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Abstract 

Using the World Health Organization’s database of candidate vaccines and other secondary data 

sources, we created a country-level database of (i) the types of collaborations and country-level 

determinants of technological capabilities for developing a COVID-19 vaccine, and (ii) a measure 

of countries’ readiness for and progress towards developing a COVID-19 vaccine. We examine 

the effects of these collaborations and determinants on countries with distinct levels of readiness 

and progress. Private-private collaborations have a strong impact in countries with low levels of 

readiness and progress, while public-public collaborations are negatively significant. The 

resilience of public organizations in countries with low levels of readiness and progress needs to 

be strengthened against major future health challenges. Countries with high levels of readiness 

and progress have a long-established pool of R&D capabilities and collaborations with domestic 

and foreign biopharmaceutical organizations. They have the advantage of being able to dip into 

this pool to rapidly develop a viable and marketable COVID-19 vaccine.  

 

Keywords: COVID-19; vaccine; technological capabilities; biopharmaceutical industry; public-

public collaborations; private-private collaborations; private-public collaborations; local 
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1. Introduction 

Efforts in science, technology and innovation have underpinned the responses to and management 

of the global COVID-19 health emergency. These efforts have been key in assisting national 

authorities to secure a steady supply of food, medicines and other COVID-19-related essentials. 

Both the media and scholars argue that collaborative approaches are the driving force of efforts 

to contain the pandemic. Efforts to foster academia-industry collaboration as the basis for 

innovation have yielded alternative solutions to address COVID-19 supply shortages, to minimize 

the impacts on global supply chains or to tailor solutions to local contexts (BID, 2020). Moreover, 

advances in scientific and technological knowledge, building on the active collaboration of 

multiple actors at different levels, have facilitated the development of several candidate COVID-

19 vaccines at unprecedented speeds. To date, Pfizer-BioNTech’s COVID-19 vaccine, marketed 

as Comirnaty, is the first COVID-19 vaccine to have been fully approved by several health and 

drug regulatory agencies as a prophylactic against the COVID-19 disease across different age 

groups (European Medicines Agency, 2021; FDA, 2021). Such collaborations have also been key 

for rolling out the production and distribution of various COVID-19 vaccine candidates across 

the globe (Druedahl et al., 2021; Forman et al., 2021). The availability of COVID-19 vaccines 

spurs hope that the way out of the pandemic is within reach, at least in those countries that develop 

and produce vaccines, or in countries with sufficiently deep pockets, advanced foresight and/or 

the ability to negotiate and gain rapid access to vaccines.1  

This paper focuses on ‘developer’ countries that have joined the race to develop a COVID-19 

vaccine. We postulate that their ability to successfully develop a vaccine hinges on the 

collaboration capabilities of the organizations involved, which we consider an output of the 

developer countries’ overall national technological capabilities. We conceptualize success as 

vaccines that have reached Phase IV in the clinical trial process, i.e. have reached the vaccine 

development process’ market phase, and approval for emergency use in the fight against the 

current public health emergency (Office of the Commissioner, 2021). Our research question 

therefore is: what types of organizational collaborations determine a country’s readiness for and 

progress towards successfully developing a COVID-19 vaccine? 

To answer this question, we adopt the national technological capability approach (Archibugi and 

Coco, 2004, 2005; Archibugi et al. 2009; Lall, 1992), according to which country-level 

capabilities are based on the interplay between incentives, institutions, physical investment, 

human capital and technological efforts. These factors, in turn, determine the innovative 

                                                            
1 We acknowledge that availability of vaccines has been insufficient, as both the approval and demand for 

COVID-19 vaccines determine and constrain their roll out across the world. 
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capabilities of organizations in developer countries. We contend that organizations’ capacity to 

innovate implies the existence of collaboration capabilities. 

The remainder of this paper is structured as follows. Section 2 presents a literature review of types 

of collaborations for developing biopharmaceutical innovations, industrial policies for building 

collaboration capabilities in healthcare and biopharmaceuticals and what we presently know about 

collaborations in the COVID-19 vaccine landscape. Our methodology is outlined in Section 3, 

and our results are discussed in Section 4. Section 5 concludes with a discussion on the 

implications of such collaborations and the building of national technological capabilities to 

address huge health challenges. We also propose future areas of research. 

2. COVID-19 vaccine development: a collaborative endeavour 

2.1 Organizational collaborations to develop biopharmaceutical innovations 

Innovation is a systemic, non-linear, interactive and socially determined process, which 

encompasses several sources of knowledge that are necessary to generate it. Firms are considered 

the locus of innovation, but several studies (Arora and Gambardella, 1994; Frenz and Ietto-Gillies, 

2009; Scandura, 2016) demonstrate that firms cannot depend on their internal resources alone to 

innovate. Knowledge quickly becomes obsolete, forcing firms to continuously seek new and 

external sources of knowledge to gain competitive advantages through innovations (Arora and 

Gambardella, 1990).  

The biopharmaceutical industry—a science-based sector according to Pavitt’s (1984) 

taxonomy—rests on scientific knowledge, a key ingredient of innovation (Jensen et al. 2007; 

Parrilli and Heras, 2016), thus necessitating organizational collaboration between different 

scientific actors. Biopharmaceutical firms are more inclined to developing closer relationships 

with universities. Triulzi, Pyka and Scholz (2014) find that interactions with universities 

significantly enhance biopharmaceutical firms’ innovation potential, as universities can pursue a 

wider range of research and possess a more exclusive set of know-how (Rosenberg and Nelson, 

1994). Hence, collaboration with universities is crucial for expanding scientific knowledge and 

generating new discoveries, but also to have access to and to be able to utilize valuable resources, 

such as renowned scientists and advanced research facilities (Subramanian, Lim and Soh, 2013).  

When academic research is translated into commercial applications, firms apply both explicit and 

tacit components of new knowledge, which are often interdisciplinary and complex (Arora and 

Gambardella, 1994). Relationships with universities increase firms’ pool of human resources—a 

pool that already possesses the practical knowledge to work in the given industry—with additional 

technical and scientific knowledge. That is, knowledge exchange between the industrial and 
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academic sectors is an essential mechanism for bringing science to the market and for promoting 

innovation and economic growth (OECD, 2002; Perkmann et al., 2021). 

The development of innovations in the biopharmaceutical industry is a lengthy process that 

consists of several phases – from identifying a molecule to the pre-clinical phase, which involves 

toxicology and security studies on animals, to Phases I to IV involving clinical trials in humans. 

