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Summary

Objectives: To determine the evolution of patents in
immunology, as a result of research and innovation in the
years 2004-2011.

Design: The search for patents published internationally in
immunology was made by using the SCOPUSTM database.
SCOPUS gives information about over 23 million patents.
The extracted data from patents were: inventors and appli-
cants; their nationalities; sections, classes and subclasses of
the International Patent Classification.

Participants: 89 countries

Setting: Data have been obtained from the database
SCOPUS. It has been used for the international patent
classification.

Main outcome measures: Patents by country, Productive
sectors, Productive areas

Results: A total of 17,281 patents were applied for immu-
nology during 2004—2011 of which 16,811 were from 30
Organisation for Economic Cooperation and Development
countries, and 5326 from 28 countries in the European
Union. These patents were granted in 89 countries and
13,699 of them were submitted by researchers from only
one country. Private entities applied for 62.45% of all
patents, universities 17.48%, hospitals 3.40% and public
research organisations and private applicants applied for
the rest. The university that made more applications was
the University of California with 315 and the company was
Genentech Inc. (US) with 302. The reduction in the
number of applications of international patents in all discip-
lines of science also affected the area of immunology.
Conclusions: Collaboration in immunology between uni-
versities, companies and hospitals is hard because their
interests are different. It is shown in patent applications
that the majority of patents in immunology are applied
for by only one entity. Patents in immunology are devel-
oped, mainly, in aspects such as medical preparations, pep-
tides, mutation or genetic engineering, therapeutic activity
of chemical compounds and analysing materials by deter-
mining their chemical or physical properties.
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Background

Research is reckoned as an important contributor to
the technological and economic development of a
country, which is why public and private entities
invest large sums of money in it." This has recently
produced a large amount of literature based on
bibliometric analyses of scientific production® but
very few analyses on intellectual property;>* thus, it
is difficult to quantify the value of indicators such as
patents. These analyses are useful in the fields of
innovation, technology transfer and industrial com-
petitiveness, as well as to promote investment in
innovation and to provide a framework for the trad-
ing of the assets of industrial property via patents and
trademarks.”

The economic problems in recent years have
affected all countries, with short- and medium-term
consequences, particularly related to lack of confi-
dence. Confidence in the future depends greatly on
the capacity for innovation shown by businesses
and the state.

Investment in knowledge creation had increased in
recent years, reaching about 1.1 billion dollars in
2009.° The demand for industrial property fell in
2009, but despite the difficult economic conditions,
it recovered in 2010. The recovery in international
patent filings observed in 2010 gained strength in
2011.°

Among the countries with the highest number of
patent applications through the Patent Cooperation
Treaty in 2011 are Saudi Arabia (81.48%), China
(33.42), Ukraine (26.60), Russia (20.80), Japan
(20.95), Poland (19.59), Mexico (18.84), Austria
(17.79), Brazil (17.21), Belgium (12.78), Turkey
(12.70), Denmark (11.83) and India (11.19).
However, countries such as Malaysia (—24.28),
Hungary (—17.44), Portugal (—17.24), Netherlands
(—14.00), Ireland (—4.96), Finland (—2.71), Spain
(—=2.65), Luxembourg (—1.99), Australia (—1.80),
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Israel (—1.62) and the United Kingdom (—0.96) had a
smaller growth.

Patents in this context are the result of a big effort
in innovation. Thus, the connection between science
and politics is a priority for the European Union, as it
was agreed in the Lisbon Strategy for Growth and
Jobs.” It is therefore important to be aware of the
evolution of patents in the specific setting of scientific
knowledge, in order to analyse the possible opportu-
nities and forms of future development. The 2008
Compendium of Patent Statistics established a series
of wvery interesting conclusions about patents,
particularly in such fields as information and commu-
nication technology, nanotechnology, biotechnology,
technologies related with the environment, nuclear
energy and fuel cells.®

Despite that the generation and transfer of know-
ledge between science and industry are very import-
ant to achieve a good technological balance,
bibliometric studies on patents are scarce in specific
areas of knowledge.”

Methods

A search about patents applied internationally in the
field of immunology was carried by using the
SCOPUS™ database. SCOPUS gives information
about over 23 million patents.

For this study, only patent applications under the
Patent Cooperation Treaty were considered. The
patents were obtained by using the search term
‘immunology’ in the years 2004 to 2011 during
February of the following year.

Obtained data from patents were: inventors and
applicants, their nationalities, and sections, classes
and subclasses of the International Patent
Classification (IPC), using eighth version 2008.01
(http://www.wipo.int/classifications/ipc/en).

Results
Evolution by countries

A search in the SCOPUS database for immunology
patents produced a total of 17,281 patent applica-
tions during 2004-2011 of which 16,811 were from
30 Organisation for Economic Cooperation and
Development (OECD) countries and 5326 from 28
countries in the European Union.

