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Abstract 
 

This research aims to analyse the management of the health policies to contain the 

measles outbreaks in Italy. In particular, this study wants to find out what are the 

key factors that led to the measles outbreak of 2017 and its previous cyclical trend, 

analysing the impact of ehealth strategy in the management of the epidemics. 

Understanding the complexity of this issue will help to evaluate the actual policies 

of the Italian Ministry of Healthcare and to steer the policy-makers to frame 

sustainable policies to manage the risk of a measles outbreak. 

The thesis is structured in four chapters. The first chapter, through a literature 

review, discusses the evolution of the management of epidemics, with a particular 

focus on the measles issue, starting from the concepts of inoculation and 

vaccination up to the recent epidemics and the current surveillance systems 

regarding public health.  The measles issue is studied analysing the historical, 

normative and social context of the phenomenon. In the end, this analysis leads to 

formulate the research objective and the research questions.   

The second chapter introduces the methodological aspects applicable to the context 

of the management of measles outbreaks in Italy, regarding health performance 

assessment. In this sense. Starting from a brief consideration on the most used 

methodologies regarding health performance, the systemic approach is analysed 

under a dynamic profile through the introduction of the SD (System Dynamics) and 

DPM (Dynamic Performance Management). Furthermore, some methods for the 

analysis of vaccination policies for the management of infectious diseases are 

introduced. 

After the general discussion of the Italian measles issue,  and the analysis of the 

methodology, the third chapter deals with analysing the measles issue through 

Dynamic Performance Management (DPM) methodology. In this sense, starting 

from a conceptual model, a model of DPM has been developed, according to a 

Dynamic Outcome-Based Performance Management approach. The 

comprehension of the dynamics, which revolve around the vaccination system, the 
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concerns of the population and the reasons that lead to the rejection of vaccination, 

is - moreover - fundamental for giving answers and restoring trust in the health 

system. The DPM approach shows, moreover, as it is possible to overcome a static 

approach of HTA (Health Technology Assessment), promoting a Dynamic HTA. 

The outcome of the research, future research directions, as well as the limits of 

current research, are discussed in the last chapter in the conclusions.
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Chapter 1 The management of epidemics. Its historical 

evolution until today, with a particular focus on measles in 

Italy. 

1.1 Introduction  
This chapter is divided into two macro-sections. The first part discusses the 

evolution of the management of epidemics, starting from the concepts of 

inoculation and vaccination up to the recent epidemics and the current surveillance 

systems regarding public health. In this sense, this chapter introduce the Health 

Technology Assessment (HTA) for the evaluation of a new vaccine. Then, it is 

analysed the context of the spread of measles in Italy that has brought to the fore a 

disease that was almost eradicated until a few years ago. In particular, starting from 

brief hints on the etiological and epidemiological characteristics of the disease, it is 

explored the historical, normative and social context of the phenomenon. If on the 

one hand the global picture is shown as an instrument of comparison, on the other 

it is shown the normative evolution starting from the introduction of the trivalent 

MMR (measles, mumps and rubella) vaccine, showing the results achieved. In this 

context, it is not possible to ignore the social factors that have slowed down the 

public policies implemented, also considering the phenomenon of no-vax as a 

consequence of the proliferation of erroneous and of fraudulent health information 

(called eHealth Consumers1) not sufficiently controlled, in sub-cultural groups that 

have been fertile to their diffusion, like an epidemic. In the end, the research 

questions are reported by the evidence of the literature. 

1.2 The development of an epidemic.  Background  

1.2.1 From Inoculation to Vaccination. The evolution of the management of the 

epidemics. 

