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Abstract. Since January 2020 Italy has been countering the COVID-19 pandemic with several measures, including strategies to improve the National Health System’s preparedness to such a threat. The paper aims to analyse response plans and measures against the COVID-19 pandemic within the Italian healthcare system, at national and regional level. Two objectives have been set: reviewing governmental provisions for territorial and hospital health services rearrangement; reviewing operational responses on the regional scale to address those demands. To collect and review operational responses at the regional level, six Regions have been considered as the field of study, chosen for being a relevant sample of the resident population in North, Middle and South Italy. Comparative analyses have been carried out to outline similarities and differences in managing this difficult healthcare situation. Results show that territorial medicine, particularly epidemiologic service, has been essential in facing the national crisis, but hospitals have been the main actors in addressing COVID-19 needs. Relevant structural, technological and organisational changes were needed to prepare hospitals. The built environment plays a significant role in managing the pandemic response, indeed. Further efforts to develop a novel, resilient and sustainable hospital model are needed. This study contributes to a better understanding of factors influencing current Italian hospitals’ strengths and limitations, shedding light on future design models which can increase resilience in emergency conditions.
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Introduction
The world is facing one of the greatest socio-economic crises ever due to the COVID-19 pandemic [1]. Starting from December 2019 a novel virus, named SARS-CoV-2, has caused to date, March 2021, more than 2.7 million deaths around the world, according to the World Health Organization (WHO) dashboard.  The pandemic not only has dramatically changed people’s lives but also the Built Environment (BE) requirements.  The BE serves as a potential transmission vector for the spread of COVID-19 by inducing close interactions between individuals, by containing fomites and allowing viral exchange and transfer through the air [2]. The pandemic’s effects on housing, workplaces and public spaces will last [3]. Ongoing experiences might yield positive impacts for future resilience designs, plans and policies within the BE. Resilience is critically important for filling the void left by risk management, which is limited to probabilistic analysis and events, as it relates to highly uncertain and high impact events such as epidemics [4]. Past epidemics have spurred the development of new solutions for the BE, which not only solve infections but also enhance lifestyles [5]. The COVID-19 pandemic is requiring action to make the BE both resilient and sustainable. The necessity to link disaster risk reduction, climate change and sustainable development goals has been outlined [6, 7, 8, 9]. Capolongo et al. [10] have recently claimed that public health relates to the planet’s health and suggested recommendations to make cities and communities resilient to future outbreaks. Also, the pandemic consequences highlighted the need to rethink the indoor environments, as housing, in a more healthy, safe, and sustainable way [11].
During times of disasters, healthcare systems are called upon to ensure essential health services are uninterrupted while protecting healthcare workers, patients and communities at once. The WHO has recently published a suite of health service capacity assessments in order to support rapid and accurate assessments of the current and future capacities of health facilities, so that they are prepared for and responsive to COVID-19. [12]. There are examples of disaster resilience planning activities which have engaged health systems especially in overcoming climate change induced threats (e.g. hurricanes) [13]. Global efforts have been made to improve the functioning of hospitals in emergencies and disasters, developing the Hospital Safety Index [14]; similarly the Project ER One aimed at an all risk ready emergency-care facility [15]. Hospitals face big challenges as they include units with vastly different requirements (e.g.  airborne infection isolation rooms and protective environment rooms) [2]. Some authors have argued that a common definition of disaster preparedness in hospital does not exist in the literature [16]. At the same time it is not easy to address how to prepare a hospital for disasters. Capolongo et al. [17] have recently proposed a Decalogue of design strategies for new and existing hospitals aimed at improving hospital resilience. 
Italy has been the first western country to be affected by the COVID-19 pandemic and the first who has adopted strict safety measures to stop the transmission chain (the so-called lockdown). According to the WHO dashboard, to March 2021 it counts more than 100.000 deaths, second only to the United Kingdom within the European context. Starting from February 2020, the Italian national health system (SSN) had to quickly respond and adapt to address the surge of care and inpatient demands [18]. 
