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Since the outbreak of the Coronavirus disease 2019 (Covid-19), tremendous efforts have
been made by scientists, health professionals, business people, politicians, and laypeople
around the world. Covid-19 vaccines are one of the most crucial innovations that help ﬁght
against the virus. This paper attempts to revisit the Covid-19 vaccines production process by
employing the serendipity-mindsponge-3D creativity management theory. Vaccine production can be considered an information process and classiﬁed into three main stages. The ﬁrst
stage involved the processes of absorbing information (e.g., digital data and open science)
and rejecting unhelpful information (e.g., misinformation and fake news) for effectively
acquiring useful insights. Useful insights were later employed by experts, enterprises, governments, and international organizations through interdisciplinary coordinated efforts for
developing vaccines within a short period. Finally, the appearance of multiple types of vaccines enabled more strategic options for vaccine distribution and administration. Findings
from this vaccine creativity management process could be used as critical lessons for further
improvements of vaccination programs.
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Introduction
ince February 2020, the world has gone through unprecedented times facing the existential threat caused by Covid19. Compared to other public health crises from 2008,
Covid-19 has signiﬁcantly stronger negative impacts on the global
economy, among countless other social aspects (Schell et al.,
2020). A century after the inﬂuenza pandemic back in 1918–1920
(a.k.a. Spanish ﬂu), humanity has been facing another fatal
pandemic again.
During the Covid-19 pandemic, humanity has beneﬁted from
numerous epidemiological, public health, economic and sociocultural, political innovations on a global scale. Tremendous
efforts have been made by scientists, health professionals, business people, politicians, and laypeople around the world. One of
the most critical innovations is the Covid-19 vaccines, which
arrived in late 2020. They have been expected to help prevent the
spread of the SARS-CoV-2 variants. The birth of these vaccines—
of which, Sputnik V, Pﬁzer-BioNTech BNT162b2, Moderna
mRNA-1273, AstraZeneca-Oxford AZD1222, CoronaVac have
been approved and used widely—has involved numerous actors
from the most scientiﬁcally and technologically advanced countries such as the United States (US), the United Kingdoms (UK),
the European Union, Russia, China, to name just a few.
By June 25, 2021, more than 2.88 billion doses have been
produced and distributed across the globe in an urgent effort to
ﬁght Covid-19. About 1.77 billion people in 213 countries have
been vaccinated at least one dose (Mathieu et al., 2021). It is
helpful to conduct an in-depth conceptual investigation into the
process of producing, administrating, and distributing Covid-19
vaccines. While there are concerns about the high speed of Covid19 vaccine development, the process was not recklessly rushed.
The vaccine innovations have not come out of the blue but
through effective and efﬁcient interdisciplinary-coordinated efforts
and investments (both medical and non-medical) of many individuals and institutions. This paper is dedicated to revisiting those
innovation-making processes using the 3D creativity management
(or knowledge management) theory (Vuong and Napier, 2014) to
provide insights and lessons from this global ﬁght against the
Covid-19 pandemic. In addition, we employed a creativity management theory on the particular topic of vaccine development
because we believe it would help navigate, connect information,
and clarify insights better within an overwhelming ocean of
Covid-19 related information. Insights from this study are also
expected to facilitate the subsequent production, administration,
and distribution of modiﬁed vaccines and vaccination campaigns.
Information processes throughout the Covid-19 pandemic
The 3D creativity management theory is a conceptual framework
that explains how creativity and innovations are made through
information processes. The framework is appropriate and practicable on the individual, organizational, and national levels within
different contexts (Dang et al., 2013; Q.-H. Vuong, 2016a, 2016b;
Vuong and Napier, 2015; Nguyen et al., 2021; Vuong et al., 2021;
Vuong and Napier, 2013). This paper employed it to explain Covid19 vaccine development on a global scale. Conceptually, the 3D
framework has three major blocks: (1) the information absorbing
and ﬁltering block, (2) the creativity processing block, and (3) the
innovation outcome block. Although each block has particular
functions and operations, they are seamlessly and closely connected.
Figure 1 demonstrates how the vaccines were made through three
major blocks of the 3D framework. In each block, some notable
corresponding events and activities are also indicated.
Digital data, infodemic, misinformation, and fake news. In late
December 2019, cases of pneumonia with an unknown cause
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were epidemiologically linked to a seafood wholesale market in
Wuhan, China (Zhu et al., 2020). The unknown agent was later
identiﬁed as betacoronavirus SARS-CoV-2 or coronavirus disease
2019 (Covid-19), which has a close sequence identity to severe
acute respiratory syndrome coronavirus (SARS-CoV)—the causative agent for the 2002–2004 SARS outbreak (Zhou et al., 2020).
Due to the high transmission rate of Covid-19, it had caused
subsequent outbreaks all over the world not long after the
detection in Wuhan (Hu et al., 2021). On January 30, 2020, the
WHO Director-General declared the novel coronavirus outbreak
a Public Health Emergency of International Concern (PHEIC)
(Organization W. H., 2020).
In the very early stage of the pandemic, facing critical problems
without sufﬁcient effective information input, many governments
acted reluctantly (or almost ignored) when receiving news and
warnings from WHO about the risk of Covid-19. Parts of the
cause were argued to be communication concerns of the term
PHEIC (Maxmen, 2021). Given that Covid-19 is highly
transmissive and there was no effective vaccine and therapy for
treating Covid-19, the main strategies of governments at the time
were coordinated containment and mitigation strategies, like
surveillance, testing, contact tracing, and strict quarantine
(Whitelaw et al., 2020).
In a high-entropy setting where the virus transmission network
was nearly “invisible”, and the world activities were still occurring
at high speed, implementing containment and mitigation
strategies was a signiﬁcant challenge for governments worldwide.
Therefore, governments had to monitor, control, and manage the
multiplex and tremendous amount of information to develop
appropriate policy responses or strategies. This process is similar
to the initial step of the 3D framework: evaluating, comparing,
and connecting information to determine whether to absorb and
generate insights based on the given information or discard them.
To effectively monitor, control, and manage information,
digital technology (e.g., big data and artiﬁcial intelligence) had
been integrated into the governments’ pandemic preparedness
and responses strategies: (1) contact tracking, (2) quarantine and
self-isolation, (3) screening for infection, (4) clinical management,
and (5) planning and tracking (Whitelaw et al., 2020). Chinese
authorities used mobile phones, mobile payment applications,
and social media to track the movement of people who had
visited the infected areas (Wu et al., 2020). The data collected
from thermometers at workplaces, schools, public transport in
Singapore was tracked and employed to detect potential clusters
of infection for initiating testing (Samantha, 2020). A smartwatch
application was launched in Germany to collect pulse, temperature, sleep pattern data, which were later used by the authorities
to estimate the likelihood of a Covid-19 outbreak (Douglas, 2020).
International travelers in Australia were forced to wear tracking
devices during their self-quarantines at hotels (Pannett and
Cherney, 2020). Virtual care platforms were introduced in
Australia, Canada, and the US to deliver remote care to patients
due to the rising burden on healthcare facilities (Caretaker, 2020;
MacLeod, 2020; McCormick and Shah, 2020).
Even though digital technologies offered platforms, tools, and
applications to monitor, control, and manage information of
infected people, they also provided a breeding ground for fake
news, myths, and conspiracy theories. The World Health
Organization (WHO) has described the rampant misinformation
and disinformation as a “massive infodemic” (Fleming, 2020).
Misinformation and disinformation have become even more
dangerous in the pandemic since they directly impact life and
death outcomes. For example, the popular myth that consumption
of highly concentrated alcohol could kill the virus had resulted in
around 800 mortalities, almost 6000 people being hospitalized
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Fig. 1 The overall creativity process of making Covid-19 vaccines.