Nowadays, it is common to talk about infections, micro-organisms from other 

continents and epidemics, how to discuss prevention and systems to protect against 

the spread of infectious diseases. However, the awareness of micro-organisms and 

                                                           
1 According to Shaw (2017), the ehealth Consumers regards a particular field of e-health, 
characterized by the massive presence of consumers in the use of devices, forums and 
any electronic tools, hardware or software, concerning healthcare 
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their transmissibility among people, falls back to relatively recent history, starting 

from the disclosure of the discoveries of Edward Jenner, Louis Pasteur and Robert 

Koch. Before the nineteenth century, epidemics, such as plague, smallpox, syphilis, 

cholera, and tuberculosis, have influenced human history for their demographic 

effects, economic and social (Scotto, 2011); these infectious diseases have always 

influenced the history of humankind.  Even though the history of the medical 

discipline of infectious diseases is full of extraordinary accomplishments, currently 

infectious diseases are the second most severe cause of death and the leading cause 

of disability-adjusted life years worldwide and the third leading cause of death in 

the United States. Successful diagnosis, prevention, and treatment of a wide array 

of infectious diseases have altered the fabric of society, providing significant social, 

economic and political benefits (Fauci, 2001). 

With the Neolithic revolution, the evolution of man from hunter-gatherer to farmer 

has created an environment for the development of the first epidemics. Indeed, if 

before, for survival reasons, the man lived in small groups isolated and continuous 

movement, avoiding an epidemic circulation of agents responsible for acute 

infections, then the first settlements increased the risks of transmission of infectious 

diseases such as measles and smallpox2 (Beran, 2008). Through the centuries, the 

first civilisations took place in the Middle East, Egypt, Asia (South-East, Central) 

and in Central and South America, each acquired a distinct set of infectious diseases 

and therefore created the conditions for the recurrent manifestation of dangerous 

epidemics. (Cosmacini & Rugarli, 2000) (Scotto, 2011). One of the first epidemics3 

to be mentioned in history, namely the plague of Athens in 430 BC, was reported 

by Thucydides; he described this epidemy with a particular focus on the social and 

psychological consequences of mass mortality (around 75-100 thousand deaths). It 

was, in fact, a moment of great economic and social crisis, in which the rule of law 

had difficulty to prevail. Another epidemic to be mentioned is the Antonine plague, 

occurred in the period 165 - 180 AD, that was the first historically reported 

                                                           
2 Factors such as the scarce variety of crops, the sedentary lifestyle, the higher density are 

some factors that caused the development of the first sensitive outbreaks. 
3 An outbreak or an epidemic is the occurrence of more cases of disease than expected in a 

given area or among a specific group of people over a particular period of time (CDC, 

2012). 
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pandemic, causing about 5 million deaths across the whole Roman Empire. (Cohn, 

2012). Many epidemics and pandemics have subsequently developed along the 

history, such as the Black Death, smallpox, measles and yellow fever until the 

recent epidemics such as HIV/AIDS and Ebola. A large part of these infectious 

diseases has been eradicated through correct preventive health policies and in 

particular with the development of vaccines. 

Before the eighteenth century, then from the discovery of vaccines, it was practised 

the variolation (or inoculation), a method by which the inoculation of infectious 

agents provided immunity to people (Riedel, 2005). Indeed, based on the empirical 

principle of immunisation, Chinese, Turks and Indians developed the so-called 

"variola" or "variolation", which is a prevention practice that consisted of 

voluntarily infecting people, with the hope of causing a mild disease which then 

conferred immunity. The first users were in all probability the inhabitants of China: 

to protect the members of the imperial family, the doctors at the service of the Sung 

dynasty made them suck dry scabs of smallpox pustules from the nose. In the 

seventeenth century the variolation spread to the West, even this practise was highly 

risky. 

The radical, innovative shift came with the three scientists previously mentioned. 