A controlled number of volunteers participates in Phases I to III, a mandatory prerequisite when 

applying for commercialization approval from the appropriate regulatory agencies. Marketing 

approval is gained in Phase IV once safety and efficiency under conditions of normal use have 

been proven (Abecassis and Coutinet, 2008).  

This process is long, costly, uncertain and complex. Stringent regulatory standards must be met 

not only in research, but also in production and commercialization. The increasing regulatory 

requirements since the 1990s have intensified change in the vertical movement of research and 

development (R&D) phases in the biopharmaceutical industry, giving rise to a new set of 

collaborators, namely contract research organizations in R&D outsourcing (Abecassis and 

Coutinet, 2008). Moreover, the emergence of biotechnology has increased the complexity and 

requirement to master different types of knowledge for drug development (Malerba and Orsenigo, 

2015). These changes continue to expand the need for collaborations in the development of new 

drugs.  

Regardless of these changes, biopharmaceutical firms’ internal R&D activities remain crucial to 

their own operations, enabling accumulation of the necessary capabilities to absorb new 

knowledge, i.e. absorptive capacity, generated through interactions with other collaborators 

(Cohen and Levinthal, 1990). In fact, it has been demonstrated that firms that are capable of 

establishing a balance between internal R&D investment and external collaborations are more 

innovative (Arora and Gambardella, 1990; Bercovitz and Feldman, 2007; Gilsing and 

Nooteboom, 2006; Hess and Rothaermel, 2011).  

Biopharmaceutical firms that conduct joint R&D activities with universities expand their existing 

knowledge application, which results from several technological controls during the development 

of patented technologies (Soh and Subramanian, 2014). Such partnerships can stimulate other 

types of collaboration as well, since universities improve firms’ technological opportunities and 

strategies to cooperate in R&D (Belderbos et al., 2004).  

The internationalization of R&D collaboration in the biopharmaceutical industry is important for 

gaining access to foreign and often more advanced knowledge to improve one’s own 

competitiveness. International collaborations have increased since 2006 (Hu, Scherngell, Qiu and 
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Wang, 2015), evolving from a monocentric network spearheaded by the United States (henceforth 

U.S.) to a more dispersed and denser network consisting of a wider distribution of R&D 

collaborations between a larger number of countries, particularly European countries. Hu et al. 

(2015) show that the U.S.’ relative dominance—from a network perspective—has decreased over 

time, while intra-European R&D collaborations have intensified; collaborations with, and among 

developing countries have remained static.  

Such shifts in the structure of networks denote a shift in the type and intensity of collaborations 

which often hinge on countries’ history, institutions, stage of development and degree of 

knowledge accumulated within their organizations (Faulkner and Senker, 1994). Developed 

countries can look back on a long history of collaboration between academic researchers and the 

industrial sector, while the fragile and unstable institutions in developing countries have acted as 

a barrier for such interactions (Santiago and Dutrénit, 2012).  

Bignami, Mattsson and Hoekman (2019) suggest that biopharmaceutical firms tend to favour local 

R&D collaboration networks to develop radical, highly tacit, state-of-the-art drug innovations. 

Close partnerships allow organizations to respond quickly to emerging innovation opportunities 

and to hire highly skilled professionals. Clinical trials, on the other hand, tend to involve global 

partners, because the regulatory phases of drug development must be meticulously documented 

across borders. As codified knowledge is more easily transferrable, the same protocol can be 

applied in different sites despite geographical distance. Moreover, a broad and multiracial cohort 

of volunteers from different countries is important for testing a drug’s efficacy and side effects 

(Bignami et al., 2019). Likewise, tests involving the local population are important for securing 

access to prospective markets (Santiago, 2010). 

Belderbos et al. (2021) emphasize the important role decentralized biopharmaceutical R&D units 

play in leading global collaborations, particularly for firms’ core knowledge areas. They analyse 

foreign university collaborations in the biopharmaceutical industry and find that despite a 

generally increasing presence of local decentralized R&D units of biopharmaceutical firms in 

foreign countries, the share of foreign university collaborations with local units decreases over 

time. Belderbos et al. argue that while there are still advantages to collaborating through 

decentralized local units in case of non-spatial and geographic distance between a firm’s central 

R&D unit and a local university, these advantages might be outweighed by considerations of 

creating, transferring, recombining and appropriating knowledge resources. Their findings thus 

indicate that firms do not only consider factors related to the organization of R&D, but also weigh 

the decision on how to conduct R&D with foreign universities from a strategic and competitive 

perspective. They conclude that the amount of knowledge and expertise accumulated by the firm 



 
 

5 

 

in a given research area and the risk of that knowledge leaking to competitors in the vicinity of 

the foreign university, is a key concern when deciding what types of R&D collaborations to pursue 

in foreign locations. 

2.2 Industrial policies for building collaboration capabilities in healthcare and 

biopharmaceuticals 

Mackintosh et al. (2016) explore a field of research that emerged in the 1990s, which perceives 

healthcare and healthcare policies as ‘implicit’2 industrial policies. Healthcare generates relevant 

demand and investment incentives for the development of medicines, medical supplies and other 

related products and services. It is equally important to note that the significant contributions 

made by scholars from developing countries, notably from India and Brazil (Mackintosh et al. 

2016) with an emphasis on market environments and the development of a ‘health-industry 

complex’3, frame issues of access and the right to health. Mackintosh et al. (2018) highlight the 

importance of coordinating industrial, science and health policies as part of a strategy to secure 

biopharmaceutical supplies for local healthcare. They assert that these three policy domains—

industry, science and health—directly connect risk management with local health security, safety 

and responsibility, which translates into efforts to mitigate risks by building greater technical and 

organizational capabilities in health- and industry-related skills. They (2018:603) also introduce 

the notions of ‘proximity’—understood as the “cumulative local interactions and mutual 

influences arising from co-location”—and ‘positionality’—or “the influence of location of agency 

on the framing of issues and priorities, with attendant claims to power and legitimacy in policy 

making”—to illustrate the interconnections of local health policy and the accumulation of local 

capabilities to promote industrial change.  

