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 Annexes

Annex 1

Intellectual Property

Another important factor affecting integration and knowledge- sharing in this 
industry is the form in which intellectual property is negotiated. As already 
noted, exclusive licenses of government- funded inventions are issued for private 
firms on the assumption that exclusive licensing creates incentives to commer-
cialize these inventions. A broader hope of Bayle- Dole Act, and the initiatives 
emulating it, was that patenting and licensing of public sector research would 
spur science- based economic growth as well as national competitiveness (So 
et al. 2008). However, there is an increasing body of literature addressing the 
inconvenience of individual patenting in complex product industries in gen-
eral; and in the biotech industry specifically (Boldrin and Levine 2008; Clark 
et al. 2000; Shapiro 2004; Cohen et al. 2000). The main argument is that too 
many isolated patents in complementary assets in a common technology system 
inhibit innovation by increasing licensing and transaction costs;1 thus slowing 
or stopping the knowledge- sharing and the development of new products.

The process of ownership fragmentation of complementary assets and high 
transaction costs has increased the innovation costs and uncertainty in a field 
like biotechnology, whose very innovative force resides precisely in the ability to 
build long- term knowledge- sharing of tacit information. This mutual blocking 
of property rights has been described by Michael Heller as the Tragedy of the 
Anticommons (Heller 1998). This phenomenon is a pervasive element of most 
alliances and licensing agreements in the biotechnology industry (Pisano 2006; 
Heller 1998; Shapiro 2004). Consequently, a big lag between R&D spending 
and R&D output has emerged. While R&D spending has increased over the 
last 15 years,2 the rate of introduction of new applications has fallen (Pisano 
2006, p.  118). To stimulate innovative products, many pharmaceutical com-
panies focus more on redundant products, whose expensive patent protection 
incurs added costs for the consumer for no good reason.3

Historical evidence suggests that learning activities by catching- up countries 
and the development of innovative industries has taken place in environments 
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with lax conditions regarding patent enforcement. Boldrin and Levine (2008, 
pp.  214– 25) show the case of the pharmaceutical industry in Europe, Italy, 
Switzerland, France and Germany being well known. It is also suggested that, 
even after the Bay- Dole Act of 1980, which authorized the results of federal 
funded research to be patented no “major scientific discoveries have been 
pouring out of American universities’ laboratories at an unprecedented rate” 
(ibid., p. 228). On the contrary, this institution, together with others, is said to 
have helped to increase litigation costs and the possibility to use intellectual 
property to as an instrument to pressure competitors. The 1995’s World Trade 
Organization’s (Geneva) Agreement on Trade- Related Aspects of Intellectual 
Property Rights (TRIPS) and its subsequent provisions (TRIP plus) pose 
even more entry barriers for the biopharmaceutical industry, especially for 
developing countries. Thought the 2002 Doha Declaration has allowed for 
some flexibilities, the fact remains that most developing countries cannot make 
use of them, either because of the existence of extra provisions or because, in 
many cases, the very applicability of these flexibilities presuposes the exist-
ence of an infrastructure which the very core of TRIPS precludes. Cuba, as 
a signatory of this agreement, had to find some IP strategy to overcome this 
disadvantage.

Annex 2

International alliances of Cuban biotech

The Cuban biotech industry also pursues a clear global oriented commercial 
strategy. Different organizations work together on the introduction of novel 
products into the most regulated markets such as US, Europe, Canada and Japan, 
by promoting early stage partnerships for joint development and sharing com-
mercial opportunities with partners. Corporate partnership for joint develop-
ment and out- licensing to other countries is also part of the strategy of the 
industry.

However, this strategy is part of a coordinated and targeted alliance- building 
policy, in which the Cuban firms remain with the strategic control of their 
R&D assets. Consequently, neither equity purchase nor sharing of Cuban tan-
gible asset property will be included in any agreement4. In contrast, a highly 
financiarized form of exclusive IP- based, R&D outsourcing has become the 
dominant practice among biotech firms worldwide (acquired through alliances, 
development agreements and licensing).

The effectiveness of the Cuban strategy is reflected by a survey among 
developing countries engaged in biotechnology, published by Nature 
Biotechnology in 2009, which presents data on South– North entrepreneurial 
collaboration in health biotechnology.5 Here it is shown that Cuba is actively 
collaborating with the North and South and engaging in a relatively high 
number of such collaborations (10.5 per firm). It is the only country of those 
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surveyed that has an equal percentage of firms involved in North and South 
collaboration (Figure A2.1).

As already mentioned, HeberBiotec has also excelled in the creation of a 
solid international network of partners and distributors.6 To mention a few 
examples of how this works in practice, in 2000 the Indian company Panacea 
Biotec entered in a joint venture with Heber Biotec in order to manufacture 
Hepatitis- B in bulk form. A  new company  –  Pan Heber Biotec Ltd  –  was 
formed, in which the two partners hold equal stakes.7 Another example; the 
leading Brazilian pharmaceutical company EMS entered into a $100 million 
US agreement with Heber Biotec for a joint drug development venture.8 
Under the terms of the agreement, Heber Biotech will transfer technology 
and provide marketing rights for products developed by the Center for Genetic 
Engineering and Biotechnology of Cuba.

EMS should provide infrastructure and logistic support for the global distri-
bution of Heber’s products. EMS is present not only in Brazil, but in more than 
15 other foreign markets, including European destinations.9 HeberBiotec also 
has partnerships with the Biovac Institute10 and the Litha Healthcare Group 
Ltd11 in South Africa and with Bioven Holdings12 in Malaysia.

Other important commercializing firms of Cuban biotech are CIMAB 
S.A and Vacunas Finlay S.A. CIMAB is the trading arm of the Center for 
Molecular Immunology (CIM), and specializes in the commercialization in the 
national market and abroad of biopharmaceutical products employed as cancer 
therapeutics, specially monoclonal antibodies and other recombinant proteins, 
for the diagnosis and treatment of cancer.13 CIMAB S.A.  has established 
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Figure A2.1  Percentage of firms in international health biotech collaboration, 2009
Source: Melon et al. (2009).
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commercial associations (for distribution or R&D) with more than 25 pharma-
ceutical companies in several countries, including the United States, which 
is relevant if we consider the troubled relationship between both countries 
because the American embargo.

For example, before the landmark agreement of 2015 with Roswell Park 
Institute, an agreement between CIMAB (the commercial arm of the Center 
for Molecular Immunology) and CancerVax, of Carlsbad, California was signed 
in 2004 in order to undertake joint development and licensing of Cuban 
cancer vaccines. The deal was approved by the US Treasury Department, des-
pite the US trade embargo against Cuba.14 CIMAB also established a joint 
venture, called CIMYM (a joint venture between CIM and the Canadian firm 
YMBiosciences, to develop and market monoclonal antibodies- based cancer 
therapeutics. To accomplish this purpose, YMBiosciences usually should finance 
the R&D costs, the clinical trials in Cuba and abroad and the patent protection 
fees. It would also share development costs according to a structure of up- front 
fees, R&D funding and milestone payments previously discussed. CIM would 
retain manufacturing rights and obtain royalties from the sales of the products. 
In 2009, Cancer product Nimotuzumab was approved to be used in clinical 
trials in the US under application from YMBiosciences, which showed hope for 
another exemption to the American embargo.15

Annex 3

Cuba: Country- based patent pool

The way in which IP is employed within the Cuban biotech network represents 
another form of collaboration very particular to the Cuban model. It encourages 
cooperation between scientists of different firms by speeding the knowledge 
transfer process. Within Cuba, no organization has exclusive licensing rights in 
relation to one another.

The patents generated by the Cuban industry are individually acknowledged 
but owned by the government, given that the patents are issued by state owned 
firms. This mechanism avoids the problem of mutual blocking and patent war 
within Cuba. The whole process functions as a kind of patent pool, where 
every firm has the possibility of using complementary knowledge to advance 
new products. This may also resemble, although is not the same, some sort of 
internal open source of innovation, which is no surprise at all, as the notion of 
“cooperation instead of competition” is one of the most promoted values in the 
industry at a national level.

Cuba belongs to the World Intellectual Property Organization (WIPO) and 
therefore offers and has the right to receive protection for foreign and Cuban 
patents respectively. Patents are granted by the Cuban Intellectual Property 
Office (OCPI –  Oficina Cubana de la Propiedad Industrial), and applications 
to other countries are carried out depending on the specific needs of the 
industry.
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Another important issue in relation to patenting is the nationality of the 
owner. According to an explorative study conducted by Quach et  al. (2006) 
on the patenting behavior of a group of developing countries for the period 
1992– 2003,16 Cuba has the highest level of national assignees, with almost all of 
their inventions assigned to their nationals (Figure A3.1). This puts the country 
in a relatively strong position to capitalize on their inventions and allow it to 
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Figure A3.1  Percentage of total patents assigned nationally, 1990– 2003
Source: Quach et al. (2006). Inderscience retains the copyright of this figure and the 
article from which it has been taken.
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develop its industrial sector while at the same time making their patenting laws 
compatible with the choking restrictions imposed by TRIPS.17 This is reflected 
by the fact that even while the number of health biotechnology patents is 
much lower in Cuba than in almost all the countries included in the study, 
Cuba shows in the period under study the lowest ratio of health biotechnology 
papers to health biotechnology patents (Figure A3.2).

Annex 4

Network analysis of Cuban biotech

The role of non- firm organizations (NFOs) finds its theoretical expression in 
the concept of national (sectoral) innovation systems, where generally these 
kinds of organizations are placed at the center of the innovation process, the 
state being an important actor in this process. Within this literature individual 
firms are conceived as part of a broader network of organizations where the 
competences for innovation are distributed throughout the nodes and links 
of the network. The relevance of state policy (and government based non- 
firm organizations) is not to be solely confined to its ability to provide a large 
amount of R&D, because the causation of the innovation process is not linear 
from R&D to innovation. Much more important is its ability to create standard 
interfaces between organizations, which allow the coordination of intra- 
industrial change through the creation of inter- firm and inter- sectoral linkages. 
This process would make it possible for growth and innovation to develop into 
a more holistic targeted form.

A4.1 Research objective

The general objective of this case study is to analyze the set of institutions and 
organizations which have determined the existence of the biotechnology industry in 
Cuba. The analysis focuses on the West Havana Biocluster because that is where 
the most important organizations of the industry are hosted. We will only refer 
to health biotechnology, given both the preponderance of this branch in Cuba 
and its central role in establishing the reputation of the industry.

When we refer to set of institutions, we do not only mean formal institutions 
(including organizations) but also the informal institutions that prevail in the 
Cuban innovation system. This is important because, as discussed in Chapter 4, 
sectoral systems can be greatly affected by the system of national institutions. 
The system of national institutions is expected to provide codified (or 
institutionalized) standards that allow sectoral agents to embrace openness as 
a principle.

As already discussed, openness reduces the inherent uncertainty in the 
innovation process and helps to build foreseeable expectations among the 
heterogeneous ecology of agents involved in the system. This process creates 
an opportunity to build collective pools of knowledge that contribute to 
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reduce the cost of innovation and therefore to encourage risk taking; know-
ledge recombination and experimentation. Many of these collective pools are 
governed by a strong tacit component. This kind of knowledge, which is highly 
complementary to codified information, is considered to be an immanent fea-
ture of every practical business activity. Therefore, not to provide a platform 
for these informal institutions to further develop may end up disrupting the 
innovation process.

In order to make the general research question operational, the following 
causal hypothesis has been established: government- based NFOs play a crucial 
role in the process of organizational integration (OI) within the Cuban bio-
tech industry. Within the national and sectoral systems there are certain types 
of agents that generally display the larger ability to contribute to the processes 
of circulation and diffusion of knowledge throughout the economy. Historical 
evidence suggests that government agencies have played a very important 
role in this direction. In this chapter we will try to corroborate this for the 
Cuban biopharmaceutical industry. The concept of OI is defined as “a set of 
social relations that provides participants in a complex division of labour with 
the incentives to cooperate in contributing their skills and efforts toward the 
achievement of a common goal” (Lazonick 2002).

According to Lazonick (2011), “the need of organizational integration 
derives from the developmental complexity of the innovation process –  that 
is, the need for organizational learning  –  combined with the imperative to 
secure high levels of utilization of innovative investments if the high fixed 
costs of these developmental investments are to be transformed into low unit 
costs.” The notion of organizational learning stems from the evolutionary- based 
organization science school (Teece 1997; Nonaka and Takeuchi 1995; Nonaka 
and Krogh 2009) and it basically refers to the ability of business organizations to 
make their processes more efficient by absorbing and creating new knowledge 
and capabilities.

Subsequently, this notion has also been assimilated by the literature on 
both innovation (Freeman 2008; Lundvall 2002) and development economics 
(Chang 2002). While the organization literature focuses primarily, although not 
exclusively, on the firm (or group of firms) as unit of analysis, the system of 
innovation and the development literatures place the firm within a network 
of (firm and non- firm) actors, in which government non- firm organizations 
are central in shaping the way in which business enterprises operate (Malerba 
2002). Relying on this framework, the theory of the innovative firm (Lazonick 
2002) proposes the concept of organizational integration as a causal mechanism 
behind the process of organizational learning.

A4.2 On the network method

Network analyze has been widely employed to assess industry and technology 
environments. Particularly in the biotech industry there are antecedents such 
as Powell et al. (1996/ 2005) or Porter et al. (2005). Also the general issue of 
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dealing with public health issues as complex systems is embedded in the current 
discussion on health policy (Rutter et al. 2017). Reflecting on those and many 
other applications of the method (see Chapter 2) the present study employs the 
network analysis in order to find out how central are government- based non- 
firm organizations (NFO) in the Cuban biotech network.

Statistical methods and social network methods

While mainstream statistical methods18 demand independent units of analysis, 
network methods deal directly with the patterned, relational nature of social 
structures.

Statistical methods of analysis –  be it cross- tabulation, correlation, or more 
complex multivariate techniques –  proceed by categorizing individual entities 
possessing similar combinations of attributes into similar analytic cells. Each 
attribute is treated as an independent unit of analysis and lumped into social 
categories with others possessing similar attribute profiles. Social structures 
and processes are treated as the sum of individual actors’ individual attributes 
(Wellman 1988; Borgatti et al. 2009).

In contrast, the network analysis seeks explanations in the regularities of 
how people and collectives actually behave, rather than in the regularities of 
their beliefs about how they ought to behave, individual attributes being less 
relevant. For example, the causal variable selected for our analysis (organiza-
tional integration) does not classify as an individual attribute, but as a relational 
variable, i.e. a combination of different causal factors expressed in different cen-
trality measures. This is pretty consistent with the fact that, in social phenomena, 
effects can also be causes.

These differences become apparent when considering, for example, the type 
of data required by each method. Conventional social science data consists of 
a rectangular array of measurements. The rows of the array are the cases, or 
subjects, or observations. The columns consist of scores (quantitative or qualita-
tive) of attributes, or variables, or measures.

The conventional data structure is one that leads us to compare how actors 
are similar or dissimilar to each other across attributes (by comparing rows). Or, 
perhaps more commonly, we examine how variables are similar or dissimilar 
to each other in their distributions across actors (by comparing or correlating 
columns). Rather, network analysts look at the data in fundamentally different 
ways. Actors (nodes) are described by their relations, not by their attributes. 
Also, the relationships themselves are just as fundamental as the actors that they 
connect.

Additionally, common statistical procedures estimate standard errors based 
on observations from independent random sampling. The very assumption of 
statistical independence, which makes these methods appropriate for a powerful 
categorical analysis, detaches individuals from social structures and forces analysts 
to treat them as parts of a disconnected mass. Researchers following this tack 
can only measure social structure indirectly, by organizing and summarizing 
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numerous individual covariations. They are forced to neglect social properties 
that are more than the sum of individual acts (Wellman 1988, p. 38).

In contrast, network observations are non- independent (by definition) 
and they are all relevant, although not equally, to the central argument being 
made (they are not random). Consequently, conventional inferential formulas 
do not apply to network data (though formulas developed for other types of 
dependent sampling may apply). It would be deceitful to assume that such for-
mulas do apply, because the non- independence of network observations will 
usually result in under- estimates of true sampling variability –  and hence, too 
much confidence in our results.

Moreover, the data of this network analysis proceeds from different types of 
levels and it is essentially non- comparable. This case study (and most case studies 
and their observations) is based on pieces of evidence that (even if quantita-
tive) arise from different populations. That is, much of the information is not 
coded in a way that conforms to standardized variables. Hence, they cannot be 
handled within a dataset format, usually referred to as a sample.

A brief definition

As already discussed in Chapter 2, a social network is a set of actors (or points, 
or nodes, or agents) that may have relationships (or edges, or ties) with one 
another. Networks can have few or many actors (individuals, organizations, 
nations, groups etc.) and one or more kinds of relations between pairs of actors 
(resources, beliefs, friendship ties etc.) (see also Borgatti et al. 2009; Wasserman 
and Faust, 1994; Freeman 1979; Wellman 1988).

To manage the amount of data involved even in network systems (particu-
larly but not exclusively in social networks) can be complicated. That is the 
reason why it is helpful to use mathematical and graphical techniques19 in social 
network methods to describe the pattern of social relationships that connect 
the agents involved. Formal representations ensure that all the necessary infor-
mation is systematically represented, and provides rules for doing so in ways 
that are much more efficient than lists. In other words, it provides methods and 
concepts that can be used to characterize networks and the positions of nodes 
within them.

As a necessary starting point, we need to know that the relationship between 
each pair of actors in a population, rather than the individual attributes of the 
agents is the element to be considered in a network analysis. This is consistent 
with the fact that network data in social sciences are often not probability 
samples, and the observations of individual nodes are not independent. This 
reveals important differences between the network analysis and conventional 
statistical analysis.

Each tie or relation may be directed (i.e. originates in a source actor and 
reaches a target agent, e.g. the relation “to be a parent of ”), or it may be a tie 
that represents cooccurrence, co- presence, or a bonded- tie between the pair 
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of actors (undirected, e.g. the relation “to be a sibling of”). Directed ties are 
represented with arrows and bonded- tie relations are represented with line 
segments. These ties may be reciprocated (A links to B and B links to A), which 
can be represented with a double- headed arrow.

The ties may have different strengths or weights. These strengths may be 
binary (representing presence or absence of a tie), signed (representing a nega-
tive tie, a positive tie, or no tie); ordinal (representing whether the tie is the 
strongest, next strongest etc.); or numerically valued (measured on an interval 
or ratio scale).

In undirected data, actors differ from one another only in how many 
connections they have. With directed data, however, it is important to distin-
guish between in- degree centrality and out- degree centrality. If an actor receives 
many ties, it is often said to be prominent, or to have high prestige. That is, many 
other actors seek to direct ties towards that particular actor, and this may be an 
indicator of importance. On the other hand, actors with unusually high out- 
degree may be able to influence others, or make others aware of their views. 
Thus, actors with high out- degree centrality are often called influential actors.

Last but not least, it is important to point out that the network method 
being employed here serves as a complement to the evidence provided by both 
historical narrative and other comparative historical studies, upon which most 
of this study relies (see Chapter 1). One of the main criticisms made to the 
social network analysis is that most of the work done by analysts has focused 
on the consequences of networks rather than the antecedents (e.g. how ties 
formed).

That is one of the reasons why this research employs such qualitative tools 
as process- tracing and cross- level reasoning (see Chapter 1). By using these tools, an 
effort was made to construct causality within the case20 and to build a theory- 
based explanation by re- contextualizing the contextual evidence (abductive 
logic). Of course, the network analysis is also appropriate for advancing new 
explanations for existing problems, but only when understanding the phenom-
enon under study. Hence, it should not be seen, at least within this research, as a 
sole provider of causal explanation, or as causal explanation in itself, but rather 
as an additional, rather modest and necessarily incomplete, effort to explore the 
relational nature of innovation within a historic and institutional constrained 
phenomenon.

That is also the reason why, even when employing a quantitative tool, this 
case study is being considered as one of an essentially qualitative nature. As 
Wellman (1988), one of the major contributors to the theory of social network 
analysis states, if networking techniques can be integrated with more strictly 
historical work by tracing the conditions under which system members behave, 
the combination should improve our understanding of social relationships and 
large- scale structural change (Wellman 1988, p. 47). Bearing these cautionary 
words in mind may help the reader to have a better sense of the boundaries and 
benefits of the approaches been employed in this research.
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A4.3 Network data collection

This study of the Cuban biotech industry focuses on 54 organizations, which 
have been proved, according to the collected data; to be functionally (in terms of 
social distance) related one another (see Chapter 7, Figure 7.8). Note, however, 
that we are intentionally omitting a lot of incidental data in order to focus in 
the most important relations from the point of view of the biopharmaceutical 
industry. On the other side, it was not always possible to confirm some plausible 
assumptions in terms of the relevance of some organizations.

Most of the relational data was collected relying in two fundamental public 
sources. The first is the periodical list elaborated by the Cuban Drug Control 
Agency (CECMED) which covers the organizations authorized to carry out 
the kind of activities they do (year 2012, before December). In addition to 
the CECMED’s data bank, the study employed public data offered by the 
companies and non- firm organizations featured in the visualization (available 
predominantly in their websites), as well as personal interviews and written 
communication with officials and employees. Notice that these relationships 
belong to the period prior the creation of BioCubafarma (see Section 7.4.2) 
and therefore represent only an approximation of what exists today (2019) as 
the industry is still in a process of restructuring and accommodation.21

Even when the creation of BioCubaFarma confirms many of results of the 
analysis, at the time this investigation began (2008) many components that 
belong today to the holding were located in different sector and were supposed 
to work under different logic. For example, the industry’s large and small 
molecules parts were only merged as part of the new holding. However the 
fact that policymakers saw this as a functional necessity confirms the insights 
advanced by this analysis.