The analysis of these patents shows that they were
granted in 89 countries; 13,699 (79.27%) of them
were submitted by researchers from only one country,
2781 by researchers from two countries, 446 by
researchers from three countries, 74 by researchers

from four countries, 5 by researchers from five coun-
tries, 3 by researchers from six countries, and only
one by researchers from eight countries.

It was in the year 2007 that we found the highest
number of patent applications, and from that year it
decreased progressively in all countries, except China
(Table 1).

Despite the recovery in the number of patent appli-
cations produced in 2011 in the field of immunology,
there was still a reduction in international patent
applications. Likewise, the so-called emerging coun-
tries have hardly any patents applied through Patent
Cooperation Treaty in recent years.

The United States was the main patent applicant
with 10,464 (60.55% of the total), 8445 were carried
out just by US researchers and 2019 together with
researchers from other countries, 60.02% of patents
from OECD and 38.85% from the European Union
were granted to researchers from one single country
(Table 1).

Productive sectors

Private entities produced 10,793 (62.45%) of all
patents, followed by universities (3022, 17.48%) and
hospitals (588, 3.40%); the other 1960 came from
Public Research Organizations (PROs) and, mostly,
private applicants.

On the few occasions when there has been collab-
oration between different sectors, in most cases this
has been established between private entities and uni-
versities; collaborations between universities and hos-
pitals are very few (Table 2).

Productive areas

Patents in immunology are assigned mainly (9212)
in subclass A61K (preparations or medical dressing,
dental), 5455 to CO7K (peptides), 3987 to CI2N
(microorganisms or enzymes, compositions thereof,
spread, preservation or maintenance of micro-
organisms, mutation or genetic engineering), 3865
to A61P (therapeutic activity of chemical com-
pounds or medicinal preparations), and 3097 to
GOIN (investigating or analysing materials by
determining their chemical or physical properties)
(Table 3).

Top applicants

The University of California (US) with 315 patent
applications was the largest filer among educa-
tional institutions, followed by Johns Hopkins
University (US), the University of Texas (US), the
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Table I. Evolution of immunology patents managed under the Patent Cooperation Treaty agreement during 2004201 I.

Country 2004 2005 2006 2007 2008 2009 2010 2011 2004201 |

262 patents do not specify the nationality or the researchers or the applicants.
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Table 2. Evolution of immunology patents managed under the Patent Cooperation Treaty agreement during 2004-201 I, by
productive sector.

2004 2005 2006 2007 2008 2009 2010 20ll Total

Private entities 1,247 1,307 1,695 1803 1,548 1,304 963 926 10,793

Hospitals 53 97 9l 108 13 66 42 18 588

Private entities + universities 23 34 43 40 50 42 31 40 303

Private entities + others 19 14 15 15 27 39 15 9 153

Universities + others 16 20 27 20 35 26 18 30 192

Private entities + universities 4 hospitals 2

Private entities 4 hospitals 4- others |

Private entities 4 universities + hospitals 4 others 0

University of Harvard (US) and the University of
Michigan (US).

Likewise, the top five applicant companies with high-
est number of patent applications in the Patent
Cooperation Treaty during this period were Genentech
Inc. (US), Novartis AG (CH), Abbott Lab (US), Wyeth
Corp (US) and Glaxo Group Ltd (GB) (Table 4).

Patents and population and gross national income

The applications published by each country showed
no correlation with population size or with its gross
national income per capita (Table 5).

Discussion

This is one of the first systematic reviews of patents to
analyse countries, authorship details, centres and
research fields. Studies on patents are useful to
ensure effective research funding from both public
and private organisations. These studies stimulate
research and technological innovation, and are
quite important for improving indicators that meas-
ure the benefit of the innovation.'”

The Knowledge Society is changing, not just aca-
demically (Bologna Plan, or the lesser known
Alexandria Plan) but also in areas like science, tech-
nology and economy; progress and wealth sources
that affect the quality of life. Technological innov-
ations in immunology are contributing to the design
of new drugs and new methods of clinical diagnosis.
Future models, dealing with basic homeostasis,
immunity against pathogens, antigen presentation
mechanisms, cytokines, mechanisms of autoimmun-
ity, gene recombination, cell cycle regulation, signal
transduction and cell sociology will all generate
patentable advances such as vaccines and/or
treatments.

From the research and development (R&D) point
of view, immunology covers three main areas. First,
immunodiagnostics, which uses the processing and
analysis of images to detect abnormalities in the
immune system during the early stages of a disorder,
thus reducing the healthcare costs for the health care-
provider. Second, immunotechnology, which takes
elements from the immune system to be used as
drugs, thus acting more efficiently and with fewer
adverse effects on the relevant cells and areas of the
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Table 3. Distribution by international patent classification section, class and subclasses, of the Immunology patents managed under
the Patent Cooperation Treaty agreement during 2004-201 1.