Indeed, the discovery of vaccination by Edward Jenner in 1796, began to counteract 

the spread of smallpox (Willis, 1997). Jenner, a British physician and naturalist, 

observed, in a country town near Bristol, observed that milking maids, in contact 

with the pustules of cows affected by the smallpox vaccine, were immune to the 

human form of this disease. To validate his impression, Jenner inoculated, through 

the fluid taken from the pustules of a sick cow, the smallpox vaccine in a child of 

eight years old, James Phipps, son of farmers. Later he put the baby in contact with 

the human smallpox several times, which remained immune. Therefore, Jenner 

gave scientific value to the thesis that the infection with the vaccine form of the 

disease conferred immunity to human smallpox. Hence the origin of the name 

"vaccine": literally, "of the cows" (vaccinae in Latin). 
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Vaccines work by using our natural defence mechanisms: by simulating the first 

contact of a hypothetical zero patient with an infectious agent (virus or bacterium), 

they stimulate the cells of the immune system to act against it. So, in the case of 

new contact with the microbe, our natural defences neutralise it immediately, 

without the symptoms of the infectious disease and its possible consequences 

(Italian Ministry of Healthcare, 2017a, p. 3)  

Thus, after Jenner's experiment, instead to inoculate the human virus-based variety, 

the physicians started to replace it with the bovine virus; so, the use of vaccination 

spread widely. In Italy, the practice of vaccination spread mainly thanks to Luigi 

Sacco and Onofrio Scassi, who since 1799 promoted the capillary use of the anti-

smallpox in Milan, Bologna, Genoa and Florence (Armocida, et al., 2014). 

The implementation and the spread of the vaccination among the population was 

able to increase and the immune people and at the same time to reduce the infectious 

contacts in order to reach herd immunity. 

The development of vaccinations and Microbiology and Immunology was marked 

by the contributions of the scientists Pasteur and Koch. Pasteur was considered the 

father of microbiology and immunology, being the first, about the Chicken Cholera 

vaccine, to take the process to the laboratory, impacting all virologists who 

followed after him (Smith, 2012). He was also the discoverer of the rabies vaccine 

(Hoenig, et al., 2018). Koch, instead, historical rival of Pasteur, in addition to the 

various discoveries regarding other pathologies, must be remembered for his 

postulates (Evans, 1978) that allowed to establish a causative relationship between 

a microbe and a disease. 

In particular, the following three-part form represents the commonly Koch’s:  

1. The contagion occurs in every case of the disease; 

2. The contagion does not occur in other diseases or nonpathogenically;  

3. After being fully isolated and repeatedly grown in pure culture the contagion 

can induce the disease by being introduced into healthy animal postulates 

(Ross & Woodward, 2016, p. 35). 

https://en.wikipedia.org/wiki/Causality
https://en.wikipedia.org/wiki/Microbe
https://en.wikipedia.org/wiki/Disease
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Table 1 Comparison of Twentieth Century Annual Morbidity and Current 

Morbidity of Vaccine-Preventable Diseases of Children in the United States 

 

Source: Centers for Disease Control and Prevention4 

The  awareness of vaccination grew exponentially for several diseases, the first 

mandatory vaccination policy was enacted in Massachusetts in the 1850s to prevent 

smallpox transmission in school (Duffy, 1978)  By the beginning of the twentieth 

century, in the USA, nearly half of the states had requirements for children to be 

vaccinated before they entered school. (Malone & Hinman, 2009, p. 269). 

Nowadays, healthcare scholars undoubtedly recognise that vaccinations are one of 

the most critical prevention tools available to humanity. Their diffusion on a global 

scale has determined (especially in early childhood) a reduction in the rate of 

                                                           
4 https://www.cdc.gov/vaccines/ed/surv/downloads/VPD-morbidity-slide1-mmwr-508.pdf 
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hospitalisation and any invalidating outcomes due to preventable diseases, as 

reported by Table 1. 

The spread of smallpox vaccination was one of the most significant medical 

innovations of all time. It has had a genuinely extraordinary impact on human 

health, so much so that today the healthcare professionals hardly forget what this 

disease is, declared eradicated by the WHO in 1980: in Italy, the smallpox 

vaccination was suspended in 1977 and then abolished in 1981 (Italian Ministry of 

Healthcare, 2017a, p. 2). 

