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Abstract

Background Unequal and inequitable access to Covid-19 vaccines in low- and middle-income countries (L&MICs)
was a major political, ethical and public health failure in the pandemic. However, vaccine developers' practices were
not monolithic, but rather, took diverse approaches to supplying different countries, with important implications
for global access.

Results Using data on R&D investments, regulatory approvals, manufacturing and purchase agreements, and vaccine
deliveries, we identified six distinct innovation models that apply across the 14 COVID-19 vaccines with more interna-
tional presence from 2020-2022. “Western Early Arrivers” Pfizer/BioNTech and Moderna supplied the largest volumes
quickly and prioritized high-income countries (HICs) from registration to vaccine delivery.“Western Latecomers” Jans-
sen and Novavax supplied intermediate volumes later, also prioritizing HICs but with a greater proportion to L&MICs.
“Major Chinese Developers” Sinopharm and Sinovac supplied intermediate volumes early, primarily to middle-income
countries (MICs). “Russian Developer” Gamaleya completed development early but ultimately supplied small vol-
umes, primarily to middle-income countries (MICs). “Cosmopolitan Developer” Oxford/AstraZeneca supplied large
volumes early to HICs and MICs at the lowest prices. Finally, “Small MIC Developers”CanSino, Bharat Biotech, Medigen,
Finlay Institute and the Center for Genetic Engineering and Biotechnology (CGEB), exported relatively small volumes
to a few MICs. Low-income countries (LICs) were not targeted by any developer, and received far fewer doses, later,
than any other income group. Almost all developers received public funding and other forms of support, but we
found little evidence that such support was leveraged to expand global access.

Conclusions Each of the six innovation models has different implications for which countries get access to which
vaccines, how quickly, and at which prices. Each offers different strengths and weaknesses for achieving equitable
access. Our findings also suggest that Western firms had the greatest capacity to develop and deliver vaccines quickly
during the pandemic, but such capacity is rapidly becoming more globally distributed with MICs playing a significant
role, especially in supplying other MICs. Given the critical role of public support in enabling pandemic vaccine devel-
opment and supply, governments have both the capacity and responsibility to craft international rules that will make
responses to future pandemics more equitable and effective.

Keywords COVID-19, Vaccines, Global access, Equity, Global health, Pandemics, Innovation, Pharmaceuticals,
Innovation models, Research and development, Public R&D funding

*Correspondence:

Adridn Alonso Ruiz

adrian.ruiz@graduateinstitute.ch

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12992-024-01017-z&domain=pdf
http://orcid.org/0000-0002-8670-0096

Alonso Ruiz et al. Globalization and Health (2024) 20:25

Background

Literature review and research gaps

Lack of access to COVID-19 vaccines during the height
of the pandemic strained healthcare systems and econ-
omies, particularly in low- and middle-income coun-
tries (L&MICs), worsening existing health, social, and
economic inequalities [1-6]. There is a substantial lit-
erature that seeks to explain why access was so globally
unequal. For example, a significant body of scholarship
has focused on advance purchase agreements (APAs)
between vaccine developers and high-income countries
(HICs) which allowed them to secure a large proportion
of global supply early [7-29], or the lack of technology
transfer to expand production and the contested role of
intellectual property (IP) rights in impeding greater sup-
ply [7, 8, 12, 13, 15, 18, 22, 25, 26, 28—40]. Scholars have
also highlighted regulatory and quality issues [8, 12, 17,
41, 42] and export restrictions [8, 17, 18, 20, 22, 25, 43]
as important factors contributing to access inequities,
although less frequently. There is also significant analysis
of the limitations and challenges faced by COVAX, the
vaccine pillar of the Access to COVID-19 Tools (ACT)
Accelerator, pointing to competition with HICs for doses,
lack of sufficient financing, and internal transparency and
governance issues [8, 16, 17, 24, 26—33, 44—55].

The literature also discusses a range of policies that
have been proposed or implemented to improve global
access. Many scholars have argued in favor of waiving IP
rights, together with the expansion of production capac-
ities in L&MICs (7, 8, 10, 12-15, 18, 21, 22, 25, 26, 28,
30-33, 37, 39, 45, 46, 56]. Others argue for tying access
conditions to public funding for pharmaceutical research
and development (R&D), in light of the large amount of
public investments in the development of many COVID-
19 vaccines during the pandemic [18, 19, 21, 26, 36, 52,
57-61].

Scholars have also criticized certain measures, such as
donations, for relying on a logic of charity that does not
address structural causes of inequity, and a government’s
use of vaccines to improve relations or increase political
influence internationally, often referred to as “vaccine
diplomacy” [13, 20, 22, 23, 27, 30, 31, 45, 46, 50, 53, 62].

The literature reviewed frequently presents vaccine
developers as a more or less homogeneous group, with
some important exceptions. For example, Wouters and
collaborators [52] analyzed 26 vaccines in development
or recently commercialized in early 2021, and the dif-
ferential implications of each vaccine’s characteristics for
global access; however, most of the vaccines evaluated
were still in clinical development, the publication does
not provide a picture of how these 26 vaccines were used
[52]. Some scholars have differentiated vaccines devel-
oped in China or Russia, usually in the context of vaccine
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diplomacy [45, 46, 53, 63]. Suzuki and Yang (2022) ana-
lyzed the strategies followed by India, China, and Russia
to provide global access to vaccines, but merges indi-
vidual developers’ practices under the political and eco-
nomic characteristics of each country of origin [64].

Therefore, there is not (to our knowledge) a compre-
hensive analysis of the different practices followed by
COVID-19 vaccine developers and the implications for
global access, nor a thorough picture of which develop-
ers contributed what, when and how to meeting global
demand for vaccines. This study addresses these research
gaps. Using data on R&D investments, global regulatory
approvals, manufacturing and purchase agreements, and
vaccine deliveries, we identify six distinct innovation
models that cover the 14 COVID-19 vaccines with more
international presence from 2020-2022. The next section
provides background context on the R&D ecosystem for
pandemic vaccines within which these innovation mod-
els are embedded.

