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Introduction

The outbreak of the Covid-19 pandemic
primarily and directly affected health care and
its background sector, the health care
industry, whose development has become a
national economic priority since the 2010s.
The epidemic also necessitated quick and
effective adaptation and immediate reactions
in Hungary. One of these was the
introduction of the Healthcare Industry
Support Program (HISP) in 2020 with the
aim of promoting effective protection against
epidemics. The main aim of this study is to
reveal the major differences in the
characteristics of the enterprises supported in
the different periods of the HISP with
particular regard to their Industry 4.0
technologies and  spatial pattern  in
connection with the Hungatian industry.
Based on different data sources and empirical
research (questionnaire survey), the authors
found that there are significant differences
between the subsidized enterprises in the two
main support periods. Although technology-
based developments came to the fore in the
age of the pandemic, this has not resulted in
the widespread spread of Industry 4.0
technologies in the Hungarian health care
industry, whose spatial pattern was closely
connected to the Hungarian industry.

The Covid-19 pandemic that broke out in 2020 created a new situation and resulted
in countless unprecedented changes in almost all areas of life, of which the health care
sector was the earliest to face critical issues and novel opportunities for their
resolution. During this extraordinary period, the prompt reaction of the health care
industry was particularly important, as it provided the health care system with essential

products and services to mitigate the epidemic and operate health care services. Using
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the technological achievements of the fourth industrial revolution decidedly plays a

vital role in the development of effective adaptation strategies and the realization of
appropriate resilience.

The health care industry is connected to almost all sectors of the economy, and its
importance goes beyond the framework of the national economy. Its innovative,
research-intensive and technology-intensive activities have important opportunities
for international application, and they have multiple favourable features on the global
market (Rosow—Adam 2014). The health care industry not only encourages the
creation of jobs and workforce training but also strengthens businesses and makes
the health care system more efficient for better resource allocation and care
organization (Seaman 2004). It promotes the expansion of exports, sustainable
economic growth and increased competitiveness (Folland et al. 2017). It also
contributes to the strengthening of global supply chains and the wider application of
new technologies.

The global pandemic has highlighted that national governments and special
political measures have decisive importance in the management of epidemiological
emergencies. During the epidemic, very relevant and complex state interventions have
also been realized in Hungary. One of the economic protection measures was the
introduction of the Healthcare Industry Support Program (HISP), which may directly
and indirectly affect firms and the development of the health care industry. In this
study, the emphasis is on the examination of this program. Based on different data
sources and qualitative research, the main aim of the study is to reveal the major
characteristics of the enterprises supported in the different periods of the HISP with
particular regard to the adoption of Industry 4.0 technologies and their spatial pattern.
In connection with these, the major research questions were the following:

— What are the principal characteristics of the HISP and the enterprises
supported in the different periods of the HISP with a special focus on the
territorial aspect?

— Have Industry 4.0 technologies been implemented in the development of the
health care industry due to the challenges of the epidemic? If so, was the top-
down or bottom-up strategy more prevalent in their spread?

The underlying hypothesis is that the challenges triggered by the Covid-19
pandemic in the health care industry have accelerated the spread of Industry 4.0
technologies, and this development is closely related to the spatial structure of the
Hungarian industry in particular.

This study consists of three main sections in addition to the introduction and
conclusion. First, based on the literature, we interpret the concept of the health care
industry. Then, we evaluate the relationship between the epidemic and the health care
industry in the age of Industry 4.0, as well as the presence of the latter in the
Hungarian health care development policy. In the second section, the various data
sources and research methods are demonstrated. The third section includes the
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research results and discussion: we analyse the most important characteristics of the
HISP and Hungarian enterprises supported, and we also evaluate the outcome of the
questionnaire survey in detail, with a special focus on the application of Industry 4.0
technologies and their spatial pattern. Finally, conclusions are drawn.

Research background

The concept of the health care industry

The health care industry integrates a variety of activities essentially related to all
economic sectors. Due to its complexity, it is present not only in production processes
but also in services, as well as in research and development (R&D). For all these
reasons, it is difficult to define exactly. A multidisciplinary approach enables the
continuous updating of the use of the concept and the application of both broader
and narrower interpretations. The latter primarily integrates activities that are directly
related to health care to improve health and quality of life, while the former also

contains indirectly connected, nonprofessional activities (Figure 1).
Figure 1
Conceptual framework of the health care industry

Aim: improving health Aim: meeting health needs and

and quality of life \ / consumer needs related to health care

Health care industry (background sector of health care)

b v

Activities indirectly related
to health care

v v

Health care industry-related
Productive activities Service activities but non-professional activities
(production and service)

Activities directly related to health care

Source: Edited by the authors, 2022.