The study has made use of the best known data collection methods in social 
network analysis, namely the Full network method. The method consists basic-
ally of collecting information about each actor’s ties with all other actors. Full 
network data is necessary to properly define and measure many of the structural 
concepts of network analysis (e.g. betweenness).

The obvious difficulty of collecting data from every member of a popula-
tion is made more manageable by complementing this method with others, 
such as Snowball methods and Ego- centric networks (with alter connections). The 
former begins with a focal actor or set of actors. Each of these actors is asked to 
name some or all of their ties to other actors. Then, all the actors named (who 
were not part of the original list) are tracked down and asked for some or all 
of their ties.

In many cases it will not be possible (or necessary) to track down the full 
networks beginning with focal nodes (as in the snowball method). Then it is 
recommended to employ the later approach, which is to begin with a selection 
of focal nodes (egos), and identify the nodes to which they are connected. Then, 
we determine which of the nodes identified in the first stage are connected 
to one another. This can be done by contacting each of the nodes; sometimes 
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we can ask ego to report to which of the nodes it is tied (Hanneman and 
Riddle 2005).

In order for these two last approaches to work properly, it is necessary 
to determine how to select the initial nodes. Starting in the wrong place or 
places could lead to missing whole sub- sets of actors who are connected –  but 
not attached to the starting points. In this study, the natural starting points 
are the nodes that belong to the strategic network; because the whole story 
of Cuban biotech turns around these organizations. This does not neces-
sarily mean that these companies always play the major role in the process of 
organizational learning, just that they are the starting point of the relational 
network.

A4.4 Basic assumptions

The visualization and analysis has been carried out with the software ORA 2.0 
(Organizational Risk Analizer),22 developed by an interdisciplinary group led 
by Dr Kathleen M. Carley at the Center for Computational Analysis of Social 
and Organizational Systems Carnegie Mellon University in Pennsylvania, 
United States. ORA is a dynamic meta- network assessment and analysis tool 
which contains hundreds of social network metrics that can be applied to the 
study of different intra-  and inter- organizational structures. However, the way 
in which we conceive nodes and links does play a role in the metrics` results. 
For that reason, we will briefly refer here to the basic assumptions underlying 
our analysis.

As already mentioned in Chapter 7, the nodes are classified according to the 
type of activity they are involved in. However, given the high degree of multi- 
functionality and integration within Cuban biotech, no exact resource will be 
identified to any organization. Therefore, even when the type of resource may 
be clearer in some cases than in others (e.g. a bank), links usually correspond to 
more than one resource. One organization can bring different resources into 
a partnership, e.g. technology, manufacturing capabilities, marketing expertise, 
scientists, proprietary knowledge, etc. For this reason, links in the visualizations 
(see Visualization section below) are generically identified as resources or know-
ledge, rather than as the specific resource that a given organization is supposed 
to more frequently provide. This is more consistent with the organizational 
structure of the Cuban industry and offers a more realistic view of the relations 
within the industry.23

Also consistent with the organizational structure of the industry is the 
type of links being represented. It is worth noting that the flows of resources 
are represented in the whole network as binary links, which can go in both 
directions (see Visualizations section below). However, this links are not given 
any weight. One of the reasons we do not include weighted links24 in this study 
is because it is assumed that relationships among agents find in practice few 
obstacles within the Cuban biotech industry.25 This aspect plays a role in the 
calculation of the metrics.
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A4.5 Organizational integration conceived as centrality

The kind of network analysis proposed for the Cuban biotech industry makes 
most of the emphasis in the nodes and their network positions.26 This is, we 
fundamentally explore node- level properties relating to the structural import-
ance or prominence of a node in the network (Borgatti et al. 2009). As already 
mentioned in Chapter 2, within this level of analysis, the most widely studied 
property is centrality. This notion has become widely accepted as a very important 
structural attribute of networked systems in a wide range of branches, including 
social systems.

The concept of centrality of individuals and/ or organizations in their social 
networks is also one of the earliest notions employed by social network analysts. 
It basically refers to an actor or node which is `central` to a number of other 
connections. This means, a node with many direct contacts to other nodes and 
which can be seen as a major source of information and control (Freeman 
1979; Wasserman and Faust 1994; Borgatti 2009; Opsahl 2010). This multidi-
mensional concept has been formally developed into different proxies with the 
aim to capture the most of its characteristics (total degree centrality, betweeness 
centrality, closeness centrality etc.).

As already discussed in Chapter 4, in this research the notion of centrality 
will be related to the concept of organizational integration (Lazonick 2002). This 
is the causal variable chosen for the analysis of Cuban biotechnology. This con-
cept is defined as “a set of social relations that provides participants in a complex 
division of labor with the incentives to cooperate in contributing their skills 
and efforts toward the achievement of a common goal” (ibid., p. 14).

Being conceived of as a social condition, this concept encompasses the idea 
of business enterprises as social structures that are in turn embedded in larger 
(typically national) organizational/ institutional environments, which should 
be understood and explained in terms of relational categories, like the ones 
advanced by the network analysis.

In addition, successful organizational integration has to do with the ability 
of certain organizations to mobilize resources and allowing knowledge and 
innovation to disseminate across a company, industrial or technological sector. 
From a social network perspective, they are structurally “central” to the sector 
and possess the property of integrating other organizations into the process 
of organizational learning. Without them, the innovation process could not 
possibly take place. They play a crucial role by encouraging innovative strat-
egies in the typically uncertain environment of high tech industries such as the 
biotechnology. In this study, we want to explore the importance of non- firm 
organizations within the context of the Cuban biotechnology.

The following section will quantitatively explore the kind of organizations 
that have the major stake in the just mentioned process. This will be done by 
measuring different types or node (unit) centrality indices obtained from a 
standard network analysis. The analysis will look for supporting the established 
hypothesis that non- firm organizations are essential to the process of organizational 



Copyright material from Andrés Cárdenas O’Farrill (2021) Cooperation Networks and Economic 
Development Cuba’s High-Tech Potential, Routledge

integration. As noted above, the current study is intended to particularly explore 
the role played by these kind of entities, given their critical importance in the 
innovation process within the Cuban biotech industry (and in other high tech 
industries around the world in many different periods).

However, it does not mean that other organizations are not considered. 
Given the open nature of the Cuban industry, it is not surprising at all, that 
other organizations also play an essential role in the organizational learning 
process. As will be seen, this is the case of the firms that belong to the strategic 
network of the industry, which represent the selling and exporting core of the 
Cuban biotechnology.

The indicators to be considered are degree centrality, eigenvector centrality, 
closeness centrality, betweenness centrality, in- degree- centrality and out- degree 
centrality. These are among the most commonly employed measures within 
network analysis.

Following this set of measures, other derivations of the six mentioned 
indicators will be considered in order to cover as many as possible different 
centrality dimensions in the study. However the six above mentioned indicators 
are the main ones to be considered and deeply explored.

A4.6 Core notions of centrality

This section will focus on three measures, which are somewhat the pivotal 
point of many others that have been subsequently developed. The section of 
results and discussion will be devoted to the network analysis of the case under 
study; several other measures will be presented.

Degree centrality

Based on other authors’ previous research, Freeman synthesizes three proper-
ties to calculate the centrality of a node: based on the maximum possible degree, 
on closeness, and on betweenness. Degree centrality is based on the idea that having 
more ties (and hence higher degree) means being more important. As already 
suggested, degree of a node pj is defined as the count of other nodes, pj (i≠j), 
that are adjacent to it (two nodes directly connected by a link) (Freeman 1979). 
Freeman defined degree centrality C’D (Pk) as
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Pk) and n is the total number of nodes in the network. This measure is also the 
normalized measure of degree centrality.
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Newman (2010) acknowledges that although degree centrality is a simple 
centrality measure, it can be very helpful because it seems reasonable to suppose 
that social actors who have connections to many others might have more influ-
ence, more access to information,27 or more prestige than those who have fewer 
connections.

The straightforwardness of the mechanisms described by this index makes it 
easier to understand its significance for innovation and economic development. 
The literature on innovation and development economics gives enough evi-
dence on the importance of direct ties between economic agents. It also reveals 
the central role played by government non- firm organizations in the develop-
ment of innovative products, technologies and organizational practices (Chang 
2002, 2010; Reinert 2007; Cimoli et al. 2009).

Betweenness centrality

Another centrality measure illustrated by Freeman (1979) is betwennness cen-
trality, which is “based upon the frequency with which a [node] falls between 
pairs of other [nodes] on the shortest path (geodesic) connecting them” (p. 221). 
Borgatti (2005) described this measure as the number of times that any actor 
needs a given actor to reach any other actor. This indicator may be useful for 
example as an index of the potential of a node for control communication in 
the network. Freeman (1977, 1979) defined betweeness centrality C(B) of a 
point P(k) as:

C bB k ij k
j

n

i

n

( ) ( )p p= ∑∑
<

where i≠j≠k b p
g

g pij
ij

ij k( ) ( ( ))k =






1

 is the probability that point Pk falls on a 

randomly selected geodesic connecting Pi and Pj, gij (Pk) is the number of 
geodesic linking Pi and Pj that contain Pk, and 1/ gij is the probability that any 
particular geodesic connects Pi and Pj. A normalized index is also provided.

Betweenness is a very important feature in economic and innovation systems. 
Social actors with a high degree of betweenness are ideal brokers that build 
relationships among previously unrelated actors.

Closeness centrality

The third measure of centrality developed by Freeman (1979) is one based 
on closeness. Closeness centrality assumes that actors who are able to reach other 
actors at shorter path lengths, or who are more reachable by others at shorter 
path lengths, are in favored positions. In contrast to degree centrality, this 
includes also non- adjacent nodes. If degree centrality reflects the level of direct 
connections; and betweeness reflects the ability of intermediary, closeness has 
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more to do with the quality of efficiency and independence. Freeman (1979) 
defines closeness centrality as:
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This is the inverse of geodesic of each node to every other node in the net-
work, where d (Pi, Pk) is the number of edges in the geodesic linking Pi and Pk. 
A normalized measure for closeness centrality is also provided.

A4.7 Results and discussion

A4.7.1 Total Degree centrality

We start by showing in Table A4.1 the results of degree centrality. The total 
degree centrality (or degree centrality) of a node is the normalized sum28 of 
the number of nodes that are adjacent to it and therefore, in direct contact (the 

Table A4.1  Total degree centrality

Rank Nodes Value Unscaled

2

1 Regulation agency (CECMED) 0.387 41.000

3

4

5

6

7

8

9

10

Center for Genetic Engineering and Biotechnology (CIGB) 0.349 37.000

Pharmaceutical Chemistry Center (COF) 0.349 37.000

Finlay Institute 0.330 35.000

Center for Molecular Immunology (CIM) 0.311 33.000

National Center for Scientific Research (CNIC)

Center for Immunoessays (CIE)

0.302 32.000

0.302 32.000

National Coordinating Center for Clinical Trials (CENCEC) 0.283 30.000

National Center for Bioproduction (BIOCEN) 0.283 30.000

Institute for Digital Research (ICID) 0.283 30.000
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foundational mathematical definition can be found in Freeman 1979; see also 
Wasserman and Faust 1994; Newman 2008). The degree of a vertex (also called 
indistinctive node or agent) in a network is the number of edges attached to it. 
This index (as well as the rest of the indexes) is normalized to get measure in 
interval from 0 to 1, where 0 means the smallest possible and value 1 the highest 
possible centrality. Organizations with a high degree centrality are those who 
are linked to many others and so, by virtue of their position have access to the 
ideas and resources of many others. The table shows the first ten nodes but the 
analysis focuses in the top three nodes.

The results of this index show that CECMED is the most central organiza-
tion within the network. Equally relevant are the CIGB and the CQF, second 
and third in the score respectively, which is coherent with the fact that they are 
the first two strategic network organizations to be found in the list among the 
Cuba’s top 20 R&D organizations, according to research achievements, national 
prizes and their economic contribution (they rank first and fifth respectively).

This index could be interpreted as a measure of immediate effects of what 
happens at time t + 1 only; or in other words, as a measure of immediate influ-
ence, which at the same time could involve different kinds of flow processes.29 
Borgatti (2005) establish a typology of flow process and analyses how different 
centrality measures fit to the study of each of them.

In the specific case of the Cuban biotech industry it could be telling us that 
these organizations possess the best ability to rapidly transmit information to 
others directly tied to them. One of CQF’s and CIGB’s (through Heberbiotec) 
most significant features is their impressive domestic (and international) collab-
oration network. Given that most of the projects within the Cuban biopharma-
ceutical complex involve more than one organization, it is easy to understand 
why these organizations rank among the top three when measuring degree 
centrality. However, it is not a surprise to find that companies of the strategic 
network of the Cuban biopharmaceutical complex30 have a central position.

Noteworthy is the fact that a non- firm organization (NFO henceforth) 
surpasses them, which gives an idea of the central role played by NFOs in Cuban 
biotechnology. Indeed, the national drug regulation agency CECMED ranks as 
the most central entity according to degree centrality. This element could be 
related to the ability of transmitting information at once to others, which is 
highly relevant for systems based on parallel duplication flow processes. The 
Freeman degree centrality (the one being calculated here) could be employed 
to evaluate processes that involve walks, trails or paths (Borgatti 2005). The case 
of CECMED involves the existence of walks where information needs to be 
diffused simultaneously, which also applies to this measure since in those cases 
the probability of receiving –  in the next time period –  something that is ran-
domly distributed in the network, will be entirely a function of the number of 
ties that a give node has (ibid.). In these processes, similarly to a radio broad-
cast, information can be diffused and replicated simultaneously throughout the 
system, which contributes to the joint learning.
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The centrality of CECMED consists of providing regulatory standards for 
the whole biopharmaceutical industry. This function is similar to that of the 
FDA or EMEA, but a difference is that CECMED belongs to the national 
health system, which has an explicit interest in allowing information to rapidly 
distribute across the system. As already mentioned, to ensure that manufac-
turing and distribution are in compliance with international standards is the 
main task of a drug regulation agency. In fact CECMED is much more dir-
ectly involved in the process because it directly helps other organizations meet 
required international standards, such as good production and clinical practices, 
product labeling and post- marketing pharmacovigliance.

In addition, there is a national normative context, which consists of a 
highly complex system of routines and protocols (documentation, regular data 
monitoring, regular pharmacologic control etc.) for the national industry. It is 
in this set of particular standards where CECMED has developed a dynamic 
comparative advantage. This national institutional framework arises from the 
harmonization of the international criteria with the specific characteristics of 
the country (list of essential medicines, predominant medical conditions, health 
policy etc.). During this process, a high level of collaboration within the regula-
tory agency and the industry has been the rule of the Cuban biopharma system, 
which has allowed developing standards guidelines in agreement with all the 
national actors involved.

As already discussed in this study, the creation of standards facilitates com-
munication and knowledge transfers between heterogeneous organizations 
within the industry and thus allows cost reduction. This allows CECMED 
to better fulfil its national regulatory needs, by issuing documents that can be 
used as reference to design research & development projects, also including 
regulatory requirements since the beginning of research to guarantee the 
proper development of new products. A concrete example can be found in 
the recent development of a regulatory framework for the development of 
pharmaceuticals obtained from transgenic plants in Cuba (Hechavarría- Nuñez 
et al., 2009)

Last but not least, degree centrality could be linked to the property of 
developing processes that involves no indirect links. This is, two nodes i and 
j co- construct something that is unique to them while engaging in a similar 
activity with others. The part of creating something common fits the three 
top ranking nodes being considered here. Particularly CIGB and CQF create 
products that are the result of the direct interaction with other organizations. 
But the case of CECMED also fits the part of “engaging in similar activity,” 
in that similar sets of information result in very different products. To develop 
a certain product, a firm has to follow the procedures of CECMED, but at 
the same time CECMED needs specific knowledge about the product or 
procedure being approved. Therefore each firm has a unique relationship to 
CECMED even while assimilating a set of standards common to the rest of 
the firms.
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A4.7.2 Closeness centrality

Although total degree centrality is a very powerful (and visibly simple) index, it 
only takes into consideration the immediate ties that an agent has, rather than 
indirect ties to all others. One agent might be tied to a large number of agents, 
but those others might be rather less connected to the network as a whole. 
This means that the agent could be quite central, but only in a local neigh-
borhood. In a case like this, and in order to better capture functional distance 
among nodes, the index of closeness centrality is introduced (Table A4.2). (The 
foundational mathematical definition can be found in Freeman 1979; see also 
Borgatti 2005; Wasserman and Faust 1994; Newman 2008).

Closeness centrality approaches emphasize the distance of an agent to all 
others in the network (not only the immediate agents). It is defined as the 
inverse of the average distance in the network between the node and all 
other nodes.31 Most central units, according to closeness centrality, have the 
shortest path and can quickly interact with all the others because they are 
close to them.

According to Borgatti (2005), shortest path is an important assumption when 
analyzing closeness because it defines the two kinds of flow processes that this 
measure is suitable for: those in which things flow along shortest paths, such as 
the package delivery process, and those in which things flow by parallel dupli-
cation. In the latter case, all possible paths are followed simultaneously, including 
the shortest path, and so the net effect is the same. It would be inappropriate to 
see closeness centrality as an index of reception speed for other flow processes 
than those in which traffic did not travel along shortest paths (ibid.).

This index shows how long it takes for an organization to spread knowledge 
to other organizations within the network. In the case of information flows, this 
index could be interpreted as the expected time until arrival of relevant infor-
mation flowing through the network. For instance, in an R&D technology- 
sharing network, high scoring organizations will be well- positioned to obtain 
novel information earlier and able to develop products sooner than others. In 
a broader context, it also means the ability to monitor information flows and 
have a better picture of what is happening in the network as a whole.

The results show three NFOs with the highest closeness scores. Among 
them, the Center for Medical Research and Development (CIDEM), placed in 
third position, seems to be more relevant than it first appears. The particularity 
of CIDEM is that it offers services (e.g. microbiologic, biologic and toxico-
logical studies as well as chemical research) to both the centers of the strategic 
network (biological producers) and to the medical- pharmaceutical (small drugs 
producers). That is, although it plays a more important role in the chemical- 
pharmaceutical branch by producing and commercializing mostly generics and 
synthetic products, CIDEM’s high closeness score shows that it also effectively 
communicates with the biological- based part of the Cuban biopharmaceutical 
industry. That is the kind of organization with the potential to promote tech-
nology cross- fertilization and innovation. Indeed, when we scratch the surface, 
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we find that CIDEM’s main establishments carry out a number of complemen-
tary activities that contribute to accelerate the processes of both small and large 
drug development.

Again, and more interestingly, the results also reflect that the two regulators, 
CECMED with the highest score, followed by CENCEC, are among the top 
three organizations, if centrality is considered in terms of closeness. The observed 
outcome is consistent with the fact that these two organizations are expli-
citly designed for spreading information quickly and effectively throughout 
the system. The regulatory function of CECMED makes it imperative  
for this organization to be able to constantly transmit, evaluate and retransmit 
the requirements for manufacturing permissions, certifications and marketing. 
In order for this information to diffuse rapidly and efficiently, a system called 
Operation Normalized Procedures has been implemented, which consists of a 
methodology that establish the steps to follow in order to evaluate the infor-
mation received for the clinical trials. This methodology is part of the system of 
particular regulations created as guide for the domestic industry. An incomplete 
guide will lead to a poor and belated evaluation.

Table A4.2  Closeness centrality

Rank Nodes Value Unscaled

2

1 Regulation agency (CECMED) 0.757 0.014

3

4

5

6

7

8

9

10

National Coordinating Center for Clinical Trials (CENCEC) 0.654 0.012

Center of Medical Research and Development (CIDEM) 0.530 0.010

CLEADEN 0.525 0.010

Ministry for Public Health 0.486 0.009

Pharmaceutical Chemistry Center (COF)

Biomundi

0.486 0.009

0.465 0.009

LABIOFAM Group 0.457 0.009

Center for Genetic Engineering and Biotechnology (CIGB) 0.449 0.008

Finlay Institute 0.449 0.008



 

Copyright material from Andrés Cárdenas O’Farrill (2021) Cooperation Networks and Economic 
Development Cuba’s High-Tech Potential, Routledge

For example, when a product is under scrutiny, CECMED needs to contact 
experts regarding the condition that the vaccine or drug under probation is 
meant to relieve. For this, there are certain routines and procedures with a pre- 
establish format that cover the way in which they will be recruited, and how 
the evaluation and post- evaluation will take place, as well as ethical and social 
aspects (depending on the kind of product). After the trial or the commercial-
ization has begun, a periodical security report has to be sent to CECMED as 
per a defined chronogram. The faster good quality information can be spread, 
the faster and the more productive the rest of the system will function. The fact 
that CECMED has the highest degree of closeness centrality is a signal of good 
function and is part of the explanation for the relatively good performance of 
the Cuban biopharmaceutical industry.

Likewise, the results reflect that CENCEC functions as a contract research 
organization (CRO), namely designing and executing clinical trials of Cuban 
products requiring evaluation before entering national and international 
markets. The fulfilment of these functions demands frequent review and adap-
tation of the CENCEC to international trends in contractual clinical trial 
research in order to help the Cuban organization(s) to keep up to date. This 
needs to be done as quickly and effective as possible; and for that reason, this 
organization has designed a multicenter trials network across the country that 
applies a single protocol. This is a very important organizational innovation in 
the Cuban case, given that no country disposes of a national network for clin-
ical trials, which means that every time a trial needs to be done, different and 
potentially conflicting procedural views (sponsoring company and the private 
CRO) are minimized.

The criteria uniformity provided by CENCEC allows patients to be more 
quickly enrolled, to carry out simultaneous clinical trials and reduces the costs 
of clinical sites. Greater efficiency leads to cost-  and time- savings that could 
mean the difference in the international market and adding time to a drug’s 
lifecycle.