The task of defining guidelines and wide-ranging projects in the field of health and 

vaccination is in fact of international organisations (drivers), such as the WHO, the 

Centre for Disease Control and Prevention (CDC) and the European Centre for 

Disease Control (ECDC) [European Union]. Specifically, WHO has launched 

several programs such as the Expanded Program on Immunization (EPI), the Global 

Program for Vaccines and Immunization and, more recently, the Global Vaccine 

Action Plan 2011-2020. The WHO guidelines are resumed and applied to the 

supranational (e.g. Europe) and national context. In particular, the Italian Ministry 

of Health declines it in a planning document - National Prevention Vaccination Plan 

(NPVP) agreed with the Regions (Gasparini, et al., 2014, p. 17). 

1.2.2 The implementation of a new vaccine. The HTA evaluation  

Currently, to introduce a new vaccine, WHO suggests adopting Health Technology 

Assessment (HTA) methodology. HTA methodology considers the evaluation of 

the epidemiology of the disease to prevent, the actors involved in the preventive 

process, the evaluation of evidence, mathematical models and pharmacoeconomic 

assessment, ethical and legal aspects and the impact of the introduction of a new 

vaccine on the organizational structure (Gasparini, et al., 2014, p. 16). As cited by 

WHO5, Health Technology Assessment is the systematic evaluation of properties, 

effects and impacts of health technologies and interventions. It covers both the 

direct, intended consequences of technologies and interventions and their indirect, 

                                                           
5 http://www.who.int/health-technology-assessment/about/Defining/en/ 
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unintended consequences. The approach is used to inform policy and decision-

makers in health care, especially on how best to allocate limited funds to health 

interventions and technologies. Interdisciplinary groups conduct the assessment by 

using explicit analytical frameworks, drawing on clinical, epidemiological, health 

economic and other information and methodologies. Several possible interventions 

are reported, as follows: 

• Introducing new medicines into a reimbursement scheme,  

• rolling-out broad public health programmes (such as immunisation or 

screening for cancer),  

• priority setting in health care, 

• identifying health interventions to produce the most significant health gain, 

• setting prices for medicines and other technologies based on their cost-

effectiveness,  

• supporting the formulation of clinical guidelines. 

According to the Italian Ministry of Healthcare (2017b, p. 21), every year there is 

a growing awareness that the Health Technology Assessment is the most correct 

and transparent approach to support health policymakers in health decisions.  This 

approach is even more critical and necessary for the public health sector. Indeed, in 

the field of prevention, such as vaccination, decision-makers have to decide whether 

to adopt a health intervention aimed at healthy people at the expense of therapeutic 

interventions aimed at sick people. Precisely because the prevention interventions 

regard healthy people, often we do not perceive the benefit produced (absence of 

disease, reduction of the health burden and reduction of direct and indirect costs 

related to the disease) and are seen only as costs and not as investments that generate 

short and long-term benefits. This criticality is even more evident in the current 

period of spending review in Italy.  

The HTA studies are sometimes affected by problems related to the difficulty of 

collecting data on the actual coverage (vaccination register), on the healthcare costs 

of cases of illness in the unvaccinated, on the real effects of herd immunity, on 



 

15 
 

indirect costs and social costs (e.g. absences from work by patients and by parents 

of sick children). 

Figure 1 The HTA evaluation pyramid for the introduction of a new vaccine into 

the National Vaccine Prevention Plan 

 

Source: Adaptation from Gasparini (2014) 

 

Figure 1 shows a simplified process of the evaluation of the introduction of a 

vaccine; starting from primary needs, it occurs step by step if its introduction is 

necessary and convenient. As it can be verified, this highly generalised approach 

has a static nature by comparing different fields to reach an intersectoral evaluation, 

able to consider the social need, the effectiveness, and the implementation. 
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The social perspective, as the perception of the community has on the disease, is 

essential. If living by the population as a real threat, then it can generate political 

and financial support, and also high levels of acceptance by all social groups 

(Keegan, et al., 2011), for example, in the case of smallpox where the feeling of 

threat experienced in endemic countries has encouraged acceptance of mass 

vaccination (Henderson, 2011).  