Building on the experiences of Kenya and Tanzania, Mackintosh et al. (2016) and Mackintosh et 

al. (2018) propose several incentives to build ‘collaborative capabilities’4 that underpin mutually 

reinforcing responsiveness and synergies between the health and industrial systems – each system 

benefits from the opportunities offered by the other. Such incentives can leverage the health 

sector’s huge market potential to capture the demand for affordable, quality and safe products 

with different degrees of technological complexity, and to benefit from training and skills 

development requirements, which has the potential of sustaining technological upgrade in 

manufacturing. Conversely, boosting domestic industrial capacities could contribute to 

addressing pressing healthcare needs. Mackintosh et al.’s (2016) emphasis on co-location, shifting 

                                                            
2 Emphasis in original by the author. 
3 Emphasis in original by the author. 
4 Emphasis in original by the author. 
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local market structures, regulation and demand patterns as drivers of synergies between healthcare 

and manufacturing is reminiscent of the findings of Lee and Malerba’s (2017) innovation studies, 

according to which market identification, regulation and demand present windows of 

opportunities for catching up and forging ahead.   

Srinivas’ (2015) account of the development of the Haemophilus influenzae type B (Hib) vaccine 

is consistent with Mackintosh et al.’s (2016:164) claim that coherence between health and 

industrial policies is a social construction that must be “built over time through institutional 

generation of collaborative capabilities in both sectors, and associated incentives for extracting 

mutual benefit”. Srinivas (2015) describes vaccines as outcome pathways to innovation, i.e. they 

are “developed within significant financial, material or institutional constraints”5, but may include 

‘high-tech’6 innovations. This is illustrated by the case of the Hib vaccine that was developed in 

Cuba. It is important to note that such innovations draw on scarce resources and are adapted to 

local contexts. The Hib example is of particular relevance here because it entailed close 

collaboration between Cuban and Canadian researchers on a vaccine that was a priority for the 

Cuban healthcare system, a challenging undertaking considering the conventional means of 

importing expensive drugs. The development of a more affordable Hib vaccine was a scientific 

and public health revolution according to Srinivas, as significant efforts were necessary on the 

part of both research and public support and financing to scale up and manufacture homegrown 

alternatives, with an emphasis on addressing a human need and deliberately side-lining the focus 

on profit. The development of the new Hib vaccine can therefore also be described as a problem-

solving endeavour (Srinivas, 2015). This view is also reflected in Mackintosh et al.’s (2016) 

findings on the need for incentives to build ‘collaborative capabilities’ and their conclusion that 

the legitimacy of problem-solving innovations rests on agile institutions with employees and rules 

that are both flexible and oriented towards timely outcomes. They assert that outcome measures 

must be clear and transparent; they must also be monitored and properly enforced. Such 

collaborative efforts between public health research institutes, a network of clinics and outreach 

mechanisms linked directly to families and children, which facilitated the development of a 

vaccine, eventually contributed to curbing mortality and morbidity from paediatric meningitis in 

developing countries.  

 

                                                            
5 https://sowc2015.unicef.org/stories/pathways-less-traveled-including-children-in-overcoming-scarcity/ 
6 Emphasis in original by the author. 

https://sowc2015.unicef.org/stories/pathways-less-traveled-including-children-in-overcoming-scarcity/
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2.3 Collaborations in the COVID-19 vaccine landscape 

Two types of collaborations characterize the COVID-19 vaccine landscape and efforts to get a 

handle on the pandemic. The first type comprise cross-border collaborations between states and 

supranational/international organizations to fund and/or support vaccine development, production 

and equitable distribution efforts. This includes, for example, the COVID-19 Vaccine Global 

Access Facility (COVAX), which was established by the World Health Organization (WHO), the 

Coalition for Epidemic Preparedness Innovations (CEPI) and the Vaccine Alliance (GAVI), a 

Swiss-based public-private partnership for vaccine supply and procurement. COVAX, a global 

collaboration, involves procurement agreements that reserve vaccine doses for populations in both 

developing and developed countries. This collaboration functions not only as a global 

procurement mechanism, but also as a resource-pooling, risk-sharing and push financing 

mechanism and could become the largest vaccine procurement scheme in history (Brasnwell, 

2020; WHO, 2020). 

The second type of collaborations involve domestic and foreign organizations working together 

to develop COVID-19 vaccines. This paper focuses on this second type of collaborations. At the 

time of writing, at least seven different vaccines had already reached the market stage and were 

being administered around the world, while over 200 additional vaccine candidates were being 

developed, over 60 of which had already entered the clinical development phase. It took less than 

a year to roll out a number of vaccines across three different platforms, and over 7.35 billion doses 

have been administered in more than 130 countries (Nature, 2021a; Bloomberg, 2021). Despite 

these major achievements, significant challenges in vaccine development remain. Forman et al. 

(2021) note that there still is insufficient knowledge on whether the currently administered 

vaccines will remain effective in the long run; whether emerging variants might carry a large 

number of mutations with high vaccine escape potential; or whether annual or periodic boosters 

might become necessary. Although they (2021:565) describe the vaccines that have emerged in 

the fight against COVID-19 as “extraordinary developments”, they are only one tool in a shed of 

available mechanisms to tackle COVID-19. Forman et al. (2021) call for continued long-term 

efforts to develop new vaccines with the aim of optimizing their safety, effectiveness and quality. 

They also support continued incentives to maintain robust R&D efforts and to generate second 

and third generation vaccines to meet the ever-changing needs of populations across the globe. 

With the emergence of new variants, interest in the development of a universal ‘variant-proof’ 

vaccine with the ability to fend off different varieties of the same virus family is rising (Ahuja, 

2021).  
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Other studies that use descriptive statistics also shed some light on different types of 

collaborations to develop a COVID-19 vaccine. Jasso-Villazul and Torres-Vargas (2020), for 

example, identify and describe the new forms of collaborations between firms, public research 

institutes, universities and governments that have emerged to accelerate the development of 

COVID-19 vaccines. Yet collaborations for vaccine development are not new. Archibugi and 

Bizzarri (2004) and Druedahl et al. (2021), for example, note that such collaborations may involve 

partnerships between private and public entities, or hybrids such as industry-industry partnerships. 

Academia-industry partnerships have driven vaccine development and production in the past, 

supplied developing countries with vaccines and have played a crucial role throughout the 

COVID-19 crisis (Druedahl et al., 2021). 

Two studies focus on scientific research collaborations between countries and organizations to 

develop COVID-19 vaccines. Radanliev et al. (2020) carried out data mining of scientific 

literature, for example, to investigate the scientific research response during the early stages of 

the COVID-19 pandemic. They find that Chinese universities dominated the research efforts on 

COVD-19-related topics, namely on viruses, pandemics and mortality, in the early days of the 

pandemic. They also report strong collaborations on COVID-19 research between the U.S. and 

China. Their analysis of research on the COVID-19 vaccine specifically reveals that even though 

the U.S. leads in terms of volume of scientific research, the three leading research institutes are 

located outside the U.S., namely in China, Australia and the United Kingdom. It was therefore 

difficult to predict which country would produce a COVID-19 vaccine first. 