The health care industry is the background branch of the health care sector, the
main purpose of which is to serve health care needs and consumer needs related to
health (AEEK 2021, Csizmadia 2010, Kansky 2016). A further similarity is that the
activities of the health care industry are primarily related to the curative, nursing,
preventive and rehabilitation tasks of health care (Kincses 2010), which can tend to
product manufacturing, organization, education, R&D, communication, insurance,
etc., tasks (Szakalné Kané 2018, Ledesma et al. 2014, Seaman 2004).
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In the United Nations International Standard Industrial Classification of All
Economic Activities (ISIC) system, health care industry activities appear mainly as
industrial activities, which primarily include production, product manufacturing and
the preparation of health care industry goods. At the same time, in the Global
Industry Classification Standard categorization system, health care industry activities
are related to the production of medical equipment, instruments and health services,
as well as the pharmaceutical industry, biotechnology and related life sciences. While

the former group primarily includes production activities, the latter involves service
activities (Hernandez et al. 2009).

Based on the Hungarian literature, the most generally accepted categorization of
health care industry activities is attributed to Kincses (2010), which is as follows:

1. Services of the health care system, e.g., from prevention through treatment to
rehabilitation.

2. Professional services and professional suppliers that support the operation of
the health care system, e.g., pharmaceutical production, production of medical
instruments, health informatics, financing and insurance mechanisms.

3. Nonprofessional services and nonprofessional suppliers supporting the
operation of the health care system, e.g., medical clothing, energy supply, waste
management, food supply.

4. Lifestyle industry: based on health promotion, e.g., the beauty industry, health
tourism, the hygiene industry, lifestyle consulting, recreation services, production of
nutritional supplements, leisure sports.

In this definition, health care is indeed part of the health care industry, and more
emphasis is placed on health care industry activities with a service function. Based on
Hungarian activity classification (TEAOR'03), Szakdlné Kané (2018) determined
which sectors belong to the health care industry. Among them are production and
service activities, which essentially means a broader interpretation of the health care
industry. From the perspective of this study’s topic, we also interpret the concept of
the health care industry broadly. Due to the HISP, a specific definition of the health
care industry was created to integrate all those activities that are both directly and
indirectly related to the health care industry.

The health care industry and the Covid-19 pandemic
in the age of Industry 4.0

Research in the health care industry does not have a long history. Based on the [3]
database, publications with the term “healthcare industry” in their titles have appeared
for a few decades. Their increase started in 2010, but the Covid-19 pandemic has
pushed those studies addressing the issues of the health care industry into the
background. The vast majority of publications were published in Anglo-Saxon
countries, and their topics were very diverse [3]. Based on the relationship between
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the Covid-19 pandemic and the health care industry, three main research directions
were distinguished (examining the role of health care needs, state and market players
and research and development and innovation [R+D+I]) in foreign literature.

In Hungary, health care industry research also received little attention before the
epidemic, and the number of publications has only increased in recent years. These
studies partly dealt with theoretical and conceptual issues (e.g., Kiss—Uzzoli 2021,
Szakalné Kané 2018). Some were focused on the analysis of the connection between
the Hungarian health care industry and regional development (Elekes 2018, Nagy
2018, Szakalné Kand 2018), while others were based on discovering the role of
domestic decision-making in its development (Lengyel 2018).

The global pandemic, which depends on various factors, has significantly affected
the health care industry, the investigation of which requires a complex approach
(Antulov—Fantulin et al. 2021, Wernli et al. 2021). During each epidemic wave, the
health care industry faced different challenges and new phenomena, which affected
different countries of the world to different degrees (Ahmad—Chakole 2021). The
effects of the pandemic on the health care industry appeared in the short, medium
and long term (Cutler 2021).

In the short term, the outbreak of the pandemic produced a transformation of
needs related to health care industry activities, a ,,phase shift” of demand and supply,
stock shortages and state interventions, which affected all countries of the world at
the same time. On the one hand, demands for products and setvices related to the
pandemic have increased on the parts of the health sector and population (Rinswer
2021). On the other hand, there were state interventions (e.g., border closures and
restrictions) directly associated with the reduction of production capacities, global
supply disruptions and total or partial product shortages (Baldwin—Weder di Mauro
2020, Ko6s et al. 2020, Nicola et al. 2020). The intensification of the problems and
challenges occurred mainly in those countries (e.g., Italy, United States, China) where
the pandemic was associated with an exceptionally high number of cases from the
very beginning. Furthermore, it also adversely affected those (e.g., in Central and
Eastern Europe) that were self-sufficient to a lesser extent in the production of the
health care industry products necessary for protection and in the provision of health
care services. Many countries, mainly less developed countries, however, were only
able to implement the expansion of production capacities to produce the products
necessary for epidemic control, which they did in parallel with stopping or reducing
the production of other industrial products (Bong et al. 2020).

It became clear in the medium term that the prolongation of the pandemic and
the formation of new waves could be expected. At the same time, the countries of
the world realized that in the long term, it had become necessary to expand the
capacities of certain health care industry activities, to alleviate import dependence, to
support local small and medium-sized enterprises connected to the health care
industry and to develop the conditions for R&D and digitalization (Rinswer 2021).

Regional Statistics, Vol. 14. No. 2. 2024: 1-24; DOI: 10.15196/RS140204



ﬂ Eva Kiss-Annamdria Uzzoli

The latter process and the realization of technology-based developments in the health
care industry were closely related to the spread of Industry 4.0 technologies (Popov
et al. 2022, von Eiff—von Eiff 2020, Harbeck 2019). This was also accelerated by the
Covid-19 pandemic (la Rue et al. 2022, Quadri et al. 2020).

