or fragments (subunits) of the virus that the immune
system needs to recognize and induce an immune response. The utilization of parts of the virus

%% It should be noted that, among the 74 patent families, the relevance of 12 patent families to the
COVID-19 vaccines needs to be assessed based on further technical information and their legal status is
therefore not provided in VaxPaL. Interview with Amina Maillard (n 24).

40 Stanley Plotkin, "History of vaccination' (2014) 111(34) PNAS 12283
<www.pnas.org/content/pnas/111/34/12283.full.pdf> accessed 8 October 2021.

4% ibid.

42 Gavi, "What are whole virus vaccines and how could they be used against COVID-19?'
<www. gavi.org/vaccineswork/what-are-whole-virus-vaccines-and-how-could-they-be-used-against-covid- 19>
accessed 8 October 2021.

43 Josephine Ma, 'After the coronavirus research race, vaccine producers face new hurdles' South China
Morning Post (16 December 2020) <https://sg.news.yahoo.com/coronavirus-research-race-vaccine-producers-
050721674.html> accessed 11 October 2021.

44 Miyoung Kim, Roxanne Liu, 'Sinovac's COVID-19 vaccine induces quick immune response' Reuters
(18 November 2020) <www.reuters.com/article/uk-health-coronavirus-sinovac-idUKKBN27X351> accessed
8 October 2021

45 Gavi (n 42).
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rather than the whole virus makes protein subunit vaccine very safe and stable.*® However, given
the absence of pathogen-associated molecular patterns, protein subunit vaccine often triggers a
weaker immune response and thus may require the addition of adjuvants and multiple doses to

boost the immune response.*’

In terms of the manufacturing process, protein subunit vaccines are
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Compared with the other vaccine technologies,
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approved for the WHO EUL in December 2021, while protein subunit technology has been used to
develop almost 40% of COVID-19 vaccine candidates (see Figure 1).

Figure 2: Ten selected COVID-19 vaccine production

Source: Authors' compilations based on Airfinity, 'COVID-19"' <www.airfinity.com/areas/covid-19>
accessed 12 January 2022.
Note: No production data for CVnCoV (CureVac).

5 INNOVATION AND PATENTING ACTIVITIES OF COVID-19 VACCINES

According to the VaxPalL data, during the period from 1996 to 2021, 74 patent families have been
filed by 20 entities in 105 jurisdictions. This section conducts a statistical analysis of these 74 patent
families with a breakdown by type of technology platform, nature of patent applicant, year of first
application, office of first filing, and office of subsequent filing. It also provides an overview of the
legal status of the 74 patent families in the various jurisdictions.

5.1 Innovation and patenting activity by vaccine technology platform

As described in section 4, four technology platforms have been deployed for the development of the
ten COVID-19 vaccines: whole virus (inactivated and attenuated), protein subunit, viral vector, and
nucleic acid (DNA, RNA, and mRNA). Among these four technology platforms, mRNA is the most
patent-intensive one in terms of the number of patent families concerned, with a total of 34 patent
families filed for three mRNA-based vaccines (see Figure 3). Viral vector is slightly less patent-
intensive than mMRNA, aggregately involving 31 patent families. At the other end, protein subunit
and inactivated are the least patent intens
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Figure 3: Number of patent families by type of vaccine technology platform

Source: Authors' calculations based on VaxPal data.

Ad26.COV2-S (J&J), a viral vector-based vaccine, is the most patent-intensive of the vaccine
technologies, covered by 23 patent families. It is followed with decreasing patent intensiveness by
the three mRNA-based vaccines: mRNA-1273 (Moderna) with 17 patent families, BNT162b2
(Pfizer/BioNTech) with 14 patent families, and CVnCoV (CureVac) with 11 patent families (see Figure

4).

The other two viral vector-based vaccines, Sputnik V (Gamaleya) and AZD1222
(AstraZeneca/Oxford), are much less patent-

18



The aggregate number of patent families shown in Figure 4 is 84, which is higher than the 74 patent
families identified in VaxPaL. The difference of ten is owing to the fact that eight patent families
have been covered in more than one vaccine.

As shown in Table 3, among these eight patent families, seven are mRNA related, which exhibits a
complex patent landscape behind mRNA-based COVID-19 vaccines.®® These shared patent families
typically reveal basic scientific discoveries or represent fundamental scientific advancements, and
thus have the potential to be widely used in developing new vaccines or other medical products in
the future.