Pre-COVID-19 biosecurity R&D system

There is a distinct niche in the broader pharmaceuti-
cal R&D ecosystem that focuses on developing medical
products to address biological threats to security (includ-
ing Emerging Infectious Diseases, EIDs), characterized
by three key features. First, the unpredictability of emerg-
ing infectious disease outbreaks discourages companies
and investors from investing in R&D for these diseases
[65—67]. This has led to a greater role of the public sec-
tor in different countries, with a range of national institu-
tions and funding mechanisms involved across the entire
development chain [68, 69]. The public sector accounted
for 77% of the global R&D investments for EIDs from
2014 to 2019 [70]. This feature has contributed to an
unstable funding landscape that follows “cycles of panic
and neglect’, where funding increases during outbreaks,
and then rapidly declines when the immediate threats
subside [65-67].

Second, R&D investors and recipients are heavily con-
centrated in the United States, which disbursed 63.28%
(USD 3.4 billion) and received 54.08% (USD 2.9 billion)
of all investments during this time period [69]. Many
countries do not have dedicated institutions or policies to
develop health products for potential pandemics [70].

Third, the biosecurity R&D system is oriented towards
national security, historically linked to the protection of
military and civilian populations from biological threats.
Such systems are not limited to Western countries, as
India, China, Russia, or Cuba have all established their
own R&D ecosystems to address disease outbreaks with
different degrees of connection to the military [63, 68,
71-74]. This national security orientation of R&D means
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that global access to resulting technologies has not been
a priority.

In 2017, the creation of the Coalition for Epidemic
Preparedness Innovations (CEPI) aimed to address the
chronic lack of funding for vaccine R&D for EID and
to improve equitable access to such vaccines globally.
CEPI operates by channeling funding from donor coun-
tries and philanthropies to vaccine developers, while
linking the investment to a set of access principles and
conditions [75]. Between 2020 and 2021, CEPI received
funding from 24 actors, mostly governments (the top 5
investors were the UK, Germany, Norway, Saudi Arabia
and the European Commission).

The three characteristics mentioned above shaped
the R&D response to the COVID-19 crisis. The unprec-
edented surge in investments to de-risk and expedite the
development of new vaccines from preclinical to clinical
stages mostly came from public sources. The US govern-
ment was the largest investor in vaccine R&D between
2020 and 2021 (over USD 2.2 billion), followed by the
German government (USD 1.5 billion), CEPI (USD 1.4
billion and mostly funded by public sources), the UK
government (USD 500 million), and the European Union
(USD 331 million) [76]. As a comparison, between 2007
and 2022, average annual investments on vaccine R&D
for malaria, tuberculosis and HIV combined are USD
1.1 billion [70]. Governments prioritized investments in
national developers, whereas CEPI was the funder with
the most geographically diverse investment portfolio.
If we include APAs concluded before a vaccine received
regulatory approval (mostly made by the US and EU) as
pull incentives for R&D, as they de-risked investments in
clinical trials and expanding manufacturing capacity, the

Deliveries in
>= 2 countries
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total public sector contributions to R&D increase to USD
51.1billion [76].

Thus, during the Covid-19 crisis, large amounts of pub-
lic funding paid for the development and production of
vaccines, first to address national needs and only subse-
quently to address global demand.

Methodology

Sources of data

We used two data sources to generate our research find-
ings. First, we used UNICEF’s COVID Market Dashboard
[77], an open platform with data on the COVID-19 vac-
cine market. We accessed the data related to COVID-
19 vaccines’ registration status (Additional file 1), prices
(Additional file 2), production (Additional file 3), pur-
chases (Additional file 4), and deliveries (Additional
file 5) for all vaccines tracked between January 2020 and
December 2022. Second, we used the COVID-19 vac-
cine R&D investments tracker from the Geneva Gradu-
ate Institute’s Global Health Centre [76], which tracked
announcements of investments between early 2020 and
July 2021 (Additional file 6).

Selection of vaccines

We selected the vaccines that contributed to interna-
tional supply (i.e. were exported). We began with all 52
COVID-19 vaccines listed in UNICEF’s databases. We
then excluded 28 vaccines based on the lack of data on
regulatory approvals (14 exclusions) or purchase agree-
ments (14 exclusions). Finally, we excluded an additional
10 vaccines that did not have evidence of being delivered
in two or more countries. As a result, we selected 14 vac-
cines for further analysis (Fig. 1).
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Table 1 Variables analyzed to create the typology
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Feature studied

Variable studied per vaccine

R&D investments

Regulatory approvals

Manufacturing agreements

Purchase agreements

Vaccine deliveries

R&D funder’s country of origin

Investment size

Number of regulatory approvals

Percentage of regulatory approvals by country’s income level
Time to regulatory approval since the first approval globally
Number of manufacturing agreements

Percentage of manufacturing agreements by country’s income level
Number of doses committed

Percentage of doses sold by purchaser’s income level
Timeline of agreements since each vaccine’s first purchase
Number of doses delivered

Percentage of deliveries by recipient’s income level

Timeline of deliveries by recipient’s income level

Development and analysis of the six innovation models
We performed a descriptive analysis of R&D invest-
ments received, vaccine approvals, production and pur-
chase agreements, vaccine prices, and deliveries. We
used median time as a measure of centrality to analyze
the timelines of vaccine registrations and purchases, as
both presented a right-skewed distribution.

The development of the six models followed an
inductive approach based on the analysis of the vari-
ables shown in Table 1 for each vaccine assessed. Data
on vaccine prices was used to provide a broader context
and deeper understanding of companies’ practices, but
were not used to develop the models, given the limited
data availability.

In the analysis of registrations, we inductively dis-
tinguished between “early arrivers” and “latecomers”
after observing a natural separation between develop-
ers that managed to obtain regulatory approvals in 25%
of all the countries where they are registered before the
median time for all registrations (228 days).

Based on these variables, we devised the following
typology of vaccine developers’ innovation models:

1. Western Early Arrivers: Pfizer/BioNTech and Mod-
erna. Characterized by the substantial public invest-
ments received (through push and/or pull mecha-
nisms), their ability to reach global markets quickly
and in large volumes, and their prioritization of HIC
markets.