A4.7.3 Eigenvector centrality

A more sophisticated version of the notion of degree centrality is the index 
eigenvector centrality. While degree centrality gives a simple count of the 
number of connections a vertex has, eigenvector centrality acknowledges that 
not all connections are equal. The fact that an agent is linked to agents that are 
themselves well connected, will provide it with more influence than less linked 
agents. This index is defined as the extent to which the centrality of a node is 
proportional to the average of the centralities of its neighbors.32

In the scores showed in Table A4.3, NFOs are confirmed to be central agents 
in the network. The singularity in the result is that CECMED has obtained the 
maximum score (followed by CENCEC). In other words it means that all the 
organizations directly related to the Drug regulatory agency are themselves 
well connected within the network. Of course, the visualized representation 
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necessarily omits several other facilities and organizations that could influence 
this score. However, the result would not be of such a difference since many 
of the most important agents of the industry are represented. Furthermore, it 
is consistent with the functions of CECMED as a Drug regulatory agency. 
CECMED has the power to provide or withdraw the operation license (in case 
of not meeting the required standards) of virtually all the organizations involved 
in core activities of the industry (manufacturing, trading, domestic distribution), 
which, by virtue of the characteristics of the Cuban industry, are themselves 
well connected to each other.

The fact that the same top three organizations (and in the same order) of 
the closeness centrality are the ones that obtained the highest degrees of eigen-
vector centrality is a signal of the level of influence these organizations have 
within the network. Even when both measures can be viewed as indicators of 
influence, this sort of coincidence does not necessarily follow. Closeness takes 
into account only the shortest- path distance among vertexes and eigenvector 
centrality considers all kind of distances. This becomes clear when we compare 
the rest of the scoring organizations in both measures (Tables A4.2 and A4.3).

Table A4.3  Eigenvector centrality

Rank Nodes Value Context*

2

1 Regulation agency (CECMED) 1.000 1.885

3

4

5

6

7

8

9

10

National Coordinating Center for Clinical Trials (CENCEC) 0.951 1.694

Center for Genetic Engineering and Biotechnology (CIGB) 0.948 1.685

Finlay Institute 0.945 1.673

Center for Immunoessays (CIE) 0.921 1.578

National Center for Scientific Research (CNIC)

Center for Molecular Immunology (CIM)

0.905 1.519

0.897 1.488

National Center for Bioproduction (BIOCEN) 0.880 1.419

National Center for Animal and Plant Health (CENSA) 0.819 1.182

Pharmaceutical Chemistry Center (COF) 0.810 1.149
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A4.7.4 Betweenness centrality

As important as the distance from a node to another one, is the notion of which 
node lies on the shortest path among pairs of other nodes. This property is 
called betweenness centrality and is defined as the normalized sum of the prob-
abilities that a certain node fall on a randomly selected geodesic (shortest- path) 
linking two other nodes.33 The betweenness of a vertex measures how much 
flow will pass through that particular vertex. Such agents have control over 
the flow of information in the network because they link pair of nodes. (The 
foundational definition is to be found in Freeman 1977; see also Freeman 1979; 
Newman 2008; Wasserman and Faust 1994.)

Betweenness is said to work better for the kind of processes characterized 
by indivisible traffic (e.g. package delivery process,) that transfers from node to 
node along shortest paths until it reaches a pre- determined target.34

This does not only apply to goods, but to certain kinds of information as 
well. In many social contexts an agent with high betweenness will exert substan-
tial influence not because of its being in the middle of the network (although 
it may be) but of lying “between” other agents in this way. They could play 
a brokering role between groups by bringing the influence of one group on 
another or serve as a gatekeeper between them. Table A4.4 shows the results of 
this index for the Cuban biotech network.

First of all, it is no surprise that CQF is placed among the top three scorers 
in betweenness centrality. As mentioned in Chapter 7 (Section 7.4.6), this core 
organization has built one of the most impressive (both national and inter-
national) collaboration networks within the industry. This network includes 
almost all the research and health centers in the country.

The results also reflect the significance of trading organizations. In fact, 
even if FARMACUBA does not show direct links to the core firms of the 
industry, it represents a crucial transfer point. Through its link to CIDEM it 
connects with the core firms of the industry; and, at the same time, it directly 
connects to the manufacturing companies of the chemical side of the industry 
(small drugs). The fact that FARMACUBA shows the highest betweenness 
score reflects the importance of foreign trade for the Cuban biopharmaceut-
ical complex. In fact, although the industry produces more than 60 percent 
of the local needs, it imports about 90 percent of all raw materials used in 
domestic production.

The score also shows, again, the relevance of non- firm organizations within 
the industry. This time CENCEC, the organization in charge of carrying  
out the clinical trials is placed among the top three nodes (second). As noted 
above, the most central agent in terms of distance does not necessarily have 
to be the most central agent in terms of control or betweenness. The most 
important feature in terms of betweenness is not how fast knowledge will be 
transferred (although it matters a lot) but it has actually to do with the role of 
organizations as coordinators of knowledge or information essential for the 
solution of a problem.
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As noted above, CENCEC provides centralized protocol guidelines of clin-
ical trials (particularly for Phase III) that are to be followed in multicenter 
trials of clinical sites across the country. But it also has to work closely with 
the drug regulatory agency CECMED and at the same time with the firms, 
in order to have the clinical trials approved. A company (sponsor) presents its 
pre- clinical information to CENCEC, in order to prepare the clinical trial for a 
given product. Then CENCEC prepares, together with the interested sponsor, a 
technical report, which is sent to CECMED for approval. This technical report 
involves information which is primarily of interest of the company seeking to 
initiate the trial, CENCEC and CECMED, and therefore it does not need to 
be communicated to any other organization.

CECMED (just as FDA in the US and EMA in Europe, or other drug regu-
latory agencies do) evaluates if the clinical trial project is in compliance with 
good clinical practice guidelines (GCP). If the report gets approved, then the 
clinical trial can be carried out. If granted, then the information flows from 
CECMED to CENCEC again; and then to the sponsor. Indeed, the CENCEC 
acts as knowledge bridge between different organizations and between them 

Table A4.4  Betweenness centrality

Rank Nodes Value Unscaled

2

1 FARMACUBA 0.194 535.885

3

4

5

6

7

8

9

10

National Coordinating Center for Clinical Trials (CENCEC) 0.184 508.079

Pharmaceutical Chemistry Center (COF) 0.172 472.927

Banco Exterior de Cuba 0.110 302.480

Quimefa Group 0.108 298.860

Ministry for Science and Technology (CITMA)

Institute for Digital Research (ICID)

0.103 284.981

0.095 261.403

Center for Medical Research and Development (CIDEM) 0.083 228.869

Ministry for Public Health 0.083 227.820

Regulation agency (CECMED) 0.071 195.241
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and the Drug Regulatory agency during the trial. In addition, and in order 
to increase the probabilities for this to happen, and also in contrast with the 
current international practice, the CENCEC joins efforts with both sponsoring 
companies and CECMED to review and refine trials designs, it provides both 
advice on preparation of clinical reports for submission to the Drug Regulatory 
Agency (CECMED), and guidance on clinical product evaluation strategies.

A4.7.5 Out- degree centrality

The four indexes proposed until now are the most widely used in (especially 
social) network analysis, and they reflect in different ways how centrality can be 
conceived. However the relation between nodes has been analyzed only taking 
into consideration the amount of ties, but ignoring their direction. But, since 
the network being analyzed here is a directed one, it is also important to explore 
the directions in which knowledge and resources flow. In directed networks it is 
relevant to know who provides most of the resources and to whom. In the case 
of Cuban biotechnology it would complement the metrics shown above by 
finding out if the most linked organizations are also the organizations associated 
with the largest flow of resources within the network.

When considering the directed data, we need to distinguish centrality based 
on both in- degree and out- degree. In social network’s analyst jargon, if an agent 
receives many ties, it is said to be prominent, or to have high prestige. That is, many 
other agents seek to direct ties to them, and this may indicate their importance. 
Agents who have unusually high out- degree are associated with more types of 
resources than others, and thus are able to exchange with many others, or make 
many others aware of their views. Actors who display high out- degree cen-
trality are often said to be influential actors.

The first of the two indexes to be presented is the out- degree centrality 
(Wasserman and Faust 1994; Hanneman and Riddle 2005). In terms of matrix 
operations this index represents the sum of the directed ties that a row (source) 
sends to its related columns (targets).35 In Table A4.5 we find that the pattern 
observed above continue to be confirmed when considering directed data. 
The drug regulation agency CECMED stands at the top of the ranking with 
an exceptionally high score, followed by CENCEC and then by the Center 
for Medical Research and Development (CIDEM), MINSAP’s scientific and 
technical arm.

These results pose NFOs as the most influential organizations within the 
industry. This comes along with the fact that, by virtue of their functions, these 
two government entities are associated with many types of knowledge and 
resources. Both count on specialized departments and workforce in constant 
contact with themselves and with the industry (domestic and abroad) in order 
to stay up to date with the latest technical and procedural information. This 
in turn makes it possible for the industry to count on the most actualized 
regulations and operational standards, for an effective organizational integration (in 
form of intra- industry and inter- sectoral collaboration) to be able to take place.
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These two NFOs are an important element of the industrial policy 
followed by the government. As noted above, they are organizationally 
subordinated to the Ministry for Public Health, which has a priority status for 
the Cuban government. These organizations were designed with the explicit 
objective of centralizing the regulatory functions within the biopharmaceut-
ical industry. However, the regulation of the safety, efficacy and quality of 
new medical products is also inextricably linked to innovation, in large part 
because regulators determine the extent of clinical trials necessary for products 
to gain marketing authorization, the cost of which is a significant part of 
overall product development. The prevalence of poor quality or even harmful 
medicines in underdeveloped drug regulatory systems (as it is the case in most 
of the developing countries) is a waste of resources that undermines already 
overburdened health- care systems and puts public safety at risk.

Likewise it is interesting that the third organization in the ranking is one that 
is much more engaged in coordination than in manufacturing. Even if CIDEM 
has its own manufacturing facilities, its role has mostly to do with providing 
microbiologic, biologic and toxicological studies to the biopharmaceutical 

Table A4.5  Out- degree centrality

Rank Nodes Value Unscaled

2

1 Regulation agency (CECMED) 0.717 38.000

3

4

5

6

7

8

9

10

National Coordinating Center for Clinical Trials (CENCEC) 0.509 27.000

Center of Medical Research and Development (CIDEM) 0.377 20.000

Pharmaceutical Chemistry Center (COF) 0.321 17.000

CEADEN 0.302 16.000

Center for Genetic Engineering and Biotechnology (CIGB)

Finlay Institute

0.283 15.000

0.283 15.000

Servicex Department 4 0.264 14.000

Center for Molecular Immunology (CIM) 0.264 14.000

National Center for Scientific Research (CNIC) 0.264 14.000
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complex aimed fundamentally at import substitution. When taking a look at 
its score, one can see the high priority given by policymakers to the domestic 
manufactured drugs and medicaments.

A4.7.6 In- degree centrality

As stated above, in- degree has to do with the links an agent receives from other 
nodes within the network. In matrix operation terms it represents the directed 
links that a column (target) receives from its related rows (source).36. The results 
are shown in the Table A4.6.

The in- degree scores show a different picture, which is still coherent with 
the functional distribution throughout the Cuban biopharmaceutical industry. 
The highest score belongs to the CIGB, followed by the Finlay institute and the 
CQF. There is no NFO in this list because they are actually value providers for 
the rest of the industry. The receivers of these resources (in form of regulatory 
information, technical assistance, quality control, etc.) are the organizations in 
charge of making use of and transforming them into innovative and affordable 

Table A4.6  In- degree centrality

Rank Nodes Value Unscaled

2

1 Center for Genetic Engineering and Biotechnology (CIGB) 0.415 22.000

3

4

5

6

7

8

9

10

Finlay Institute 0.377 20.000

Pharmaceutical Chemistry Center (COF) 0.377 20.000

Center for Molecular Immunology (CIM) 0.358 19.000

National Center for Scientific Research (CNIC) 0.340 18.000

Center for Immunoessays (CIE)

National Center for Bioproduction (BIOCEN)

0.340 18.000

0.340 18.000

Institute for Digital Research (ICID) 0.321 17.000

National Center for Animal and Plant Health (CENSA) 0.302 16.000

Center for Neurosciences (CNC) 0.283 15.000
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products. It is no surprise that the first company among the receivers in the 
ranking is the most important in- house modular firm within the industry (CIGB). 
This company, along with the Finlay Institute and the CIM, are considered the 
top three innovative, successful and most prestigious organizations of the Cuban 
biopharmaceutical complex.

The explanation of the CIM not being among the top three in the in- degree 
scores, even while being a leading innovator in the industry, is perhaps to be 
found in the high level of specialization of this organization. As noted above, 
the CIM specializes in cancer therapeutics, causing it to rely on certain types 
of resources. It offers a huge palette of products, but all of them related to one 
area. This is not the case of other companies with higher scores in the index. 
For instance, even if the Finlay Institute also specializes in vaccines, it covers a 
broad scope of therapeutic areas, which makes its portfolio much more diversi-
fied. On the other side, the study does not take into account the international 
linkages of these organizations, in which CIM and its trading arm (CIMAB) 
have a remarkable presence, perhaps more substantial than CIGB.

These results could indicate that the biotech innovation system in Cuba 
tends to privilege organizations with a diversify product and project portfolio, 
which makes more room for economies of scope. Indeed, two organizations 
of the top three (the CIGB and CQF) are two of the entities whose research 
portfolios covers huge amounts of therapeutics areas. Most likely this is one of 
the reasons they are the two organizations from the health biotechnology sector 
that find a place among the top 20 R&D organizations in 2010 (see Chapter 7, 
Table 7.3).

Table A4.7  Key nodes

Rank

1

2

3

4

5

Regulation
agency
(CECMED)

Center for
Genetic
Engineering
and
Biotechnology
(CIGB) 

Regulation
agency
(CECMED)

Regulation agency (CECMED)
Regulation
agency
(CECMED)

FARMACUB
A

National
Coordinating
Center for
Clinical Trials
(CENCEC)

Pharmaceutical
Chemistry
Center (CQF)

Banco Exterior
de  Cuba

Quimefa
Group

Ministry for
Public
Health

Center for
IImmunoessay

CEADEN

CEADEN Center for Molecular Immunology
(CIM)

National
Coordinating
Center for
Clinical Trials
(CENCEC)
Center for
Medical
Research
and
Development
(CIDEM)

Center for
Medical
Research
and
Development
(CIDEM)

Pharmaceutic
al Chemistry
Center (CQF)

Pharmaceutic
al Chemistry
Center (CQF)

Pharmaceutical Chemistry
Center (CQF)

Center for
Genetic
Engineering
and
Biotechnology
(CIGB)

National
Coordinating
Center for
Clinical Trials
(CENCEC)

National
Coordinating
Center for
Clinical Trials 
(CENCEC)

Center for Genetic Engineering
and Biotechnology (CIGB)

Finlay
Institute

Finlay
Institute Finlay Institute

Center for
Molecular
Immunology
(CIM)

National
Center for
Scientific

Betweenness
centrality

Closeness
centrality

Eigenvector
centrality

In-degree
centrality Total degree centralityOut-degree

centrality
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A4.8 Complementary measures

In order to complement (and further test the validity of) the results observed 
in the selected centrality indexes, another six related measures will be taken 
into consideration. Most of them are derivations of the selected core indexes, 
in that they show complementary aspects and other dimensions of the cen-
trality notion being considered above. The complementary indexes are hub cen-
trality, authority centrality, information centrality, clique membership count, simmelian 
ties and clustering coefficient. As the study is fundamentally intended to cover the 
features of the Cuban biopharmaceutical complex through the indicators that 
we have already dealt with above, this section will only briefly refer to these 
additional indexes and mention their respective top scoring organizations. They 
are instead; a way of testing the validity of the conclusions arrived at in the pre-
ceding section. The complete scoring lists can be found in the annex.

A4.8.1 Hub and authority centrality

We start with hub and authority centrality. The primary objective of these 
measures is to strengthen the argument of the eigenvector centrality, by 
taking into account directed links. Hub and authority centrality are in fact 
two generalizations of eigenvector centrality. As above stated, this measure 

s (CIE) Research
(CNIC)

6

7

8

9

10

Ministry for
Science and
Technology
(CITMA)

Institute for
Digital
Research
(ICID)

Biomundi

LABIOFAM
Group

Pharmaceutic
al Chemistry
Center (CQF)

Pharmaceutic
al Chemistry
Center (CQF)

Center for
Neurosciences
(CNC)

National
Center for
Scientific
Research
(CNIC)

National
Center for
Scientific
Research
(CNIC)

National Center for Scientific
Research (CNIC)

Center for
Immunoessays
(CIE)

Center for
Genetic
Engineering
and 
Biotechnology
(CIGB)

Center for
Genetic
Engineering
and 
Biotechnology
(CIGB)

Center for
Molecular
Immunology
(CIM)

Center for
Molecular
Immunology
(CIM)

National
Center for
Bioproduccion
(BIOCEN)

National
Center for
Animal and
Plant Health
(CENSA)

National
Center for
Animal and
Plant Health
(CENSA)

National
Center for
Bioproduccion
(BIOCEN)

National Center for Bioproduction
(BIOCEN)

Institute for
Digital
Research
(ICID)

Institute for Digital Research
(ICID)

Servicex
Department 4

National Coordinating center of
clinical trials (CENCEC)

Finlay
Institute

Finlay
Institute

Center for Immunoessays (CIE)

Center for
Medical
Research
and
Development
(CIDEM)
Ministry for
public Health

Regulation
agency
(CECMED)

Table A4.7 Cont.
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 (eigenvector centrality) takes into account agents, which are connected to 
agents that are themselves well connected.

When considering hub and authority, a balance between in and out- links is 
made, in order to evaluate if the information or resources are being provided 
by relevant sources and being directed at the desired destinies. For example, an 
organization can have a high in- degree, in that it receives many links (informa-
tion, resources etc.) from others, but it does not mean that all relevant infor-
mation is being received. A closer look could reveal that much information is 
being sent by unrelated organizations that do not provide any real value to the 
organization.

A way to know that the links are provided by a relevant organization would 
be to know if the received links are from nodes that have many out- links pro-
viding information on a common topic to other related nodes. This property 
is called authority centrality and identifies organizations that are receiving infor-
mation from a wide range of others, each of whom sends information to a 
large number of others. Additionally, hub centrality identifies organizations that 
are sending information to a wide range of others, each of whom has many 
others reporting to them. An agent is hub- central if its out- links are directed to 
agents that have many other agents sending links to them. Therefore, it could 
be inferred that these two properties have a mutually reinforcing relation-
ship. A good hub points to many good authorities; a good authority is a node 
that is pointed at by many good hubs. The foundational concept of these two 
categories can be found in Kleinberg (1998). They were initially intended to 
improve the efficiency of the search in the hyperlinked environment of the 
World Wide Web.37

The scoring tables of these indicators confirm to a great extent the results 
stated above. The top three scoring agents in the authority centrality results 
(Table A4.8) are almost identical to the in- degree results. This indicates that the 
two first organizations are receiving resources from important providers. The 
exception is to be found with CQF, whose third place in the in- degree ranking 
is taken by the Center for Inmmunoessay (CIE) in the authority ranking. This 
could mean that even if CQF receives more information from different sources 
than CIE (as the in- degree scores shows), CIE sources are organizations that 
are sending information to more others than CQF’s. As stated earlier, CIE 
began working to develop an economical alpha- fetoprotein screening test to 
detect fetal malformations and has by now developed 28 diagnostic tests and 
16 generations of equipment to screen for conditions ranging from congenital 
hypothyroidism and phenylketonuria (PKU) in newborns, to HIV, hepatitis and 
dengue. Once again, a sign of how diversified product portfolios are encouraged 
more than product specialization.

Even when CQF has a diversified portfolio, it seems to emphasize research 
over product development and it depends much more on direct links rather 
than indirect links to other organizations. If we take a look to the eigenvector 
scores above, it will be found that CIE has a higher score than CQF, which is 
consistent with the results shown by authority centrality.
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The top three in the hub centrality results (Table A4.9) show (as in the 
out- degree results) CECMED and CENCEC in the first and second place 
respectively. This result is consistent with the abovementioned and reaffirms the 
relevance of non- firm organizations (NFOs) when considering their contribu-
tion to organizational learning. The third in the score is again the Center for 
Immunoessay (CIE), which seems to play a very important role within firms 
that form the strategic network of the Cuban biopharmaceutical industry as 
a provider of resources. This is coherent with the fact that this organization 
specializes in a broad range of screening tests that are to be employed by a broad 
range of organizations. Most important, for the development of their technolo-
gies, it highly depends on the collaboration with high rated organizations (in 
term of in- links) such as CIGB and Finlay Institute. These elements could help 
to explain its high score as hub.

A4.8.2 Information centrality

Another complementary indicator being considered is the Information cen-
trality. It complete name is Stephenson and Zelen information centrality 
and it is calculated as the harmonic mean of a node’s distance to the others. 

Table A4.8  Authority centrality

Rank

1

2

3

4

5

6

7

8

9

10

Center for Genetic Engineering and
Biotechnology (CIGB)

Finlay Institute

Center for Immunoessays (CIE)

National Center for Bioproduction (BIOCEN)

Center for Molecular Immunology (CIM)

National Center for Scientific Research (CNIC)

National Center for Animal and Plant Health
(CENSA)

National Center of production of laboratory
animals (CENPALAB)

Institute for Digital Research (ICID)

Pharmaceutical Chemistry Center (CQF)

0.964

0.951

0.934

0.929

0.911

0.855

0.843

0.817

0.816

1.000

Nodes Value
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Its foundational mathematical and conceptual definition can be found in 
Stephenson and Zelen (1989). This is another measure of closeness centrality 
that takes into account all paths in the networks instead of only the geodesic 
(shortest- path). As stated above, closeness centrality assumes that all commu-
nication occurs through the shortest path, and then all flow channels are by 
default geodesic. However, it can be that information takes a more indirect 
route (for example through random communication). Therefore, and in con-
trast to the shortest- path closeness centrality, the information centrality index 
assumes that all paths (not only the geodesics) can be relevant to the network.