The concept of Industry 4.0 appeared for the first time in Germany in 2011, and
it essentially refers to nine new technologies (big data, augmented reality, autonomous
robots, simulation, cloud system, horizontal/vertical integration, the Internet of
Things, cybersecurity and additive manufacturing) (Rimann et al. 2015). They are
the main driving forces of the fourth industrial revolution, which is now also referred
to as Industry 4.0 and which has resulted in revolutionary changes in industrial
production and the economy and society as a whole (Schwab 2016). These new
technologies resulted in a paradigm shift in the health care sector and promoted
recovery from the crisis induced by the pandemic because they created new
conditions and opportunities for the health care sector, for example, in epidemic
prevention (mobile applications) and how to organize medical treatment (online
appointment booking) (Tyminski 2022). In fact, the publications in the [3] database
with the words “Industry 4.0” and “healthcare industry” in their titles (34 in 2023)
also report on these topics, e.g., how different new technologies are used in health
care or what their advantages are (Aceto et al. 2020, Kotzias et al. 2022, Paul et al.
2021). The systematic literature analysis and the literature evaluation of some
publications also revealed that the investigation of the connections between the health
care industry and Industry 4.0 has not received much attention in the research thus
far (Sibanda et al. 2022, Mwanza et al. 2023). This study is also novel in that it
examines the effects of state intervention through the HISP in connection with
Industry 4.0.

It is also a fact that there were no uniform regulations either in epidemic control
or in interventions related to the health care industry. Even within the European
Union, the member states were not able to harmonize their pandemic measures
(Amdaoud et al. 2021, EC 2021). In essence, European countries took the position
that the development of regulations and interventions related to the epidemic falls
within the scope of national sovereignty. As a consequence, each country had
different responses to the health care industry-related challenges of the pandemic
depending on the country's socioeconomic development, political system, position in
the world economy, and even its institutional background (Kuhlmann et al. 2021).

Among the East Central European states, the vulnerability resulting from the
fragility of supply chains encouraged Hungary to begin large-scale health care industry
developments in the summer of 2020 to be self-sufficient in indispensable health
equipment and services (Ban et al. 2018, Kiss—Uzzoli 2021, Uzzoli et al. 2020).
Although the development of the health care industry has already received special
attention in Hungary since 2010, which was confirmed by the introduction of several
strategic plans and programs (e.g., New Széchenyi Plan 2011, Semmelweis Plan 2011,
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National Development and Territorial Development Concept 2013, National
Intelligent Specialization Strategy 2014, Irinyi Plan 2016, Digital Health Industry
Development Strategy 2017), a marked change was only brought about by the Covid-
19 epidemic in Hungarian health policy. The prominence of the health care industry
in strategic developments was also related to the fact that significant health
inequalities prevail in Hungary (Balint 2012, Pal et al. 2021, Pirisi-Trécsanyi 2011,
Egri 2017, Kiss 2016, Uzzoli 2016). Mitigating them was in turn articulated as a
strategic goal by Hungarian health policy-makers. These health inequalities have also
been observed in Covid-19 mortality, resulting in excess mortality (Bucci et al. 2023,
Igari 2023).

The unexpected predicaments entailed a rethinking of the previous developmental
directions, resulting in the introduction of a new support program in Hungary. The
HISP announced in the summer of 2020 provided applicants with a nonrefundable
subsidy. Tendering and support largely took place in three stages: the first occurred
in the fall of 2020, the second in the spring of 2021, and the third in late 2021-eatly
2022. The most important requirements for the applicants were the following: the
smallest eligible project size was set at HUF 400 million. In the case of investments,
at least half of the eligible costs had to be spent on the purchase of machines and
equipment. At the same time, the proportion of infrastructural and real estate
investment could be no more than 50% of the eligible costs. The other important
criteria were that a maximum of 80% of the planned investments would be covered
by the HISP in the case of the production of products related to the coronavirus
epidemic. There was no accessible information about how many companies actually
applied within the framework of the HISP and what the actual criteria for selecting
the winning applications were. The supported companies had six months to
implement the investment and to respond more effectively to the challenges of the
epidemic [2].

Data and methods

During the research, which basically consisted of three main stages, the emphasis was
placed on the territorial approach to the connections between the pandemic, health
care industry enterprises supported and Industry 4.0. Both the health care industry
and Industry 4.0 are multifactorial concepts: thus, the complex interpretation of their
geographical characteristics requires the application of several methods. Hence, we
combined quantitative and qualitative methods in the research, making it possible to
coordinate the results of the statistical data analysis with the findings of the content
analysis and those of the questionnaire survey (Tarig—Woodman 2013, Wisdom—
Creswell 2013).