2. Western Latecomers: Janssen and Novavax. Char-
acterized by the relatively smaller amounts of pub-
lic funding received, slower entry to global markets,
intermediate volumes supplied, and larger focus on
L&MICs compared to Western Early Arrivers.

3. Major Chinese Developers: Sinopharm and Sino-
vac. Characterized by their early arrival to the global
market, prioritization of middle-income countries
(MICs), and the intermediate volumes supplied.

4. Russian Developer: Gamaleya’s two vaccines Sput-
nik V and Sputnik Light. Characterized by their focus
on middle-income countries (MICs), their creation of
a wide network of manufacturing partners, and low
volumes supplied.

5. Cosmopolitan Developer: Oxford/AstraZeneca. Char-
acterized by substantial funding from public sources
and CEPI, and its capacity to supply and reach global
markets quickly and in large volumes, with no apparent
prioritization between HICs, UMICs, and LoMICs.

6. Small Middle-Income Country (MIC) Developers:
CanSino, Bharat Biotech, Medigen, Finlay Institute
and the Center for Genetic Engineering and Bio-
technology (CGEB). Characterized by low volumes
supplied internationally to a relatively small number
of L&MICs and with the exception of CanSino and
Bharat Biotech, their late arrival to the market.

Limitations and areas for further research

Our analysis is limited by its reliance on publicly avail-
able datasets, since a substantial portion of the relevant
data on this topic have not been made publicly available.
Nearly 41% (40.94%) of the almost 16 billion doses deliv-
ered tracked in UNICEF’s database did not include infor-
mation about which vaccine was delivered. The dataset
does not contain information on the vaccines rolled
out in China, Germany, Russia, or Cuba, which likely
skewed the results relevant to these countries. In par-
ticular, given the large populations of China and Russia,
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and with several of the vaccines analyzed developed in
both countries, our findings most likely under-represent
the total global volume of vaccines supplied by Chinese
and Russian developers. Further research and transpar-
ency are needed to understand vaccine deliveries in these
countries.

The data on vaccine R&D investments only captures
public announcements, limiting the capacity to com-
pile information on actual disbursements or private
investments. In addition, the content of the agreements,
including purpose (R&D activities covered), access con-
ditions, and type of investment (e.g., loan, grant, equity)
are often unavailable [76].

Similarly, the reliance on publicly available data for the
manufacturing and purchase agreements pose another
limitation, as these agreements are often confidential.
Data on vaccine prices in particular is very limited, as
most countries and developers have not disclosed prices.
These limitations reduce the granularity of the analy-
sis and potentially skew the results, if the available data
analyzed is not adequately representative. Increased
transparency and further research would be needed to
understand the implications of these contracts and agree-
ments for vaccine innovation and access.

Using the World Bank’s income level classification
presents some technical limitations such as the lack of
updated data for some countries (e.g., Venezuela). In
addition, by merging heterogeneous countries into single
categories, a level of detail is lost regarding the regional
patterns across income groups [78]. Additionally, further
relevant research could be done analyzing the distribu-
tion of these 14 vaccines by geographical classification.

Finally, this publication does not include the perspec-
tive of vaccine developers regarding their own innova-
tion models and strategies, which limits understanding of
their decisions. Further research on the factors that drove
each developer’s internal decision-making during the cri-
sis would be useful.

Results

Description of vaccine developers and their vaccines

The group of selected developers includes different types
of organizations: nine publicly listed companies, two
non-listed private companies, six research or academic
centers, and one state-owned company. Partnerships are
diverse as well, occurring between publicly listed com-
panies (Pfizer and BioNTech), academic institutions and
publicly listed companies (Oxford University and Astra-
Zeneca) or non-listed companies (Bharat Biotech and the
Indian Council of Medical Research). Vaccine developers
are based in HICs such as the US or Europe as well as in
MICs such as China, Cuba, Russia, or India.
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The vaccines have a diverse range of platforms. Inno-
vative technologies such as adenoviral vectors (Oxford/
AstraZeneca, Janssen, Gamaleya, CanSino) and mRNA
platforms (Pfizer/BioNTech, Moderna) coexisted with
traditional platforms, such as protein subunit vaccines
(Medigen, Finlay Institute, CGEB, Novavax), or whole
inactivated viruses (Bharat Biotech, Sinovac, Sinopharm).
This has implications for access because the logistic
requirements for some vaccines are heavy, for example,
mRNA vaccines usually require cold chain and ultra-cold
chain logistics, compared to other vaccine platforms [79]
(Table 2).

R&D investments
Out of the 14 vaccines selected for analysis, there is evi-
dence of public investments for 12 of them, with CanSino
and Sinovac the exceptions. However, there are notable
differences between Western and non-Western develop-
ers in the type and amount of support received to expe-
dite preclinical and early clinical development (Fig. 2).
These differences increase when considering APAs, espe-
cially with Western Early Arrivers signing APAs with
the US and the European Union. Notably, Pfizer did not
receive public grants but its partner BioNTech did receive
public grants and loans. The Pfizer/BioNTech vaccine
also benefited from publicly-financed APAs, see Figs. 2
and 3 below. In contrast, Janssen and Novavax received
funding from other sources, such as the APA between
Janssen and the African Union or the agreement between
Novavax and COVAX, the global platform tasked with
purchasing and delivering COVID-19 vaccines globally.
Oxford/AstraZeneca’s APA with CEPI/COVAX repre-
sents a large portion of the public support received.
There is limited evidence about the role of the pub-
lic sector in funding and facilitating the development of
most non-Western COVID-19 vaccines. Both Russian
vaccines, Sputnik V and Sputnik Light, were supported
by the Russian Direct Investment Fund (RDIF) with at
least USD 295 million, as well as by the Russian Minis-
try of Health (USD 399.5 million) [102, 103]. In addition,
the Russian Ministry of Defense supported the develop-
ment of preclinical and clinical trials [71]. There is lit-
tle publicly-available information about the economic
support provided by Chinese institutions, except for the
approximately USD 142 million allocated by the state-
owned company Sinopharm to the development of two
inactivated COVID-19 vaccines [76]. Sinovac funded
the development of its vaccine through an acquisition
deal with Sino Biopharm, a Hong Kong based company
that acquired 15.03% of Sinovac in December 2020; and
through securing USD 15 million in investments from
private investors.
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Fig. 2 R&D investments for the selected COVID-19 vaccine developers