Wang and Hong (2020) reviewed a total of 27,370 COVID-19-related articles published between 

1 January and 1 July 2020. The U.S. was the most active and productive country in COVID-19 

research, with the largest number of publications and collaborations. Huazhong University of 

Science and Technology in China was the most productive in terms of number of publications, 

and the University of Toronto in Canada ranked first in global research collaborations. The U.S. 

and China were the two most productive countries overall, but pursued very different approaches. 

Because the initial outbreak of COVID-19 occurred in China, Chinese scholars rapidly carried 

out a series of studies and published numerous articles in the early stages of the epidemic (Wang 

and Hong, 2020). Chinese scholars tended to collaborate with domestic rather than with foreign 

scholars. A significant increase in the number of publications was observed in the U.S. from April 

2020 onwards, matched by the highest level of participation in global collaborations due its 

scientific research strengths and influence. Wang and Hong also note that inter-organizational 

collaboration tended to be mostly domestic in nature both in China and the U.S.  
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2.4 Insights from the literature review 

We can infer that advanced research on radical or state-of-the-art innovations is conducted locally 

by centralized R&D units of organizations or by units close to the organization’s headquarters. 

Clinical trials, which play a fundamental role in the development of new drugs, are more codified 

and can be conducted by foreign R&D units under the coordination of their headquarters. Bignami 

et al. (2019) find that distance and willingness to invest are important factors in biopharmaceutical 

firms’ decision to collaborate when the potential collaboration relates to the firm’s core 

knowledge areas rather than to new or peripheral ones. This implies that biopharmaceutical firms 

search for knowledge that is most relevant to their core activities, regardless of the collaborator’s 

location. Hence, the question whether biopharmaceutical organizations engage in local or global 

collaborations to develop major innovations remains ambiguous.   

In line with Forman et al.’s study (2021), we reckon that further research is necessary to optimize 

the COVID-19 vaccine. Under this premise, we argue that insights into the types of collaborations 

that have given rise to the currently available COVID-19 vaccines continue to be a priority as we 

move forward with the pandemic. There is therefore a genuine need to continue investigating 

what types of collaborations are compatible with a country’s readiness for and progress to 

successfully develop COVID-19 vaccines.   

We also reckon that collaborations for vaccine development are not new, and involve partnerships 

in and between industry, academia (university and research institutes) and academia-industry 

collaborations. Indeed, the WHO, CEPI, and European Commission assert that global 

collaborations between key stakeholders—political leaders, the public sector, industry, civil 

society and academia—play a central role in efforts to accelerate the development, production 

and equitable access to new COVID-19 diagnostics, therapeutics and vaccines (CEPI, 2021; 

European Commission, 2021; WHO 2021). Our study takes an in-depth look at the relevance of 

these different types of collaborations at the country level in the race to develop COVID-19 

vaccines. 

Finally, while Radanliev et al. (2020) and Wang and Hong (2020) provide insights into the 

contributions of both the U.S. and China as leaders in scientific research on COVID-19-related 

issues, Nature (2021b) reports that cross-country collaborations have been waning, especially in 

China and the U.S., and that Chinese collaborations with the U.S., for example, have been 

decreasing since 2017. 

In short, several theories on the role of collaborations to develop COVID-19 vaccines exist. We 

attempt to disentangle this plethora of theories by exploring how different countries have engaged 
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in various types of collaborations in and between industry, academia and university-industry 

partnerships, and what role they play in terms of a country’s readiness for and progress towards 

successfully developing COVID-19 vaccines. Our results shed further light on the implications 

of country-level technological capabilities and collaborations between organizations for the 

successful development of COVID-19 vaccines.   

3 Methodology 

3.1 Data collection 

To explore the relationship between countries’ readiness for and progress towards developing 

COVID-19 vaccines and their national technological capabilities—including collaborations—we 

collected data at the level of vaccine development and of organizations involved, as well as proxy 

indicators for national technological capabilities in line with Archibugi and Coco (2004, 2005) 

and Lall (1992). We also collected data on different types of collaborations involving public 

organizations, universities and industry, and classified them according to local or global 

collaboration for each vaccine at every stage of development. We then created two databases, one 

at the firm level and the other at the country level. Data on the vaccine- and organization level 

and on collaborations were merged in the latter database.   

We used the WHO’s ‘COVID-19 landscape of novel coronavirus candidate vaccine development 

worldwide database’ released on 5 March 2021 (which is also the cut-off date for our analysis) to 

create our firm-level database. It includes 259 COVID-19 vaccines of which 255 were in different 

phases—from the pre-clinical stage to Phase III (clinical trial stage)—and four were in Phase IV, 

i.e. in the market stage, and were being licensed and rolled out across the globe. The WHO 

database includes information on the organizations involved in vaccine development as well as 

other information such as the technological platforms used to develop the vaccines (e.g. protein 

subunit, inactivated virus), the number of doses required, and the route of administration (e.g. oral 

or injectable). Our firm-level database identifies the country of origin of each of the organizations 

involved in the development of the 259 vaccines, as well as their status in terms of ownership or 

their role in the development of the vaccine. To identify country of origin, we used internet 

searches to determine the location of the organization’s headquarters. In case of multinational or 

international organizations, we used the location of their headquarters to indicate their country of 

origin based on the premise that the organization’s home country usually is credited with vaccine 

development. The 259 vaccines included in our study had been or were being developed by a total 

of 229 organizations and 40 different developer countries. Some of the 229 organizations 

participated in several vaccine development projects across different countries.   
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As regards the status of the organizations in terms of ownership or their role in vaccine 

development, those that were not state-owned or -funded were listed as ‘private’ and included 

enterprises, private non-profit organizations and private foundations. All state-owned or -funded 

organizations/enterprises were labelled as ‘public’. Universities include both private and public 

universities; we labelled them as ‘universities’ due to their distinct role in knowledge creation 

within modern industrial innovation systems (Lall, 1992; Mowery and Sampat, 2005; Nelson, 

1992). Teaching hospitals and laboratories within universities were also coded as ‘universities’. 

We retrieved these data from the internet through desk-based research.  