Year
% 2011/

Section Subclass 2004 2009 2010 2011 Total maximum
A all 1,515 1,596 2,317 2,719 2300 2,019 1002 902 14,370  33.17

1,143 1,141 7,334 40.06

C07D 1,282 24.61

44.00

1,027 1,004 462 6,764 41.28

Cl2Q 297 2,201  46.41

CI2M 36.00

(continued)
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Table 3. Continued.

Year

Section Class

% 2011/
maximum

Subclass 2004 2005 2006
D+E+F all 8 8 7

2007
I 13 16 3 0 66 0.00

2008 2009 2010 2011  Total

GOl all 389 456 398

0

443 387 277 288 3,117 60.12

G06

None 0 36 530

Table 4. Entities with the highest production of patents

o
c
.
>
oa
N
o
o
T
N
o

Entities Patents

Univ California [US] 315

Novartis AG [CH] 268

Wyeth Corp [US] 152

US Government [US] 146

Hoffmann la Roche (CH) 130

Inst Nat Sante Rech Med [FR] 122

Centocor Inc [US] 112

Yeda Res & Dev [IL] 100

Harvard College [US] 91

(continued)

44 47 26 4 13 223 27.65

9 168 57 25 42 917  25.00

Table 4. Continued.
Entities Patents

Scripps Research Inst (US) 78

Gen Hospital Corp [US] 77

Univ Michigan (US) 74

Astrazeneca AB [SE] 72

Pasteur Institut (FR) 69

Zymogenetics Inc [US] 65

Univ Florida (US) 53

organism. And third, immunotools, which uses elem-
ents of the immune system for the detection, localisa-
tion, management and repair of damaged organs and
tissues.

Development and progress in science, technology
and economy in immunology, as in many other fields,
are determined by different factors, such as a more
business-oriented culture; in order to improve this,
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Table 5. Countries by published patents, population and
gross national income per capital.

Gross national
income per
capita/billions
of dollars

Population

Patents by millions

Country 2004201 | inhabitants

us 10,464 307 46,360

DE 1,311 82 42,450

FR 841 63 42,620

IL 623 7 25,790

NL 477 17 48,460

IT 384 60 35110

DK 341 6 59,060

AT 200 8 46,450

CN 178 1,331 3,650

IN 150 1,155 1,220

some universities have already incorporated into their
study plans subjects related to how to start up a busi-
ness and support programme to strengthen the con-
nection between R&D and businesses. It is also
important to note the fact that due to the current
economic situation business people are changing
their minds in this respect, and they are seen to be
more willing to welcome this kind of collaboration.'!

History has shown that countries and companies
that invested in new products and innovative activities
during periods of economic recession have found them-
selves in an optimal position to take advantage from
the situation once the economy has recovered.'?

Patent applications, as a whole, decreased in 2009
but began increasing in 2010 and 2011. However, the
trend in immunology was decreasing until 2011,
which was not expected by the World Intellectual
Property Organization (WIPO) for 2020."

It is important to notice the scarce collaboration
between different economic sectors in immunology.
As the president of the European Patent Office said,
the most successful countries in innovation are
the ones that promote a good cooperation between
universities, research centres and industries.'*

In immunology, this collaboration between public
and private research sectors should therefore be
supported and encouraged, although this is not a
definitive solution."®

At the same time, the inter-institutional collabor-
ation is maintained in a conceptually elusive and
difficult area to achieve, for various reasons such as:
cultural clashes, overly bureaucratic agencies,
rewards poorly designed or ineffective management
of the offices of university technology transfer.'®

The organisations that fund research want results
to be easily measured (articles or impact factors) and
the researchers themselves try to fill their curriculum
with the sort of contributions that work faster. The
goals of research are sometimes confused with the
means of making the results known.

To establish a good connection between sectors, it
is necessary to establish clear criteria for the selection
of partners and addressing conflicts of interest;
likewise, cooperation can sometimes interfere with
academic freedom and altruistic research.

It is shown that immunology patents are assigned
to fewer sections, classes and subclasses of the
International Patent Classification during the last
two years.

The cultural tradition in the European Union and
the cultural and economic ties with the United States
make this country the main technological partner for
researchers. Almost half of all patents are presented
together with a United States partner. China is start-
ing its internationalisation.

Less than 20% of patents come from universities,
although some of them are part of the group of enti-
ties that have the most patents in immunology.

In 2008-2009, expenditure on R&D&i is main-
tained despite the financial crisis. In the European
Union, the fall of Gross Domestic Product was
higher than the amounts allocated to R&D, produ-
cing a net effect of increasing the percentage of invest-
ment in R&D&i.

It is also important to consider the impact of intel-
lectual property rights protection on the growth rate
of a country. Regression techniques have shown that
in countries with a Gross Domestic Product below
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3400 US dollars (in 1980 dollars) there is no signifi-
cant relation between intellectual property rights and
growth, but above this threshold the relation is sig-
nificantly positive.'’

Falvey et al.'” found that those countries that gave
greater intellectual property rights protection were
more attractive destinations for foreign patents.
Countries need companies to investigate and put
products on the market; otherwise, the countries
will become technological colonies of other countries.
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