Bharat Biotech’s Covaxin was developed in partnership
with the Indian Council of Medical Research (ICMR, the
main public agency in India for the coordination and pro-
motion of biomedical research) [104] and received fund-
ing to expand manufacturing capacity from the Indian
Government [105]. Medigen’s vaccine received in-kind
support from the US NIH (biological samples to test its
vaccine in animals), and received public subsidies from
the Taiwanese government to run a Phase I clinical trial
[106, 107]. The two Cuban vaccines, Abdala and Sober-
ana 2, were developed in public research centers that are
part of the state-owned conglomerate BioCubaFarma
[108, 109], although there is no publicly available data on
the costs of development and the resources invested by
the Cuban government.

In summary, there is evidence of public funding for
the development of all vaccines analyzed (including
those developed within public institutions), except for
Sinovac and CanSino.! The evidence available points
towards a higher monetary level of support for West-
ern developers, especially when considering the use of
APAs, which fostered the late-stage development of sev-
eral vaccines. Nevertheless, the lack of publicly available
data prevents us from painting a comprehensive picture
of the role of public and private funding in the develop-
ment of all vaccines.

! See Limitations and areas for further research.
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Vaccine regulatory approvals
Regulatory approvals can provide some insight into the
priorities of vaccine developers. That is, we can look at
the countries and regions where developers first achieved
regulatory approval, as well as the overall number of
places where they filed for registration, to get a sense of
their priority markets and the extent of their capacity
and/or interest in providing global access. Admittedly,
this is an imperfect indicator of a developer’s strategy,
particularly if used alone, given that the timeline between
the submission of a regulatory dossier and approval
depends largely on the regulatory agency. Nevertheless, it
remains a useful indicator, particularly given the urgency
of the pandemic which led to the use of emergency use
authorizations and rolling review processes that fast
tracked approvals, likely facilitating developers to file for
registration for their products globally [110].

An analysis of the regulatory approvals timeline shows
a separation in two groups of vaccine developers, based
on the speed to obtain regulatory approval globally
(Fig. 4): “early arrivers” (Pfizer/BioNTech, Moderna,
Sinovac, Sinopharm, Oxford/AstraZeneca, Sputnik V,
Bharat Biotech, and CanSino), which obtained at least
25% of all their regulatory approvals before 228 days (or
roughly 7.5 months, the median time of all developers
together) and “latecomers” (Novavax, Soberana, Abdala,
Medigen, Sputnik Light and Janssen), which obtained
all of their approvals after 228 days. The exception is
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Fig. 3 Value of declared advance purchase agreements of selected COVID-19 vaccines

Janssen, which is situated closer to the early arrivers,
with 25% of its approvals obtained in 233.5 days, but still
above the median threshold of 228 days.

Oxford/AstraZeneca simultaneously had the larg-
est number of global registrations and was the fastest to
obtain all of its regulatory approvals, obtaining 75% of all
its regulatory approvals in 224 days after the approval of
the first vaccine (Fig. 5). Novavax, on the other hand, was
the last in the group to achieve its first approval, which
came 448 days after the approval of the first vaccine glob-
ally, Sputnik V in Russia.

Most vaccines we analyzed obtained WHO Emergency
Use Listing (EUL), which was necessary to enter into pur-
chase agreements with UNICEF or COVAX. Those that
had not received EUL (to date) were Medigen, which sub-
mitted an expression of interest, Abdala and Sputnik V,
which had been accepted for review, and Sputnik Light
and Soberana 2, which had not submitted an expression
of interest (Table 2). All Western developers (includ-
ing Oxford/AstraZeneca) except Novavax obtained

WHO EUL within the first four months of 2021. In con-
trast, Bharat Biotech, Sinopharm, Sinovac, and CanSino
obtained EUL in the second half of 2021.

When regulatory approvals are sorted by country income
levels, we observe a clear divide in market prioritization
among the developers (Fig. 5). Whereas Western devel-
opers predominantly obtained approvals in HICs, Major
Chinese and Russian Developers focused more on UMICs
and LoMICs. However, this broad trend becomes a bit
more nuanced when looking at individual companies. For
example, out of the 20 countries that granted regulatory
approval to Novavax, 80% were HICs, more than Janssen
(33.90%, n=59), Pfizer/BioNTech (38.27%, n=81), and
Moderna (44.90%, n=49). Sinopharm (n=70), Sputnik V
(n="75), and Sinovac (n=42), obtained a higher proportion
of approvals in LoMICs (47.14%, 44%, 40.48%) than UMICs
(27.14%, 37.33%, 35.71%). Oxford/AstraZeneca (n=155)
had a more even distribution of approvals, with the highest
number of approvals in LICs (#=22, 14.19%), which were
otherwise deprioritized by all other developers.
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Fig. 4 Distribution of regulatory approvals for each vaccine. The Y-axis represents days since the approval of the first vaccine globally (Sputnik V

in Russia)

Creating manufacturing networks

By examining data on the manufacturing networks
formed by vaccine developers, we can explore the pro-
duction needs and capacities of developers during the
pandemic, and get a sense of longer-term strategies.

For instance, Western developers and Oxford/Astra-
Zeneca prioritized manufacturing agreements with
companies based in HICs (86.19% of their agreements
on average). On the other hand, the Russian and Major
Chinese Developers frequently focused their activities in
LoMICs and UMICs (on average, 45.79% with LoMICs
and 42.62% with UMICs). The rest of the developers
signed fewer agreements (Fig. 6).

Fill-and-finish agreements were the agreements most
frequently announced (37.04% of all agreements). West-
ern developers and Oxford/AstraZeneca also signed
several agreements to produce drug substance (24.39%
on average). Neither Sinopharm nor Sinovac reported

agreements to produce drug substance or adjuvants, and
instead rely on fill-and-finish agreements (68.18% of all
their agreements).