Governmental and regional provisions led to a rearrangement of hospital and territorial services. As a consequence, healthcare facilities have undergone extensive changes. Hospital wards and units dedicated to COVID-19 were needed and outpatient services were suspended (Decree Law 9 March 2020, no14), so that the oncological screening activities have decreased by more than 50% compared to 2019 [19].
According to the previous statements and scenario, it can be concluded that the BE plays an important role in the management of the pandemic and that it is important to increase the resilience of spaces and communities to quickly manage emergency conditions. This paper is part of a body of research which argues for a more sustainable and resilient model for hospitals in the post-COVID-19 era. The paper analyses response plans and measures against the COVID-19 pandemic within the Italian context, at the national and regional level. Two objectives have been set: reviewing governmental provisions for territorial and hospital health services rearrangement; reviewing operational responses on the regional scale to address those demands. Section 2 provides for data and methods used for deepening the analysis of the Italian measures to strengthen the health system. Section 3 shows the results achieved from this analysis, while Section 4 discusses them.
Materials and methods
This section provides a brief overview of the Italian healthcare system and gives details about accessed databases and adopted processes to analyse healthcare facilities management during the emergency.
The SSN has implemented a decentralised model, especially since the constitutional reform of 2001 by which regions have gained legislative power in a wide range of fields, including healthcare. Health is a constitutional right; the central government defines the essential levels of care and guarantees them to all residents. The healthcare services are categorised in three macro levels: (a) public health, (b) community care, and (c) hospital care (Decree of the President of the Council of Ministers - DPCM - 12th Jan 2017). Regions have the responsibility to deliver health services by means of health districts, hospitals and local health units. They autonomously regulate, organise, and administrate publicly financed healthcare [20]. Also, in addition to public companies, private healthcare facilities, the so-called accredited facilities, can participate in the delivery of essential services. This led to interregional differences in access to care [1, 21]. Bosa et al. [22] have outlined that this decentralised model led to different capacities in addressing the demand and the supply of healthcare services during the COVID-19 pandemic. On one hand it allowed local governments to tailor their responses to the needs of their population, on the other hand it might have impeded fast and integrated responses. Moreover, the COVID-19 pandemic has hit the country hard after years of strict spending reviews and severe cost containment measures which resulted in workforce shortages, insufficient communication and surveillance systems and inadequate healthcare infrastructures [22].
[bookmark: _Hlk72941219]In order to further investigate the Italian response to the COVID-19 pandemic, in terms of national and regional urgent legislative measures,  the authors have collected and reviewed regulatory provisions (i.e. Law Decree, Presidential Decree, Ministerial Circulars, Regional Orders), national guidelines (i.e. guides from the Minister of Health and the National Institute of  Health), and other grey literature (i.e. reports of the National Centre for Screening Monitoring) from January 2020 to March 2021. National policies have been collected from the website of the Official Gazette of the Italian Republic. A thematic area, named “Coronavirus”, of the above-mentioned gazette is available online as a dedicated collection of urgent measures to manage the COVID-19 emergency [23]. From January 2020 to March 2021 the government has published 87 documents. The authors gathered these documents in a database and used them as a reference to understand the development of the central response to the COVID-19 pandemic. They also collected and reviewed the provisions of the Minister of Health published within the same time span, for a total of 110 documents. The authors analysed the regional responses, retrieving data from the website of the National Agency for Health Regional Services [24] and from the official website of each region. Documents of particular interest for this paper are the regional plans for the rearrangement of hospital services and territorial services. Those plans have been required since 19th May 2020 by the Decree Law n.34 which argues for enhancing both hospital network and territorial services. The authors selected six regions as a field of study. The six regions were selected for being a relevant sample of resident population in northern, central, and southern Italy, and for having adopted the above-mentioned plans to examine. Comparative analyses have been carried out to outline similarities and differences in managing the healthcare crisis referring to those plans. Table 1 reports population and available plans of the selected regions.
Table 1. Summary of examined plans for the selected regions.
	Position
	Region name
	Population1
	Hospital plan
	Territorial plan