This measure is conceived more for processes where the function and route 
of the information, knowledge or resources have not been previously defined. 
Notice, however, that the case of the Cuban biotech network corresponds to 
a system, which has been explicitly designed to minimize the information’s 
time route. Therefore, it makes sense to use the shortest- path centrality for 
Cuban biotech. Notwithstanding this, the information measure could help test 
the overall efficiency of the different organizations if the geodesic assumption 
is assumed. In other words, it allows seeing how efficient the shortest- path 
winning nodes are under the new assumption.

Table A4.9  Hub centrality

Rank

1

2

3

4

5

6

7

8

9

10

Regulation agency (CECMED)

National Coordinating Center for Clinical Trials 
(CENCEC)

Center for Immunoessays (CIE)

Center for Medical Research and Development
(CIDEM)

Finlay Institute

Center for Genetic Engineering and
Biotechnology (CIGB)

National Center for Scientific Research (CNIC)

Center for Molecular Immunology (CIM)

Pharmaceutical Chemistry Center (CQF)

LABIOFAM Group

0.903

0.771

0.730

0.727

0.727

0.710

0.709

0.682

0.673

1.000

Nodes Value
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The results of the information centrality (Table A4.10) show; that the two 
non- firm organizations with the highest scores in the shortest- path measure 
are the same (and in the same order) high scoring organizations under the 
new assumption. Indeed, the national drug regulation agency CECMED and 
the National Clinical Trials Coordinating Center CENCEC are the two first 
organizations in the ranking. This could mean that these two NFOs are not 
only efficient by sending information to other through the pre- destined route, 
but are also able to spread information rapidly even if the message is not initially 
meant to take the shortest way.

For example, in the case of CECMED, consider the regular publication of 
information relating to the post- marketing phase of a given medical product. 
Even when this information is primarily intended to promptly reach the 
organizations involved in the development of one specific product, the infor-
mation centrality measure could be telling us that this message might also 
spread to the rest of the network as fast as it has reached the initially desired 

Table A4.10  Information centrality

Rank

1

2

3

4

5

6

7

8

9

10

Regulation agency (CECMED)

National Coordinating Center for Clinical Trials 
(CENCEC)

Center for Medical Research and Development
(CIDEM)

CEADEN

Servicex department 4

Pharmaceutical Chemistry Center (CQF)

LABIOFAM group

Finlay Institute

Center for Genetic Engineering and
Biotechnology (CIGB)

Center for Molecular Immunology (CIM)

0.030

0.030

0.029

0.028

0.028

0.027

0.027

0.027

0.027

0.026 1.803

1.862

1.841

1.822

1.804

2.044

2.007

1.951

1.906

1.880

Nodes Value Unscaled
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organizations. This could apply in case of CENCEC, with the information of a 
certain clinical trial. Of course, this explanation excludes messages or informa-
tion, which are not intended to be publicized. Otherwise, the measure could be 
telling us how fast confidential information spills over the system.

The third high scoring organization is the Center for Medical Research 
and Development (CIDEM) whose role is fundamentally (although not exclu-
sively) providing microbiologic, biologic and toxicological studies to the bio-
pharmaceutical complex aimed essentially at import substitution. CIDEM takes 
the place of CIGB, which is the third in the shortest- path closeness ranking. 
This could indicate that CIGB is not primarily intended to spread information 
through the network. Its high closeness score means that CIGB works better 
when it knows with whom it is working, which is consistent with its function 
of product developer. CIGB is good spreading information to the partners it has 
already found. In contrast, CIDEM is capable of spreading information more 
quickly than CIGB to the whole network; because it is less specific information 
and may be useful for several organizations. This element might reflect its high 
score in the information centrality.

A4.8.3 Clique count, clustering coefficient, simmelian ties

This last group of complementary indicators is intended to analyses sub- 
network structures according to the quality and quantity of nodes that form it. 
They are mostly complementary to measures such as total centrality degree in 
that they explore how adjacent (neighbor- based) and decentralized structures 
within the network favor information diffusion. Note that we are referring here 
to local structures, which means the relation between a node and its immediate 
neighbors rather than global measures (referred to the whole network).

Clique membership count

We begin with clique membership count, which is simply the number of dis-
tinct cliques to which each node belongs. A clique is defined as a group of three 
or more agents that have many connections to each other and relatively fewer 
connections to those in other groups. The foundational definition was provided 
by Duncan and Perry (1949) and proposes that a subset of a “certain group 
forms a clique provided that it consists of three or more members each in the 
symmetric relation to each other member of the subset, and provided further 
that there can be found no element outside the subset that is in the symmetric 
relation to each of the elements of the subset” (ibid., p. 97).

The Table A4.11 shows that CECMED and CENCEC are the first and the 
second in the top three ranking. The third place belongs to FARMACUBA, 
which shows, as in the betweenness measures, the weight of trade within the 
industry.

After having been shown in other indicators above that two NFOs 
(CECMED and CENCEC) are the main contributors to organizational 
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integration (expressed in different centrality indexes) within the industry, it 
makes sense to find these organizations being part of the most number of cliques 
within the network.38 This could be interpreted as the ability of organizations to 
contribute to the specific dynamic of different subgroups within the network. 
Earlier (see total degree centrality), while exploring the degree centrality high 
rankings of these two NFOs, we referred to the capacity of two nodes i and j 
to co- construct something that is unique to them while engaging in a similar 
activity with others. The clique membership counts complements and confirms 
the just mentioned property by showing how CECMED and CENCEC are 
able to be part of different levels of local embeddeness.

Clustering coefficient

The second indicator being considered; which is strongly related to the con-
cept of clique, is the indicator of clustering coefficient. This indicator measures 
the extent to which a node’s neighbors are also connected with each other, or 
in other words, how close they are to being a clique (cliqueness) (foundational 
definition can be found in Watts and Strogatz 1998).

Table A4.11  Clique membership

Rank Nodes Value

1 Regulation agency (CECMED) 35.000

2 National Coordinating Center for Clinical Trials 
(CENCEC) 24.000

3 FARMACUBA 23.000

4

5

Center for Genetic Engineering and
Biotechnology (CIGB)

Finlay Institute

19.000

19.000

6

7

National Center for Scientific Research (CNIC)

Center for Immunoessays (CIE)

17.000

15.000

8 Pharmaceutical Chemistry Center (CQF) 14.000

9 Center for Molecular Immunology (CIM) 13.000

10 Center for Medical Research and Development
(CIDEM) 12.000
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The Table A4.12 shows the Council of state, the Center of Medical Genetics 
and the Laboratory of antigens (LAGS) as the three top scoring organizations 
in the rank. Even if this result can look somewhat unexpected at first sight, a 
closer scrutiny shows that this indicator does not measure the extent to which 
the organizations belong to a clique, therefore it is not surprising to find three 
relatively isolated entities scoring the best points in the ranking.

On the other hand, the fact that entities with low degree show high clustering 
coefficients is a sign of hierarchical networks (see Chapter  2). According to 
Ravasz and Barabási (2003), the essential idea behind this sort of network is 
that the clustering coefficient of a node tends to decrease as the degree (number of 
connections to other nodes) increases. That’s also the reason why, with respect 
to this indicator, we cannot find the biggest hubs of the system among the top 
scores. This is also a sign of the fact that the Cuban biotech sectoral system of 
innovation could formally39 fit the definition of hub dominated network given by 
the authors.

The clustering coefficient might be stressing the high level of institutionalized 
inter-  and intra- organizational collaboration within the industry. The Council 
of State had until recently the control of the strategic network of the industry. 
This was changed in 2009. However, as already mentioned; the Council still 

Table A4.12  Clustering coefficient

Rank Nodes Value

1 State Council 1.000

2 Center of Medical Genetics 0.967

3 Laboratory of Synthetic Antigens (LAGS) 0.700

4

5

Biomundi

LABIOFAM Group

0.659

0.624

6

7

National Center of Production of Laboratory
Animals (CENPALAB)

Center for Neurosciences (CNC)

0.621

0.619

8 National Center for Animal and Plant Health
(CENSA)

0.555

9 Center for Immunoessays (CIE) 0.545

10 Import Medicament Unit (UEBMI central
freezing) 0.500
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supervises the Servicex Department 4, which is in charge of importing diag-
nostic kits and reagents exclusively for the biotechnology industry. This facility 
is highly specialized in all the specific requirements of the biotechnology 
industry, which makes its services very essential. The fact that it belongs to the 
State Council is a sign of the kind of commitment that still remains in the cen-
tral government to the biotech industry.

It is also interesting to point out, that the score “1” shows that the neighbors 
of this node, namely the companies of the strategic network, are totally 
connected to each other. That is, the strategic network shows no structural 
hole. In social network analysis, a structural hole is defined as the absence of 
a tie among a pair of nodes in the ego- network (Borgatti 2009). The lack of 
structural holes around a node means that the node’s contacts are “bound” 
together –  they can communicate and coordinate so as to act as one, creating 
a formidable “other” to negotiate with (ibid., p. 14). This is the basic principle 
behind the benefits of worker’s unions and political alliances. In contrast, a 
node with many structural holes can play unconnected nodes against each 
other, dividing and conquering.

The second top scoring node is a relatively unknown organization 
(founded in 2003):  The Center of Medical Genetic (also called National 
Medical Genetic Center). As briefly stated earlier, the National Medical 
Genetics Center is essentially a basic/ applied research organization focused 
on high- tech diagnostic, research, human resource training and on the intro-
duction of new technologies in the field. It belongs to the Higher Institute 
of Medical Sciences of Havana (which belongs to the Ministry of Health, 
MINSAP) and it closely works with all the core companies the Western 
Havana biotech complex. The Genetics Center has created a genetic registry 
that contributes to accelerate clinical trials, to focus medical research and to 
personalize medicine. The fact that it is linked to the most important actors 
in the industry speaks for itself.

The other organization among the top three (and the third in the score) is 
the Laboratory of Synthetic Antigens (LAGS), which is a vivid example of both 
the idea expressed in the previous paragraphs, and of the sense of the indicator 
being explored. The LAGS is a small lab, which belongs to the faculty of the 
Chemistry Department at the University of Havana, and had been working 
to make the process of chemical synthesis more efficient, in order to obtain a 
cheaper and more efficient vaccine.

In 1999 the vaccine was given top priority in the Cuban biotech industry 
when the Council of State instructed the CIGB to put its scientific and pro-
ductive infrastructure at disposal of the development of the vaccine. The LAGS 
ended up leading a huge collaboration network (including important foreign 
partners) that made possible the development of the first synthetic vaccine for 
human use approved in the world, and the first major product of the Cuban 
biotech industry with origins in university laboratories. Large- scale production 
was made possible by the CIGB’s staff, a few months after the vaccine discovery. 
The visualization of LAGS relationships (see below, Visualizations) focuses on 
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three of the highly connected strategic network companies that played a major 
role in this cooperation.

However, in practice, at least ten organizations and over 300 people 
contributed their complementary capabilities to obtain this product. The fact 
that the neighbors of these three just mentioned organizations are strongly 
clustered (no structural holes), explains how organizations that are not embedded 
in strong cliques may find themselves in a particularly advantageous position. 
Expressly, the case of LAGS shows how relatively small, or at first glance, unre-
lated organizations that do not belong to the strategic network of the industry, 
can develop innovative products at a relatively low cost by relying on resources 
and knowledge of strong connected cliques.

On the other hand, the ability of creating cross- boundary knowledge should 
not be taken for granted. It should not be forgotten that this fluent interchange 
has been ultimately made possible by the fact that the Cuban biopharmaceut-
ical industry works under an institutional regime that categorically excludes 
competition between individual firms and focuses on collaboration. Otherwise 
one could have an environment composed of organizations wary of disclosing 
information that would benefit their counterparts; where bargaining power 
(and its linked costs) would be favored over open knowledge exchange across 
organizational boundaries.

Simmelian ties

Also strongly related to the process of cross- boundary collaboration is the 
notion of simmelian ties, the last indicator being explored in this research. The 
central idea behind this concept is that of two agents (nodes), which are recip-
rocally tied to one other and, at the same time, each is reciprocally connected 
to a third agent (the foundational definition and the algorithm can be found in 
Krackhardt 1998, 1999; see also Dekker 2006).

This measure establishes a difference between the dyads (relation between 
two nodes) and dyads embedded in a clique. The latter tend to be more stable by 
facilitating cooperation and conflict resolution by reducing bargaining power 
of single agents, and by moderating the pursuit of individuals’ self- interests. For 
example, in the case of disagreement between the parties, a normal dyad (or 
isolated bridge) experiences a larger threat of being dissolved than in simmelian 
structures, where a third party tends to reduce the dissent.

Simmelian ties are a good example for adaptation and binding mechanisms 
within a social network. These mechanisms can be used to explain how rela-
tional roles affect outcomes. For example, unlike the transmission mechanism 
(observed in the role of NFOs), adaptation is not transmitted from one node 
to another, but rather is similarly created in each node because of their similar 
relations to others. This mechanism is not present in isolated bridges.

As a typical example of isolated bridge, consider, for instance, the case of 
the alliances and manufacturing contract within the biotech industry world-
wide. According to Pisano (2006), the typical contract duration is less than four 
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years, which is three times shorter than the typical product development cycle, 
which invalidates any long- term perspective. This will disincentivize the invest-
ment in specific assets, sharing proprietary information, joint learning and risk 
taking by the fear that the relationship can be terminated at any moment. To 
add a third partner may help stabilize the collaboration by making the sharing 
of information imperative if the collaboration is expected to survive. In other 
words, it reduces the potential individualism of the agents, therefore making 
group behavior more predictable. These elements are critical in an industry 
like the biopharmaceutical, which depends per se on interdisciplinary commu-
nication. The emergence of Pharma 3 as new philosophy signals the increasing 
awareness among industry officials and policymakers about the importance of 
these mechanisms (see Chapter 7).

The three first scoring organizations in simmelian ties match the three most 
innovative firms of Cuban biotech. This is not surprise at all, given that these 
organizations are integrants of the strategic network of the industry, which is a 
very dense clique (total absent of structural holes) within the industry. This can 
be easily seen in the visualization of the strategic network.

The high level of interdependency observed in the strategic network of 
the industry explains the high level of innovation of these companies. Indeed, 
one of the critical implications of the existence of simmelian structures is 
that increased stability promotes the development of common language and 
shared understandings among the parties involved. This common knowledge 
is essential to overcome interpretive barriers and achieve the kind of successful 
cross- boundary knowledge integration which is conductive to innovation. The 
notion of in- house modularity (see above) proposed for the core companies of 
the Cuban biotech, is highly compatible with the notion of simmelian ties and 
could open an interesting research agenda for future undertakings.

However, when analyzing this indicator, a warranted question could 
arise: Why are the most cited NFOs (CECMED and CENCEC) not scoring 
high in an indicator that has to do with the ability to promote shared standards 
when, for the most part, these two organizations have been shown to play 
a critical role in the making of these types of standards within the industry? 
A  possible answer could be that most of the links for these two non- firm 
organizations with the rest of the network are out- links, which causes them 
to be viewed more as sources, or top- nodes. They are much more relevant as 
givers of information and as shapers of organizational standards, which has been 
shown in the measures of out- degree and hub centralities. In fact, it could be 
said that this “shaper” role has created a common ground for other subgroups in 
the network to be able to develop their own cooperation subsystems.

On the other hand, companies such as CIGB and Finlay Institute can be 
seen among the top three scoring nodes in indicators such as in- degree and 
authority centrality. This is signaling the prominence of these organizations 
as receivers of resources, in contrast with the more influential role played by 
CECMED and CENCEC. However, if we take a look at the Cuban biotech 
network configured by type of activity, one can see that the nodes representing 
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research- production organizations type (the one covering organizations such 
as the three highest scores in the indicator simmelian ties) show a significant 
number of mutual linkages with other product- related activities, which explains 
their innovation potential (see Visualization 25).

CECMED and CENCEC show out- links to almost all the activities but 
receive little. Therefore, it can be concluded that while firms like CIGB and 
Finlay Institute contribute to direct product innovation, organizations like 
CECMED and CENCEC contribute to the creation of a significant part of 
the centralized regulatory standards and protocols that makes these innovations 
possible. For example, any company can claim to have developed an innovative 
drug, but the quality of this drug, the quality of the procedures under which 
it was produced, and its clinical effects, still needs to be carefully scrutinized 
before it reaches the buyer.

The ability to assess the safety of products after marketing approval of 
organizations such as US Food and Drug Administration (FDA), by far the 
best known and one of the most prestigious drug regulation agencies in the 
world, has been increasingly compromised as a result of the deregulation and 

Table A4.13  Simmelian ties

Rank

1

2

3

4

5

6

7

8

9

10

Center for Genetic Engineering and
Biotechnology (CIGB)

Center for Molecular Immunology (CIM)

Finlay Institute

Center for Immunoessays (CIE)

National Center for Scientific Research (CNIC)

National Center for Bioproduction (BIOCEN)

Center for Neurosciences (CNC)

National Center for Animal and Plant Health
(CENSA)

National Center of  Production of Laboratory
Animals (CENPALAB)

Institute for Digital Research (ICID)

0.245

0.226

0.226

0.226

0.208

0.208

0.189

0.189

0.189

0.189 10.000

11.000

10.000

10.000

10.000

13.000

12.000

12.000

12.000

11.000

Nodes Value Unscaled
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the influence of pharmaceutical companies. According to Light (2010), pre-
scription drugs have become the fourth- leading cause of death in the US. It 
is a sure sign that to have an industry with only potentially good innovators is 
not enough.

A4.9 Conclusion

The results of the network analysis above seem to confirm the previous 
historic- qualitative analysis carried out in the study, which is that government- 
based, NFOs are an essential factor contributing to organizational integration and 
therefore, to organizational learning, within the industry. The largest part of this 
contribution is carried by the two most important regulatory and coordinating 
bodies of the industry: The National Drug Regulatory Authority CECMED; 
and the National Coordinating Center of Clinical Trials CENCEC. Table A4.7 
shows the top scoring nodes of the network side by side for the six selected 
measures and they are ranked among the top three high scoring organizations 
in four of the six considered measures.

In addition, a group of six complementary indexes has been included (hub 
centrality, authority centrality, information centrality, clique membership count, simmelian 
ties and clustering coefficient). Most of them are derivations of the selected core 
indexes, and show complementary aspects as well as new dimensions of the 
centrality notions being considered above, in addition to confirming the earlier 
conclusions.

This contribution of NFOs could be interpreted as the ability to provide 
shared standards to the whole network of organizations. These shared standards 
can take the form of uniform policies, protocols and group platforms etc. and 
they tend to reduce asset specificity and offer an embedded environment that 
helps to lessen search, enforcement and monitoring, and innovation costs. This 
could mean the existence of important cost and innovation effects resulting 
from economies of both scale and scope, as well as user- producer interactions 
along the value chain.

In Chapter 3 we discussed the possibilities that standards may emerge and 
can also be created. In many industries, day to day operational standards simply 
emerge. As institutions, standards can arise through the repetition of certain 
shared habits, which can eventually lead to the emergence of rule- following 
behaviors. This process of habituation makes it possible for the institution to 
emerge. These institutions can be further codified or not; the point is that they 
have the capacity to create long- term expectations for the participants involved 
in the process. In contrast, when it comes to the creation of new knowledge or 
cutting age innovations, firms (even big integrated ones) tend to play safe. In 
this case, disruptive new standards tend to emerge from the interaction between 
government NFOs and (still a minority of) disruptive agents. However, from 
the perspective of the rest of the agents, these new rules are going to look very 
disruptive and even coercive.
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Consider the issue of the regulation of the financial industry. Should 
regulators to allow this highly deregulated and (from an internal point of 
view) efficient industry to continue with its upsetting practices just because 
the sector’s standards have emerged? In this case, to impose regulations would 
actually create new standards, very disruptive for the industry, but necessary 
for the rest of the economy. In fact, the very advantage of being an incoherent 
hub within the system consists of having (at least the theoretical) capability 
to regulate from a different logic and therefore subvert what could seem very 
obvious and rational for other agents. From this perspective, as already discussed 
in Chapter 3, it may be said that standards both emerge and are imposed at 
the same time, depending of the point of reference. This interdependent and 
re- constitutive relationship is inherent to complex industrial systems and it is the 
very foundation for an evolutionary understanding of the processes of institu-
tional change and innovation.

The just mentioned role of NFOs in creating effective regulatory standards 
can be clearly observed in our analysis of the Cuban biopharmaceutical 
industry. The fact that the two regulatory organizations mentioned above 
show high scores in most of the indicators could be inferred as a sign of 
how crucial the setting of standard interfaces is, when they are to be shared by 
the whole network of organizations. Indeed, government regulation of the 
industry influences manufacturing practices, biotechnology research choices, 
testing procedures, laboratory construction and practices, and marketing of 
new products.

A closer look from a network perspective reveals that important trans-
mission and adaptation mechanisms are at play here. For example, these two 
NFOs are influential enough to shape, and therefore make, more predictable 
the behavior of other organizations. Or, in other words, to make the adaptation 
of other organizations more homogeneous. In the language of evolutionary- 
institutional economics it means that these organizations greatly contribute to 
the stabilization of expectations within a network of heterogeneous agents. In 
business organization, this means saving time and money. If two nodes have 
ties to the same (or equivalent) others, then they face the same environmental 
forces (in form of standard norms and regulations) and are likely to adapt 
by becoming increasingly similar, which makes cooperation easier and more 
likely to succeed.