Gamaleya built the largest network of manufactur-
ers in the group to produce Sputnik V, with 39 different
manufacturers, 56.41% of which intended to begin as fill-
and-finish, and then progress to end-to-end production
agreements and 30.77% categorized as end-to-end. Nev-
ertheless, it is unclear how many of these agreements led
to actual production, given the low volume of deliveries
and the production and quality issues surrounding the
development of Sputnik V [102]. In addition to Gama-
leya, Bharat Biotech, Novavax, and both Cuban devel-
opers also signed at least 25% of all their agreements as
end-to-end agreements, which could potentially signal
a lack of in-house capacity to produce large volumes of
their vaccines and/or a greater willingness to engage in
technology transfer [64] (Fig. 7).
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Fig. 5 Total number of vaccine approvals by innovation model and income level

Signing purchase agreements

The number of purchased doses by countries can provide
an idea of the supply capacity of the different developers
and their priority markets. For example, although Sin-
opharm and Gamaleya were among the developers with
the highest number of agreements, they committed fewer
doses than Western developers and Oxford/AstraZeneca,
potentially illustrating the differences in supply and pro-
duction capacity of these two groups (Fig. 8).

Whereas Western Early Arrivers committed the larg-
est share of their doses to HICs (66.84% Pfizer/BioNTech
and 79.59% Moderna), Western Latecomers showed a
different pattern, with Novavax committing 48.33% of its
doses to COVAX (and 45.35% to HICs) and Janssen com-
mitting 29.95% of its doses to LoMICs through its APA
with the African Union (and 47.46% to HICs).

Sinopharm and Sputnik V had a larger number of pur-
chase agreements with LoMICs (59.68% and 59.64%

respectively) over UMICs (15.50% and 36.17% respectively),
whereas Sinovac seemed to follow a different strategy, with
36.67% of its doses dedicated to COVAX and 29.56% to
UMICs. Oxford/AstraZeneca committed roughly half of its
doses to LoMICs (52.14%), mostly to India, with the rest of
the doses being roughly equally distributed between HICs
(18.57%) and COVAX (17.57%), with UMICs receiving a
smaller share (11.27%). Oxford/AstraZeneca accounted for
the largest proportion of doses committed to LICs (18.5
million doses, 52.13% of all doses purchased by LICs), fol-
lowed by Sinopharm (11.2 million doses, 31.54%) (Fig. 9).
When looking at the time distribution of purchase
agreements, Pfizer/BioNTech and Moderna sustained a
high number of agreements consistently throughout the
period of analysis, until 750 and 800 days, respectively,
after their first agreement was signed (Fig. 10), showing
the sustained demand and market dominance of Western
Early Arriver vaccines over other vaccine developers.
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Oxford/AstraZeneca and the Major Chinese develop-
ers also have a wide distribution of agreements, although
most of their agreements were signed within the first year
following their first purchase agreement. Western Late-
comers, Russian Developer, and the Small MIC Devel-
opers signed very few agreements after the first year
following their first agreement.

Vaccine deliveries

Pfizer/BioNTech and Oxford/AstraZeneca have deliv-
ered more vaccine doses than other developers (Fig. 11),
followed by Moderna, Sinovac and Sinopharm. How-
ever, the number of doses of Sinopharm and Sinovac
are likely substantially undercounted, given that the vac-
cines delivered in China have not been reported publicly
(see Limitations and areas for further research). West-
ern Early Arrivers delivered most of their doses in HICs

(61.40% Pfizer and 72.49% Moderna), compared with
Oxford/AstraZeneca and the Major Chinese develop-
ers that prioritized LoMICs above other income groups
(69.02% Oxford/AstraZeneca, 73.25% million Sinopharm,
and 59.08% Sinovac). Western Latecomers (particularly
Novavax) and Russian Developer delivered fewer doses
than initially committed. Janssen is among the developers
with more deliveries in LICs (208 million doses, 35.57% of
all its deliveries) and LoMICs (207 million doses, 35.45%),
mostly through COVAX (48.64% of its deliveries to these
countries were through the global platform).

The distribution of vaccine deliveries was staggered by
income level, with HICs receiving more vaccines earlier
than LoMICs and UMICs, and with LICs accessing very
few doses much later than the rest.

Deliveries in HICs occurred in two stages (Fig. 12): the
first one peaked early in 2021 and remained constant
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throughout the rest of the year. The second stage was in
2022, where deliveries slowed down, perhaps due to a
situation of market saturation, before rising again as the
autumn began in the Northern Hemisphere and guide-
lines in many HICs - notably in the US, which accounts
for much of the trend - recommended booster doses.

Deliveries in UMICs follow a pattern driven by China,
which experienced two large peaks - one between April
and September 2021, and another between December
2021 and January 2022, followed by a steep decline in
2022. However, it is not clear which vaccines were dis-
tributed in China, nor is it clear whether the lack of
data for 2022 reflects a lack of vaccine distribution, or
a lack of data on vaccine distribution within the coun-
try (Fig. 12). The drop in deliveries in China between
August and December 2021 seems to correspond to
an increase in exported deliveries from Major Chinese
developer vaccines to LoMICs.

Sinovac
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Deliveries from the Major Chinese Developers comprised
a large proportion of supply in UMICs, and even more so
in LoMICs, until late 2021. In LoMICs, there is a single,
smaller peak between November 2021 and February 2022,
with a large proportion of these deliveries being in India.
The country had a large portion of deliveries of Oxford/
AstraZeneca (manufactured by India-based Serum Insti-
tute) between June and October 2021 that could be related
to the export bans imposed by the country from March to
September 2021, to extend vaccinations nationally.