The tasks of each research phase were built on each other and facilitated the
answering of the research questions and the realization of the goal set up in a complex
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way, which contributes to a more accurate understanding of the health care industry

and geographical context of the rapid government intervention in an extraordinary
situation (Figure 2).
Figure 2
Research stages and tasks

Research stage 1: first half of 2021

Literature processing: Content analysis, press monitoring:
conceptual explanations, strategies and concepts,
research background media content

v

Research stage 2: second half of 2021

Descriptive statistical analysis:
Revealing the economic and regional characteristics of
the Hungarian enterprises received state support

v

Research stage 3: first half of 2022

Online questionnaire survey:
Mapping the applications of Industry 4.0 technologies in
the Hungarian health care industrial enterprises received state support

Source: Edited by the authors, 2022.

In the first phase of the research, we processed the literature and collected data
and information about the HISP and the supported enterprises. Information about
the HISP was collected from government websites and companies' websites (using
press monitoring and content analysis methods). The different data and information
sources made it possible to check and correct the content of the information because
an official list of the winning applicants and the selection criteria were not available
and not even the total number of applicants. It can be assumed that this information
was kept confidential for various reasons.

A total of 83 health care industry investments received support within the HISP,
which 56 companies planned to implement. However, of them, only 41 companies’
names could be identified by using different governmental news. Nineteen received
support in the first phase in 2020, 18 in the second phase in spring 2021 and only 4
in the third phase in 2021/2022 because the pandemic situation improved
considerably. The time of the actual assessment of the subsidies also justified the
merging of the last two periods, when altogether 22 companies were subsidized. The
firms of the two main support periods (2020, 2021) were compared from different
perspectives in the second stage of the research. Detailed information (e.g., year of
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foundation, size, activity, location) about these firms was available in [1] firm database,
providing complex and relevant information about the financial and legal situation of
firms, their networks and other parameters.

In the third phase of the research, an online questionnaire survey was conducted
among the 41 firms in the summer of 2022. The sample of the questionnaire was
generated by Google Online Form Creator. The survey questions were related to the
following main topics to gain such information, which is mostly not available from
other sources:

— General data and information about the company,

— Reasons and results of the firms’ participation in the HISP,

— Emergence of Industry 4.0 technologies in subsidized health care industry

development.

The questionnaires were sent to all subsidized firms, and to increase the response
rate, the direct inquiries (by email and phone calls) were repeated several times. In
spite of this, only 10 companies (24%) answered the questions. Although the sample
size is too small, it can be considered appropriate because the willingness of
companies to respond is generally very low in other countries as well (Tortora et al.
2021, Ytksel 2020). The companies that replied do not form a representative sample.
It was completely random which companies answered the questionnaire. In addition
to the nonrepresentative questionnaire survey, the research has other limitations. As
mentioned earlier, due to the lack of an official list of the winning HISP applicants, it
was difficult to obtain accurate information about the companies. Moreover, there is
little data available on the entire domestic health care industry: thus, we have
incomplete knowledge about the sector itself. This is in close connection with the
complex and different interpretations of the health care industry. Despite the
limitations, this study provides a methodologically complex perspective on examining
the connection between the health care industry and Industry 4.0 technologies from
the point of view of the HISP.

Results and discussion

Some characteristics of the HISP

Comparing the characteristics of the subsidized companies in the two periods shows
a decided difference. There are also considerable differences in the development goals
of Hungary. In the first year, the production of medical equipment and disinfectants
was the most important task. Promoting the long-term growth and boosting the
export capacity of the health care industry became priorities in the second year of the
epidemic.

In the two support periods, 41 enterprises received a total of HUF 47.8 billion in
support. In the first period, a total of HUF 28 billion was given to enterprises
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supported: in the second period less than that, HUF 19.8 billion. Hence, an average
of HUF 1.4-1.1 billion was allocated to a company in each period (Table 1).

Table 1

Healthcare Industry Support Program in Hungary by support periods,
2020 and 2021

Denomination First support period, 2020 Second support period, 2021
Total value of the HISP HUF 28 billion HUF 19.8 billion
support

Average amount of support
per enterprise

HUF 1.387 billion

HUF 1.126 billion

Share of planned projects
with total value over
HUF 1 billion

47% over HUF 1 billion

55% over HUF 1 billion

Total value of smallest
and largest project planned

smallest: HUF 340 million,
largest: HUF 12 billion

smallest: HUF 400 million
largest: HUF 70 billion

Proportion of health care
industry support received
(average)

80% of developments
financed by the HISP

26% of developments financed by the
HISP

Own part in the planned
project (average)

20% of developments self-
financed

74% of developments self-financed

Nature of supported
investment

capacity expansion, estab-
lishment of new production
line, infrastructure develop-
ment, product development,
technical development

capacity expansion, creation of new
production line, establishment of new
plant, production of equipment,
technological development

Nature of supported health
care industry development

directly related to epidemic
protection: production of
rubber gloves, masks,
disinfectants, medicines,
hospital equipment,
ventilators, special
packaging, hazardous waste
storage

Source: Based on data [1] and [2] edited by the authors, 2022.