Consider now the transmission mechanism, if knowledge is to flow prop-
erly across the industry, these two entities need to fulfil a number of inter and 
intra- organizational criteria that are in part dependent on their structural pos-
ition within the industry network, which provides the conduits for the flow of 
information and norms. For example, they need the ability to rapidly transmit-
ting information to others directly tied to them, whether simultaneously or not 
(total degree centrality). But they are also expected to communicate quickly to 
organizations which are not directly tied to them (closeness, eigenvector and 
information centrality).
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They also require the capacity to monitor knowledge flows and have a better 
picture of what is happening in the industry (closeness centrality) because, 
as in the case of CECMED, they have been given the power to provide or 
withdraw the operation license (in case of not meeting the requirements) of 
virtually all the organizations involved in core activities of the industry (manu-
facturing, trading, domestic/ international distribution). The monitoring need 
is also found in CENCEC, which is in charge of the national network of 
clinical sites. Consequently, they are also required to be proficient in many 
types of knowledge and resources and to be able to be part of the dynamic of 
different subgroups within the network (out- degree and hub centrality, clique 
membership).

Strong transmission and adaptation mechanisms can also be found in other 
subgroups of the network. While the non- firm organizations represent (in net-
work jargon) the most influential entities within the industry, the most innova-
tive firms of the industry are the most prominent entities of the network of 
organizations. The fact that the most innovative companies of the industry 
(in- house modular companies) are the ones that receive more knowledge and 
resources from other sources (in- degree centrality) and, at the same time, appear 
to provide an important contribution to the stability of inter- firm platforms 
(in terms of simmelian structures), is the confirmation of their relevance in the 
process of cross- boundary knowledge integration.

The clearest example of inter- firm cooperation within the Cuban industry 
is the strategic network, which represents a subgroup within the industry. The 
strategic network is a relatively small group of firms among the actors of West 
Havana Biocluster, which represents the core of the industry. The existence of 
standards provided by NFOs to the system has made it easier for these com-
panies to develop their own cooperation subsystem and to foster innovation. 
These efforts have taken the form of employment policies, IP sharing, or shared 
platforms in activities such as research, manufacturing or commercialization 
capabilities. Most of the products of the industry (innovative or generics) are 
the result of a collaboration between several organizations.

Last but not least, it should be remembered that the links between 
organizations within the Cuban biotech industry respond to a certain policy 
strategy aimed at covering national public health and export demands. The 
whole network of organizations is embedded in an institutional system that 
encourages collaboration and, as a paramount rule, excludes rivalry. All medical 
care is officially free and the national health system is controlled by the Ministry 
of Public Health (MINSAP). MINSAP is in charge of carrying out of govern-
ment health policy, the general regulation of the medical sector and the con-
duct of medical research. The industry is a result of a government investment 
representing an explicit and the most successful attempt of industrial policy and 
technology upgrading in the Cuban soil up to date.
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Annex 5

Finlay Institute Products Portfolio 2011 (Selection)

• Meningococcal BC vaccine, Va- Mengoc- BC
• Meningococcal AC vaccine, vax- MEN- AC
• Trivalent leptospiral vaccine, vax- SPIRAL
• Typhi Vi polysaccharide vaccine, vax- TyVi
• Tetanus vaccine, vax- TET
• Tetanus vaccine, vax- TET- 5
• Diphtheria- tetanus vaccine for paediatric use, VA- DIFTET
• Diphtheria- tetanus vaccine for adults, dT
• Diphtheria- tetanus- pertussis vaccine, dTP

Source: Finlay Institute, www.finlay.sld.cu/ english/ products/ products.htm

CIM product portfolio 2011 (selection)

• Anti CD3 monoclonal antibody: treatment of patients with organ transplant 
rejection

• Recombinant Human Erythropoietin r- HuEPO: treatment of anemia
•  Recombinant Granulocyte Colony- Stimulating Factor, rgCSF: treatment of
neutropenia
• “Humanized” Monoclonal Antibody Anti Epidermal Growth Factor 

Receptor: Recognizes the epidermal growth factor receptor for cancer 
treatment as well

• Tumor Imaging Products Specific imaging of tumors using freeze dried 
monoclonal antibody preparations for Tc- 99m labeling

• in vitro diagnostic products
• Ondansetrone, C18H19N3O (293.37)
• Cytostatics

Source: CIM

CIGB most relevant APIs 2011 (selection)

• Recombinant hepatitis B surface antigen (rHBsAg)
• Synthetic antigen polirribosil ribitol phosphate for haemophilus influenza 

type b vaccine
• Recombinant μ 2b interferon (rIFN μ2b)
• Recombinant γ interferon (rIFN)
• Transfer Factor (FT)
• Recombinant human erythropoietin (rhEPO)
• Recombinant Granulocyte Colony Stimulating Factor (rG- SCF)
• Monoclonal antibody CB-  Hep1 (CB- Hep1)
• Plantibody HB- 01
• Recombinant protein p64k (rP64K)

Table A5.1 Finished product portfolio of the three most important facilities of the 
Cuban biotech until 2011 (selection)
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Table A5.2  Historical development of CIGB products approved for commercialization

Year
1981–1990

1991–2000

2001–2007

Leuferon (human IFN)
Hebertrans (leukocyte extract termed
transfer factor)
Heberon alfa R (recombinant IFN-α2b)
Hebermin (recombinant EGF) produced
in Escherichia coli)
Heberbiovac HB (recombinant HbsAg)

Heberkinasa (recombinant streptokinase)
GAVAC (recombinant Bm86 protein
vaccine)
Heberon Gamma R (recombinant IFN-γ)

Quimi-Hib (Hib vaccine)
Bivalent ‘HB-Hib’ recombinant vaccine
comprising HBsAg and Hib)
Trivac HB (tetravalent (DPT-HB) vaccine)

Heberpenta (pentavalent (DPT-HB+Hib)
vaccine)
Heberviron (recombinant IFN-α2b and
ribavirine)
Hebervital (recombinant granulocyte
colony stimulating factor)
Heberitro (recombinant erythropoietin-α)
HeberNem (Corynebacterium
paurometabolum C924 strain)
Acuabio I (invertebrate and fish nutri-
tional supplement containing a defined
combination of amino acids)

Biological control of plant nematode
infestation
Prevention of white spot disease

As above plus Haemophilus influenzae
meningitis
Hepatitis C

Leukopenia, neutropenia

Anemia

Hepatitis B, pneumonia and meningitis

Diphtheria, tetanus, whooping cough
and hepatitis B

Pneumonia and meningitis

Hepatitis B

Cardiovascular disease
Cattle tick (Boophilus microplus)

Juvenile rheumatoid arthritis

Burns and ulcers
Hepatitis C and cancer

Immune deficiencies, herpes and ataxia
telangiectasia

Viral infections and cancer
Biotech product (generic name) Indication(s)

a Table does not list new formulations of existing products, such as Heberbiovac HB, Heberon alfa R liquid without
  albumin, Heberon alfa R lyophilized without albumin, and Heberkinasa without albumin, Hebervis and Citoprot-P.

Source: Lopez et al. (2007).

• Human recombinant epidermal growth factor (rhEGF)
• rhEGF for parenteral use

A complete list of the product portfolio can be found at www.heber- biotec.
com/ Ingles/ farmabio.htm

Source: CIGB.
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2009 CIGB patents and patent applications per territory

PCT
1%

East Europa
5% Africa and

Middle
East 5%

Latin America
18%

Asia
28%

EU, USA, AU, JP,
CA

43%

Numbers of patents

1004

427

284

179

56

48

10

Total

Africa and Midle East East Europe PCT

EU, USA, AU, JP, CA Asia Latin America

Figure A5.4  CIGB patents, 2010.
Source: Author’s interpretation of data available at CIGB-Heber Portfolio 2010.
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Table A5.5  Cuban immunoassay technology in the national public health system

TEST

Congenital malformations
(Alfa-fetoprotein)

Ectopic pregnancy and
trophoblastic disease
(Human chorionic
gonadotropin)

Congenital adrenal
hyperplasia
(17-OH-Progesterone)

Phenylketonuria (phe) 2000 620,235 11 UMTEST PKU

Congenital
hypothyroidism
(Thyroid Stimulating
hormone)

PREGNANT WOMEN

NEWBORNS

INFECTIOUS DISEASES

NON-COMMUNICABLE CHRONIC CONDITIONS

Year
introduced TechnologyCases detected

(mass screenings only)
Number of tests

performed and/or Universe

1982

1992

2005 343,551 11 UMELISA 17 OH NEONATAL
PROGESTERONE

1986

Case-by-case basis
(available nationwide) n/a

7,536 UMELISA AFP

UMELISA HCG

3,364,151

2,917,438 754 UMELISA NEONATAL TSH

Biotinidase deficiency
(Biotinidase) 2005 324,735 1 UMTEST BIOTINIDASE

Galactosemia
(Galactose) 2005 288,626 2 UMTEST GAL

HIV-AIDS
(anti-HIV 1&2) 1988

24,616,148
(including blood donors,
pregnant women, and for
general epidemiological
surveillance)

10,615 seropositive
tests
Of blood donors:
0.63%

UMELISA HIV 1+2
RECOMBINANT

Hepatitis B
(HBsAg & other
serological markers)

1986

15,770,641
(including blood donors,
pregnant women, and for
general epidemiological
surveillance)

Non-specific reactivity
among  blood donors:
0.97%
Confirmed cases
among blood donors:
70,590 (0.74% of
blood  donors)

UMELISA HBsAg PLUS
HBsAg CONFIRMATORY
TEST
UMELISA ANTI-HBsAg
UMELISA ANTI-HBc
UMELISA ANTI-HBc IgM

Hepatitis C
(anti-HCV) 1992

8,586,826
(including blood donors
and for general
epidemiological
surveillance)

Reactivity in blood
donors:
0.85%

UMELISA HCV

Dengue
(IgM antibodies) 1995 Suspected cases during

outbreaks n/a UMELISA DENGUE IgM PLUS

Leprosy
(IgM antibodies) 1993 Suspected cases n/a UMELISA HANSEN

Chagas
(IgG antibodies) 1994

All travelers to Cuba from
endemic countries or
regions

n/a UMELISA CHAGAS

Tetanus
(IgG anti-toxin) 1996 Blood donors

Donations with
required titers used
for production of
human tetanus
immunoglobulin

UMELISA TETANUS

Diabetes mellitus
(blood glucose) 2008 Diabetic patients

Currently being rolled
out through primary
care services

SUMASensor
(Glucometer)

Prostate cancer
(Prostate-specific
antigen)

2003 63,606 n/a UMELISA PSA

Atopic diseases
(Total IgE) 1987 Children with suspected

allergies n/a UMELISA IgE

Source: Reed (2009). Based on data provided by the Centre for Immunoassay.
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Table A5.6  Cuban neurotechnology timeline

1969

1970

1972

1977

1982

1983

1983

1990

1991

1992

1996
1997

1999
2001–2003
2004
2005

2006
2008

First use of a CAT-400C computer, donated by US
scientists, for computerised evaluation of brain disorders
First Cuban microcomputer used for electroencephalogram
(EEG) analysis
First prototype of the MEDICID-01 computerised EEG
system
Neurometrics Paper on computerised brain diagnosis
published in Science by joint US-Cuban group[4]
Industrial production begun of MEDICID-03 computerised
EEG system, foundation of the national neuroscience
diagnostic network
Electric response audiometry screening initiated in Havana
for infants aged 3 months at risk for hearing loss
First Cuban video game released for learning assessment
in school-age children
MEDICID-3E: first Cuban computerised EEG equipment
registered in France and Switzerland
Early hearing screening program scaled up to national
coverage
First generalised use of Quantitative Electroencephalogram
(qEEG) in a public health system[5]
AUDIX system developed for early hearing loss detection
Battery of tests designed for assessing learning disorders
in children
Video games introduced for learning disorder rehabilitation
National disability study carried out[6]
National human brain mapping project initiated

National learning disability prevalence study carried out
Software introduced for diagnosis and treatment of
neurodevelopmental disorders

National cochlear implants program initiated
neurodevelopmental disorder study carried out in cotorro
municipality, havana city province

Source: Reed (2009).



Copyright material from Andrés Cárdenas O’Farrill (2021) Cooperation Networks and Economic 
Development Cuba’s High-Tech Potential, Routledge

Table A5.7  Strategic core of the biotechnology industry, 2011

Company Creation date Number of 
workers

Commercial branch Creation date

CIGB 1986 1245 Heber Biotec 1991
CIM 1994 400 CIMAB 1992
Finlay Inst. 1991 920 Vacunas Finlay 1991
CENSA 1980 406 1980
CNIC 1965 1193 DALMER 1965
CIE 1987 244 Tecnosuma 1987
CENPALAB 1982 414 1982
BIOCEN 1992 800 1993
CNC* 1990 Neuronic 1990
IPK 1937(1979)

Complete name of the Centers
CIGB: Center for Genetic Engineering and Biotechnology
CIM: Center for Molecular Immunology
Finlay Inst: Finlay Institute
CENSA: National Center for Animal and Plant Health
CNIC: National Center for Scientific Research
CIE: Center for Immunoassay
CENPALAB: National Center for Production of Laboratory Animals
BIOCEN: National Center for Bioproduction
CNC: Center for Neurosciences

Notes
*  The facilities of Neurosciences are still part of the CNIC. For this reason it has been difficult 

to localize the number of workers. New and independent facilities were under construction at 
the time this research was taking place.

Although these centers also do research and innovation, CENSA, BIOCEN and CENPALAB 
facilities are more specialized in product manufacturing. They constantly collaborate with other 
organizations in this endeavor. At the same time, their products are usually commercialized by 
Heber Biotec or any other commercial branch of the industry.
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Technical
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Technical
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Scientific
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Diagnostics R Inspection NCL
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Surveillance

Human resources Security and
protection

Economics

Planning

Management
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Science and technology
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social communication

Inspection, vigilance and control

International affairs Legal adviser

Principal adviserQuality management system

Secretary (Admission and submission)

Development
and planning

Technical
committee

W.G. for
regulatory

system

Administration

Figure A5.8  General organization chart (CECMED).
Source: Pérez and Sanchez (2008).

Table A5.9  List of essential medicines by sector and origin, 2009– 11

Total Hospital Pharmacy FPM ESP COM FVH

Imports
Local production

Total 2009

Imports
Local production

Total 2010

Imports
Local production
Total 2011

867

868

885

562

283

305
580

585

512

502

501 384

254

256
245

248

305 283
229

355

366

29

49
335

337

22
333

371

351

355

22

41
330

333

22
329

346

324

330

21

40
306

309

21
303

300

298

303

19

19
281

284

10
288

13

4

11

7

8
5

4

0
4

Source: Espicom Business International (2011). Based on data of Cuba’s Ministry for Public 
Health (Spanish acronym MINSAP).
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Trade

Table A5.10  Pharmaceutical production by type, 1997– 2008 (million pesos)

Human pharmaceuticals Raw materials and
medicinal plants

Total %Change

1997
1998
1999
2000

2002
2003
2004
2005
2006
2007
2008

2001

141.2
120.9
125.6
119.5

170.4
198.0
218.4
285.6
353.2
397.4
607.5

136.4

1.3
1.2
1.6
1.4

1.6
1.8
8.1
7.7
11.2
9.1
8.2

1.3

142.5
122.1
127.2
120.9

172.0
199.8
226.5
293.3
364.4
406.5
615.7

137.7

n/a
–14.3
4.2
–5.0

24.9
16.2
13.4
29.5
24.2
11.6
51.5

13.9

Source: Espicom Business International (2011). Based on Cuba’s National Statistics Office 
(ONE).

Table A5.11  Pharmaceutical exports by category, 1995– 2010 (thousand US$)

Raw materials
Antisera and

vaccines
Semi-finished
medicaments

Retail
medicaments Total %Change

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

%Total

1995
1,267
1,499
448
1,342
359
523
334
306
109
5,088
17,877
49,958
30,315
35,298
50,111

18.0

6,962
35,221
42,085
21,204
13,631
19,580
19,189
26,119
28,121
17,207
20,069
27,046
31,177
14,067
18,120
28,362

10.2

30,119
159
356
311

4,839
4,977
1,081
1,483
1,294
1,841
1,223
235
183
402
775
702

0.3

283
9,686
6,606
3,428
4,798
5,897
7,464
8,842
12,477
13,240
4,718
13,586
22,951
25,476
235,767
198,578

71.5

5,731
46,333
50,546
25,391
24,610
30,813
28,256
36,778
42,199
32,397
31,098
58,745
104,269
70,260
289,959
277,753

100.0

43,096
7.5
9.1

–49.8
–3.1
25.2
–8.3
30.2
14.7
–23.2
–4.0
88.9
77.5
–32.6
312.7
–4.2

~

n/a

Source: Espicom Business International (2011). Based on UN Comtrade, using reverse data.
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Table A5.12  Pharmaceutical exports by country/ region, 2010 (thousand US$)

Raw materials
Antisera and

vaccines
Semi-finished
medicaments

Retail
medicaments Total %Total

Venezuela 0

0
0
0
0

0
0
0

94
0
0
0
0
0
0
0
0
0

10

0
50,105

50,111

672

121
23,575

28,362

243

4
8

702

1,259

2,080
191,881

198,578

2,184

2,205
265,570

277,753

0.8

0.8
95.6

100.0

94

1,005
742
943
505
907

0
6

617
390
586

5,700

0
0
0

451
0
0
0
0
0
0

451

11
322

83
0

40
793
659

9
230

0
2,147

1,110
1,064
1,026

956
947
793
665
626
620
586

8,392

0.4
0.4
0.4
0.3
0.3
0.3
0.2
0.2
0.2
0.2
3.0

50,007

1

50,006
0

383
7,667
2,011

0

1,114
0

29
21,989

1,307

9,478
178,793

10,840
1
0

1,926

541
1,320
1,205

195,172

545

0
178,793

11,231
7,668
2,011
1,926

1,656
1,320
1,234

267,177

1,853

59,484
64.4

4.0
2.8
0.7
0.7

0.6
0.5
0.4

96.2

0.7

21.4
0

8
0
0
0

0
0
0
8

0

0Brazil
Panama
Argentina

Germany
Nicaragua
South Africa
Singapore

Subtotal 1-10

Mexico
Algeria
Ukraine
Tunisia
Ecuador
Indonesia
Canada
Peru
Russia
Pakistan

Other

EU-27
LATAM

Total

Subtotal 11-20

Dominican Rep.

Colombia

Source: Espicom Business International (2011) Based on UN Comtrade, using reverse data.

Table A5.13  Pharmaceutical imports by category, 1995– 2010 (thousand US$)

Raw materials
Antisera and
vaccines

Semi-finished
medicaments

Retail
medicaments Total %Change

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

%Total

7,727
6,962
6,570
8,699
5,852
7,007
7,343
7,739
8,285
10,891
12,014
11,117
13,830
52,039
16,404
19,506

25.7

385
840
885
2,238
1,256
3,605
3,080
2,465
2,647
1,874
3,733
5,522
11,792
11,107
7,856
6,857

9.0

938
1,577
481
168
149
77
454
413
453
449
741
889
603
1,910
2,051
1,526

2.0

16,866
17,313
10,332
18,981
9,626
12,424
16,493
14,662
12,784
21,252
27,479
39,222
44,831
51,453
59,754
47,987

63.2

25,916
26,692
18,268
30,086
16,882
23,114
27,369
25,279
24,169
34,466
43,966
56,750
71,056
116,509
86,065
75,875

100.0

n/a
3.0
−31.6
64.7
−43.9
36.9
18.4
−7.6
−4.4
42.6
27.6
29.1
25.2
64.0
−26.1
−11.8

~

Source: Espicom Business International (2011) Based on UN Comtrade, using reverse data.
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China
25.0%

Other
1.0%Other LATAM

6.0%

Other EU-27
6.5%

United Kingdom
2.6%

Guatemala
3.1%

Italy
4.3%

Germany
5.4%

Switzerland
7.2%

India
7.7%

Costa Rica
7.9%

Spain
9.6%

Panama
13.6%

Figure A5.14  Pharmaceutical imports by country/ region, 2010.
Source:  Espicom Business International (2011). Based on UN Comtrade, using 
reverse data.
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Visualizations

The following visualizations show the ego- networks of the most important 
actors of the Cuban biopharmaceutical complex. “Ego” is an individual “focal” 
node; and the ego- network is the collection of all nodes to whom ego has a 
connection at some path length. In social network analysis, the connection is 
usually one- step; that is, it includes only ego and actors that are directly adja-
cent. We follow the same approach here.

Focal nodes are depicted within a circle of the same color of the nodes. 
The color of the nodes indicates the function of the organization represented. 
The color and arrowhead of the links identify the origin and direction of the 
resource respectively (e.g. a blue link comes from a blue node. If the arrowhead 
is directed toward a green node, then the blue node is transferring resources to 
the green one). (Editorial Note: Please note that while the figures appear in grey-
scale in print, the Annexes will be available to view in full color online at: www.
routledge.com/9781138558984.) As mentioned in Annex 4 node relations are 
assumed to be taking the form of binary links (two actors are connected or 
they aren’t), and the resources to flow in both directions. Links are generically 
identified as resources or knowledge, rather than as the specific resource that a 
given organization is supposed to more frequently provide. This is due to high 
degree of multi- functionality and integration within Cuban biopharmaceutical 
industry.

Before starting with the ego- networks we show the whole network 
illustration.