(Islam et al., 2020). Some people believed in the conspiracy theory
that Covid-19 was spread by 5G wireless towers, resulting in
around 80 harassment incidents, 30 acts of arson and vandalism,
and even burning cell towers (Satariano and Alba, 2020). Covid19-related information was also used as a weapon by online hate
communities, such as neo-Nazis, fascists, white supremacists, antiSemites, Islamophobes, cis-gender male supremacists, to push
ideas of malicious intents (Velásquez et al., 2021).
The misinformation was also intensiﬁed by politicians’
inappropriate speech and decisions, which created more burdens
for the information ﬁltering process (or information management
process). From February to October 2020, former US President
Donald Trump publicly spoke about Covid-19 in an overly
hopeful manner, repeatedly stating that the virus would soon
“disappear”, “this is like ﬂu”, or “it’s very mild” (Tollefson, 2020;
Wolfe and Dale, 2020). At the White House coronavirus taskforce
brieﬁng on April 23, 2020, President Trump also suggested the
idea of injecting disinfectant as a form of treatment, which caused
intense disapproval among healthcare professionals as well as
common people not only in the US but around the globe (Smith,
2020). Researchers said that President Jair Bolsonaro’s administration was publicly ignoring them in Brazil. President Bolsonaro
also referred to Covid-19 as a “little ﬂu” and undermined
vaccines’ value by warning that Covid-19 vaccines could turn
people into crocodiles (France24, 2020; Taylor, 2021). The
situation was so grave that many leading scientiﬁc journals, such
as Nature, Science, and The Lancet, had to increasingly cover
politics to prevent some political leaders’ misunderstanding,
misusing, or even suppressing Covid-19 related research (Jeffrey,
2020; Lancet, 2020; Nature, 2020).
The effectiveness of vaccine distribution and injection heavily
depends on public perception of the vaccines. Misinformation
about Covid-19 could lead to challenges to implementing public
health strategies and vaccination. Thus, the information ﬁltering
on collective levels (e.g., the ﬁght against misinformation) affects
the common public’s knowledge and the whole endeavor of the