For the market authorization, a vaccine must meet specific minimum requirements: 

- utility, - quality (free from bacterial or mycotic contaminants or exogenous 

viruses), - safety in animals and humans (absence of adverse reactions), - 

immunogenicity (capable of stimulating the production of antibodies in animals and 

humans), - protective efficacy. Before being placed on the market, vaccines are 

subject to the control of pre-clinical pharmacology studies (immunogenicity in 

animals) and toxicology (systemic and local toxicity in animals) and clinical safety 

and tolerability studies (local and systemic adverse reactions), of immunogenicity 

(dose-response studies) and protective efficacy. After placing on the market, the 

vaccines are subjected to post-marketing surveillance and to evaluate adverse drug 

reactions. Moreover, these products are controlled and authorised in compliance 

with standards indicated by international organisations (World Health Organization 

- WHO and European Medicines Evaluation Agency - EMEA). 

The issue of vaccination, as in the case of the introduction of any health technology, 

requires the intervention of all parties in the logic of effective collaboration and 

engagement (SIHTA, 2006). 

Indeed, the Società Italiana di Health Technology Assessment (SIHTA) (2006), 

includes in the process of HTA the following strongholds. 

1. Health Technology Assessment must involve all stakeholders involved in 

healthcare; 

2. the evaluation of health technologies must concern all the elements that 

contribute to health care; 

3. the evaluation of health technologies must concern all the management 

levels of the health systems and of the structures that are part of them; 
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4. Evaluation of health technologies must be a continuous activity that must 

be carried out before their introduction and throughout the entire lifecycle. 

5. Assessment of health technologies is a necessity and an opportunity for the 

integrated governance of health systems and of the structures that are part 

of it; 

6. the evaluation of health technologies is a multidisciplinary process that must 

coherently take place with the other assistance and technical-administrative 

processes of the health systems and the structures that are part of it. 

Therefore, the involvement of the communities is required to evaluate the feasibility 

of the introduction of a new vaccine into the Italian national vaccination prevention 

plan. In particular it has to be included in the decision process categories such as 

health professionals and their scientific and professional associations, elected by 

citizens at the various institutional levels for the protection of healthcare, social-

health care, commercial and non-profit partners who provide goods and services, 

universities and voluntary associations [(Cicchetti, et al., 2011) (Ricciardi & La 

Torre, 2010)]. 

The needs and expectations of the stakeholders can cross and overlap differently in 

the whole of the professional, organisational and social perspectives. So, the 

introduction of a new vaccine can cause both convergences (usually on issues of 

public interest), for example on the issues of effectiveness and safety, or divergence 

of interest, as for the topics of costs and organisational structures. Furthermore, the 

parties perceive the problems differently despite their value and priorities. In the 

past, some disease eradication plans have indeed had a delay in implementation or 

even a failure due to a lack of support from all the stakeholders. Keegan et al. (2011) 

mention some reasons of failures for past diseases in some developing countries, as 

inadequacy strategy for disease, the low level of surveillance and funding, 

operational gaps in reaching a high rate of vaccination coverage and last but not 

least the socio-economic inequalities. 

Therefore, HTA should be a structured and reasoned opportunity to meet the needs 

and expectations of the interested parties, who can thus, through a negotiation based 
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on explicit and transparent considerations, combine their interests and share 

decisions and participated processes in order to achieve the success with a greatest 

synergy with the introduction of new vaccines (SIHTA, 2006).  

However, some limits are pointed out about the use of HTA for the decision process 

for the implementation of prevention healthcare policies, as for the vaccination.  