directly related to epidemic prevention: produc-
tion of rubber gloves, production of
equipment that can be used at increased
risk of infection, production of sterile
dressings, production of parts for venti-
lators, production of hygienic paper
products, production of vials/syringes/
masks/protective equipment/medicine,
production of telemedicine equipment
indirectly related to epidemic prevention:
unique production line for the produc-
tion of special microscopes, development
of laser equipment, development and
production of a diagnostic system sup-
ported by artificial intelligence, 3D
printing for hospital equipment

The total value of 21 (51%) of the planned projects exceeded HUF 1 billion. The
largest investment was implemented in Kérnye, with a cost of HUF 70 billion, while
the total cost of the smallest project was HUF 340 million, and it was implemented
in Tiszapuispoki. The financial support amounted to a different proportion of the cost
of the calculated investments. For 80% of the enterprises, the level of support
exceeded 70% of the total cost of the project, i.e., the proportion of support was very
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high for most of the enterprises. Especially in the first period, several companies
received full (100%) support. Most likely, because at the beginning of the epidemic,
it was impossible to know how fast it would spread and how severe it would be,
companies had to be encouraged to take immediate action for which full support was
a great help. In the first period, the smallest share of support was 49%, while in the
second period, it was 6%. In the majority of enterprises, the value of their own share
was below 30%.

In the beginning, the support of production activities was more substantial in an
effort to meet the increased demand for health care industry products. Meanwhile,
the other goal was to reduce import dependence and increase self-sufficiency. In the
second period, the proportion of subsidized enterprises (44%) performing diverse
services (e.g., commerce, R&D) grew significantly. During this period, it became
apparent that the investments were aimed not only at self-sufficiency but also at
expanding export opportunities and strengthening international competitiveness.
Clearly, from 2021, the support of investments seen as essential in the long term in
the various areas of Hungarian health care will be given priority in health care industry
developments.

Enterprises supported within the HISP

A small part of the companies supported by the HISP were not connected to the
health care industry before the epidemic, because they did not perform any health
care industry activities. These companies just entered the health care industry sector
via the support program, and in fact, it is also possible that the subsidized health care
industry activity ceased after the end of the epidemic.

In the two support periods, there are also significant differences in the
characteristics of the supported companies, even though approximately the same
number of companies were supported by the HISP (Table 2).

The companies supported in 2020 have a longer history, as more than half of them
were established before the turn of the millennium. This suggests that the majority of
the companies have long-term operation and economic stability. The size of the
supported enterprises shows a rather wide range. Among them are microenterprises
with a few employees as well as large-sized companies with several hundred
employees. However, the largest proportion (83%) of subsidized businesses are small
and medium-sized enterprises. The proportion of companies with more than 250
employees was 17%. The number of employees varied between one (mDurance
Labor Kft.) and 1720 people (Becton Dickinson Hungary Kft.). Support for larger
enterprises was more significant in the first support period, whereas in the second
period, more small and medium-sized enterprises received support. This difference
accounts for the lower sales revenue of the companies, which could also be explained
by the loss of revenue due to the pandemic.
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Table 2
Enterprises supported by the HISP in Hungary, 2020 and 2021
Denomination First support period, 2020 Second supportt petiod, 2021
Number of enterprises 19 ”
supported
Year of foundation 53% founded before 2000, 41% founded before 2000,
16% after 2010. 32% after 2010.
5 enterprises with less than 50 13 enterprises with less than 50
employees employees
Size category 9 enterprises with 50-249 employees | 7 enterprises with 50-249 employees
5 enterprises with more than 250 2 enterprises with more than 250
employees employees
Average sales HUF 4.056 billion in 2019. HUF 0.176 billion in 2020.
Location of 58% of supported enterprises based in| 55% of supported enterprises based in
headquarters Budapest agglomeration. Budapest agglomeration.
Number of plants 32% of supported enterprises with 64% of supported enterprises with
more than one plant. more than one plant.
The main activity of 17% of supported The main activity of 23% of supported
enterprises related to the health care | enterprises related to the health care
Main activity industry (mainly producing industty (mainly producing
pharmaceuticals and medical pharmaceuticals and medical
instruments). instruments).

Source: Based on data [1] and [2] edited by the authors, 2022.

The majority of the enterprises (63%) are engaged in production activities and
represent various sectors of the manufacturing industry (pharmaceutical industry,
machinery industry, paper industry, plastics industry, metal industry, etc.). The
relationship between companies' main activity and subsidized health care industry
investment can be classified into two main types depending on whether the
company's health care industry activity is related to its main activity. In the former
case, the objectives were, e.g., the expansion of the product range and an increase in
production capacity, while in the latter case, the objectives were to supplement the
nonhealthcare industrial main activity or, alternatively, to transform the production
of the firm wholly for the needs of health care (e.g., a paper industry company started
producing masks).

There was no marked difference in the geographical distribution of the support.
In both petiods, most firms in the Budapest agglomeration received support. In
addition, the businesses located in some remote settlements (e.g., Eger, Nyiracsad,
Sarszentmihaly, Szeged, Zalaegerszeg) were also supported (Figure 3).