scientiﬁc community and governments. A study using a dataset of
5000 people in ﬁve countries (Ireland, Spain, Mexico, the US, and
the UK) during April and May 2020 found that misinformation
was negatively associated with compliance to public health
guidance, willingness to get vaccinated, and recommend the
vaccine to friends and families (Roozenbeek et al., 2020). Vaccine
conspiracies targeting vaccine funders and health directors might
also result in a decline of public trust in vaccine development
efforts and the subsequent deployment of vaccines campaigns
(Haroon, 2020; Stankiewicz, 2020).
The WHO released guidance on April 8, 2020, with 50 key
actions to help individuals, community leaders, governments, and
private sectors curb the increasingly expanding infodemic (WHO,
2020a). The WHO has also been working with major social media
platforms and digital companies, like Facebook, Twitter,
LinkedIn, TikTok, Twitch, Snapchat, Pinterest, Google, Viber,
WhatsApp and YouTube, making ofﬁcial sources about Covid-19
appear ﬁrst (WHO, n.d.). Countries around the globe also took
action and had their own strategies to ﬁght fake news,
misinformation, and disinformation (Fleming, 2020; La et al.,
2020). Thanks to these efforts, Covid-19-related content on
Twitter was found to shift toward more credible sources in the
later phase of the pandemic (Gallotti et al., 2020). Upon collecting
data from Gen Z and Millennials from late October 2020 to early
January 2021, WHO also found that more than half of them are
well-aware of Covid-19 fake news, and about 44% of them said
that the Covid-19-related information they are likely to post on
social media is scientiﬁc content (WHO, 2021).
Open science, preprints, and retractions. Although the containment and mitigations effectively ﬂatten the infection and
mortality curves, they are not sustainable solutions because a
globalized world could not be disconnected for so long. The
vaccine was seen as the imperative solution to stop the pandemic
and revise the global economy by establishing sufﬁcient herd
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immunity (Graham, 2020). At the beginning of the Covid-19
pandemic, the idea of relying on vaccination to combat Covid-19
was quite pessimistic because it was initially believed to probably
take 10 to 15 years to sufﬁciently develop a vaccine in normal
situations (Jocelyn, 2020). Until 2020, the fastest vaccine made
was the mump vaccine after a four-year process. Another concern
about vaccine development was its safety (Graham, 2020).
Fortunately, in reality, we have successfully created not only
one but many types of Covid-19 vaccine in less than a year. Such
success is believed to be attributed to scientiﬁc initiatives and
efforts during the pandemic and earlier scientiﬁc activities, like
utilizing highly adaptable vaccine platforms (e.g., RNA) and
adapting structural biology tools to design agents (e.g., immunogens). But, how was the vaccine-making process shortened from a
decade to less than a year while not compromising safety?
The ‘miracle’ of Covid-19 vaccine creation can be wellexplained by the 3D creativity framework. According to the 3D
framework, the input for generating innovations is information.
Useful insights—the prerequisites of innovations—are the outcomes of the ‘creative quantum’ (or information ﬁlter) after
evaluating, connecting, comparing, and imagining based on
information input. Therefore, to increase the probability of
generating innovations, one has to increase the number of useful
insights, which can be achieved by increasing the amount of
information processed and the processing speed.
Open science—making scientiﬁc data and information swiftly
available and shared (Forni et al., 2021; Zastrow, 2020)—was a
typical example of increasing the amount of information. Since
the ﬁrst genome sequence of the SARS-CoV-2 was shared on
GISAID and Nextstrain in early January, the number of shared
data on these platforms has increased rapidly (Shu and
McCauley, 2017; Zastrow, 2020). Also, in January 2020, a
statement titled “Sharing research data and ﬁndings relevant to
the novel coronavirus (Covid-19) outbreak” was signed by 117
organizations, including journals, publishers, funding bodies, and
centers for disease prevention. Some notable practices of the
initiative are removing paywalls to scientiﬁc documents and
making use of preprint servers (Wellcome, 2020).
Two months later, the initial commitment was reinforced by
the Public Health Emergency Covid-19 Initiative launched by 12
countries (Wellcome, 2020). After that, scientists, lawyers, and
technology companies—like Intel, Facebook, Amazon, IBM,
SandiaNational Laboratories, Hewlett Packard, Microsoft, Uber,
Open Knowledge Foundation, the Massachusetts Institute of
Technology, and AT&T – continued to launch the Open COVID
Pledge (Open COVID Pledge, 2020), calling individuals to make
their intellectual property available and free of charge to help ﬁght
the Covid-19 pandemic. Furthermore, many other remarkable
initiatives and programs offer resources for scientiﬁc research,
namely: CORD-19 (CORD-19, 2020), MOBS Lab, MIDAS,
ELIXIR, COVID-19 Data Portal, Covid-19 High-Performance
Computing Consortium, etc. (Wellcome, 2020).
Besides sharing research data, tools, and ﬁndings, rapid
dissemination of research results for open dialog was another
prominent way of facilitating the insight generation process
(Vuong, 2017). It was found that Covid-19 related preprints on
bioRxiv and medRxiv were accessed, cited, and shared more than
those not related to Covid-19 (Fraser et al., 2021). Majumder and
Mandl (2020) suggested that preprints might be driving the
Covid-19 discourse due to its speed of information dissemination.
For increasing the disseminating speed of research ﬁndings, peerreviewed journals also prioritized processing articles involving
Covid-19. An analysis of 14 journals, mainly in virology,
indicated that the average number of days between submission
and publications during the pandemic had declined almost a half
compared to that before the pandemic (Kwon, 2020).
4