The pace at which UMICs and HICs accessed enough
doses to vaccinate each person with one dose seems to be
similar (Fig. 13, left side). Nevertheless, this is skewed by
the large number of deliveries in China, which accounts
for a large portion of the deliveries in UMICs. When
removing China and India, the remaining deliveries in
UMICs and LoMICs do not reach one dose per person
in the period of analysis (Fig. 13, right side). Deliveries
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Fig. 8 Doses committed and purchase agreements. Left axis (bar chart) shows the number of doses committed. Right axis (X’s) shows the number

of purchase agreements

in LICs do not reach one dose per person in the entire
period of analysis, demonstrating that access inequalities
greatly affected this group of countries over others.

When looking at the channel chosen for the acquisition
and delivery of vaccines, doses purchased through bilat-
eral and regional (deliveries through the African Vaccine
Acquisition Trust, AVAT) agreements with developers
represent 45.80% of all deliveries, when all “Unknown
deliveries” are included, and began earlier than the deliv-
eries from COVAX, which represent 11.90% of all deliv-
eries. In Fig. 14, deliveries via COVAX peak at the end of
2021, and were dedicated to LICs and LoMICs. Despite
being the focus of substantial discussion and debate,
donations represent less than 3% of all the deliveries.
As mentioned in the Limitations and areas for further
research section, a large share of the deliveries (39.34%)
has no data on the delivery channel.

Small MIC Developers mainly delivered doses in their
respective countries and regions of origin. Although there
is no data on deliveries in Cuba, the two Cuban vaccines
were used in the country according to publicly avail-
able information [111] and was exported to other Latin
American countries (Mexico, Nicaragua, and Venezuela).
Bharat Biotech and Medigen delivered most of their doses
domestically (97.38% to India and 95.99% to Taiwan,
respectively). Regarding CanSino’s deliveries, the percent-
age of doses delivered in China is not publicly availbale.
Nevertheless, for doses outside of China, there is evi-
dence that the company focused its deliveries on Mexico
(50.87%) and Pakistan (38.55% of all its deliveries).

Vaccine prices
Price information has not been systematically disclosed
by developers or governments during the pandemic.
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Nevertheless, the data available shows that Oxford/
AstraZeneca had the lowest average prices across the
different income groups, ranging between 3.00 and 5.55
USD/dose. However, prices for HICs are lower than those
for UMICs and LoMICs, although in some LoMICs such
as India or Bangladesh, average prices are higher due to
a different price for the private market. Similarly, Jans-
sen, with an average price of around 10 USD/dose across
income groups, also seemed to charge lower prices in
HICs than in LoMICs and UMICs.

Moderna, Sinopharm, and Pfizer appear to have
applied a tiered pricing approach, with clearly different
prices for different income groups. The first two vaccines
are also the two most expensive vaccines in HICs (40 and
36 USD/dose, respectively), and two of the most expen-
sive vaccines in UMICs (28.88 and 19.98 USD/dose),
although their LIC pricing is roughly on par with other
developers selling to those markets. Pfizer’s tiered pricing
is more of a binary split between pricing in HICs (20.85
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USD/dose) and pricing in UMICs and LoMICs (11.2 and
10.58 USD/dose, respectively).

There are no price points in HICs for Sinovac and
CanSino (Bharat Biotech did not deliver doses in HICs),
and their listed prices for UMICs and LoMICs are higher
than most of the other vaccine developers ranging from
15 to 27 USD/dose. Gamaleya, which committed to sell
Sputnik V at less than 10 USD/dose [112], was reportedly
selling it at almost 20 USD/dose in HICs and LoMICs,
according to the data analyzed.

Despite orienting their operations towards supplying
MICs, developers such as Sinopharm, CanSino, Gama-
leya, Sinovac, and Bharat Biotech priced their products
higher in these countries than other developers like
Pfizer, Janssen, and Oxford/AstraZeneca.

Prices available for COVAX are on average lower than
for all income groups, ranging from 3 USD/dose (Oxford/
AstraZeneca and Novavax), to 10 USD/dose (Moderna).
Nevertheless, in the publicly-disclosed contract between
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Fig. 10 Time distribution of vaccine agreements. Axis Y shows the number of days since the first purchase agreement signed by each vaccine

developer

COVAX and the South African government, the maxi-
mum vaccine cost is listed to be 21.10USD/dose, which is
more than the price reported by COVAX [113] (Fig. 15).

Discussion

Strengths and weaknesses of COVID-19 vaccine innovation
models

Our analysis shows that COVID-19 vaccine develop-
ers adopted a range of strategies to commercialize their
vaccines, which can be roughly grouped into six inno-
vation models that had varying strengths and weak-
nesses in addressing global access to vaccines during the
pandemic.

Western Early Arrivers received substantial public
financial support from Western governments, especially
from the US and the European Union, which arguably
accelerated their development and gave them a head start

in the market. These vaccines were among the first to be
commercialized through APAs, furthering their market
dominance. In addition, these vaccines showed very high
efficacy results in clinical trials, and despite the logistical
problems related to storage and cold chain requirements
for mRNA vaccines, the global demand was very high (as
evidenced by the large number of purchase agreements).
Both developers (but particularly Pfizer/BioNTech)
showed strong capacity to obtain regulatory approvals,
sign purchase agreements, and deliver doses globally.
This suggests that, among all developers, they had the
greatest capacity to supply all countries. Nevertheless,
both developers prioritized their activities in HICs before
supplying LoMICs and UMICs, and have one of the low-
est percentages of deliveries in Low Income Countries
(1.93% of all the model’s deliveries, 84.13 million doses).
Despite obtaining WHO Emergency Use Listing (EUL)
and accounting for roughly 40% of all doses delivered
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through COVAX (Pfizer/BioNTech represents 31.76% of
COVAX’s deliveries, and Moderna 9.92%), only 18% of
all the doses delivered by this model were done through
COVAX.

On the other hand, by partnering with a large phar-
maceutical company (AstraZeneca), Oxford University
leveraged the ‘material power’ of the pharmaceutical
industry - its control of global supply chains, produc-
tion capacity, and clinical trial development [114]. This,
among other factors (e.g., type of technology, tech trans-
fer/manufacturing agreement with SII), allowed them to
achieve relatively more widespread access to its vaccine
across income groups. Since the technology used (adeno-
viral vector) had lighter cold chain and storage require-
ments than mRNA vaccines, and since most HICs shifted
their purchasing priorities towards other vaccines, this
vaccine was well positioned to address global needs.