Cuban biotechnology –  network illustration

Legend

green  production firms, i.e. organisations, almost exclusively devoted 
to the manufacture of vaccines, medicaments and other products

violet organisations exclusively or mainly devoted to research.
orange  organisations mostly devoted to provide high-tech services to 

other companies
light blue  trading organisations (domestic and international 

commercialisation)
grey  holding organisations of the industry
red  central organisations (NFOs related to regulation, administra-

tion and legislation)
yellow  research – manufacturing organisation with trading licence but 

without an autonomous commercialisation unit
dark blue strategic network
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Recurring top ranked nodes –  Cuban biotechnology
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 1. National Centre for Scientific Research (CNIC)

CNIC metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

0.302 - - - - - - 0.905 - - - - - - 0.264 0.340

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian Ties

0.911 0.710 - - - - - - 17.000 - - - - - 0.208

- - - - - - Not among the top ten in the rank

 2. Strategic network
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 3. Strategic network (excluding other subgroups)

 4. Centre for Genetic Engineering and Biotechnology (CIGB)

CIGB metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

0.349 0.449 0.948 - - - - - - - 0.283 0.415

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

1.000 0.727 0.027 19.000 - - - - - 0.245
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 5. Centre of Molecular Immunology (CIM) (influences excluding 
the strategic network)

CIM metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

0.311 - - - - - - 0.897 - - - - - - - 0.264 0.358

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

0.929 0.709 0.026 13.000 - - - - - - - - - 0.226

 6. Chemical Pharmaceutical Centre (CQF)

CQF metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

0.349 0.486 0.810 0.172 0.321 0.377

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

0.816 0.682 0.027 14.000 - - - - - - - - - - - - - - - - 
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 7. Finlay Institute

Finlay Institute metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

0.330 0.449 0.945 - - - - - - - - - 0.283 0.377

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

0.964 0.727 0.027 19.000 - - - - - - - 0.226

 8. Center for Immunoassay (CIE)

CIE metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

0.302 - - - - - - - 0.921 - - - - - - - - - - - - - - - - - 0.340

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

0.951 0.771 - - - - - - - - 15.000 0.545 0.226
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 9. Pharmaceutical Research & Development Centre (CIDEM)

CIDEM metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - 0.530 - - - - - - - - - 0.083 0.377 - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - 0.730 0.029 12.000 - - - - - - - - - - - - - - 

 10. Aica, Novatec, Llorad Lab, PHC
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Aica, Novatec, Llorad Lab, PHC (the same for all organizations)

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

 11. Manufacturing (chemically produced drugs)

Manufacturing (chemically produced drugs) (the same for all 
organizations)

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0.500* - - - - - - - 

*  This score belongs to the Import Medicament Unit (UEBMI central freezing).  
No manufacturing unit scores among the top ten
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 12. Biomundi.

Biomundi metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - 0.465 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0.659 - - - - - - - 

 13. CEADEN

CEADEN metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - 0.525 - - - - - - - - - - - - - - - - - - 0.302 - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - 0.028 - - - - - - - - - - - - - - - - - - - - - - - 
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 14. Trading agencies (strategic network)

Trading agencies (strategic network) metrics (the same for all 
organizations)

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

 15. Servicex 4
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Servicex 4 metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0.264 - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - 0.028 - - - - - - - - - - - - - - - - - - - - - - - - 

 16. FARMACUBA

FARMACUBA metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - - 0.194 - - - - - - - - - - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - 23.000 - - - - - - - - - - - - - - - 
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 17. LABIOFAM Group

LABIOFAM metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - 0.457 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - 0.673 0.027 - - - - - - - - - 0.624 - - - - - - - - - 

18. QUIMEFA Group (now part of BioCubaFarma)

Quimefa metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - 0.108 - - - - - - - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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19. National Drug Quality Control Centre (CECMED)

CECMED metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

0.387 0.757 1.000 0.071 0.717 - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - 1.000 0.030 35.000 - - - - - - - - - - - - - - - - - - 

20. National Clinical Trials Coordinating Center (CENCEC)

CENCEC metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

0.283 0.654 0.951 0.184 0.509 - - - - - - - - 

Authority Hub Information Clique 
membership

Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - 0.903 0.030 24.000 - - - - - - - - - - - - - - - - - - 
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21. Ministries of Science and Technology (CITMA)

CITMA metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - 0.103 - - - - - - - - - - - - - - 
Authority Hub Information Clique 

membership
Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

22. Banco Exterior de Cuba

Banco Exterior de Cuba metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - - 0.110 - - - - - - - - - - - - - - - - - 
Authority Hub Information Clique 

membership
Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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23. Laboratory of Synthetic Antigens (LAGS)

LAGS metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Authority Hub Information Clique 

membership
Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0.700 - - - - - - - - - 

24. State Council

State Council metrics

Total Degree Closeness Eigenvector Betweenness Outdegree Indegree

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Authority Hub Information Clique 

membership
Clustering 
coefficient

Simmelian 
Ties

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1.000 - - - - - - - - - 
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25. Cuban Biopharmaceutical Industry (by type of activity)

STANDARD NETWORK ANALYSIS (FULL REPORT)

Input data: Cuban Biotechnology
Start time: Sat, June 29 16:44:43 2013

Network level measures

Measure Value

Row count 54.000
Column count 54.000
Link count 383.000
Density 0.134
Isolate count 0.000
Component count 1.000
Reciprocity 0.388
Characteristic path length 2.696
Clustering coefficient 0.319
Network levels (diameter) 7.000
Network fragmentation 0.000
Krackhardt connectedness 1.000
Krackhardt efficiency 0.838
Krackhardt hierarchy 0.073
Krackhardt upperboundedness 1.000
Degree centralization 0.263
Betweenness centralization 0.166
Closeness centralization 0.785
Reciprocal? No (38% of the links are 

reciprocal)
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Node level measures

Measure Min Max Avg Stddev

Total degree centrality 0.019 0.387 0.134 0.109
Total degree centrality 
[Unscaled]

2.000 41.000 14.185 11.549

In- degree centrality 0.019 0.415 0.134 0.118
In- degree centrality 
[Unscaled]

1.000 22.000 7.093 6.234

Out- degree centrality 0.000 0.717 0.134 0.144
Out- degree centrality 
[Unscaled]

0.000 38.000 7.093 7.621

Eigenvector centrality 0.003 1.000 0.391 0.324
Closeness centrality 0.019 0.757 0.375 0.115
Closeness centrality 
[Unscaled]

0.000 0.014 0.007 0.002

Betweenness centrality 0.000 0.194 0.031 0.049
Betweenness centrality 
[Unscaled]

0.000 535.885 86.611 134.343

Hub centrality 0.000 1.000 0.278 0.306
Authority centrality 0.004 1.000 0.323 0.312
Information centrality 0.000 0.030 0.019 0.008
Information centrality 
[Unscaled]

0.000 2.044 1.260 0.523

Clique membership count 0.000 35.000 6.185 7.239
Simmelian ties 0.000 0.245 0.049 0.083
Simmelian ties 
[Unscaled]

0.000 13.000 2.593 4.416

Clustering coefficient 0.000 1.000 0.319 0.235

Total degree centrality

Rank Nodes Value Unscaled Context*

1 Regulation agency 
(CECMED)

0.387 41.000 5.460

2 Centre for Genetic 
Engineering and 
Biotechnology

0.349 37.000 4.646

3 Pharmaceutical 
Chemistry Center (CQF)

0.349 37.000 4.646

4 Finlay Institute 0.330 35.000 4.238
5 Centre for Molecular 

Immunology (CIM)
0.311 33.000 3.831

6 National Centre for 
Scientific Research

0.302 32.000 3.627

7 Centre for Immunoessays 
(CIE)

0.302 32.000 3.627

8 National Coordinating 
Center of Clinical

0.283 30.000 3.220
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9 National Centre for 
Bioproduccion (BIOCE)

0.283 30.000 3.220

10 Institute for Digital 
Research (ICID)

0.283 30.000 3.220

11 National Centre for 
Animal and Plant 
Health 0.264

28.000 2.813

12 Centre for 
Neurosciences (CNC)

0.245 26.000 2.406

13 National Centre 
of Production of 
Laboratory

0.245 26.000 2.406

14 Center for Medical 
Research and 
Development 0.217

23.000 1.795

15 Ministry for Science 
and Technology (CIT

0.208 22.000 1.591

16 Kourí Institute (IPK) 0.208 22.000 1.591
17 Banco Exterior de Cuba 

0.189
20.000 1.184

18 Servicex Department 4 0.170 18.000 0.777
19 CEADEN 0.160 17.000 0.573
20 LABIOFAM Group 0.151 16.000 0.370
21 Quimefa Group 0.142 15.000 0.166
22 FARMACUBA 0.142 15.000 0.166
23 Biomundi 0.123 13.000 - 0.241
24 Ministry for Public 

Health
0.104 11.000 - 0.649

25 Center of Medical 
Genetics

0.094 10.000 - 0.852

26 Heber Biotec 0.085 9.000 - 1.056
27 Llorad Lab 0.075 8.000 - 1.259
28 Novatec Lab 0.075 8.000 - 1.259
29 Placental Histotherapy 

Center
0.075 8.000 - 1.259

30 Laboratory of Synthetic 
Antigens (LAGS)

0.075 8.000 - 1.259

31 Aica Lab 0.066 7.000 - 1.463
32 Center of Isotopes 

(CENTIS)
0.066 7.000 - 1.463

33 MedSol Lab 0.047 5.000 - 1.870
34 “R.G” Lab 0.047 5.000 - 1.870
35 “8 M” Lab 0.047 5.000 - 1.870
36 “J.T” Lab 0.047 5.000 - 1.870
37 “C.J.F” Biological 

Products
0.047 5.000 - 1.870

38 “R.E” Lab 0.047 5.000 - 1.870
39 ENCOMED 0.047 5.000 - 1.870
40 “A.P” Blood Products 0.047 5.000 - 1.870
41 CIMAB0.047 5.000 - 1.870
42 Tecnosuma 0.047 5.000 - 1.870
43 Vacunas Finlay 0.047 5.000 - 1.870
44 COMBIOMED 0.047 5.000 - 1.870
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45 Import Medicament Unit 
(UEBMI central fr

0.038 4.000 - 2.074

46 Wholesale Havana 
(UEBMM)

0.038 4.000 - 2.074

47 “S.D” Lab 0.038 4.000 - 2.074
48 Electronic Group 0.038 4.000 - 2.074
49 Dalmer 0.038 4.000 - 2.074
50 Ministry of Basic 

Industry
0.028 3.000 - 2.278

51 Neuronic 0.028 3.000 - 2.278
52 Ministry for 

Agriculture
0.019 2.000 - 2.481

53 Ministry of Informatic 
and Communication

0.019 2.000 - 2.481

54 State Council 0.019 2.000 - 2.481

* Number of standard deviations from the mean of a random 
network of the same size and density.

Mean:    0.134     Mean in random network:      0.134.

Std.dev:   0.109     Std.dev in random network:  0.046.

In- degree centrality

Rank Nodes Value Unscaled

1 Centre for Genetic Engineering 
and Biotech 0.415

22.000

2 Finlay Institute 0.377 20.000
3 Pharmaceutical Chemistry Center 

(CQF)
0.377 20.000

4 Centre for Molecular Immunology 
(CIM)

0.358 19.000

5 National Centre for Scientific 
Research

0.340 18.000

6 Centre for Immunoessays (CIE) 0.340 18.000
7 National Centre for 

Bioproduccion (BIOCE
0.340 18.000

8 Institute for Digital Research 
(ICID)

0.321 17.000

9 National Centre for Animal and 
Plant Health

0.302 16.000

10 Centre for Neurosciences (CNC) 0.283 15.000
11 National Centre of Production of 

Laboratory
0.283 15.000

12 Kourí Institue (IPK) 0.283 15.000
13 Ministry for Science and 

Technology (CIT
0.264 14.000

14 FARMACUBA 0.245 13.000
15 Banco Exterior de Cuba 0.170 9.000
16 Heber Biotec 0.132 7.000
17 Llorad Lab 0.094 5.000
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18 Aica Lab 0.094 5.000
19 Novatec Lab 0.094 5.000
20 Placental Histotherapy Center 0.094 5.000
21 Center of Isotopes (CENTIS) 0.094 5.000
22 Ministry for Public Health 0.094 5.000
23 Laboratory of Synthetic Antigens 

(LAGS)
0.094 5.000

24 Center of Medical Genetics 0.094 5.000
25 Wholesale Havana (UEBMM) 0.075 4.000
26 Quimefa Group 0.075 4.000
27 MedSol Lab 0.075 4.000
28 “R.G” Lab 0.075 4.000
29 “8 M” Lab 0.075 4.000
30 “J.T” Lab 0.075 4.000
31 “C.J.F” Biological Products 0.075 4.000
32 “R.E” Lab 0.075 4.000
33 “A.P” Blood Products 0.075 4.000
34 Servicex Department 4 0.075 4.000
35 Center for Medical Research and 

Development 0.057
3.000

36 Import Medicament Unit (UEBMI 
central fr

0.057 3.000

37 “S.D” Lab 0.057 3.000
38 Regulation Agency (CECMED) 0.057 3.000
39 National Coordinating Center of 

Clinical
0.057 3.000

40 LABIOFAM Group 0.057 3.000
41 CIMAB 0.057 3.000
42 Tecnosuma 0.057 3.000
43 Vacunas Finlay 0.057 3.000
44 COMBIOMED 0.057 3.000
45 Dalmer 0.057 3.000
46 Biomundi 0.038 2.000
47 Ministry of Basic Industry 0.038 2.000
48 ENCOMED 0.038 2.000
49 Electronic Group 0.038 2.000
50 Neuronic 0.038 2.000
51 CEADEN 0.019 1.000
52 Ministry for Agriculture 0.019 1.000
53 Ministry of Informatic and 

Communication
0.019 1.000

54 State Council 0.019 1.000

Out- degree centrality

Rank Nodes Value Unscaled

1 Regulation Agency (CECMED) 0.717 38.000
2 National Coordinating Center of 

Clinical
0.509 27.000

3 Center for Medical Research and 
Development

0.377 20.000
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4 Pharmaceutical Chemistry Center 
(CQF)

0.321 17.000

5 CEADEN 0.302 16.000
6 Centre for Genetic Engineering 

and Biotech
0.283 15.000

7 Finlay Institute 0.283 15.000
8 Servicex Department 4 0.264 14.000
9 Centre for Molecular Immunology 

(CIM)
0.264 14.000

10 National Centre for Scientific 
Research

0.264 14.000

11 Centre for Immunoessays (CIE) 0.264 14.000
12 LABIOFAM Group 0.245 13.000
13 Institute for Digital Research 

(ICID)
0.245 13.000

14 National Centre for 
Bioproduccion (BIOCE

0.226 12.000

15 National Centre for Animal and 
Plant Health

0.226 12.000

16 Biomundi 0.208 11.000
17 Quimefa Group 0.208 11.000
18 Banco Exterior de Cuba 0.208 11.000
19 Centre for Neurosicences (CNC) 0.208 11.000
20 National Centre of Production of 

Laboratory
0.208 11.000

21 Ministry for Science and 
Technology (CIT

0.151 8.000

22 Kourí Institute (IPK) 0.132 7.000
23 Ministry for Public Health 0.113 6.000
24 Center of Medical Genetics 0.094 5.000
25 Llorad Lab 0.057 3.000
26 Novatec Lab 0.057 3.000
27 Placental Histotherapy Center 0.057 3.000
28 ENCOMED 0.057 3.000
29 Laboratory of Synthetic Antigens 

(LAGS)
0.057 3.000

30 Aica Lab 0.038 2.000
31 Center of Isotopes (CENTIS) 0.038 2.000
32 Electronic Group 0.038 2.000
33 CIMAB 0.038 2.000
34 Tecnosuma 0.038 2.000
35 Vacunas Finlay 0.038 2.000
36 Heber Biotec 0.038 2.000
37 COMBIOMED 0.038 2.000
38 FARMACUBA 0.038 2.000
39 Import Medicament Unit (UEBMI 

central fr
0.019 1.000

40 Ministry of Basic Industry 0.019 1.000
41 MedSol Lab 0.019 1.000
42 “R.G” Lab 0.019 1.000
43 “8 M” Lab 0.019 1.000
44 “J.T” Lab 0.019 1.000
45 “C.J.F” Biological Products 0.019 1.000
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46 “R.E” Lab 0.019 1.000
47 “S.D” Lab 0.019 1.000
48 “A.P” Blood Products 0.019 1.000
49 Ministry for Agriculture 0.019 1.000
50 Ministry of Informatic and 

Communication
0.019 1.000

51 State Council 0.019 1.000
52 Neuronic 0.019 1.000
53 Dalmer 0.019 1.000

Eigenvector centrality

Rank Nodes Value Context*

1 Regulation Agency (CECMED) 1.000 1.885
2 National Coordinating Center of 

Clinical
0.951 1.694

3 Centre for Genetic Engineering 
and Biotech

0.948 1.685

4 Finlay Institute 0.945 1.673
5 Centre for Immunoessays (CIE) 0.921 1.578
6 National Centre for Scientific 

Research
0.905 1.519

7 Centre for Molecular Immunology 
(CIM)

0.897 1.488

8 National Centre for 
Bioproduccion (BIOCE)

0.880 1.419

9 National Centre for Animal and 
Plant Health

0.819 1.182

10 Pharmaceutical Chemistry Center 
(CQF)

0.810 1.149

11 National Centre of Production of 
Laboratory

0.809 1.145

12 Institute for Digital Research 
(ICID)

0.801 1.115

13 Centre for Neurosicences (CNC) 0.731 0.843
14 Center for Medical Research and 

Development
0.730 0.841

15 LABIOFAM Group 0.707 0.749
16 Kourí Institue (IPK) 0.694 0.700
17 Servicex Department 4 0.653 0.540
18 Ministry for Science and 

Technology (CIT
0.625 0.433

19 Biomundi 0.545 0.122
20 CEADEN 0.406 - 0.415
21 Center of Medical Genetics 0.322 - 0.739
22 Ministry for Public Health 0.299 - 0.831
23 Laboratory of Synthetic Antigens 

(LAGS)
0.287 - 0.878

24 FARMACUBA 0.260 - 0.979
25 Llorad Lab 0.220 - 1.136
26 Aica Lab 0.220 - 1.136
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27 Novatec Lab 0.220 - 1.136
28 Placental Histotherapy Center 0.220 - 1.136
29 Center of Isotopes (CENTIS) 0.216 - 1.152
30 “A.P” Blood Products 0.203 - 1.201
31 Heber Biotec 0.182 - 1.283
32 Banco Exterior de Cuba 0.170 - 1.328
33 Quimefa Group 0.170 - 1.331
34 MedSol Lab 0.156 - 1.385
35 “R.G” Lab 0.156 - 1.385
36 “8 M” Lab 0.156 - 1.385
37 “J.T” Lab 0.156 - 1.385
38 “C.J.F” Biological Products 0.156 - 1.385
39 “R.E” Lab 0.156 - 1.385
40 Import Medicament Unit (UEBMI 

central fr
0.132 - 1.478

41 Wholesale Havana (UEBMM) 0.132 - 1.478
42 “S.D” Lab 0.131 - 1.480
43 Vacunas Finlay 0.128 - 1.491
44 Tecnosuma 0.127 - 1.497
45 Dalmer 0.126 - 1.500
46 CIMAB 0.126 - 1.502
47 COMBIOMED 0.120 - 1.525
48 Neuronic 0.105 - 1.581
49 ENCOMED 0.087 - 1.651
50 State Council 0.050 - 1.795
51 Electronic Group 0.049 - 1.799
52 Ministry for Agriculture 0.043 - 1.822
53 Ministry of Basic Industry 0.028 - 1.878
54 Ministry of Informatic and 

Communication
0.003 - 1.977

Mean: 0.391 Mean in random network: 0.513
Std.dev: 0.324 Std.dev in random network: 0.258

Closeness centrality

Rank Nodes Value Unscaled Context*

1 Regulation agency 
(CECMED)

0.757 0.014 6.239

2 National Coordinating 
Center of Clinical

0.654 0.012 4.387

3 Center for Medical 
Research and 
Development

0.530 0.010 2.149

4 CEADEN 0.525 0.010 2.054
5 Ministry for Public 

Health
0.486 0.009 1.361

6 Pharmaceutical Chemistry 
Center (CQF)

0.486 0.009 1.361

7 Biomundi 0.465 0.009 0.977
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8 LABIOFAM Group 0.457 0.009 0.832
9 Centre for Genetic 

Engineering and Biotech
0.449 0.008 0.693

10 Finlay Institute 0.449 0.008 0.693
11 Centre for Molecular 

Immunology (CIM)
0.445 0.008 0.625

12 National Centre for 
Scientific Research

0.445 0.008 0.625

13 Centre for Immunoessays 
(CIE)

0.445 0.008 0.625

14 National Centre for 
Animal and Plant Health

0.438 0.008 0.492

15 Institute for Digital 
Research (ICID)

0.438 0.008 0.492

16 Quimefa Group 0.434 0.008 0.428
17 Kourí Institue (IPK) 0.434 0.008 0.428
18 FARMACUBA 0.431 0.008 0.364
19 Ministry for Science and 

Technology (CIT
0.427 0.008 0.302

20 National Centre for 
Bioproduccion (BIOCE

0.417 0.008 0.120

21 National Centre 
of Production of 
Laboratory

0.414 0.008 0.061

22 Servicex Department 4 0.411 0.008 0.003
23 Centre for Neurosciences 

(CNC)
0.408 0.008 - 0.054

24 Banco Exterior de Cuba 0.402 0.008 - 0.165
25 Center of Isotopes 

(CENTIS)
0.371 0.007 - 0.721

26 Llorad Lab 0.356 0.007 - 0.990
27 Novatec Lab 0.356 0.007 - 0.990
28 Placental Histotherapy 

Center
0.356 0.007 - 0.990

29 Vacunas Finlay 0.351 0.007 - 1.074
30 Heber Biotec 0.351 0.007 - 1.074
31 CIMAB 0.349 0.007 - 1.116
32 Tecnosuma 0.349 0.007 - 1.116
33 Center of Medical 