The outcomes of increasing the amount of information and
processing speed were impressive. It was estimated that more
than 200,000 Covid-19 related journal articles and preprints had
been published by early December. Most research in the early
period of the pandemic (from January to April) modeled the
spread of disease, people hospitalized, and diagnostic and testing
outcomes. Later, research topics became more diverse, with a
larger number of studies about public health, diagnostics, mental
health, etc. (Else, 2020).
However, inherent risks were also the by-products of the
innovation-creating process, especially in the high-entropy setting
(e.g., the early stage of the pandemic). One of the most signiﬁcant
risks was disseminating inaccurate information and poor-quality
research through preprint posting practices (Martins et al., 2020)
and rapid scientiﬁc publication among medical journals
(Horbach, 2020; Khatter et al., 2021). One notable example
regarding the bad inﬂuence of low-quality preprints was the
report about the incubation period for Covid-19 by the national
newspaper in Singapore (The Straits Times) on February 27, 2020,
based on the incorrect interpretations of a non-peer-reviewed
preprint (Bagdasarian et al. 2020). Months later, the retraction of
publications from two prestigious medical journals on June 4,
2020, The Lancet (Mehra et al., 2020) and The New England
Journal of Medicine (Mehra et al., 2020), reinforced the critics of
poor-quality research due to rapid scientiﬁc publication. For
instance, the retraction of a paper about hydroxychloroquine’s
impact on Covid-19 from The Lancet caused strong reactions in
the scientiﬁc communities and across the public (Ledford and
Van Noorden, 2020). It is also worth noting that WHO stopped
clinical trials on hydroxychloroquine as a treatment for Covid-19
on June 17, 2020, due to their ineffectiveness (WHO, 2020b).
In the 3D process, the ‘creative quantum’ also has the function
of discarding ‘garbage’ or waning information, apart from
generating insights. It was similar in the scientiﬁc production
process. The preprint servers’ moderators and journals’ editors
imposed additional quality control methods to improve the
credibility of information and insights from preprint systems and
rapid scientiﬁc publications (Bauchner et al., 2020; Kwon, 2020).
In particular, papers submitted to BioRxiv and medRxiv have to
undergo a two-tiered vetting process: in-house staff screening and
volunteer academics or subject specialists’ examinations (Kwon,
2020). For ensuring the credibility of research ﬁndings while
maintaining the rapid publication process, journals, such as
JAMA (The Journal of the American Medical Association), had
relied on their abundance of editorial resources and postpublication feedback system (e.g., online comment platform)
(Bauchner et al., 2020).
The Retraction Watch initiative by the Center for Scientiﬁc
Integrity also joined hands to vet the research quality of published
articles. They created a separate site for tracking the retracted
Covid-19 papers. By now, 139 papers have been retracted,
according to Retraction Watch (2021). Still, a retraction reporting
mechanism is required to clarify “who initiated it; the cause (such
as severe errors, plagiarism or fraudulent practices); whether there
is consensus between editors and authors about it; and whether
post-publication review (such as comments on PubPeer) was
involved” (Vuong, 2020). Furthermore, the sole efforts of
organizations, publishers, and journals are never enough to ensure
research integrity. Striving to create high-quality studies is also the
responsibility of authors. They must be honest by not fabricating,
falsifying, and misrepresenting data (Bauchner et al.,2018).
Coordinated efforts through the 3D framework
When the world became determined to produce vaccines for
Covid-19, the 3D process of creativity was the creative production
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Fig. 2 The 3D process of vaccine development and production.

and management of the vaccine development process. The
information inputs were more organized at this stage, directions
were clearer, and predictions were more accurate. The governments, WHO, pharmaceutical manufacturers, scientiﬁc communities, trial participants, media, etc., all contributed to creating an
ecosystem of information with a common purpose. Those
interdisciplinary-coordinated efforts are presented in Fig. 2. It
should be noted that the orange icon represents ‘within discipline’
efforts, the blue icon represents ‘out-of-discipline’ efforts, and the
purple icon represents both.
Expertise. The 3D process’s aspect of ‘within-discipline’ can be
observed because all the top institutes and organizations directly
carrying out the vaccine development and production process
have the human resources (e.g., researchers and managers) who
can be considered among the best within the discipline of making
the vaccine. This can be viewed as the optimal knowledge and
insights necessary for the creative process.
The ﬁrst Covid-19 vaccine that completed phase 3 in the world,
Pﬁzer/BioNTech BNT162b2, is the product of Project Lightspeed
(BioNTech) administered by the corresponding companies,
research institutes, and governmental bodies. It was the
combination of the mRNA-based technology of BioNTech
(Germany) and Pﬁzer’s global vaccine development capacities
(US). The collaboration between Pﬁzer and BioNTech on Covid19 mRNA vaccine development started from March 2020 (also
with Fosun Pharma—China), accelerating human trials for
multiple vaccine candidates in May 2020. Pﬁzer’s Chief Scientiﬁc
Ofﬁcer and President Mikael Dolsten stated that this could be
considered an ‘unprecedented collaboration across the innovation
ecosystem’ (Pﬁzer, 2020b). With the supply chain including 40
Pﬁzer-own sites and more than 200 global suppliers, in
November 2020, they were projected to produce 1.3 billion
vaccine doses in 2021 (Pﬁzer, 2020a).
On April 17, 2020, the NIH announced the Accelerating
Covid-19 Therapeutic Interventions and Vaccines (ACTIV)
public-private partnership in the US. The ACTIV initiative