The main reason for the strong spatial concentration of subsidized enterprises is
probably that the significant population concentration also represents an important
consumer market, where the demand for health care products was much higher. Since
delivery is time-consuming and expensive and, moreover, difficult to solve during an
epidemic, it was primarily advisable to support businesses that were relatively close to
the market.
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Figure 3
Enterprises by the amount of HISP support and their own resources
in Hungary, 2020 and 2021

70,000 million HUF

Amount of
investment,
million HUF

12,000
11,000
10,000
9,000
8,000

Budapest 5,000

First Second
petiod period 1,000

Total amount J-Support amount -
of investment Own source -

Notes: 1 — Budaérs, 2 — Dabas, 3 — Dorog, 4 — Dunaharaszti, 5 — Dunakeszi, 6 — Eger, 7 — Gy6r, 8 — Halasztelek,
9 — Hatvan, 10 — Jaszberény, 11 — Kérnye, 12 — Labatlan, 13 — Mérahalom, 14 — Nyiracsad, 15 — Pilisborosjend,
16 — Pilisvorosvar, 17 — Sarszentmihaly, 18 — Solymar, 19 — Sopron, 20 — Szeged, 21 — Székesfehérvar, 22 — Szekszard,
23 — Szombathely, 24 — Tatabanya, 25 — Tiszapuspoki, 26 — Veresegyhdz, 27 — Visonta, 28 — Zalaegerszeg.

HUF 40,000 = approximately EUR 100.

Source: Based on data [1] and [2] edited by the authors, 2022.

Figure 4
Enterprises supported by their headquarters and plants in connection
with the spatial pattern of Hungarian industry, 2020 and 2021

First period ~ Second period
» headquarters —
N plant s

Industrial axis
Source: Based on data [1] and [2] edited by the authors, 2022.
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The 41 companies had a total of 75 plants. Fifty-seven percent of them were
connected to companies supported in the second stage. Since six firms did not have
a plant, on average 2.1 plants went to enterprises having plants. Thirty-nine percent
of the enterprises had only one plant, whereas others had two or more (e.g., Metris3D
Kft. had five, Thermotechnika Crown Cool Kft. had seven plants). Enterprises with
more plants were mainly involved in nonproductive activities (e.g., trade, repair,
service activities), which require close proximity to consumers. The other reason for
the establishment of new plants is that if there is no possibility to expand the area or
carry out certain production activities at the company’s headquarters in a town, it
might pollute or disturb the environment. Therefore, enterprises tend to set up plants
in other settlements of the country or possibly abroad, as in the case of a single
cosmetics company with a branch in Paris. Another example is Podiart Kft. which
implemented an investment (production of medical devices with 3D printing) at its
plant located in the countryside acquiring a property available only there thus making
the investment feasible. Fifty-six percent of the enterprises had their headquarters in
the capital city region, while plants were typically scattered in different parts of the
country. The support probably reached them through the company’s headquarters
and largely contributed to their survival and development during the pandemic
(Figure 4).

The geography of the supported firms (headquarters and plants) followed the
spatial pattern of the Hungarian industry being primarily concentrated in the northern
part of the country, where industrial activity is more significant and where recent and
cutting-edge information and communication technologies are more commonly used
(Kiss—Nedelka 2020). Since there are hardly any newly founded companies among
the subsidized enterprises, it can be concluded that the supported health care industry
companies did not participate in shaping the spatial structure of the Hungarian
industry. Based on these, it can be assumed that they did not have a significant impact
on the spatial pattern of the health care industry either, since the investments were
connected to already operating businesses. The spatial distribution of the health care
industry is also difficult to define precisely, depending on the interpretation of the
term. If we only consider the production activities of the health care industry, there
can be significant differences among manufacturing branches, although the location
of the health care industry is usually spatially concentrated. For example, the
pharmaceutical industry has a well-defined spatial pattern: since it is capitalintensive
and employs many skilled workers, its location is highly concentrated (Lengyel 2018,
Lengyel et al. 2016, Nagy et al. 2023, Nagy 2016, 2018, Szakalné Kané 2018). At the
same time, the companies operating in the food industry, which sell some kind of
health product, are mostly scattered throughout the country. Due to these factors, the
regional distribution of the examined health care industry enterprises contributes to
the conservation of the dual industrial spatial structure of the Hungarian industry
even during the fourth industrial revolution.
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Industry 4.0 technologies in the supported enterprises from a survey

Ten companies replied to the questionnaires, 60% of which received support in the
second support period. Most of the companies were established after the turn of the
millennium and are small enterprises. Their main activity is primarily productive activity
(production of medical devices, production of plastic packaging devices), which is
mostly carried out in the capital city agglomeration. Half of the responding companies
were originally engaged in activities directly related to the health care industry (e.g.,
medical device manufacturing), while the other half were able to start health care
industry activity thanks to the HISP (e.g., production of face masks) (Table 3).