For instance, both mRNA-1273 (Moderna) and BNT162b2 (Pfizer/BioNTech) are covered by two
patent families that were filed by the Trustees of the University of Pennsylvania. These patent
families disclosed that the modified mMRNA can avoid immediate immune detection and enter into
target cells, paving the way for mRNA-
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Figure 6 demonstrates the contribution of the four types of patent applicants to the development of
each of the ten COVID-19 vaccines. Six out of ten involve private enterprises, which are the three
mRNA-based vaccines and one from each of the other three platforms: viral vector, protein subunit,
and inactivated whole virus. These six vaccines account for approximately 53% of the global
COVID
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The list of the top patent applicants in the four technology platforms indicates the deep involvement
of private enterprises, specifically small and medium-sized enterprises (SMEs), in COVID-19 vaccine
R&D.7? These small companies usually conduct focused R&D efforts, then patent the results of these
efforts, and later license or assign their patents to larger pharmaceutical companies for product
development and clinical trials which usually require significant capital investment.

For example, mRNA-1273 (Moderna) is Moderna's first-ever approved product. It is based on 11
patent families filed by Moderna itself, three by other small biotech companies, Acuitas and Protiva,
two by Trustees of the University of Pennsylvania, and one unpublished patent application.

Another typical example is BioNTech, a small German immunotherapy company which began
developing potential mMRNA COVID-19 vaccine candidates in January 2020 and then announced
cooperation with Pfizer in March 2020 for clinical trials.”® Among 14 patent families related to
BNT162b2 (Pfizer/BioNTech), eight were filed by Acuitas and Protiva, three filed by BioNTech
(including one jointly filed by BioNTech and TRON), and another three filed by the Trustees of the
University of Pennsylvania. It is interesting to note that out of the four largest vaccine companies,
only Pfizer was able to develop one COVID-19 vaccine approved for the WHO EUL, and even this
was done in collaboration with BioNTech.”* This once again proves that SMEs are at the forefront of
COVID-19 vaccine R&D activities.

Figure 7: Top patent applicants in four technology platforms

Source: Authors' calculations based on VaxPal data.

72 According to BIO's COVID-19 Therapeutic Development Tracker, SME biotech firms (namely
companies with global revenue under USD 25 million) account for roughly 75% of the pipeline of treatments
and vaccines for COVID-19. BIO, 'Biotechnology Innovation Organization: 2021 Special 301 Submission’
<www.keionline.org/wp-content/uploads/BIO 2021 Special 301 Review Comment.pdf> accessed
9 October 2021.

73 Pfizer, 'Pfizer and BioNTech to Co-develop Potential COVID-19 Vaccine' (17 March 2020)
<https://investors.pfizer.com/investor-news/press-release-details/2020/Pfizer-and-BioNTech-
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In addition to their own R&D investments, several private companies and universities have received
significant funding from external sources, including multilateral and government advance purchase

agreements (APAs)”>, other public sector support, Coalition for Epidemic Preparedness Innovations
(CEPI) and philanthropic bodies,
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Figure 10: Number of patent families by first filing year and by type of patent applicant

Source: Authors' calculations based on VaxPal data.

Figure 11 demonstrates the first filing dates for the patent families related to each of the four vaccine
technology platforms with a view to illuminat
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Figure 11: Number of patent families by first filing year and by type of technology
platform

Source: Authors' calculations based on VaxPal data.

Several COVID-19 vaccines, particularly those based on mRNA, were developed within less than one
year, widely considered as unprecedented in vaccine development history.
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Figure 14: COVID-19 vaccine production by economy (as of 31 December 2021)

Source: WTO-IMF COVID-19 Vaccine Trade Tracker.
5.5 Patenting activity by office of subsequent filing (OSF)

This section describes subsequent patent filing activities related to the 74 patent families, in
particular their filing locations.

Given its territorial nature, patent protection only provides exclusive rights for a patented invention
within the country or region that grants the patent. Thus, a patent applicant must file its patent
application in each of the countries or regions where it wishes to gain patent protection either by
filing a local application before national or regional patent office, or by entering the national phase
of the patent procedure in that country on the basis of a PCT application, and claim priority based
on the date of the application filed at the OFF.

Typically, patent applicants would choose to first file a local application in their country of residence.
If they wish to obtain patent protection in other countries, they can file a PCT application within 12
months from the priority date, and then request to enter the national or regional phase in any PCT
contracting states within 30 months from the priority date.®® Alternatively, the patent applicant can
submit the application within the regular priority period under the Paris Convention.®!
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https://www.eapo.org/en/members.html

5.6 Legal
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Figure 16: Patent status of mRNA-based vaccines in WTO Members
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Source: Authors' calculations based on VaxPal data.

Figure 17: Patent status of viral vector-based vaccines in WTO Members

Source: Authors' calculations based on VaxPal data.
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Figure 18: Patent status of protein subunit-based vaccines in WTO Members
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6 KEY FINDINGS

Through the statistical and analytical review of
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In comparison with mRNA, patent families related to viral vector-
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