focuses on four areas (pre-clinical, therapeutics, clinical trial
capacity, and vaccines), each of which was led by a group of
senior scientists (National Institutes of Health). The National
Institute of Allergy and Infectious Diseases (NIAID) of the NIH
carried out many large-scale clinical research studies with phase 3
trials on different Covid-19 vaccine candidates in 2020 alongside
other trials for treatment (National Institutes of Health).
Additionally, in a global crisis, the issue of expertise was also
considered on international levels. On October 2, 2020, CEPI
announced establishing a global network of laboratories to
compare immunological responses of Covid-19 vaccines (CEPI,
2020; Kumar et al., 2021). All Covid-19 vaccine developers in the
world can utilize the network to quickly and accurately assess
candidates. On April 16, 2021, WHO decided to establish a
vaccine technology transfer hub to help increase the capacity of
low-income and middle-income countries in producing Covid-19
vaccines, which includes providing technology packages and
appropriate training (World Health Organization, 2021c). The
transfer hub initially focused on mRNA vaccine technologies but
would expand further in the future. In June 2021, the ﬁrst mRNA
vaccine technology transfer hub was established in South Africa
(World Health Organization, 2021f).
Collaborations. The 3D process’s aspect of ‘out-of-discipline’ can
be observed through the huge network of partnerships and
engagement among various stakeholders and participating organizations across multiple ﬁelds. Developing and producing vaccines in times of crisis requires global interdisciplinary
coordination, such as biomedical research (e.g., laboratories),
manufacture (e.g., pharmaceutical companies), management (e.g.,
international organizations, governments, and public healthcare
systems).
On April 24, 2020, WHO, European Commission, France, and
the Bill & Melinda Gates Foundation co-hosted the Access to
Covid-19 Tools (ACT) Accelerator—a global-scale collaboration
framework for rapid research and development as well as
resources mobilization (World Health Organization). Many large
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global organizations participated in this partnership, including
the World Health Organization (WHO), the Coalition for
Epidemic Preparedness Innovations (CEPI), Gavi, the Vaccine
Alliance, the Global Fund to Fight AIDS, Tuberculosis, and
Malaria (Global Fund), Unitaid, the Foundation for Innovative
New Diagnostics (FIND), the Wellcome Trust, the World Bank
Group, the Bill & Melinda Gates Foundation, and the United
Nations Children’s Fund (UNICEF). Within the ﬁrst 12 months
of operation, the ACT Accelerator mobilized the total funding of
14.1 billion USD from both the public and private sectors (World
Health Organization, 2021a).
The ACT Accelerator has three pillars of Diagnostics,
Therapeutics, Vaccine, supported by the Health Systems Connector and the country allocation and access workstream.
Without global collaboration, if governments uncoordinatedly
try to supply their populations by signing agreements with
pharmaceutical manufacturers (the so-called “vaccine nationalism”), it may result in a global GDP loss of up to $1.2 trillion a
year (Hafner et al., 2020). The vaccine pillar—Covid-19 Vaccines
Global Access (COVAX)—accelerates the development and
manufacture of vaccines, research agenda for new variants, and
ensures equitable global distribution. COVAX invested 1.2 billion
USD in the vaccine development process (World Health
Organization, 2021a).
In the US, on May 15, 2020, the Trump Administration
announced an operation for facilitating and accelerating the
development, manufacturing, and distribution of Covid-19
vaccines, therapeutics, and diagnostics with an initial budget of
10 billion USD (U.S. Department of Defense, 2020). This was
originally known as Operation Warp Speed. The operation is a
joint effort by the Department of Defense (DOD) and the
Department of Health and Human Services (HHS); including the
familiar US organizations: the Centers for Disease Control and
Prevention (CDC) and the Food and Drug Administration
(FDA), as well as the National Institute of Health (NIH) and the
Biomedical Advanced Research and Development Authority
(BARDA) (U.S. Department of Defense). The cooperation also
extended to private ﬁrms and other federal agencies, including the
Department of Agriculture, the Department of Energy, and the
Department of Veterans Affairs (National Institutes of Health,
2020).
It is also worth noting that the battle against misinformation at
this stage expanded more on the front of information about
Covid-19 vaccines. For example, there were conspiracy theories
spreading on social media platforms about microchips in
vaccines, genetic modiﬁcations, and pharmaceutical proﬁts
(Hotez et al., 2021; Ullah et al., 2021). Thus, the future success
of the vaccine development and production process continued to
rely on the efforts from the governments and media to prevent
misinformation.
Protocols and authorizations. The 3D process’ aspect of the
‘disciplined process’ can be observed through the strict protocols
to ensure the vaccines’ safety and efﬁcacy. This includes every
step of the development and production process, from pre-clinical, to clinical trials, manufacture, and administration.
WHO has been rigorously tracked detailed information about
vaccine candidates in pre-clinical and clinical development to
monitor their safety and efﬁcacy (World Health Organization,
2021b). As of June 6, 2021, there were 184 vaccines in pre-clinical
development and 104 in clinical development. Among those in
clinical trial phases, protein subunit type accounts for 32% of
candidates, followed by non-replicating viral vector type, which
accounts for 15%. Their data set includes links to reports for each
phase of trials and phase 3 endpoints per protocol for each
6