Figure 1 presents the network of public (green nodes), private (red nodes) and international 

organizations (orange nodes) involved in the development of 259 COVID-19 vaccines (blue 

nodes). We observe that collaborations between public-public organizations, private-private 

organizations and public-private organizations have been essential in the development of COVID-

19 vaccines. We also find that the same organizations collaborate or collaborated in the 

development of more than one vaccine at different stages of development.  

Table 1 below shows the different types of collaborations and the geography of collaborations 

(local or global). Table 2 presents the types of vaccine technology developed and indicates 

whether the vaccines under development are being produced without collaboration, by local 

collaborations only, or by global collaborations. Most candidate COVID-19 vaccines were 

developed without collaboration, while the majority of collaborations involved public and private 

organizations at the local level.  
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Figure 1: Network of public, private and international organizations for the development of COVID-

19 vaccines  

 

Source: Authors based on the firm-level database. 

Note: Blue nodes indicate vaccines, red nodes represent private organizations, green nodes are public 

organizations and orange nodes depict international organizations. 
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Table 1: Cross-tabulation of types of collaborations in the development of COVID-19 vaccines 

 No 

collaboration 

Public-public 

collaborations 

Private-private 

collaborations 

Private-public 

collaborations 

No collaboration 162 0 0 0 

Local 

collaborations 

0 14 10 35 

Global 

collaborations 

2 2 17 17 

Total 162 18 27 52 

Source: Authors based on the firm-level database. 

Note: The cell representing no collaboration and global collaborations indicates the same organization 

collaborating in different global settings. 

Table 2: Vaccine technology and local versus global collaborations 

Vaccine technology 

No 

collaboration 

Local 

collaborations 

Global 

collaborations 

Protein subunit 59 22 12 

Virus like particle 17 3 1 

RNA based vaccine 17 8 4 

DNA based vaccine 14 7 5 

Viral vector (Replicating) 14 4 4 

Inactivated virus 13 3 5 

Viral vector (Non-replicating) 21 9 4 

Live attenuated bacterial vector 1 1 0 

Cellular based vaccine 1 0 0 

Viral vector (Non-Replicating) + 

APC 

1 1 0 

Viral vector (Replicating) + APC 1 0 1 

Bacterial vector (Replicating)  1 0 0 

Live attenuated virus 0 1 2 

Total 160* 59* 38 

Source: Authors based on the firm-level database. 

Note: *1 missing data, vaccine technology not reported in the original WHO database. 
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3.2. Variables 

Building on the above-described firm-level database, we aggregated the data collected at the firm 

level to create a country-level database with 40 country cases. Since our research question is: what 

determines a country’s readiness for, and progress towards successfully developing a COVID-19 

vaccine?, we developed an index to measure countries’ readiness for and progress in the 

development of COVID-19 vaccines. This index—our dependent variable—is based on each 

developer country’s total number of vaccines and the vaccines’ individual phase (pre-clinical or 

clinical trials). These data were retrieved from the abovementioned WHO database. The index 

inherently captures the notion of progress—from the pre-clinical trial stage to Phase IV—of the 

259 vaccines. We normalized the index from 0-18; the distribution, i.e. the readiness for and 

progress of countries towards developing COVID-19 vaccines, is presented in Figure 2. The U.S. 

and China are visibly in the lead. The distribution of vaccines by country level amounts to 300 

vaccines as in some cases, more than one country collaborated on one vaccine. Thus, our country-

level database accounts for each collaborating country.  

We focus on two main measures to identify the main determinants for countries’ readiness for 

and progress towards developing COVID-19 vaccines. First, we explore the types of 

collaborations underpinning the development of each vaccine at country level involving different 

types of organizations within and across national boundaries. Our firm-level database is highly 

granular and captures all instances of no collaboration, the status of single developers (e.g. private, 

public, university) and all instances of collaborations between two or more collaborators with 

varying statuses in terms of ownership or their role in the development of COVID-19 vaccines. 

At such a granular level, however, we do not have enough cases to run econometric tests. We 

therefore combined the different types of collaborations in a methodologically and conceptually 

sound and rigorous way to be able to run econometric tests. For example, collaborations between 

public-private international organizations, public-private organizations and private-university 

were combined and recoded as ‘public-private collaborations’. Collaborations that involved 

private-private organizations or private-private international organizations were recoded as 

‘private-private collaborations’. Collaborations that included public-public, university-university, 

public-international organizations or public-university were coded as ‘public-public 

collaborations’. In many cases, and as is expected in the development of vaccines, more than two 

organizations collaborated in the development of COVID-19 vaccines. Thus, public-private-

private collaborations were captured as both ‘public-private’ and ‘private-private’ collaborations. 

If the headquarters of an organization involved in the development of a vaccine was located in a 

different country,  we coded that collaboration as a global collaboration;  when the collaboration
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Figure 2: Number of vaccines per country and index of country’s readiness and progress 

 

Source: Authors based on the country-level database. 
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involved domestic organizations only, we coded it as a local collaboration. Our main independent 

variables thus comprise public-private collaborations, private-private collaborations, public-

public collaborations and local versus global collaborations.  

Second, we also accounted for multi-level determinants, namely country-level indicators for 

national technological capabilities (Archibugi and Coco, 2004, 2005; Archibugi et al. 2009; Lall, 

1992; Zukauskaite et al. 2017). Following Archibugi and Coco (2004, 2005), Archibugi et al. 

(2009) and Lall, (1992), our country-level control variables for the accumulation of technological 

capabilities included gross domestic product (GDP) per capita7 and the Global Innovation Index8 

(GII) which, according to Lall (1992), represent macro-economic incentives for organizations to 

develop a vaccine. GII is a composite index of countries’ institutions, human capital and research, 

infrastructure, market sophistication, business sophistication, knowledge and technology outputs 

and creative outputs. Patents in pharmaceuticals9 are measured as the average number of patents 

produced by a developer country between 2010 and 2019 (2019 is the latest year of available 

data). This indicator represents national technological efforts in building technological 

capabilities (Lall, 1992). A dummy variable was used to indicate whether the developer country 

is a member of the International Council for Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use10 (ICH). ICH membership is a proxy for the strength of developer 

countries’ organizations in terms of technological capabilities (Lall, 1992). Hence, a country’s 

membership in the ICH reflects its institutional strength and potential for building national 

technological capabilities. The descriptive statistics of these variables are presented in Table 3 

and their correlations are shown in Table 4.