Table 3
Major characteristics of the supported enterprises from the survey, 2022
Denomi- | Year of . . Number of Location of
. . Main activity of the firm
nation? |foundation employees headquarters ‘ plant
First support period
R1 1996 Medical device manufacturing 272 Eger Budapest
R2 2007 | Wholesale of wood, building 151 | Sarszentmihaly| Kal
materials and sanitary ware
R3 1993 | Wholesale of chemical goods 82 Halasztelek Miskolc
Si6fok
R4 2015 Medical device manufacturing 5 Budaérs Gyér
Budapest
Second support period
R5 2011 Medical device manufacturing 19 Budapest Ujhartyén
Szeged
Budadrs
R6 2001 | Agent wholesale of other 20 | Szombathely |Budapest
products Py
Csakany
R7 1991 Production of plastic packaging 19 Dorog Leanyvar
R8 1991 Medical device manufacturing 19 Budapest Visegrad
RO 2015 Manufacture of other plastic 77 Syekszard )
products
R10 2016 Production of plastic packaging 84 Hatvan -

a) R means the enterprises took part in the survey in 2022.
Source: Based on data [1] and [2] edited by the authors, 2022.

According to the results of the survey, the concept of Industry 4.0 and its new
technologies have recently become known to enterprises. More than two-thirds of
companies have two or more new technologies, which is more favourable than the
national average, because their occurrence rate is usually a few percent among
businesses (Kiss—Nedelka 2020). This can be explained by the fact that the health care
industry is generally a very technology-intensive branch of the economy and that
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health care companies usually have significant capital, which enables the acquisition

of new technologies. Although there are companies that already introduced Industry
4.0 technology before the outbreak of the epidemic (e.g., company R4 bought a 3D
printer in 2017 for the production of Co, Cr and Ti products, company R6 introduced
cloud technology in 2016 so that its employees in different parts of the country could
work remotely), the majority introduced Industry 4.0 technologies between 2020 and
2022 within the HISP. This also proves that the HISP promoted and facilitated their
technological development and had a favourable effect on the spread of new
technologies. In some cases, however, EU sources also contributed to the purchase
of robots (R1) or 3D printers (R8). Among Industry 4.0 technologies, cloud-based
technology is the most widespread, and 60% of the supported companies used this
technology. 40% of the companies adopted autonomous robots, which is the other
most common technology. These new technologies are of critical importance for
health care industry companies, primarily because they largely contributed to
production optimization, increase efficiency and improve quality. Of the Industry 4.0
technologies, only augmented reality was not used by any of the companies, which is
probably related to the specific nature of this technology, as it is mainly used for

maintenance and assembly (Figure 5).
Figure 5

Industry 4.0 technologies by survey and their financial sources, 2022

Autonomous robots

Cloud-technology
3D printing

Augmented reality

Simulation

Big Data
Cybet-security
Internet of Things (IoT)

Vertical/ hotizontal integtation

30 40 50 60 70

o
=
o
[\
[es]

share of firms, %
B Already existing technology 01t was realized within HISP
@It plans to implement within HISP Other source

Source: Questionnaire survey, 2022.

Of the 10 enterprises, the largest (R1) had the most Industry 4.0 technologies (an
autonomous robot, cloud system, simulation, cyber security, the Internet of Things,
and big data). At the same time, smaller companies (R5, R6, and R7) had less (one-
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three) Industry 4.0 technology (a cloud system, robot, and/or 3D printer). Company
size is therefore also an important influencing factor in the spread of Industry 4.0
technologies in the case of Hungarian-owned companies (Nagy et al. 2020). It can
also be observed that, in general, the application of Industry 4.0 technologies is more
advanced in the enterprises located in the capital city and other larger cities. Only one
company (R10) did not have any new technologies, which all the companies (except
for R6) bought from the HISP. Additionally, within the framework of the HISP, R1,
R4, R7 and RY firms planned to introduce other Industry 4.0 technology (e.g., an
autonomous robot, simulation, the Internet of Things, a 3D printer). According to
the survey, maintaining competitiveness (R1), reducing costs (R3), manufacturing
special products (R9) and implementing remote working (R0) are also important goals
of using new technologies.

The findings of the survey also pointed to factors that most often hinder the
spread of new technologies. As other research has revealed, one of the main reasons
is the lack of labour force and training (Adebanjo et al. 2021, Bravi-Murmura 2021,
Hamzeh et al. 2018). The poor level of information technology (IT) competence in
the workforce is a particularly unfavourable contributing factor. Another common
constraint on the application of Industry 4.0 in the case of 40% of the companies is
the highly limited financial resources. The majority of companies (80%) are indeed
,»open” to innovation, and it rarely occurs that new technology is not implemented
due to a lack of interest or motivation. The answers to our surveys revealed that there
are factors (e.g., position within the organization, geographical location) that have a
very small (10-20%) impact on the adoption of new technologies. However, the
influence of sector affiliation and the quality of the products were considered
substantially more significant (30—40%). The results of other research also indicate
that new technologies spread to varying degrees in different sectors depending on the
specifics of the sector (Nagy et al. 2020, Horvath—Szabé 2019). In general, the spatial
diffusion of Industry 4.0 is the most advanced in the machinery industry (automotive
industry and electronics), while it is less advanced in the light industry or the food
industry (Losonci et al. 2019).