candidate. The WHO uses the Emergency Use Listing Procedure
(EUL) (World Health Organization) to approve the emergency
use of vaccines. As of May 18, 2021, WHO has approved the
emergency use for the following vaccines: AstraZeneca-Oxford,
Pﬁzer-BioNTech, Sinopharm-BBIBP-CorV, Moderna, Sinovac,
and Johnson & Johnson (World Health Organization, 2021d).
Even though it was desirable to speed up the vaccine
development process as much as possible, maintaining a highly
disciplined system helped prevent risky compromises, such as the
vaccine evaluation processes in Operation Warp Speed (National
Institutes of Health, 2020; U.S. Government Accountability
Ofﬁce, 2021). On December 2, 2020, the UK became the ﬁrst to
issue emergency use authorization (EUA) to Pﬁzer-BioNTech BNT162b2 vaccine (Ledford et al., 2020). On December 11, 2020,
the FDA of the US also issued EUA to the Pﬁzer-BioNTech
Covid-19 vaccine (U.S. Food and Drug Administration, 2021).
Here, we can also see that creativity must satisfy both
conditions of originality (new vaccine development and production methods) and effectiveness (safe vaccines with sufﬁcient
efﬁcacy). Cooperation among component parties is crucial in the
process (e.g., labs and research institutes working on biomedical
research, the governing bodies setting standards and supervising,
the pharmaceutical ﬁrms preparing for mass-production, etc.)
Through the multifactor process of vaccine development and
production, we can see that the three aspects of 3D are deeply
intertwined like a trefoil knot and cannot be separated.
Additionally, we can derive two important points. Firstly, the
result of this creative process—the ‘a-ha!’ moment of successfully
creating an effective vaccine—is not serendipitous (although it
needs many serendipities as inputs) (Napier and Hoang Vuong,
2013). Rather, it is a product of a disciplined process utilizing
high-quality sources of information and insights (from out-ofdiscipline and within-discipline experts). Secondly, this process of
creativity is directional and can be sped up. By providing the
optimal conditions (as good as possible working environment) for
the creative process, we can increase the probability of radically
innovative products being born. Indeed, it is not likely that simply
by random chance, humans would be able to produce vaccines
that were formerly thought to take about ten years in less than
a year.
The vaccine arrivals in the world
The vaccine rollout does not only prevent public health loss due
to Covid-19 but is also prospected to provide substantial economic values. According to Sandmann et al. (2021), the introduction of vaccines would considerably reduce the economic loss
due to Covid-19 of the UK in the next 10 years. However, small
outbreaks could continue to emerge (Sandmann et al., 2021). The
introduction of the Covid-19 vaccine is crucial for the economic
recovery that the International Monetary Fund (IMF) Managing
Director called it the ‘most important economic policy of 2021
and urged to get 40% of the global population vaccinated by the
end of this year, and around 60% by June 2022 (Amaro, 2021).
After the release of vaccines, many countries worldwide have
rapidly deployed vaccination campaigns (see Table 1). The top
ﬁve countries that had the highest number of vaccine doses
administered per 100 people until June 28, 2021, were: Israel
(123.75), the UK (113.48), the US (96.68), Canada (94.05), and
Germany (86.20) (Mathieu et al., 2021). As a result, some of them
also belong to the top ﬁve countries with the greatest percentage
of fully vaccinated population: Israel (59.61%), the UK (48%), the
US (45.76%), Germany (35.13%), and Italy (29.45%) (Mathieu
et al., 2021).
Among nationwide vaccination campaigns that have been
conducted, Israel’s vaccine rollout could be considered the fastest.
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June 18–August 3,
2020 (76
participants)
(Logunov et al., 2020)

Phase 1 date
(Participants)

Authorized by the
Department of Health
and Social Care (UK)
on December
30, 2020
Authorized by the Food
and Drug Administration
(US) on December
18, 2020

2 shots, 28 days apart
2–8 °C
1 month
(Moderna, 2021)

Authorized by Medicines
and Healthcare products
Regulatory Agency (UK) on
December 2, 2020

2 shots, 21 days apart
2–8 °C
1 month
(Administration, 2021)

Authorized by the
Russian Ministry of
Health on August
11, 2020

2 shots, 21 days apart

2–8 °C
2 months
(Japaridze, 2021)

$3–$27.15
74 countries

Number of shots
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Storage
temperature
and time

Price per dose
Authorization
countries
(Wikipedia, 2021)

$6.75–$19.5
113 countries

$15–$37
77 countries

2 shots, four to twelve
weeks apart
2–8 °C
6 months (Khan
Sharun &
Dhama, 2021)
$2.19–$13.27
172 countries

Adenovirus vector

First authorization
date and
organization

RNA

Around 70.4%

RNA
Around 94.1%

Type
Around 95%

NA
23 April–November 4,
2020 (23,848
participants) (Voysey
et al., 2020)

Around 91.6%

April 16 – May 22,
2020 (144
participants) (Zhang
et al., 2021)
May 3–June 2, 2020
(600 participants)

April 23–May 21, 2020
(1077 participants)
(Folegatti et al., 2020)

$5–$32.52
49 countries

Inactivated virus
vaccines
Around 84% in
Turkey, 67% in
Chile, 65% in
Indonesia, and 51%
in Brazil (SAGE
Working
Group, 2021)
Authorized by the
National Medical
Products
Administration
(China) on February
6, 2021
2 shots, 21 or more
days apart
2–8 °C
3 years (Kim &
Liu, 2021)

Sinovac Biotech
(China)

Oxford University
(UK) and AstraZeneca
(UK and Sweden)

Efﬁcacy

27 July–November 14, 2020
(43,448 participants)
(Polack et al., 2020)

CoronaVac

AstraZeneca-Oxford
AZD1222

September
7–November 24,
2020 (21,977
participants)
(Logunov et al., 2021)
Adenovirus vector

May 29–July 8, 2020
(600 participants) (Chu
et al. 2021)
July 27 – October 23,
2020 (30,420
participants) (Baden
et al., 2020)

Moderna, the United
States National Institute
of Allergy and Infectious
Diseases and the
Biomedical Advanced
Research and
Development
Authority (US)
March 16–April 14, 2020
(45 participants)
(Jackson et al., 2020)

Pﬁzer (US) & BioNTech
(Germany)

May 4–June 19, 2020 (45
participants) (Mulligan
et al., 2020)

Moderna mRNA-1273

Pﬁzer-BioNTech
BNT162b2

Phase 3 date
(Participants)

Phase 2 date
(Participants)

Gamaleya Research
Institute of
Epidemiology and
Microbiology (Russia)

Developer
(Country)

Sputnik V

Table 1 Details of ﬁve most notable and widely used vaccines.