Genetics
0.344 0.006 - 1.198

34 COMBIOMED 0.344 0.006 - 1.198
35 Aica Lab 0.319 0.006 - 1.646
36 Laboratory of Synthetic 

Antigens (LAGS)
0.317 0.006 - 1.680

37 Ministry for Agriculture 0.315 0.006 - 1.714
38 ENCOMED 0.312 0.006 - 1.781
39 Electronic Group 0.310 0.006 - 1.814
40 Dalmer 0.310 0.006 - 1.814
41 MedSol Lab 0.306 0.006 - 1.878
42 “R.G” Lab 0.306 0.006 - 1.878
43 “8 M” Lab 0.306 0.006 - 1.878
44 “J.T” Lab 0.306 0.006 - 1.878
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45 “C.J.F” Biological 
Products

0.306 0.006 - 1.878

46 “R.E” Lab 0.306 0.006 - 1.878
47 “S.D” Lab 0.306 0.006 - 1.878
48 Ministry of Basic 

Industry
0.305 0.006 - 1.910

49 “A.P” Blood Products 0.305 0.006 - 1.910
50 State Council 0.294 0.006 - 2.093
51 Neuronic 0.291 0.005 - 2.151
52 Ministry of Informatic 

and Communication
0.238 0.004 - 3.115

53 Import Medicament Unit 
(UEBMI Central Fr

0.019 0.000 - 7.055

54 Wholesale Havana (UEBMM) 0.019 0.000 - 7.061

Mean: 0.375 Mean in random network: 0.411
Std.dev: 0.115 Std.dev in random network: 0.056

Betweenness centrality

Rank Nodes Value Unscaled Context*

1 FARMACUBA 0.194 535.885 7.797
2 National Coordinating 

Center of Clinical
0.184 508.079 7.318

3 Pharmaceutical Chemistry 
Center (CQF)

0.172 472.927 6.712

4 Banco Exterior de Cuba 0.110 302.480 3.774
5 Quimefa Group 0.108 298.860 3.711
6 Ministry for Science and 

Technology (CIT)
0.103 284.981 3.472

7 Institute for Digital 
Research (ICID)

0.095 261.403 3.065

8 Center for Medical 
Research and 
Development

0.083 228.869 2.505

9 Ministry for Public 
Health

0.083 227.820 2.487

10 Regulation Agency 
(CECMED)

0.071 195.241 1.925

11 Kourí Institute (IPK) 0.064 177.719 1.623
12 Centre for Genetic 

Engineering and Biotech
0.051 140.522 0.982

13 Finlay Institue 0.042 115.000 0.542
14 National Centre for 

Scientific Research
0.038 105.802 0.383

15 LABIOFAM Group 0.037 102.000 0.317
16 Electronic Group 0.037 102.000 0.317
17 Centre for Neurosciences 

(CNC)
0.036 98.341 0.254
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18 Centre for Molecular 
Immunology (CIM)

0.034 93.449 0.170

19 Centre for Immunoessays 
(CIE)

0.031 86.652 0.053

20 National Centre for 
Animal and Plant Health

0.027 74.659 - 0.154

21 Servicex Department 4 0.026 71.282 - 0.212
22 Heber Biotec 0.016 43.116 - 0.698
23 National Centre for 

Bioproduccion (BIOCE
0.013 35.046 - 0.837

24 ENCOMED 0.011 30.368 - 0.917
25 Biomundi 0.007 18.193 - 1.127
26 Center of Isotopes 

(CENTIS)
0.004 11.499 - 1.243

27 National Centre 
of Production of 
Laboratory

0.004 10.610 - 1.258

28 COMBIOMED 0.003 7.484 - 1.312
29 Llorad Lab 0.002 6.098 - 1.336
30 Novatec Lab 0.002 6.098 - 1.336
31 Placental Histotherapy 

Center
0.002 6.098 - 1.336

32 Aica Lab 0.002 4.354 - 1.366
33 Vacunas Finlay 0.001 3.800 - 1.375
34 Tecnosuma 0.001 3.540 - 1.380
35 CIMAB 0.001 3.259 - 1.385
36 CEADEN 0.000 1.000 - 1.424
37 Ministry of Basic 

Industry
0.000 0.667 - 1.429

38 Dalmer 0.000 0.405 - 1.434
39 MedSol Lab 0.000 0.199 - 1.438
40 “R.G” Lab 0.000 0.199 - 1.438
41 “8 M” Lab 0.000 0.199 - 1.438
42 “J.T” Lab 0.000 0.199 - 1.438
43 “C.J.F” Biological 

Products
0.000 0.199 - 1.438

44 “R.E” Lab 0.000 0.199 - 1.438
45 “A.P” Blood Products 0.000 0.199 - 1.438

Mean: 0.031 Mean in random network: 0.030
Std.dev: 0.049 Std.dev in random network: 0.021

Hub centrality

Rank Nodes Value

1 Regulation Agency (CECMED) 1.000
2 National Coordinating Center of Clinical 0.903
3 Centre for Immunoessays (CIE) 0.771
4 Center for Medical Research and Development 0.730
5 Finlay Institute 0.727
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6 Centre for Genetic Engineering and Biotech 0.727
7 National Centre for Scientific Research 0.710
8 Centre for Molecular Immunology (CIM) 0.709
9 Pharmaceutical Chemistry Center (CQF) 0.682
10 LABIOFAM Group 0.673
11 National Centre for Bioproduccion (BIOCE) 0.649
12 Institute for Digital Research (ICID) 0.646
13 National Centre for Animal and Plant Health 0.642
14 National Centre of Production of Laboratory 0.634
15 Centre for Neurosicences (CNC) 0.609
16 Servicex Department 4 0.600
17 Biomundi 0.581
18 CEADEN 0.407
19 Kourí Institute (IPK) 0.384
20 Center of Medical Genetics 0.304
21 Laboratory of Synthetic Antigens (LAGS) 0.193
22 Banco Exterior de Cuba 0.160
23 Quimefa Group 0.160
24 Ministry for Science and Technology (CIT) 0.152
25 Ministry for Public Health 0.127
26 Llorad Lab 0.103
27 Novatec Lab 0.103
28 Placental Histotherapy Center 0.103
29 Heber Biotec 0.075
30 Vacunas Finlay 0.073
31 Tecnosuma 0.072
32 CIMAB 0.071
33 COMBIOMED 0.063
34 Center of Isotopes (CENTIS) 0.063
35 Dalmer 0.061
36 Electronic Group 0.055
37 Neuronic 0.053
38 Aica Lab 0.049
39 ENCOMED 0.027
40 MedSol Lab 0.016
41 “R.G” Lab 0.016
42 “8 M” Lab 0.016
43 “J.T” Lab 0.016
44 “C.J.F” Biological Products 0.016
45 “R.E” Lab 0.016
46 “S.D” Lab 0.016
47 “A.P” Blood Products 0.016
48 FARMACUBA 0.015
49 State Council 0.011
50 Import Medicament Unit (UEBMI) 0.010
51 Ministry for Agriculture 0.010
52 Ministry of Basic Industry 0.007
53 Ministry of Informatic and Communication 0.003



 

Copyright material from Andrés Cárdenas O’Farrill (2021) Cooperation Networks and Economic 
Development Cuba’s High-Tech Potential, Routledge

Authority centrality

Rank Nodes Value

1 Centre for Genetic Engineering and Biotech 1.000
2 Finlay Institute 0.964
3 Centre for Immunoessays (CIE) 0.951
4 National Centre for Bioproduccion (BIOCE 0.934
5 Centre for Molecular Immunology (CIM) 0.929
6 National Centre for Scientific Research 0.911
7 National Centre for Animal and Plant Health 0.855
8 National Centre of Production of Laboratory 0.843
9 Institute for Digital Research (ICID) 0.817
10 Pharmaceutical Chemistry Center (CQF) 0.816
11 Centre for Neurosciences (CNC) 0.791
12 Kourí Institute (IPK) 0.774
13 Ministry for Science and Technology (CIT 0.560
14 Laboratory of Synthetic Antigens (LAGS) 0.313
15 Ministry for Public Health 0.289
16 Center of Medical Genetics 0.285
17 FARMACUBA 0.241
18 “A.P” Blood Products 0.238
19 Center of Isotopes (CENTIS) 0.227
20 Llorad Lab 0.215
21 Aica Lab 0.215
22 Novatec Lab 0.215
23 Placental Histotherapy Center 0.215
24 MedSol Lab 0.180
25 “R.G” Lab 0.180
26 “8 M” Lab 0.180
27 “J.T” Lab 0.180
28 “C.J.F” Biological Products 0.180
29 “R.E” Lab 0.180
30 Heber Biotec 0.176
31 Servicex Department 4 0.162
32 Wholesale Havanna (UEBMM) 0.152
33 Tecnosuma 0.151
34 Import Medicament Unit (UEBMI central fr 0.151
35 LABIOFAM Group 0.150
36 “S.D” Lab 0.148
37 Vacunas Finlay 0.148
38 Dalmer 0.146
39 CIMAB 0.146
40 COMBIOMED 0.141
41 Banco Exterior de Cuba 0.131
42 Neuronic 0.126
43 Regulation agency (CECMED) 0.112
44 Biomundi 0.111
45 Quimefa Group 0.101
46 Center for Medical Research and Developm 0.093
47 ENCOMED 0.091
48 National Coordinating Center of Clinical 0.089
49 CEADEN 0.078
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50 Ministry for Agriculture 0.053
51 Electronic Group 0.051
52 Ministry of Basic Industry 0.022
53 State Council 0.013
54 Ministry of Informatic and Communication 0.004

Information centrality

Rank Nodes Value Unscaled

1 Regulation agency (CECMED) 0.030 2.044
2 National Coordinating Center of 

Clinical
0.030 2.007

3 Center for Medical Research and 
Development

0.029 1.951

4 CEADEN 0.028 1.906
5 Servicex Department 4 0.028 1.880
6 Pharmaceutical Chemistry Center 

(CQF)
0.027 1.862

7 LABIOFAM Group 0.027 1.841
8 Finlay Institue 0.027 1.822
9 Centre for Genetic Engineering 

and Biotech
0.027 1.804

10 Centre for Molecular Immunology 
(CIM)

0.026 1.803

11 National Centre for Scientific 
Research

0.026 1.802

12 Centre for Immunoessays (CIE) 0.026 1.801
13 Biomundi 0.026 1.795
14 Quimefa Group 0.026 1.789
15 Institute for Digital Research 

(ICID)
0.026 1.785

16 National Centre for Animal and 
Plant Health

0.026 1.777

17 National Centre for Bioproduccion 
(BIOCE

0.026 1.763

18 Banco Exterior de Cuba 0.026 1.752
19 National Centre of Production of 

Laboratory
0.026 1.746

20 Centre for Neurosciences (CNC) 0.025 1.718
21 Ministry for Science and 

Technology (CIT
0.024 1.629

22 Kourí Institute (IPK) 0.023 1.590
23 Ministry for Public Health 0.023 1.580
24 Center of Medical Genetics 0.021 1.454
25 ENCOMED 0.018 1.243
26 Llorad Lab 0.018 1.236
27 Novatec Lab 0.018 1.236
28 Placental Histotherapy Center 0.018 1.236
29 Laboratory of Synthetic Antigens 

(LAGS)
0.018 1.209

30 FARMACUBA 0.017 1.135



 

Copyright material from Andrés Cárdenas O’Farrill (2021) Cooperation Networks and Economic 
Development Cuba’s High-Tech Potential, Routledge

31 Heber Biotec 0.015 1.035
32 Aica Lab 0.015 1.028
33 Center of Isotopes (CENTIS) 0.015 1.020
34 Vacunas Finlay 0.015 1.012
35 COMBIOMED 0.015 1.010
36 Tecnosuma 0.015 1.010
37 CIMAB 0.015 1.010
38 State Council 0.010 0.704
39 MedSol Lab 0.010 0.699
40 “R.G” Lab 0.010 0.699
41 “8 M” Lab 0.010 0.699
42 “R.E” Lab 0.010 0.699
43 “J.T” Lab 0.010 0.699
44 “C.J.F” Biological Products 0.010 0.699
45 “S.D” Lab 0.010 0.699
46 “A.P” Blood Products 0.010 0.689
47 Import Medicament Unit (UEBMI 

Central Fr
0.010 0.685

48 Electronic Group 0.010 0.679
49 Dalmer 0.010 0.678
50 Ministry for Agriculture 0.010 0.657
51 Ministry of Basic Industry 0.010 0.656
52 Neuronic 0.010 0.651
53 Ministry of Informatic and 

Communication
0.006 0.412

Clique membership count

Rank Nodes Value

1 Regulation Agency (CECMED) 35.000
2 National Coordinating Center of Clinical 24.000
3 FARMACUBA 23.000
4 Centre for Genetic Engineering and Biotech 19.000
5 Finlay Institute 19.000
6 National Centre for Scientific Research 17.000
7 Centre for Immunoessays (CIE) 15.000
8 Pharmaceutical Chemistry Center (CQF) 14.000
9 Centre for Molecular Immunology (CIM) 13.000
10 Center for Medical Research and 

Development
12.000

11 National Centre for Bioproduccion (BIOCE 11.000
12 Kourí Institute (IPK) 10.000
13 Institute for Digital Research (ICID) 9.000
14 CEADEN 8.000
15 Quimefa Group 8.000
16 Servicex Department 4 8.000
17 National Centre for Animal and Plant 

Health
7.000

18 Biomundi 6.000
19 National Centre of Production of 

Laboratory
6.000
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20 Centre for Neurosicences (CNC) 5.000
21 MedSol Lab 4.000
22 “R.G” Lab 4.000
23 “8 M” Lab 4.000
24 “J.T” Lab 4.000
25 “C.J.F” Biological Products 4.000
26 “R.E” Lab 4.000
27 Ministry for Science and Technology (CIT 3.000
28 “S.D” Lab 3.000
29 “A.P” Blood Products 3.000
30 Ministry for Public Health 3.000
31 LABIOFAM Group 3.000
32 Llorad Lab 2.000
33 Aica Lab 2.000
34 Novatec Lab 2.000
35 Placental Histotherapy Center 2.000
36 Import Medicament Unit (UEBMI central fr 2.000
37 Wholesale Havana (UEBMM) 2.000
38 Banco Exterior de Cuba 2.000
39 Center of Isotopes (CENTIS) 1.000
40 ENCOMED 1.000
41 Laboratory of Synthetic Antigens (LAGS) 1.000
42 Center of Medical Genetics 1.000
43 State Council 1.000
44 CIMAB 1.000
45 Tecnosuma 1.000
46 Neuronic 1.000
47 Vacunas Finlay 1.000
48 Heber Biotec 1.000
49 COMBIOMED 1.000
50 Dalmer 1.000

Simmelian ties

Rank Nodes Value Unscaled

1 Centre for Genetic Engineering and 
Biotech

0.245 13.000

2 Centre for Molecular Immunology 
(CIM)

0.226 12.000

3 Finlay Institute 0.226 12.000
4 Centre for Immunoessays (CIE) 0.226 12.000
5 National Centre for Scientific 

Research
0.208 11.000

6 National Centre for Bioproduccion 
(BIOCE

0.208 11.000

7 Centre for Neurosicences (CNC) 0.189 10.000
8 National Centre for Animal and 

Plant Health
0.189 10.000

9 National Centre of Production of 
Laboratory

0.189 10.000
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10 Institute for Digital Research 
(ICID)

0.189 10.000

11 Pharmaceutical Chemistry Center 
(CQF)

0.189 10.000

12 Kourí Institute (IPK) 0.113 6.000
13 Center of Medical Genetics 0.075 4.000
14 Laboratory of Synthetic Antigens 

(LAGS)
0.057 3.000

15 Ministry for Public Health 0.038 2.000
16 Regulation Agency (CECMED) 0.038 2.000
17 National Coordinating Center of 

Clinical
0.038 2.000

Clustering coefficient

Rank Nodes Value

1 State Council 1.000
2 Center of Medical Genetics 0.967
3 Laboratory of Synthetic Antigens (LAGS) 0.700
4 Biomundi 0.659
5 LABIOFAM Group 0.624
6 National Centre of Production of Laboratory 0.621
7 Centre for Neurosciences (CNC) 0.619
8 National Centre for Animal and Plant Health 0.555
9 Centre for Immunoessays (CIE) 0.545
10 Import Medicament Unit (UEBMI Central Fr 0.500
11 Wholesale Havana (UEBMM) 0.500
12 Neuronic 0.500
13 National Centre for Bioproduccion (BIOCE 0.497
14 National Centre for Scientific Research 0.489
15 Kourí Institue (IPK) 0.486
16 Centre for Molecular Immunology (CIM) 0.471
17 Institute for Digital Research (ICID) 0.471
18 “A.P” Blood Products 0.450
19 Finlay Institue 0.426
20 Centre for Genetic Engineering and Biotech 0.422
21 Ministry for Science and Technology (CIT 0.358
22 Servicex Department 4 0.338
23 Ministry for Public Health 0.333
24 Pharmaceutical Chemistry Center (CQF) 0.321
25 National Coordinating Center of Clinical 0.288
26 Center for Medical Research and Development 0.255
27 MedSol Lab 0.250
28 “R.G” Lab 0.250
29 “8 M” Lab 0.250
30 “J.T” Lab 0.250
31 “C.J.F” Biological Products 0.250
32 “R.E” Lab 0.250
33 “S.D” Lab 0.250
34 ENCOMED 0.250
35 Center of Isotopes (CENTIS) 0.200
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36 FARMACUBA 0.173
37 CIMAB 0.167
38 Tecnosuma 0.167
39 Vacunas Finlay 0.167
40 COMBIOMED 0.167
41 Dalmer 0.167
42 Regulation Agency (CECMED) 0.151
43 CEADEN 0.096
44 Quimefa Group 0.068
45 Llorad Lab 0.067
46 Aica Lab 0.067
47 Novatec Lab 0.067
48 Placental Histotherapy Center 0.067
49 Heber Biotec 0.024
50 Banco Exterior de Cuba 0.018

Key nodes table

This shows the top scoring nodes side- by- side for 
selected measures.

Rank

1

Betweenness
centrality

FARMACUBA

2

National
Coordinating
center of
clinical trials
(CENCEC)

3

4

Pharmaceutical
Chemistry
Center (CQF)

Pharmaceutical
Chemistry
Center (CQF)

Pharmaceutical
Chemistry
Center (CQF)

Pharmaceutical Chemistry
Center (CQF)

Banco Exterior
de Cuba

CEADEN

Center for
Medical
Research and
Development
(CIDEM)

Center for
Medical
Research and
Development
(CIDEM)

Centre for
Genetic
Engineering
and
Biotechnology
(CIGB)

Center for Genetic
Engineering and
Biotechnology (CIGB)

Centre for
Genetic
Engineering
and
Biotechnology
(CIGB)

National
Coordinating
center of
clinical trials
(CENCEC)

National
Coordinating
center of
clinical trials
(CENCEC)

National
Coordinating
center of
clinical trials
(CENCEC)

Regulation
agency
(CECMED)

Regulation
agency
(CECMED)

Regulation
agency
(CECMED)

Regulation agency
(CECMED)

Closeness
centrality

Eigenvector
centrality

Finlay Institue Finlay Institue 

Finlay Institue 

In-degree
centrality

Out-degree
centrality

Centre for
Molecular
Immunology
(CIM)

Total degree centrality
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5

6

7

8

9

Quimefa
Group

Pharmaceutical
Chemistry
Center (CQF)

Ministry for
Science and
Technology
(CITMA)

Ministry for
Public Health

Ministry for
Public Health

Institute for
Digital
Research
(ICID)

Institute for
Digital
Research
(ICID)

Center for
Medical
Research and
Development
(CIDEM)

LABIOFAM
Group

Biomundi

Centre for
Immunoessays
(CIE)

Centre for
Immunoessays
(CIE)

Centre for Immunoessays
(CIE)

Centre for
Molecular
Immunology
(CIM)

Centre for
Molecular
Immunology
(CIM)

Centre for Molecular
Immunology (CIM)

National
Centre for
Scientific
Research
(CNIC)

National Centre for
Scientific Research
(CNIC)

National
Centre for
Scientific
Research
(CNIC)

National
Centre for
Bioproduccion
(BIOCEN)

National
Centre for
Bioproduccion
(BIOCEN)

National
Centre for
Animal and
plant Health
(CENSA)

National
Centre for
Animal and
plant Health
(CENSA)

National Centre for
Bioproduccion (BIOCEN)

Finlay Institue 

CEADEN

Centre for
Genetic
Engineering
and
Biotechnology
(CIGB)

Centre for
Genetic
Engineering
and
Biotechnology
(CIGB)

Servicex
Department 4

National Coordinating
center of clinical trials
(CENCEC)

10

11

12

13

14

Regulation
agency
(CECMED)

Finlay Institue

Finlay Institue 
Centre for
Immunoessays
(CIE)

National
Centre for
Animal and
plant Health
(CENSA)

Center for
Medical
Research and
Development
(CIDEM)

National
Centre for
Scientific
Research
(CNIC)

Center for Medical
Research and
Development (CIDEM)

Institute for
Digital
Research
(ICID)

Centre for
Genetic
Engineering
and
Biotechnology
(CIGB)

Centre for
Molecular
Immunology
(CIM)

Ministry for
Science and
Technology
(CITMA)

National
Centre for
Scientific
Research
(CNIC)

National
Centre for
Scientific
Research
(CNIC)

National
Centre for
Bioproduccion
(BIOCEN)

National
Centre of
production of
laboratory
animals
(CENPALAB)