The licenses with AstraZeneca and later with Serum
Institute of India showed relatively successful results

Bharat Biotech
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in terms of access in LoMICs and UMICs. It quickly
obtained regulatory approval in the largest number of
countries of any of the vaccines analyzed, with no major
distinctions between HICs, UMICs, and LoMICs; and
was able to supply more doses to L&MICs than any other
developer. It accomplished this through a dual strat-
egy: AstraZeneca focused on HICs and UMICs, and the
Serum Institute of India commercialized the vaccine
in L&MICs, with a particular focus in India. The 2021
export ban in India seems to have limited supply to other
L&MICs, highlighting the risk of relying too heavily on
one partner manufacturer, but an in-depth exploration
of the export ban’s impact is outside the scope of this
research. The vaccine seems to have been priced lower
than most of the other vaccines in the group, although
prices seem to be higher in L&MICs than in HICs.
Despite this, only 2.04% of all its doses were delivered
in LICs (50.4 million doses), showing a big limitation
addressing global access.



Alonso Ruiz et al. Globalization and Health

(2024) 20:25

Income &
Level

HICs

UMICs

LoMICs

LICs

Doses/population..Doses/population.. Doses/population..Doses/population..
°
&

|

May
June
July
October

December
January
February
March
April
August
September
November
December

Page 17 of 24

Typology
Cosmopolitan
Major Chinese
Russian
Small MIC
Unknown
Western Early Arrivers
Western Latecomers

ly

January

February
March -/

April

May

June

July

August

October

November

December

September

Fig. 12 Timeline of vaccine deliveries for each innovation model and income level of recipient country. Doses are shown relative to the income

group’s population for comparability

Western Latecomers also received large sums of pub-
lic funding to advance the development process, and
in the case of Novavax, the company was also sup-
ported by CEPL The scale of operations of these two
vaccine developers is smaller than the Western Early
Arrivers and Cosmopolitan models, especially in
Novavax’s case. Janssen’s initial dosing regimen con-
sisted of a single dose, which could have translated to
a more efficient purchasing, delivery, and administra-
tion strategy, making it particularly well suited for
use in L&MICs, despite the cold-chain requirements.
Similarly, Novavax’s protein subunit technology had
less extreme storage and cold-chain requirements than
mRNA and viral vector vaccines, and was a well-known
and longstanding technology, potentially being better
suited for use in resource-limited settings [104]. These
factors, among others (e.g., availability of doses), may
have shaped the demand for these vaccines in L&MICs,
shown by Janssen’s purchase agreements with the Afri-
can Union and COVAX, or Novavax’s agreement with
COVAX, becoming the model with more deliveries in
LICs (208.2 million doses, 32.33% of all its deliveries).
Nevertheless, Janssen’s dosing regimen changed after
showing higher efficacy with two doses, and Novavax

experienced manufacturing and regulatory challenges
and delays that prevented the company from meeting
its targeted deliveries [115], limiting global access.

Our analysis shows the increasing role and capacity
of non-Western actors in the global pharmaceutical
innovation system. Major Chinese Developers, Sinop-
harm and Sinovac, prioritized LoMICs and UMICs to
obtain regulatory approvals, sign purchase agreements,
and deliver their vaccines, often being the first to do so
among vaccine developers in many of these countries.
The platform used by these developers (whole virion
inactivated) is well known, and although the efficacy of
both vaccines was reported as lower than mRNA and
viral vector vaccines, they had less demanding storage
and cold chain specifications, making them easier to
deploy in resource-limited settings.

Both vaccines entered the market early, obtained WHO
EUL, and provided doses to COVAX, although in lower
volumes than both Western models and Oxford/Astra-
Zeneca. In addition, only 4.5% of the model’s doses (71.2
million) were delivered to LICs. The amount of public
sector investment in the development of these vaccines is
unclear, however, the Chinese public sector played a large
role in coordinating efforts and striking partnerships
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between public and private organizations, as well as in
coordinating administration within China [63], although
detailed data are unavailable.

The Russian vaccines (both developed by Gamaleya)
faced many challenges with production and supply, which
clearly influenced their commercialization strategy.
Sputnik V was the first globally approved vaccine, and
aimed to be available worldwide, prioritizing UMICs and
LoMICs. Due to limited in-house production capacity,
Gamaleya sought to create a wide network of manufac-
turing partners for end-to-end production, particularly in
UMICs and LoMICs [102]. However, production scale-
up issues, quality problems, and delivery delays under-
mined this strategy, likely contributing to the very low
number of doses delivered worldwide [102]. Gamaleya
sought WHO EUL, but quality concerns during inspec-
tions stopped the process until recently, and therefore
they have not been able to sign purchase agreements with
COVAX [80, 102]. The extent of public sector investment
seemed to be large given the substantial public subsidies

Early Arriver
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obtained by the public research center and the involve-
ment of the Russian sovereign investment fund (RDIF),
although its influence on Gamaleya’s practices is unclear.
Small Middle-Income Country Developers are a rela-
tively more heterogeneous group, but they share some
common characteristics. These vaccines had a limited
global presence, many entering late an already saturated
market and most had lower global production capac-
ity. These vaccines were supported financially by their
respective governments, and for those where there is data
available, were overwhelmingly used to support national
vaccination efforts. Most of these developers were based
in MICs, used well-known technologies that had lighter
storage and cold chain requirements than the mRNA
vaccines, and reported a wide range of vaccine efficacies.
Although most vaccines in the group applied to obtain
WHO EUL (all except Soberana), only CanSino managed
to supply doses to COVAX after Bharat Biotech’s supply
agreement was canceled [116]. Arguably, the emergence
of these developers could have the potential to influence
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future pandemic response efforts by filling unmet needs
in their countries, regions and beyond, even if the capac-
ity of any of these developers to ensure global access is
currently quite small. Nevertheless, their influence could
potentially be magnified in the future, for example, by
expanding collaborative networks to leverage their com-
bined scientific, regulatory, and market expertise, and/or
increasing their current production capacities.