Despite the availability and disclosure of documents in favour of total vaccination 

(often through the use of HTA), there is increasingly witnessing a non-use of such 

data for the assessment of vaccinations by decision makers (for example decisions 

regarding the recommendation of new strategies or the inclusion of new vaccines 

in regional and national vaccination calendars). Furthermore, the use of this 

methodology sometimes appears more self-referential and limited to the 

professional sphere; healthcare experts are more and more often presenting the 

results of their evaluations to their colleagues, but not to the decision makers, who 

should be the primary users of these evaluations (Italian Ministry of Healthcare, 

2017b).  Without a clear transfer of knowledge through the use of HTA, the 

development of a sustainable political process consistent with good health practices 

appears to be limiting. It is necessary to fill the gap between science and authority 

and to favour evidence-based decisions, to have reliable tools to correct use of 

available resources. 

1.2.3 Recent Epidemics and Public Health Policies and Practices 

Although the implementation of a vaccine may seem like one of the best solutions 

to counteract the development of an epidemics, in some cases due to a lack of it or 

a negative evaluation of HTA, governments consider other solutions. Public 

Institutions are supported by Public Health6 practices to assess strategies, to develop 

policies, implementing evidence-based science into interventions to generate a 

positive health outcome. Figure 2 shows how the process to generate a health 

outcome follows a systemic loop including several stakeholders; Public Health 

agencies (at state and local levels), healthcare providers, other public agencies, 

                                                           
6 A general definition of Public Health was provided by Acheson in 1988,  as “the art and 
science of preventing disease, prolonging life and promoting health through the organized 
efforts of society” (Acheson, 1988) (WHO, 2012) 
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Non-Governmental Organizations (NGOs) in the field of education, youth 

development, recreation and arts-related, philanthropy and environment, as well as 

the general population, are a synthetic list of possible stakeholders. Therefore, in 

the management of the epidemics, the implemented strategy requires an evidence 

base, by current knowledge and uncertainty, preventing disease, prolonging life and 

promoting health. 

Figure 2 Three core functions and ten essential services of public health according 

to the Centers for Disease Control and Prevention (CDC). 

 

 

Source: (Truong, et al., 2012) 

The individual actors play their role in an interconnected context, where their 

actions are placed in a competing arena with other actors for several issues, despite 

different reference contexts (e.g. the biological, social and economic perspective of 

health). Therefore, the question of health, beyond the problem, must be considered 

with a systemic perspective. Health systems are defined by several interconnections 
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by different agents pursuing divergent or convergent goals by the individual issue.  

Therefore, a health system has many competing agents and issues, all of which are 

interconnected in a complex network of subsystems and their various sub-, sub sub-

. systems  (Sturmberg, 2016, p. 3). The health systems include all public and private 

organisations, institutions and resources mandated to improve or restore health. 

Health systems embrace both personal and population services, as well as activities 

to foster the policies and actions of other sectors to steer the social, environmental 

and economic determinants of health. 

An idea of the health systems, from a competing perspective, is portrayed in  Figure 

3, through the adaptation of Sturmberg (2016), to define the contextual 

interdependencies of the multiple facets that constitute a health system. The 

overlapping and the stratification of different issues as well as the presence of 

several stakeholders under different thematic perspectives would make a holistic 

approach preferable that could summarise the peculiarities of partial analysis. The 

heterogeneity of the agents, as well as the issues, cause the need for a multilevel 

approach to governance to challenge the macro–micro-level divide in healthcare 

policy (and research).  

Furthermore, Health Systems include the authorities (Policy-makers, healthcare 

providers and professionals) and population. For the eradication campaigns, the 

communication between these macro-groups requires to be valid and complete in 

the dissemination of information and in the management of surveillance to 

counteract forms of resistance due to the information asymmetry.  In this sense, in 

several countries, decision-makers have promoted consultations of stakeholders, 

including householders, patients and potential patients, in order to better define 

immunization strategies, for example, in the case of the evaluation of African 

vaccination policies (ARISE, 2012), or in the case of some countries, such as the 

USA and the United Kingdom, that evaluated individual vaccinations within 

national health plans, and focused on the so-called stakeholders key (Gowda, et al., 

2012), such as for vaccination against papillomavirus: adolescents, parents and 

vaccination services (Wood, et al., 2011).  In this context, the arrival of the twenty-

first century brought a fundamental shift from what had been, up to that point, a 
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piecemeal, essentially programme-based approach to improving health system 

operation. In the external environment, the impact of the electronic revolution had 

increasingly dramatic effects on both clinical and information technology  

(Saltman, 2015, p. 29). 