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-022-01034-6

REVIEW ARTICLE

7

REVIEW ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-022-01034-6

Three months after the rollout began (from December 19 to
March 19, 2021), ~60% of the population had been vaccinated
with at least one dose (Mathieu et al., 2021). An observational
study in Israel found that two doses of Pﬁzer-BioNTech
BNT162b2 were highly effective in preventing SARS-CoV-2
infections and Covid-19 related hospitalizations, severe diseases,
and death across all age groups (Haas et al., 2021). Other countries deploying vaccination campaigns also witnessed a decrease
in conﬁrmed cases and deaths. An exemplary case is the US. Since
its mass campaign on December 14, 2020, the 7-day rolling
average of daily new conﬁrmed cases and deaths per million
people has declined from 655.45 and 7.75 to 36.03 and 0.87 (as of
June 27, 2021) (Mathieu et al., 2021).
Russia launched the Sputnik V vaccine on August 11, 2020,
followed by controversies as the world digested the new information. While the developers touted the safety and efﬁcacy of
Sputnik V, others expressed concerns about the early approval of
the vaccine from the Russian government, as it did not only
involve health aspects but also how the geopolitics pressure might
cause other countries to cut corners in the development process
as well (Al Jazeera, 2020; Balakrishnan, 2020). Although still
skeptical in the ﬁrst half of 2021, the global perception has shifted
toward more neutral or even positive responses (DW, 2021a;
Jones and Roy, 2021). Russia’s President Vladimir Putin was
vaccinated with Sputnik V in March 2021, saying that the vaccine
was “the best in the world”. Although domestic vaccine supply
was considered relatively more available compared to other
European countries’ situations, the national vaccination campaign
in Russia faced trust issues such as logistics in rural areas and
misinformation, leading to low willingness (DW, 2021b). As of
June 2021, Russia has administered more than 38 million doses,
with a weekly average of more than 450 thousand doses (Reuters).
As of December 2021, Sputnik V was still under evaluation for
emergency use authorization by the WHO. Still, two EU member
states (Hungary and Slovakia) had rolled out the vaccine quite
early (Euronews, 2021).
The Covid-19 Chinese vaccine BBIBP-CorV (by Sinopharm)
and CoronaVac (by Sinovac Biotech) are late-comers compared
to other popular names such as Pﬁzer-BioNTech, AstraZenecaOxford, or Sputnik V. Due to their relatively lower and varied
efﬁcacy rates, the vaccine did not sound too impressive to the
global media in the ﬁnal months of 2020 (CNBC, 2020; Reuters,
2020a, 2020b). The Chinese government approved the public use
of the Sinopharm and Sinovac Covid-19 vaccine, respectively, on
December 31, 2020, and February 6, 2021 (Reuters, 2021a). The
WHO only approved the Sinopharm and Sinovac Covid-19
vaccine for emergency use, respectively, on May 7 and June 1,
2021 (World Health Organization, 2021e, 2021g). As of June
2021, China’s daily Covid-19 vaccine administration reached an
impressive number of 20 million (Mallapaty, 2021).
The Russian and Chinese Covid-19 vaccines have brought a
signiﬁcant property into the free market following the principle of
innovation management: more choices. In the partnership of
COVAX, on May 27, 2021, UNICEF announced a long-term
agreement regarding Sputnik V vaccine supply, with the access of
220 million doses in 2021 (UNICEF, 2021). In February 2021,
China also planned to provide 10 million vaccines to the COVAX
initiative (Reuters, 2021b). More varieties of good innovative
products are most welcome as the world, especially low- and
middle-income countries, has been facing Covid-19 vaccine
shortage and distribution inequality.
As Covid-19 vaccination programs have been rolled out to
quickly achieve herd immunity in many high-income countries,
the progress in other regions of the world is still insufﬁcient. The
OECD realized this inequity and inefﬁciency in the global effort
to save lives and gain back control; thus, their new policy on
8