As Suzuki and Yang [64] put it “[tlhe COVID-19 pan-
demic marked the debut of non-Western powers as
vaccine inventors on the world stage” This emergent geo-
graphic diversity, along with the organizational diversity
of vaccine developers, tentatively challenge what Kapc-
zynski calls the ‘ideational power’ of the (Western) phar-
maceutical industry. This term describes the assumption
that there is an “inability of anyone but the private sector
to innovate, and a skepticism about government power”
[114]. Although academic institutions, state-owned com-
panies, but also for-profit companies located in MICs,
showed capacity to develop and deploy COVID-19 vac-
cines globally, these models are still emergent and their
impact is smaller in scale and capacity compared to West-
ern early arrivers or Oxford/AstraZeneca. At the same
time, the profit motive appears to remain salient across
most models, as reflected in the (limited) pricing data
available and the limited supply to Low Income Countries.

The role of public institutions in shaping developers’
practices

Public funding, actors and policies, among other factors,
shaped vaccine development and commercialization. All
developers analyzed received public support through dif-
ferent policy instruments that covered the entire develop-
ment process. Public investments pushed all developers
except two, to later stages of development, in some cases,
seemingly funding the entire development process. APAs
pulled the development of primarily Western Early Arriv-
ers and to a lesser extent Western Latecomers and Oxford/
AstraZeneca by de-risking the expansion of manufactur-
ing capacity and late-stage clinical trials, signaling demand
size and prioritizing access in certain countries. As pointed
out by Florio and collaborators [117], taxpayers were
“major funders of corporate R&D and productive invest-
ment”. Governments also played a pro-active role beyond
funding, prioritizing vaccine technologies and facilitating
development, such as in the case of the Chinese and US
government’s efforts to coordinate the development of
vaccines [63, 118, 119], or in the case of the US NIH pro-
viding in-kind support to Medigen [106].

The use of advance purchase agreements by HICs
to secure national access captured the global supply
of Western Early Arrivers’ vaccines, thereby generat-
ing global inequalities in access to these vaccines. In
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addition, the limited data available indicates that large
MICs with industrial and innovative capacity (i.e.
China, Russia or India) also seem to have prioritized
vaccine access for their own citizens first, before engag-
ing in substantial exports.

Other, usually smaller MICs used their R&D capacity
to develop and deliver vaccines nationally and region-
ally. The data in this analysis show that LICs were at the
end of the line, unable to access enough vaccines through
direct purchase agreements, and left queuing for the lim-
ited supply available to COVAX, which was substantially
slower than vaccine access via other mechanisms.

The role of global health initiatives
CEPI and COVAX, the two global health initiatives man-
dated to support global access to COVID-19 vaccines,
influenced many of these innovation models. Many of
CEPI’s investments led to the development of vaccines
(i.e. Novavax, Medigen, Oxford University, Moderna),
underscoring the advantages of having independent R&D
coordinators and funders with a global view of the tech-
nological landscape. Nevertheless, CEPI’s access principles
had limited success, as they were “affected by governments
entering agreements or asserting other legal claims affect-
ing CEPI-covered agreements’, ultimately jeopardizing
CEPTI’s ability to achieve its global access objectives [120].
Oxford/AstraZeneca is a relative outlier among recipients
of CEPI’s investments, in terms of its impact expanding
global access. Further research is needed to explore the
replicability of Oxford/AstraZeneca’s strategy, the benefits
and limitations of its licensing model, and the role of aca-
demic institutions as access-oriented developers [58].
COVAX made arrangements with all Western Early
Arrivers, Latecomers and AstraZeneca (in Novavax’s
case, the arrangement was terminated in late 2022); as
well as with the two Major Chinese Developers, CanSino
and Bharat Biotech, although Bharat Biotech’s supply was
suspended due to quality concerns [116], but the tim-
ing and quantities acquired and delivered varied greatly.
All Western developers (including Oxford/AstraZen-
eca) except Novavax obtained WHO EUL within the
first 4 months of 2021, and subsequently contributed
to COVAX. In contrast, the four non-Western develop-
ers (Bharat Biotech, Sinopharm, Sinovac, and CanSino)
obtained EUL in the second half of 2021, and contributed
fewer doses than the Western developers. Our analysis
also shows that deliveries through COVAX happened
later than many bilateral and regional agreements.

Conclusion

Our analysis illustrates the diversity of actors, countries,
and practices surrounding the development of vaccines
against COVID-19. Contrary to the monolithic treatment
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that vaccine developers seem to receive in the literature,
there is not a single innovation model that all vaccine
developers adopted during the global health emergency.
Each model had its own particularities, and affected
global supply of vaccines in different ways. Addition-
ally, our analysis also shows the oftentimes unrecognized
industrial and innovative capacity that resides in Middle-
Income Countries.

Despite this, Low Income Countries made dispropor-
tionately fewer purchases, received fewer doses, at later
dates, than MICs or HICs, and were directly affected by
COVAX’s challenges to deliver doses in a timely and suf-
ficient manner.

The political reality of the response during the COVID-
19 pandemic shows the prioritization of national or
regional access to vaccines before global commitments.
The lack of a common legal framework to deliver global
access hinders the capacity to leverage the increasingly
globalized and diverse pharmaceutical R&D ecosystem
to reduce access inequities. Such a legal framework is
currently being considered in the negotiations towards
a WHO Pandemic Accord and in amendments to the
International Health Regulations. An equitable legal
framework could facilitate the transfer and/or pooling
of technology and knowledge to accelerate innovation
and expand production, including through the inclusion
of access conditions in R&D investments. It could also
increase developers’ freedom to operate and legal cer-
tainty by protecting them from IP litigation on key tech-
nologies needed for emergencies.

As the likelihood of new outbreaks and global emergencies
increases, and industrial and R&D capacities become pro-
gressively distributed worldwide, governments have strong
incentives to harness its potential, and collaborate to ensure
a more equitable and effective response in the future.
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Additional file 5. Database from UNICEF Market Dashboard containing
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