                                                            
7 From World Bank Indicators; https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?view=chart. 
8 Retrieved from https://www.wipo.int/global_innovation_index/en/.  
9 From World Intellectual Property Organization; Patent publications by technology: 16 – Pharmaceuticals 

https://www3.wipo.int/ipstats/editIpsSearchForm.htm?tab=patent. 
10 Retrieved from https://www.ich.org/page/members-observers. 

https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?view=chart
https://www.wipo.int/global_innovation_index/en/
https://www3.wipo.int/ipstats/editIpsSearchForm.htm?tab=patent
https://www.ich.org/page/members-observers
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Table 3: Descriptive statistics 

Variable Operationalization Obs. Mean Std. dev. Min Max 

Index  
Index from 0-18 which indicates each country’s number of 

vaccines in pre-clinical trials or clinical trials Phases I to IV. 
40 2.054 3.447 0.143 18.00 

Number of vaccines  
Continuous variable which indicates the total number of vaccines 

being developed by each country  
40 7.775 11.984 1.000 72.00 

Private-public 

collaborations  

Dummy variable which indicates collaboration between private 

and public organizations 
40 1.625 2.993 0.000 16.00 

Private-private 

collaborations  

Dummy variable which indicates collaboration between private 

organizations 
40 1.525 3.823 0.000 23.00 

Public-public 

collaborations  

Dummy variable which indicates collaboration between public 

organizations 
40 0.625 1.427 0.000 6.00 

Global collaborations   
Dummy variable which indicates collaboration between local and 

foreign organizations 
40 0.525 0.506 0.000 1.00 

Log GDP per capita  Continuous variable which indicates GDP per capita in log form 40 9.755 1.173 7.453 11.314 

Patents in pharmaceuticals  
Continuous variable which indicates the number of patents in 

pharmaceuticals 
39 2399.395 6151.336 1.000 28537.70 

ICH membership  
Dummy variable which indicates whether the country is a 

member of the ICH Council 
40 0.425 0.501 0.000 1.00 

GII ranking Continuous variable which indicates the GII rank 38 43.579 38.525 2.000 124.00 

Notes: ICH - International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use; GII - Global Innovation Index. 
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Table 4: Correlation table 

  1 2 3 4 5 6 7 8 9 10 

Index (1) 1          

Number of vaccines (2)  0.944 1         

Private-public collaborations 

(3)  
0.921 0.891 1        

Private-private collaborations 

(4)  
0.921 0.947 0.908 1       

Public-public collaborations (5)  0.857 0.797 0.818 0.811 1      

Global collaborations (6)   0.365 0.288 0.355 0.313 0.251 1     

Log GDP per capita (7) 0.149 0.179 0.236 0.202 0.147 0.305 1    

Patents in pharmaceuticals (8) 0.930 0.811 0.883 0.851 0.875 0.290 0.183 1   

ICH membership (9) 0.348 0.339 0.266 0.209 0.166 0.062 0.026 0.313 1  

GII ranking (10) -0.114 -0.117 -0.195 -0.170 -0.127 -0.310 -0.815 -0.141 0.108 1 
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We used quantile regressions to analyse our data. We differentiated the quantiles based on the 

specific index per country. Hence, each quantile denotes three different percentiles of the 

readiness and progress index (0.25, 0.5 and 0.75). By using quantile regressions, we are able to 

identify the effect of collaborations and country-level readiness and progress in the specific 

quantiles of vaccine development per country. Our equation is as follows: 

𝑞𝑦(𝜏) =  𝛼 +  𝛽1𝑥1𝑖 + 𝛽2𝑥2𝑖 + 𝑢 

𝜏 ∈ (0, 1) 

where: 

𝑦 is our dependent variable of the readiness and progress index for each country.  

𝜏 represents each quantile and 𝜏 ∈ (0, 1).  

𝑥1𝑖 is our matrix of dependent variables as indicated by type of collaboration, and includes 

‘public-public’, ‘private-private’, and ‘public-private’ collaborations.  

𝑥2𝑖 is our matrix of control variables at the country level represented by GDP per capita, the 

country’s GII ranking, patents in pharmaceuticals and ICH membership.  

𝑢 is the error term.  

We ran four different models due to the limited number of available observations, which 

prevented the inclusion of all control and independent variables into one equation 

simultaneously11. In the following section, we discuss the results of our regression analyses. 

4. Results and discussion 

We implemented a quantile regression analysis because the quantile regression estimator is a 

nonlinear one (Hilbe et al., 1992) and adds ‘transparency’ to the results, especially when working 

with a dependent variable that does not have linear behaviour. The results of the estimation reveal 

the impact different types of collaborations and country-level indicators of national technological 

capabilities have on the indicator index for country readiness and progress towards developing 

COVID-19 vaccines.  

                                                            
11 It must be noted that we collected data on various determinants of technological capabilities that are 

relevant for the development of COVID-19 vaccines and that we ran regressions for them, but the results 

were not significant. Due to the limited number of observations, we report the models for which the 

determinants are significant. We comprehensively explored determinants including countries’ GDP, GDP 

per capita and GDP growth; science, technology and innovation policies (such as R&D expenditure as a 

percentage of GDP; total R&D professionals per million inhabitants; number of patent publications in 

medical technology, biotechnology, and biopharmaceuticals); the effectiveness of industrial institutions 

(U.S. Chamber International Intellectual Property Index; Global Innovation Index); and health policies 

(such as child immunization rates and child mortality rate), import and export of vaccines as a percentage 

of the country’s total value of trade, as well as in trade value in dollars per capita and in percentage growth.  
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We begin our analysis and discussion of the results on the country-level variables and across the 

four sets of regression models as shown in Table 5. In Models 1 and 2, we control for GDP per 

capita and the countries’ ranking in the GII. These two variables are proxies which represent the 

macro-economic incentives within developer countries and for their organizations to develop a 

vaccine. The results suggest that macro-economic incentives are not a significant determinant of 

a country’s readiness for and progress towards developing COVID-19 vaccines.   

In Model 3, we control for the average number of pharmaceutical patents issued by the developer 

countries. This is an indicator of the accumulation of knowledge and innovation capacity in a 

country’s biopharmaceutical organizations. This variable is highly significant for countries with 

low, medium and high levels of readiness for and progress towards developing COVID-19 

vaccines. By combining the results obtained from Models 1 and 2 with the results from Model 3, 

we deduce that since COVID-19 vaccines were developed very quickly, the organizations within 

the developer countries largely relied on the existing pool of knowledge within their national 

innovation systems. Thus, the accumulation of prior knowledge in biopharmaceuticals rather than 

macro-economic incentives influence the ability to develop a vaccine rapidly and successfully.  