	North
	Lombardia
	10.027,602
	DGR2 n. XI-3264
	DGR n. XI-3525

	North
	Veneto
	4.879,133
	DGR n. 782
	DGR n. 782

	Central
	Umbria
	870,165
	DGR n.1096
	DGR n.1096

	Central
	Lazio
	5.755,700
	DCA3 n. U00096
	Note n. 472488

	South
	Campania
	5.712,143
	DGR n. 304
	DGR n. 542

	South
	Puglia
	3.953,305
	DGR n. 1079
	-


1Data are retrieved from the National Institute of Statistics (ISTAT) and refer to the year 2019; 2 Regional Council Deliberation; 3Ad acta Commissioner Decree.

Results
The results are divided in two sub-sections regarding respectively national policies and regional provisions. The authors selected provisions and circulars related to healthcare facilities management, as those related to other fields of intervention (e.g. general governance, protective equipment, financial interventions etc.) are considered not to fall within the remit of this paper. 

National response
A pandemic’s evolution is characterised by at least four major phases: (a) interpandemic, (b) alert, (c) pandemic and (d) transition [25]. To each phase a risk management task can be ascribed (e.g. preparedness, response, and recovery). The pandemic phase, which the world is currently going through, can be further divided into three sub-phases: acute, post-acute and transition [26]. During the alert phase, the Italian Ministry of Health drafted a national task force and a scientific technical committee to coordinate the emergency interventions. Also, the Italian Government declared a state of emergency on 31st January 2020 as an extraordinary measure to ensure public health against the forthcoming pandemic. The state of emergency has two important implications for the governance of the crisis. First, the government can bypass the Parliament in the definition of legislative interventions, approving the so-called ‘Decrees of the President of the Council of Ministers’ (DPCM). Second, the state of emergency introduced the possibility of derogation of existing procurement rules, facilitating the acquisition of Personal Protective Equipment, tests and ventilators [22]. On 20th February 2020 the first Italian COVID-19 positive patient was reported, thus the acute phase began, and it lasted until 20th March. The acute phase was characterised by rapid growth of positive cases and insufficient contact tracing and surveillance measures [26]. The first significant national provision on healthcare facilities management is the Decree Law n.14 of 9th March 2020. It oversaw the recruitment of healthcare personnel and the introduction of the special units of continued assistance (USCA), to be placed at least 1 every 50,000 inhabitants. USCA are in charge of managing COVID-19 patients in home-isolation. The Decree Law n.14 has also required the division of the triage area from the admission room in emergency departments, placing attention on hospital infrastructures for the first time. Finally, outpatient activities have been suspended as well as all the other activities considered as deferrable. Shortly thereafter, the Minister of Health provided guidelines about how to define deferrable and urgent activities. The post-acute phase lasted from 21st March until 4th May 2020, during the national lockdown [26]. The surveillance system registered a flattening and then a decrease of reported COVID-19 cases, followed by a gradual reactivation of social and health services, as non-residential care homes. The epidemic transition started on 5th May 2020 and it is still ongoing at the time of writing. The most significant national provision about healthcare facilities management is the Decree Law n. 34 of 19th May 2020. Article 1 calls for enhancement and organisational plans for the territorial healthcare services. It establishes that regions must adopt specific measures for contact tracing; they should start surveillance at residential care homes, while improving home care. Also, they can lease hotel facilities to manage and treat asymptomatic patients. Article 2 requires regions to adopt rearrangement plans for hospital networks. The main goal is to increase the number of beds in intensive and semi-intensive care units (ICU). To do so regions can also build temporary additional infrastructures. Also, dedicated pathways within healthcare facilities and additional dedicated means of transportation must be ensured for COVID-19 patients. The Minister of Health has published guidelines to support the adoption of such a plan as well as a checklist to assess the preparedness of Regional Health Systems to face the pandemic during the winter. Since November 2020 emergency interventions have depended on the risk assessed in each region, so that limitations and allowed activities can considerably vary across the country. Figure 1 depicts a flowchart of most important governmental provisions and epidemiological data from January 2020 to March 2021. 
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Fig. 1. Flowchart of the main national provisions regarding healthcare facilities management from January 2020 to March 2021. Epidemiological data are retrieved from the website of the Italian Minister of Health.

Regional responses
Within the broader national policy, each region developed one or more response plans to enhance both hospital and territorial services. As reported in Table 1, the authors have selected six regions as a field of study to deepen the operational response in the context of healthcare facilities management. Veneto and Umbria have adopted integrated plans, while the remaining regions adopted separated provisions. 
Regarding the enhancement of the hospital network, the regions have followed ministerial guidelines and provided for common responses, such as: identifying COVID-19 dedicated infrastructures; increasing the ICU bed numbers; reviewing the emergency and urgent care network (i.e. restructuring the emergency department and providing for additional means of transportation); increasing the workforce. The northern regions had started the rearrangement of their healthcare networks even before national regulation. During the continued pandemic they also provided for detailed documentation on how to renovate emergency departments and the ICU. The Lazio region has been providing, since January 2020, a wide set of guidelines and circulars on both patient and facilities management. Some regions (i.e. Puglia, Umbria, Lazio, Lombardia) immediately involved private facilities to address the surge of demand. Table 2 reports a comparison of measures to enhance the hospital network according to the analysed plans. In the table, Y stands for ‘adopted’.
Table 2. Comparison of hospital-related measures adopted by the selected regions.
	Measures
	Puglia
	Campania
	Lazio
	Umbria
	Veneto
	Lombardia