vaccine access aims for international distribution with long-term
strategies for sharing intellectual property and technology transfer
facilitation (OECD, 2021). With a globally open platform for
knowledge of Covid-19 vaccine development, such as WHO’s
Covid-19 Technology Access Pool (C-TAP) (World Health
Organization) and vaccine technology transfer hub (World
Health Organization, 2021c), low- and middle-income countries
can accelerate their vaccine making processes. Unlike simply
repeating existing procedures, by applying the 3D approach of
creativity to valuable insights from former projects, such inputs
become the stepping-stone for further innovation. The results will
be “vaccines become available where needed most” and effectively
prevent or resolve local problems (e.g., logistics issues in speciﬁc
areas or potential future mutation variants).
Around the world, at this time (December 2021), more than
100 Covid-19 vaccine candidates are currently going through
clinical trials. It is worth mentioning that China has authorized
seven homegrown Covid-19 vaccines for public use (GAVI). As
an example of the innovation acceleration, while Vietnam is still
facing obstacles in COVID-19 vaccination due to ﬁnancial constraints, open science and global cooperation have helped increase
their capacity related to vaccine development and production. In
June 2021, the Vietnam Ministry of Health proposed joining the
Covid-19 vaccine technology transfer program of COVAX,
offering a domestic vaccine factory for the global supply (Le,
2021). Additionally, Vietnam’s homegrown Covid-19 vaccine
named Nano-Covax was announced on June 11, 2021, to enter
clinical trials phase 3 (Vietnam Ministry of Health, 2021).
Critical lessons for further improvements and efﬁciency of
vaccination programs
Within a year since the ﬁrst data of the SARS-CoV-2 genome
sequence was shared on January 10, 2020, several vaccines were
developed and authorized by at least ﬁve countries. If we considered global cooperation an “international organization”,
Covid-19 vaccine creation would be a collective-scale innovation.
This innovation resulted from a consecutive process to absorb,
ﬁlter, evaluate, connect, and compare information suggested by
the 3D creativity management framework. The process did not
stop even when the innovation (e.g., vaccines) was born because
the ﬁght against Covid-19 still has a long way to go.
Humans need to continue conducting not one but many more
creativity-making processes to develop global herd immunity and
return to normalcy. One of the ﬁrst steps is to develop modiﬁed
vaccines to protect against vaccine-resistant variants (Krause
et al., 2021). The SARS-CoV-2 virus does not stand still and waits
for us to develop active immunity. Rather, they mutate into other
variants that can be more transmissible and virulent, posing risks
even for people who were previously infected or vaccinated (a.k.a.
breakthrough infections) (Abu-Raddad et al., 2021; Kustin et al.,
2021), such as the B.1.1.7 (or alpha), the B.1.135 (or beta), the P.1
(or gamma), and B.1.617.2 (or delta). For starting the creative
process of making modiﬁed vaccines that help protect against
viral variants, increasing information input (e.g., variants’ genome
sequence, the efﬁcacy of existing vaccines on variants, trials’
results of new vaccines, etc.) is crucial.
Acquiring vaccines does not necessarily mean that herd
immunity will be achieved. Besides the challenges from viral
variants, governments also face a high level of reluctance to take a
vaccine among their populations. Despite being the ﬁrst country
to register a Covid-19 vaccine and producing vaccines with
around 91% efﬁcacy, Russia has struggled to persuade its population to be vaccinated (Chistikova and Elbaum, 2021). By June
27, 2021, only 14.81% of the Russian population had been vaccinated at least once, ~10% lower than the world’s record
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(23.10%) (Mathieu et al., 2021). Other examples of vaccine
reluctance are the US—a country with the fastest rise in the
Covid-19 vaccine stockpile (Whitehurst and Willingham, 2021),
and Israel—a country with the highest number of vaccines relative to its population (as of June 27, 2021) (Mathieu et al., 2021).
Both have been experiencing high levels of vaccine reluctance
among their populations. While the vaccination rates in the US
fall off quickly during June 2021 (Diamond et al., 2021; Whitehurst and Willingham, 2021), Israel’s percentage of people
receiving at least one dose of Covid-19 vaccine only grew slowly
from 54.04% (February 27, 2021) to 64.14% (June 27, 2021) after
four months (Mathieu et al., 2021).
Such vaccine hesitance issues raise the demand for another
creativity process to increase vaccine acceptance among populations around the globe. The outcome does not seem to be much
affected by vaccines’ effectiveness in this process. The public
willingness to be vaccinated was mostly unchanged after a public
announcement that the vaccines were 95% effective (Kaplan and
Milstein, 2021). Vaccine hesitancy is more likely to be predicted
by socio-cultural and political factors (Dror et al., 2020; Hornsey
et al., 2020; Kaplan and Milstein, 2021; Robertson et al., 2021;
Wilson and Wiysonge, 2020). For this reason, the knowledge
management process for vaccine hesitancy reduction goal
requires interdisciplinary strategies to absorb and ﬁlter information. On the one hand, knowledge from social sciences plays a
pivotal role in positively changing human behaviors (McCullough
Chavis, 2011; Rosenﬁeld, 1992; Van Bavel, Baicker et al., 2020;
Vuong et al., 2018, 2020; Vuong and Napier, 2015) and suggesting evidence-based policymaking (Mervis, 2017; Vuong and
Tran, 2019), especially regarding health communication (Van
Bavel et al., 2020). Many scientists have suggested that sociocultural and institutional aspects are strong predictors of citizens’
compliance with and endorsement of public health policies
(Huynh, 2020; Van Bavel et al., 2020). On the other hand,
combating misinformation, disinformation, fake news, conspiracy
theories, and the anti-vax movement is essential for improving
willingness to be vaccinated (Schwarzinger and Luchini, 2021).
More speciﬁcally, attaining more insights about the perceptions,
behaviors, activities, and narratives that facilitate the circulation
of false information (e.g., conspiracy theories, misinformation,
etc.) will support prevention efforts against the anti-vaccination
infodemic and improve public communication effectiveness of
scientiﬁc insights (Chan et al., 2021; Germani and BillerAndorno, 2021).
The third creativity management process that began after
successfully creating Covid-19 vaccines is how to make Covid-19
vaccines distributed equally. Since some Covid-19 vaccines were
authorized for emergency use, the unequal distribution of vaccines has emerged internationally (Sawal et al., 2021). More
speciﬁcally, of 832 million vaccine doses administered, 82% was
distributed to high- or upper‑middle-income countries, whereas
low-income countries only received 0.2% of the total (United
Nations, 2021). The unequal distribution might result in vast
disparities in health and economic well-being (Katz et al., 2021).
There are several reasons behind the unequal distribution. The
high cost and technical requirements of delivering vaccines and
transferring vaccine technology are some of them (Katz et al.,
2021; Sawal et al., 2021; Vuong, 2018). To reduce such costs,
besides continuing to innovate vaccines to be more affordable and
easier to stockpile (e.g., one-dose vaccines), vaccines have to be
allocated more efﬁciently with the right supply for the real
demand. Therefore, sufﬁcient information regarding the real
situations among countries and prices of vaccines worldwide is
required for global distributors, like COVAX, to deliver vaccines
equitably to low- and middle-income countries.
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For effectively and efﬁciently processing information within
the creativity management (3D) processes mentioned above, the
WHO has to keep the “discipline of the system”. Regulatory
convergence and interdisciplinary-coordinated policy responses
are key factors in keeping the global corporation operating
smoothly for developing Covid-19 vaccines. Their roles are again
needed in developing modiﬁed vaccines for viral variants,
improving vaccination rates, and equitably allocating vaccines.
The virus is mutating, so we need to monitor the current situation
closely and prepare against future risks proactively (Vuong,
2019).
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