In Model 4, we control for countries’ membership in the ICH. The results suggest that by adopting 

the principles of the ICH and consequently by having established both strong regulatory 

authorities and pharmaceutical industries, countries will also have a high level of readiness for 

and progress towards the development of COVID-19 vaccines.  

In terms of firm-level collaborations, our results across models suggest that private-private 

collaborations have a strong impact on countries with low levels of readiness for and progress 

towards developing COVID-19 vaccines. This seems to indicate that the bulk of knowledge for 

developing a vaccine in these countries resides with private organizations. Public-public 

collaborations are negatively significant for the same category of developer countries. Thus, our 

results suggest that if a country with low levels of readiness for and progress towards developing 

COVID-19 vaccines aims to strengthen its vaccine development capabilities to address major 

future health challenges, it must strengthen its public organizations as well. Indeed, GAVI (2020) 

predicts that pandemics such as COVID-19 will become more frequent in the future, therefore, 

investing in efforts to accumulate and expand the knowledge of different types of organizations 

is crucial to enable rapid responses to health crises. 
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Global collaborations are significant in Model 3 only, and for countries with a medium and high 

level of readiness for and progress towards developing COVID-19 vaccines. These results suggest 

that countries that have built national technological and R&D capabilities in the 

biopharmaceutical industry, measured by their average number of patent publications, have a 

better record of global collaborations with other biopharmaceutical actors within the domestic and 

in foreign innovation systems. This leads back to our previous argument that the rapid 

development of a vaccine requires an existing base of accumulated knowledge and technological 

capabilities, and since developing effective global collaborations takes time, we surmise that what 

we are capturing here is that lasting collaborations as opposed to creating new ones is of particular 

relevance in emergency situations. As Steinmo (2015) argues, both cognitive and relational social 

capital are key for the success of effective collaborations in research partnerships. Our findings 

also reinforce the notion that organizations embrace a network strategy when engaging in the 

development of important innovations, as also observed by Hu et al. (2015).  

Our results on the national technological capabilities of developer countries suggest that path 

dependency and the knowledge that is built and accumulated in the field of biopharmaceuticals 

have an important impact on countries’ readiness for and progress towards developing COVID-

19 vaccines. This finding reinforces the well-tested notion, as discussed by Archibugi and Coco 

(2004, 2005), that the accumulation of national technological capabilities is a purposive process 

and requires deliberate efforts to contribute to the creation of organizational-level knowledge for 

the development of innovations.   

Finally, our results suggest that the main explanatory factors for readiness for and progress 

towards the development of COVID-19 vaccines as measured by different types of collaborations 

within and across the 40 developer countries included in our study are the effectiveness and 

outcomes of the latter’s industrial institutions and policies. Thus, organizations’ openness to 

collaborations emerges as the driver of countries’ readiness for and progress towards the 

development of a COVID-19 vaccine, which highlights the importance of the integration of 

innovation systems to address huge health challenges and emergencies. Countries that have paved 

the way for building R&D capabilities and collaborations with domestic and foreign actors in the 

biopharmaceutical industry over the years are those that are reaping the benefits of developing a 

viable and marketable vaccine amidst the COVID-19 pandemic. 
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Table 5: Econometric results 

 Model 1 (GDP) Model 2 (GII) Model 3 (Patents pharma) Model 4 (ICH membership) 

VARIABLES Index Index Index Index Index Index Index Index Index Index Index Index 

Quantile 0.25 0.5 0.75 0.25 0.5 0.75 0.25 0.5 0.75 0.25 0.5 0.75 

Number of 

vaccines 
0.195*** 0.205*** 0.234*** 0.194*** 0.200*** 0.234*** 0.191*** 0.177*** 0.195*** 0.192*** 0.196*** 0.151** 

 (0.019) (0.044) (0.071) (0.019) (0.045) (0.053) (0.032) (0.028) (0.047) (0.020) (0.048) (0.067) 

Private-public 

collaborations 
0.112* 0.118 0.0491 0.110* 0.0976 0.0438 -0.00214 -0.113 0.0051 0.0976 0.112 0.231 

 (0.065) (0.149) (0.237) (0.062) (0.148) (0.173) (0.112) (0.100) (0.166) (0.062) (0.144) (0.202) 

Private-private 

collaboration 
0.151** 0.0901 0.271 0.155** 0.113 0.279 0.105 -0.124 -0.0766 0.159** 0.107 0.382* 

 (0.065) (0.150) (0.239) (0.064) (0.154) (0.180) (0.108) (0.097) (0.160) (0.067) (0.155) (0.218) 

Public-public 

collaborations 
-0.204** -0.136 0.122 -0.203** -0.12 0.127 -0.366** -0.131 -0.136 -0.171* -0.1 0.165 

 (0.093) (0.215) (0.342) (0.089) (0.213) (0.250) (0.176) (0.157) (0.261) (0.089) (0.208) (0.293) 

Global 

collaborations   
0.107 0.264 0.227 0.1 0.27 0.224 0.196 0.626*** 0.650* 0.152 0.263 -0.192 

 (0.160) (0.369) (0.587) (0.156) (0.374) (0.438) (0.249) (0.222) (0.368) (0.148) (0.345) (0.485) 

Log GDP per 

capita 
0.0143 -0.0105 -0.00897          

 (0.066) (0.153) (0.243)          

Patents in 

pharmaceuticals 
      0.0001*** 0.0003*** 0.0003***    

       (0.000) (0.000) (0.000)    
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 Model 1 (GDP) Model 2 (GII) Model 3 (Patents pharma) Model 4 (ICH membership) 

VARIABLES Index Index Index Index Index Index Index Index Index Index Index Index 

Quantile 0.25 0.5 0.75 0.25 0.5 0.75 0.25 0.5 0.75 0.25 0.5 0.75 

ICH 

membership 
         0.0616 0.107 0.909* 

          (0.161) (0.375) (0.527) 

GII ranking    0.000 -0.001 0       

    (0.002) (0.005) (0.006)       

Constant -0.313 -0.072 -0.007 -0.150 -0.107 -0.091 -0.190 -0.068 -0.071 -0.208* -0.161 -0.008 

 (0.636) (1.464) (2.330) (0.159) (0.379) (0.444) (0.197) (0.176) (0.291) (0.122) (0.285) (0.400) 

             

Observations 40 40 40 38 38 38 39 39 39 40 40 40 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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5. Conclusions 