	COVID-19 dedicated hospitals
	Y
	Y
	Y
	Y
	Y
	Y

	Increase of ICU beds
	Y
	Y
	Y
	Y
	Y
	Y

	Renovation of Emergency Departments
	Y
	-
	Y
	Y
	Y
	-

	Additional means of transportation
	Y
	-
	Y
	Y
	Y
	Y

	Additional long-term care beds
	Y
	-
	-
	Y
	-
	Y

	Temporary field hospitals
	-
	Y
	-
	Y
	Y
	Y

	Engagement of private hospitals
	Y
	-
	Y
	-
	-
	Y

	Engagement of private facilities (other than hospitals)
	Y
	a
	a
	Y
	-
	a


a hotels and care homes have been involved by means of further provisions to assist and manage asymptomatic and discharged COVID-19 patients. 

Territorial services management can greatly differ from one region to another as these services belong to Local Health Units. Moreover, they have secondary impacts on healthcare facilities as they generally focus on organisational measures more than infrastructural ones. However, from the analysed plans (Table 1) it is possible to outline some common measures and policies, such as: the establishment of contact tracing and surveillance systems; the introduction of the Special Units of Continued Assistance (USCA); the enhancement of integrated home assistance; coordination and information management (e.g. activating territorial operating centers); increasing workforce for primary care; additional measures (e.g. the control of private facilities offering long-term care services). Territorial medicine, particularly epidemiologic services which belong to departments of prevention, has been reinforced all over the country.
Discussion 
Past pandemic leveraged changes into the BE, on both building and urban scale. The BE has an important role to play in supporting public health and reducing the risk of infections, indeed [5]. Solutions and strategies to move towards more sustainable and resilience buildings and cities are needed. In particular, there is a drive for improving multidisciplinary programmes to develop a new design for the hospital of the near future [17]. Within this background, this paper provides for the analysis of central and regional government provisions to rearrange healthcare facilities in Italy due to the ongoing pandemic. COVID-19 requires healthcare systems to have all essential preparedness measures in place to deal with the pandemic, while continuing to provide essential services. From the results exposed above it is possible to deduce that:
· in Italy, hospital care and territorial services have been reorganised by adopting specific regional plans. 
· the changes on hospital infrastructure have been extensive. For example, to increase the ICU bed numbers, regions have restructured existing assets, built temporary field hospitals, restored unused portions of their facilities. 
· the necessity to separate COVID-19 patients to reduce the risk of nosocomial transmission led to COVID-19 dedicated hubs or at least dedicated units. Either way, renovation interventions were required to control and prevent infections. Both technological features, spatial layout and organisational requirements have been reviewed in the face of the pandemic. 
Conclusion
There is the need to enhance the preparedness of the national health system to cope with epidemics which have a predictable recurrence of 10 years. In this sense, a tool to assess healthcare infrastructures can help hospital managers make their asset more resilient and sustainable. This paper reports the preliminary results of a research aimed at proposing a novel model for the hospital of the future. The research has originality values as it tries to address extremely timely needs, and it has relevant practical implications regarding the need of multidisciplinary actions to define novel models for post-COVD-19 hospitals. The research will benefit (i) healthcare systems, providing advices for additional infrastructural capacities; (ii) healthcare workers, shaping safer work environments; (iii) patient’s lives, modelling more resilient infrastructures to future epidemics which will enable the continuity of essential services. The research is currently limited to the Italian context. Future developments of this research will regard the acquisition of further data to determine how we will use and manage hospitals in the future.  The main goal is to understand if architectural and technological changes will be needed to cope with future functional requirements of hospitals. To do so, real experiences will be gathered by means of field surveys and semi-structured interviews with healthcare professionals, hospital managers, and hospital facility managers involved in the pandemic management. Reflecting upon the Italian experience and analysing corresponding international approaches and policies will help identify the layout and engineering components of a prepared hospital in the case of epidemic. An evaluation framework can then be developed based on these components. 
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