National
Centre of
production of
laboratory
animals
(CENPALAB)

National Centre of
production of laboratory
animals (CENPALAB)

Centre for Neurosicences
(CNC)

LABIOFAM
Group

Kourí Institue
(IPK)

Centre for
Immunoessays
(CIE)

Pharmaceutical
Chemistry
Center (CQF)

FARMACUBA

Centre for
Neurosicences
(CNC)

Institute for
Digital
Research
(ICID)

National Centre for
Animal and plant Health
(CENSA)

Institute for Digital
Research (ICID)

Centre for
Neurosicences
(CNC)

Kourí Institue
(IPK)
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National
Centre for
Animal and
plant Health
(CENSA)

Centre for
Molecular
Immunology
(CIM)

Centre for
Immunoessays
(CIE)

CEADEN

Biomundi

Kouri Institue
(IPK)

Kouri Institue (IPK)
Quimefa
Group

Quimefa
Group

Kourí Institue
(IPK)

Servicex
Department 4

Servicex Department 4

Centre for
Neurosicences
(CNC)

CEADEN

Biomundi

Centre for
Neurosicences
(CNC)

FARMACUBA

National
Centre of
production of
laboratory
animals
(CENPALAB)

National
Centre for
Bioproduccion
(BIOCEN)

Ministry for
Science and
Technology
(CITMA)

Ministry for
Science and
Technology
(CITMA)

Institute for
Digital
Research
(ICID)

Ministry for Science and
Technology (CITMA)

National
Centre for
Animal and
plant Health
(CENSA)

LABIOFAM Group

LABIOFAM
Group

LABIOFAM
Group

Electronic
Group

Banco Exterior
de Cuba

Banco Exterior de Cuba

Banco Exterior
de Cuba

Heber Biotec

Llorad Lab

Aica Lab

Novatec Lab

Placental
Histotherapy
Center

15

16

17

18

19

20

Servicex
Department 4

Servicex
Department 4

National
Centre of
production of
laboratory
animals
(CENPALAB)

Centre for
Neurosicences
(CNC)

Ministry for
Public Health

Ministry for
Public Health

Ministry for
Public Health

Ministry for Public Health

Kourí Institue
(IPK)

Biomundi

FARMACUBA

FARMACUBA

Novatec Lab MedSol Lab

Novatec Lab

Novatec Lab

Llorad Lab Llorad Lab

Llorad Lab

Llorad Lab Aica Lab

Banco Exterior
de Cuba

Heber Biotec

Heber Biotec

Placental
Histotherapy
Center

Quimefa Group

Quimefa
Group

Biomundi

Ministry for
Science and
Technology
(CITMA)

National
Centre for
Bioproduccion
(BIOCEN)

Center of
Isotopes
(CENTIS)

Center of
Isotopes
(CENTIS)

Center of
Isotopes
(CENTIS)

Center of
Medical
Genetics

Center of
Medical
Genetics

Center of
Medical
Genetics

Center of Medical
Genetics

Laboratory of
Synthetic
Antigens
(LAGS)

Laboratory of
Synthetic
Antigens
(LAGS)

ENCOMED

Wholesale
Havanna
(UEBMM)

National
Centre of
production of
laboratory
animals
(CENPALAB)

21

22

23

24

25

26

27
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Aica Lab

Aica Lab

Aica Lab

Aica Lab

MedSol Lab

MedSol Lab
Quimefa
Group

Center of
Medical
Genetics

Servicex
Department 4

Center of
Isotopes
(CENTIS)

Center of
Isotopes
(CENTIS)

Center of Isotopes
(CENTIS)

Novatec Lab

Novatec Lab

Llorad Lab

Heber Biotec

Heber Biotec

Laboratory of
Synthetic
Antigens
(LAGS)

Laboratory of Synthetic
Antigens (LAGS)

ENCOMED

Vacunas
Finlay

Vacunas
Finlay

Vacunas
Finlay

Tecnosuma

Tecnosuma

Tecnosuma

CIMAB

CIMAB

CIMAB

“R.G” Lab

“R.G” Lab

“8 M” Lab

“8 M” Lab

“R.G” Lab

“A.P” Blood
Products

“A.P” Blood
Products

“R.E” Lab

“J.T” Lab

“C.J.F”
Biological
Products

Placental
Histotherapy
Center

Placental
Histotherapy
Center

Placental
Histotherapy
Center

Placental Histotherapy
Center

Banco Exterior
de Cuba

COMBIOMED

COMBIOMED

Electronic
Group

28

29

30

31

32

33

34

35

Center for
Medical
Research and
Development
(CIDEM)

“8 M” Lab

Laboratory of
Synthetic
Antigens
(LAGS)

“R.E” Lab

“R.E” Lab

“S.D” Lab

MedSol Lab

MedSol Lab MedSol Lab

“R.G” Lab

“8 M” Lab CIMABCIMAB

Electronic
Group

ENCOMED

ENCOMED

“C.J.F”
Biological
Products

“C.J.F” Biological
Products

COMBIOMED“J.T” Lab

“J.T” LabHeber Biotec

“A.P” Blood Products

FARMACUBA

CEADEN

Ministry of
Basic Industry

Ministry of
Basic Industry

Dalmer

Dalmer

Ministry for
Agriculture

Wholesale
Havanna
(UEBMM)

Import
Medicament
Unit (UEBMI
central
freezing)

Import
Medicament
Unit (UEBMI
central
freezing)

Import
Medicament
Unit (UEBMI
central
freezing)

LABIOFAM
Group

National
Coordinating
center of
clinical trials
(CENCEC)

Regulation
agency
(CECMED)

36

37

38

39

40

41



Copyright material from Andrés Cárdenas O’Farrill (2021) Cooperation Networks and Economic 
Development Cuba’s High-Tech Potential, Routledge

“J.T” Lab

“J.T” Lab “J.T” Lab

Dalmer

Dalmer

Dalmer

COMBIOMED

COMBIOMED

COMBIOMED

“A.P” Blood
Products

“R.E” Lab

“C.J.F”
Biological
Products

“C.J.F”
Biological
Products

“C.J.F”
Biological
Products

“8 M” Lab

“R.G” Lab “R.G” Lab

“8 M” Lab

“S.D” Lab

“S.D” Lab

“S.D” Lab

“S.D” Lab “S.D” Lab

Import Medicament Unit
(UEBMI central freezing)

Wholesale Havanna
(UEBMM)

“R.E” Lab “R.E” LabBiomundiCIMAB

Ministry of
Basic Industry

“A.P” Blood
Products

ENCOMED

ENCOMED

Wholesale
Havanna
(UEBMM)

Import
Medicament
Unit (UEBMI
central
freezing)

Ministry of
Basic Industry

“A.P” Blood
Products

Neuronic

Ministry for
Agriculture

Electronic
Group

Electronic Group

Laboratory of
Synthetic
Antigens
(LAGS)

Tecnosuma

Tecnosuma

Tecnosuma

Vacunas
Finlay

Vacunas
Finlay

Vacunas Finlay

42

43

44

45

46

47

48

49

Electronic
Group

Ministry for
Agriculture

Ministry for
Agriculture

Ministry for Agriculture

Ministry for
Agriculture

Wholesale
Havanna
(UEBMM)

Wholesale
Havanna
(UEBMM)

Dalmer

Ministry of
Informatic and
Communicati-
ons (MIC)

Ministry of
Informatic and
Communicati-
ons (MIC)

Ministry of
Informatic and
Communicati-
ons (MIC)

Ministry of
Informatic and
Communicati-
ons (MIC)

Ministry of Informatic and
Communications (MIC)

Ministry of
Informatic and
Communicati-
ons (MIC)

Ministry of Basic Industry

Ministry of
Basic Industry

State Council

State Council

State Council

State Council

State Council

State CouncilNeuronic

Neuronic

Neuronic

Neuronic

Neuronic

Import
Medicament
Unit (UEBMI
central
freezing)

CEADEN

Center of
Medical
Genetics

50

51

52

53

54

Source: Produced by ORA developed at CASOS –  Carnegie Mellon University

Notes

 1 Commenting on the high litigation cost in Europe, a very well documented study 
on the European patent system (the most expensive in the world according this 
report) states that, only putting in place a “single patent court in Europe would 
produce savings of €148 to €289 million for business.” See B Pottelsberghe (2009), 
Lost property:  the European patent system and why it doesn’t work, Bruegel 
Blueprint Series, Brussels,  p. 14.

 2 It is also stated that 30 top pharmaceutical firms concentrate on producing low- 
risk me- too drugs, which cost twice as much in promotion and advertising they 
do in R&D. In actual fact, it is said that 50 percent of the R&D costs are spent on 
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advertising drugs, which does not result from innovation (see M Boldrin and D 
Levine (2008), Against Intellectual Monopoly, Cambridge University Press,  chapter 9).

 3 Between 1989 and 2000, 54 percent of FDA- approved drug applications contained 
ingredients already on the market. From a medical point of view, about 77 percent 
of what FDA approves is redundant. Between 1995 and 2000 R&D employees at 
firms making patented drugs declined slightly, while the number of employees in 
marketing rose by 59 percent (ibid., p. 231).

 4 See CIGB’s Negotiation Policy at http:// gndp.cigb.edu.cu/ index.html#
 5 The surveyed firms worked in the health biotech sector in six developing coun-

tries –  Brazil, China, Cuba, Egypt, India and South Africa. These countries were 
selected on the basis of their position as southern leaders in the field, as identified 
through previous research on health biotech in developing countries. The survey 
followed a broad definition of “collaboration,” considering it to be any work jointly 
undertaken by firms and organizations in developed and developing countries that 
contributes to the production of knowledge, products or services in health biotech. 
See C Melon et al. (2009), A survey of South– North health biotech collaboration, 
Nature Biotechnology 27: 229– 32.

 6 http:// gndp.cigb.edu.cu/ index.html#
 7 www.moneycontrol.com/ company- facts/ panaceabiotec/ history/ PB02
 8 Bussines monitor international, EMS signs JV with Cuba’s Herber Biotec, Jan. 7, 

2010, http:// store.businessmonitor.com/ article/ 318588/ ; see also www.investe.
sp.gov.br/ noticias/ lenoticia.php?id=10441&c=6&lang=3

 9 Business Monitor International, EMS signs JV with Cuba’s Herber Biotec, Jan. 7, 
2010, http:// store.businessmonitor.com/ article/ 318588/ 

 10 http:// biovac.co.za/ partnerships.html
 11 www.lithahealthcare.co.za/ 
 12 This information is extracted from several press reports. No information is avail-

able in the public profiles of BIOVEN or HeberBiotec. Therefore some further 
confirmation may be needed. The press reports can be found in: www.allbusiness.
com/ caribbean/ 300959- 1.html, http:// goliath.ecnext.com/ coms2/ gi_ 0199- 2128  
182/ BIOTECH- JOINT- VENTURE.html, www.accessmylibrary.com/ coms2/ 
summary_0286-26137646_ ITM,

 13 www.cim.co.cu/ productos_ ing.asp
 14 J Buckley et al. (2006), Off the beaten path, Nature Biotechnology 24: 309– 15; see also 

Technology; U.S. Permits 3 Cancer Drugs from Cuba, New York Times, July 2004, 
www.nytimes.com/ 2004/ 07/ 15/ business/ technology- us- permits- 3- cancer- drugs- 
from- cuba.html

 15 Business Monitor International, EMS signs JV with Cuba’s Herber Biotec, Jan. 7, 
2010, http:// store.businessmonitor.com/ article/ 318588/ ; see also Clinical Trial.gov, 
http:// clinicaltrials.gov/ ct2/ show/ NCT00600054, and the article: Cuban cancer 
drug undergoes rare U.S.  trial, Miami Herald, August 2009, www.miamiherald.
com/ living/ health/ story/ 1207536.html

 16 The countries are Brazil, China, Cuba, Egypt, India, South Africam, South Korea. 
See the study U Quach et al. (2006), Biotechnology patenting takes off in developing 
countries, Int. J. Biotechnology 8(1/ 2): 43– 59.

 17 The 1995 World Trade Organization’s (Geneva) Agreement on Trade- Related 
Aspects of Intellectual Property Rights (TRIPS), poses almost insurmountable 
entry barriers for the biopharmaceutical industry in developing countries. Paying 
the prohibitive fees required by multinationals is close to impossible. Cuba, as a 
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signatory of this agreement, had to find some IP strategy to overcome this disad-
vantage and take some advantage of the existing loopholes in the legislation.

 18 We refer here mostly to inferential statistics.
 19 Networks are formally studied in a branch of mathematics called Graph Theory. 

The formal abstraction called network in the social sciences is often named graph in 
Graph Theory, while the term “network” in Graph Theory is reserved for a specific 
type of graph.

For more detailed information see S Wasserman and K Faust (1994), Social Network 
Analysis, Cambridge, MA: Cambridge University Press; see also L Freeman (1979), 
Centrality in social networks: Conceptual clarification, Social Networks 1: 215– 39.

 20 The use of the network analysis here makes sense, because the evidence and the 
theoretical framework employed here fit with the tool. In this study networking is 
a synonym of national (sectoral) system of innovation. The network tool helps to 
represent (not to explain) this state of affairs. Within this research, it is seen more 
in a methodological/ descriptive sense, i.e. attempting to support (not to confirm) 
the logic of the research than as a conceptual point of departure in itself. For more 
information about this issue, the reader can see F Schweitzer et al. (2009), Economic 
networks: The new challenges, Science 325 (July 24):  422– 5; see also S Borgatti 
(2009), Network analysis in social sciences, Science 13 (Feb.): 892– 5.

 21 Public web sources of the organizations involved in the research can be consulted 
anytime for further information. However, it is important to remain aware of the 
time- lags and updating and may be not reflective of the date being dealt with; to 
prove the relational data it would be much more important to retain the name of 
the organization and doing the necessary research in order to make sure that the 
right period is considered. Another issue is that the original (raw) relational data of 
the research have been registered in XML format, which might be uncomfortable 
for many readers. That is the reason why they have not been included here; yet 
they are available after request.  In any case, as mentioned in the introductory part 
of the book, notice that this quantification attempt is merely a very preliminary, 
experimental exploration that will need a lot of refinement, change, correction and 
development. It should not in any case be seen as a mandatory step in order to prove 
or to qualify the qualitative arguments advanced in this research. These qualitative 
arguments are intended to be the main part of this book and stand by themselves, 
independently of the vagaries that this quantification approach might hold. Any 
replication attempt should take the abovementioned caveats into consideration. For 
further questions and enquiries please feel free to contact the author.

 22 www.casos.cs.cmu.edu/ projects/ ora/ software.php
 23 The case of using co- patents as proxy for collaboration provides a very instructive 

example of the above- mentioned. In the Cuban biotechnology it would be 
inaccurate to assume an industrial sector independent of the research sector. In 
actual fact, public research institutes are the industrial actors at the same time, 
and therefore domestic linkages cannot be measured by co- patenting between 
research institutions and industry in Cuba. Consequently, identifying the patents 
shared between industry and research agents would not reflect the extent of R&D 
collaborations within the industry. The examples can go on, but the point is that it 
could be misleading to identify each organization with only one type of resource 
or function.

 24 In a binary network links are either present or absent. By adding the weight of a tie 
is generally a function of duration and the intensity of the exchange. We assume that 
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building this intensity in the Cuban case is relatively easy given the management 
structure of the industry. For more on weighted networks, see T Opsahl et al., Node 
centrality in weighted networks: Generalizing degree and shortest paths, preprint 
submitted to Social Networks, April 2010.

 25 One of the important specificities of the Cuban biotech is the absence of ownership 
fragmentation of complementary assets (see Annex 4). This fragmentation, basically 
expressed in the mutual blocking of property rights through exclusive licensing of 
patents, is one of the most pervasive, perverse and expensive mechanisms of the 
prevailing model in the industry worldwide. Had the Cuban industry companies 
worked under this prevailing model, they would have not been able to provide 
affordable medicaments, or perhaps to develop an industry at all.

 26 Social network analysis provides a number of graph- theoretic properties that 
characterize (a) network structures (at the network level of analysis), (b) network 
positions (at the node level of analysis), and (c) dyadic properties (at the dyad level). 
We focus on (b).

 27 In the contexts related to network theory, this essay uses the terms knowledge and 
information as interchangeable concepts. In economic term, however, it is necessary 
to establish a differentiation between the two. For example, from the point of view 
of innovation economics; there is a difference between simple information and 
knowledge.

 28 Mathematically, a network can be represented by an adjacency matrix A (usually a 
square matrix) with n number of vertices. The adjacency matrix may be symmetric 
or asymmetric depending on the type of links between vertices i and j. In general 
mathematical terms, total degree centrality CD of a node i is CD = degree of i

=
=

∑ Ai j
j 1

n

The undirected network will be represented by a symmetric matrix since if there 
is an edge between i and j then clearly there is also an edge between j and i. Thus  
Ai j = Aji.. If Aij = 1 then there is an edge between vertices i and j, if 0 otherwise. 
On the other hand, directed networks can be represented by an asymmetric adja-
cency matrix in which Ai j = 1 implies the existence (conventionally) of an edge 
pointing from j to i (- 1, 0, and +1 depending on the direction), which does not 
imply the existence of an edge from i to j. By convention, in a directed (i.e. asym-
metric) matrix, the sender of a tie is the row and the target of the tie is the column. 
Given that the network under study does not consider link weights, only 1 and 0 
will be employed in the measurement.

   Then the absolute value of centrality needs to be normalized, so its value can 
be independent of the network size. Then we have that CD´= degree of i/ n- 1, 
where CD´ is the relative centrality being calculated here.

 29 In graph theory can be found different concepts describing the way in which flow 
processes take place. These concepts are walks, trails, path and cycles. The walks are 
the most general type of sequence of vertexes and edges and describe the situation 
where the same vertex or edge can be traversed many times. The trail is a type of 
walk where each edge can be traversed only once; but a vertex several times. The 
path (or open walk) allows vertexes and edges to be traversed only once. The cycle 
(or closed walk) starts and end in the same vertex but has no repeated vertices 
or edges.
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 30 As explained in Chapter 7, we call the strategic network of the Cuban biotech a 
small group of in- house modular companies (vertical integrated working under hori-
zontal regime), which represent the core of the industry given their critical contri-
bution to the innovation rate of the industry.

 31 n-1 d ai aj
i

n

( , )i j≠
=
∑

1

. Where d (ai, aj) represent the sum of the shortest path from the 

node ai to the rest of the nodes of the network and n the total number of nodes of 
the network.

 32 Eigenvector centrality scores correspond to the values of the first eigenvector of 
the graph adjacency matrix. In mathematical terms the eigenvector is a vector that 
remains parallel to the original vector after being multiplied by a matrix. In the 
equation λC  =  AC A represents the adjacency matrix, λ the eigenvalue of the 
eigenvector and C an eigenvector of the adjacency matrix.

This could be interpreted as CDi = 1/ λ Ai jCDj
j

n

=
∑

1

,

where CDi is the degree centrality of the node i expressed as proportional to the 
average of the centralities of i’s network neighbors. The eigenvalue is the factor 
by which the vector is scaled when multiplied by the matrix. In the first equation 
C is the vector of the network centralities (CD1, CD2, CD3…) For a mathem-
atical definition see Newman (2008). A  foundational definition can be found in 
Bonacich, Factoring and weighting approaches to status scores and clique iden-
tification, Journal of Mathematical Sociology 2: 113– 20, 1972. According to Borgatti 
(2005) this measure is consistent with a mechanism in which each node affects all of 
its neighbors simultaneously, as in a parallel duplication process. Hence, the eigen-
vector centrality measure is ideally suited for influence type processes.

 33 The probability that a node ak falls on a randomly selected geodesic connecting the 
nodes ai and aj is

bij(ak) = gij(ak)/ gij (partial betweenness), where gij is the number of geodesics 
linking ai and aj (1/ gij is the probability of choosing one of them) gij(ak) is the 
number of geodesics linking ai and aj that contain ak. The overall betwenness 
centrality of a node ak, will be the sum of its partial betweenness values for all 
unordered

pairs of points where i ≠ j ≠ k: CB(ak) = bj ∑
<
∑

n

i j

n

j ak( ),

  normalized betweeness is defined as CB´(ak) = 2CB(ak)/ n²- 3n+2.
 34 In a case like this, it would be completely inappropriate to use Freeman’s centrality 

measure as an index of the importance of a given node for the spread of informa-
tion because traffic does not seem to be copied or broadcasted from a node

 35 Out- degree centrality of node (row) ai is

Co(ai) = 1 1
1

n Aij
j

n

−
=

∑ , where n is the number of nodes (or columns of the matrix A)

 36 In- degree centrality of node (column) ai is

CI(ai) = 1 1
1

n Aij
j

n

−
=

∑  where n is the number of nodes(or rows of the matrix A)



 

Copyright material from Andrés Cárdenas O’Farrill (2021) Cooperation Networks and Economic 
Development Cuba’s High-Tech Potential, Routledge

 37 To accomplish that, an iterative algorithm was developed, in order to identify hubs 
and authorities for each web page. However the techniques employed here could 
apply to the analysis of many other hyperlinked environments.

 38 Similarly to other measures, clique membership count has been carried out by using 
the software ORA, which offers a measure based on a clique detection algorithm 
that only considers undirected networks. See C Bron and J Kerbosch, Algorithm 
457: Finding all cliques of an undirected graph, Communications of the ACM 16(9), 
ACM Press: New York, 1973. See also Finding all cliques of an undirected graph, 
Seminar notes by Michaela Regneri, January 11, 2007.

 39 Note that, in this work, we are assuming that the case under study fits somewhat 
with the definition. However, a more rigorous formal demonstration must be 
advanced. This would include, finding out if the case follows the power law (scale 
free network), which would prove preferential attachment.