The literature on biopharmaceutical innovations focuses on the strategic importance of radical 

innovations in terms of firm-level competitiveness and the location of R&D collaborators for their 

creation. Our study introduces another vector to this discussion, namely that the devastating 

effects of the COVID-19 pandemic can be addressed not by developing radical innovations, but 

by developing incremental important, even life-saving “rapid innovations” based on swift access 

to existing knowledge accumulated by countries over time, reflected in their national 

technological capabilities, and building on past radical innovations – namely, vaccine technology 

platforms. It follows that the relevance of the location of R&D collaborators within that context 

is also related to the existing pool of accumulated knowledge and capabilities to address 

unexpected emergencies. In other words, rapidly and urgently developing a vaccine requires 

finding collaborators with whom the developers have already established collaborative 

capabilities. For countries with low levels of readiness for and progress towards developing 

vaccines, this implies collaborating locally while those with medium and high levels of readiness 

will collaborate globally. This aspect of our study reinforces the established notion that ‘going 

global’ is more efficient for knowledge acquisition than staying local, with the exception that our 

study demonstrates that this also applies within the context of harnessing knowledge for rapid, 

important albeit incremental innovations. Our study also provides an econometric basis for claims 

that have been made by several authors on the types of collaborations underpinning 

biopharmaceutical organizations’ ability to rapidly develop COVID-19 vaccines.   

In line with current thinking around innovation as a multi-stakeholder interactive process, the 

COVID-19 pandemic has reiterated the value of collaboration, particularly in areas related to 

science, technology, innovation and industrial development. Bump, Friberg and Harper (2021) 

for example, provide three reasons why collaboration is highly valuable. First, in a heavily 

interconnected world, collective health, economic and social risks, such as those unleashed by 

COVID-19, are difficult to manage autonomously. Second, sharing knowledge, experience and 

other resources contribute to learning and can accelerate progress towards finding solutions to 

emerging disasters. And third, collaboration can underpin shared understanding and mutual trust 

in times of increased uncertainty and need. Despite criticisms about the lack of international 

solidarity in fighting the pandemic, we demonstrate that at the more granular level, global 

collaborations facilitated the unprecedented speed observed in the development of COVID-19 

vaccines which are currently being administered globally. 
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Moreover, our study shows that the types of collaborations relevant for countries’ readiness for 

and progress towards developing COVID-19 vaccines, are limited or have an advantage due to 

their context specificities. Thus, countries’ ability to develop COVID-19 vaccines, as illustrated 

by our results, lies in the strength of their national technological and collaborative capabilities. 

While the institutions and the quality of institutions in China and the U.S. differ considerably, the 

two countries are leading the race in terms of readiness and progress, among others because they 

lead across various other economic indicators (such as GDP and world merchandise trade) and in 

terms of industrial strength. Thus, we can surmise that the strength of industrial policies as 

captured in the literature on the link between industrial and STI capabilities (Santiago et al., 2020) 

are crucial factors in the readiness and progress of these two countries. We cannot deduce whether 

the same is true for linkages between the healthcare system and industrial policy (Mackintosh et 

al. 2016; Shadlen and Fonseca 2013; Mackintosh et al. 2018). Future studies should explore 

whether such linkages hold true in the specific case of countries that have successfully developed 

COVID-19 vaccines. 

Our study also raises questions on the relationship between countries’ level of readiness and 

progress (as indicated by the quantile in our regression results) and the nature and rate of inter-

organizational collaborations at various stages of vaccine development. Future studies could 

explore whether collaborations tend to be more formal/informal and frequent/infrequent at early 

stages of vaccine development under emergency situations, since the science in that case is more 

important than the technology; whether new sources of knowledge in terms of new collaborations 

are needed at the discovery and initial characterization stage; whether collaborations take the form 

of research contracts and R&D outsourcing as organizations move up the clinical phases ladder 

or whether they are further centralized and kept in-house; and whether organizations are primarily 

involved in high levels of technology transfer, co-production agreements and marketing during 

the final clinical trial phase (Phase IV). Santiago and Dutrénit (2012), for example, using evidence 

from Mexico, illustrate how by decomposing the pharmaceutical innovation process into its 

different R&D components, the changing nature of determinants for academia-industry 

collaboration can be identified. Another area of future research specific to the COVID-19 

pandemic and similar emergency and crisis situations, which needs to be investigated but was 

beyond the scope of this paper, relates to the types of global governance schemes and mechanisms 

necessary to guide and monitor countries whose organizations are engaged in global 

collaborations. Such schemes and mechanisms are necessary to ensure that countries and their 

organizations—whose values tend to be competing with foreign ones—honour their engagements 

within those collaborations in a manner that serves to alleviate the crisis and the suffering of 

populations.  
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Finally, while we do not study the innovation and capacity issues involved in the production, 

manufacturing and worldwide equitable distribution of COVID-19 vaccines, it is nevertheless 

important to comment on these as they represent important global stakes as the world moves 

forward from this pandemic. First, the impressive progress achieved by organizations in the 

development of COVID-19 vaccines illustrates how nations can benefit from investing in research 

and enhanced biotechnological capabilities (Rao and Srinivas, 2020). The development of 

vaccines requires strong scientific bases, clinical interfaces and testing contexts, together with a 

robust manufacturing infrastructure linked to strong public policy goals (Rao and Srinivas, 2020). 

Second, the crisis has underscores the importance of investing in manufacturing capabilities. The 

manufacturing of vaccines is not only a complex and costly endeavour (Anderson, 2020), the 

uneven distribution of manufacturing capabilities across the globe is a major limitation to a faster 

large-scale deployment of different COVID-19 vaccines, and to guarantee fair and equitable 

access, particularly for the poor (Mehta, 2020; Twohey, Collins and Thomas 2020).  

Gehl, Sampath and Pearman (2021) assert that in order to sustainably build local industrial 

capabilities in biopharmaceuticals, a combination of factors need to be put in place, including 

better coordination of vaccine supply in multinational and local firms’ production initiatives. This 

is crucial for ensuring a receptive market for new entrants; fostering a diversified offer of vaccine 

technologies linked to the complex local epidemiological situation; and securing market certainty 

through, for example, dedicated public procurement interventions. Thus, to better prepare 

domestic healthcare systems for crisis like the COVID-19 pandemic, countries need to address 

capability gaps in areas related to governance, infrastructure, human resources and R&D (de 

Savigny et al., 2008), and in the ability to draw on manufacturing to address pressing domestic 

healthcare challenges.  
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