The HISP actually facilitated the implementation of the application of Industry
4.0, which also had a positive effect on the overall digitalization of enterprises.
Nonetheless, the application of new technologies was not accompanied by a decrease
in the number of employees at the examined enterprises because their sustained
operation required the hiring of a more qualified workforce.

Based on the answers, the vast majority of companies rated the level of their
digitalization as medium on a 5-point Likert-scale in 2022. In the supported health
care industry enterprises, the most digitalized corporate activities were related to
communication, finance and production, while the least digitalized was HR-
management. The greater digitalization of sales suggests that online sales increased
during the epidemic. The global pandemic accelerated the application of new
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technologies and the process of digitalization (Harbeck 2019, La Rue et al. 2022). The
same hypothesis was confirmed by our empirical research, since the application of
new technologies has only a short history in most companies. However, the HISP
subsidies played a massive role in their appearance during the pandemic years and in
the early stages of Industry 4.0, which is, in fact, the fourth industrial revolution.

Based on the survey, the majority of companies implemented the new investment
at their headquarters, with only a few in Budapest. As part of the subsidized projects,
companies undertook the production of products directly used by the health care
sector, e.g., production of medical devices, production of pharmaceutical raw
materials, production of medical hygiene devices, production of special bandages, and
production of vials. According to the responses, it can be inferred that the
implementation of the planned project at the headquarters was primarily due to a
better labour supply, a more qualified workforce, greater demands for products and
services, and a more developed infrastructure (e.g., at Rex-San Kft.). At the same time,
enterprises intended to invest in the plants because they counted on the support of
local governments (e.g., in the form of tax incentives and simplified administrative
procedures). For example, in the Sarszentmihaly investment, the cooperation of the
local government accelerated the issuance of building permits. Elsewhere, the
municipality helped to secure the necessary workforce (e.g., Igazgyongy 98 Kift.).
With their backing, local governments were able to contribute to the realization of
investments in the health care industry and thus to the development of the local
economy.

Conclusion

The Covid-19 pandemic shook health care and the health care industry to the core,
and the consequences go beyond the short- and medium-term effects of the epidemic.
Based on our findings, it is necessary to prepare for the inevitable transformation of
the health care industry in the long term. The challenges caused by the epidemic and
the crisis created conditions and opportunities for renewal. Several research
antecedents have pointed out that the pandemic resulted in a paradigm shift in the
health care industry. The essence of this shift is that to offset the adverse effects,
innovative solutions different from the previous ones were needed, among which
priority was given to research and development, innovation, digitalization and
technology-based developments.

In Hungary, the Healthcare Industry Support Program (HISP) announced in the
first year of the Covid-19 pandemic helped, in the short term, meet the needs
produced by the pandemic from its own resources. It also became obvious that the
Hungarian health care sector as a whole received new incentives for renewal and
consolidation. In the first period of the support program, the focus of state subsidies
was more on production (capacity expansion and product development). From 2021,

Regional Statistics, Vol. 14. No. 2. 2024: 1-24; DOI: 10.15196/RS140204



Spatial patterns of the Hungarian Healthcare Industry Support Program
in connection with Industry 4.0 technologies during the Covid-19 pandemic

however, technical and technological developments increasingly appeared in the
activities of the subsidized companies. This is primarily due to the HISP, which
actually facilitated the implementation of the ,,bottom-up” initiative in health care
industry companies, e.g., in digitalization. This strategy was more prevalent in the
spread of Industry 4.0 technologies than the ,top-down” strategy. It is as yet
impossible to tell whether all of these will indeed contribute to the international
competitiveness of the Hungarian health care industry in the long term, partly because
of the short time that has passed, some of the investments are still in progress, and
because the epidemic situation, which necessitated the implementation of these
investments, has improved. As a result, the importance of these subsidies and
investments cannot be considered uniformly. On the one hand, the enterprises that
implemented developments relative to production in the first period played an
extremely important role in the short term. However, the utilization of the built-up
capacities is very uncertain in the long term and may depend on the outbreak of other
epidemics or possibly a change in their function. At the same time, those enterprises
whose development has been fully or partially realized definitely gained advantages
that enable them to react more quickly in the event of a possible new emergency.

To a certain extent, the limitations of the research also determine the possibilities
for continuation. Since relatively few companies responded to the questionnaires, one
of the main research directions could be the extension of the survey to other
companies in the health care industry. It may also be interesting to study the impact
of one of the biggest challenges of the past year, the energy crisis, on the health care
industry in connection with Industry 4.0.

Taken as a whole, according to the literature, the introduction of the HISP in
Hungary was a special governmental intervention to promote effective protection
against the Covid-19 pandemic. Revealing its spatial patterns and contribution to the
adoption of Industry 4.0 technologies is the main novelty of the study. Although the
HISP has contributed to the increase in technology-based development, it did not
lead to the widespread distribution of Industry 4.0 technologies. The subsidized
health care industry companies did not contribute to the mitigation of the spatial
inequalities in the Hungarian industry in the years of the pandemic.
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