Figure 3  The complexities of a Health System that delivers Health.  

 

Source: Adaptation of Sturmberg (2016). 
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Bonds et al. (2018) state that one of the great myths of global health, ensuring that 

quality health care reaches all people, is an intractable challenge, due to the 

complexity of social and environmental determinants of disease as well as the 

complexity of national and local health systems. This myth can be overcome by a 

systemic approach to enforce the health systems to prevent future epidemics. In the 

modern world, with increased globalisation, and rapid air travel, there is a need for 

international coordination and collaboration (Anker & Schaaf, 2000, p. 2). World 

Health Organization (WHO) provides the international coordination of epidemic 

response, particularly for diseases of international public health importance or when 

countries cannot respond to an epidemic themselves. Responses can vary from 

investigating the cause of an epidemic, to verifying and disseminating information, 

and to providing needed equipment and laboratory supplies. Several infectious 

diseases, potential pandemic, are difficult to track because of their complicated 

epidemic patterns, their ability to develop new strains, and their tendency to spread 

quickly to new locations (WHO, 2000).  The diseases have different transmissions 

patterns: some are transmitted by the bite of infected insects, as the Yellow Fever, 

others spread through the airborne contagion (e.g. measles), others by the hygienic-

alimentary conditions and lastly through sexual relations  (Anker & Schaaf, 2000).  

Table 2 Core and Support Functions of a Public health Surveillance System 

Core Functions Support Functions 

Case detection Setting of standards 

Reporting Training and supervision 

Investigation and confirmation  Setting up laboratory support 

Analysis and interpretation Setting up communications 

Action  (control/response - policy - 

feedback ) 

Resource management 

Source: (WHO, 1999) 
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The Public health Surveillance Systems7 control the evolution of the epidemics, 

both nationally through government agencies8 and internationally, through 

organisations such as WHO9. Through the Public Health Surveillance Systems, 

several data are collected, regularly and periodically, including demographic, 

socioeconomic and clinical information of the population at risk; these data change 

despite the target disease. Different sources can collect data; it is possible to use 

population-based and healthcare provider-based data surveys, as well as it is 

possible to use national and local registries for cross-sectoral information.  

WHO (1999, p. 9) defines the following core and support functions in the 

surveillance of every health event (Table 2). 

Since the 1980s, Public Health science has improved significantly to contain the 

new epidemics and pandemics. However,  in today's global society, infectious 

disease outbreaks can spread quickly across the world, fuelled by the rapidity with 

which we travel across borders and continents (Quinn & Kumar, 2014, p. 263).   

While in the 1970, it was popular one of the most infamous quote in the history of 

biomedicine (Spellberg & Taylor-Blake, 2013)  “It is time to close the book on 

infectious diseases, and declare the war against pestilence won”,  in the meanwhile 

until today, more than 1,500 new pathogens were discovered, even though not all 

of them had a notorious public health impact (WHO, 2018a). However, some 

pathogens had a considerable impact, for example, Ebola and HIV.  In the last two 

decades, some well-known epidemics spread over the world. Severe acute 

respiratory syndrome (SARS) was unheard of before 2003, but affected more than 

10,000 people, killing around 1000, but causing a devastating a panic across the 

world, and a disproportionate economic impact, especially in Asian countries, 

because of the perception of risk (Smith, 2006). In 2009, a new influenza virus, 

H1N1, started to spread, creating the first influenza pandemic of the 21st century; 

                                                           
7 Public health surveillance is traditionally defined as the ongoing systematic collection, 

analysis, and interpretation of health data, essential to the planning, implementation, and 

evaluation of public health practice, closely integrated to the dissemination of these data to 

those who need to know and linked to prevention and control (Soucie , 2012, p. 144). 

8 http://www.epicentro.iss.it/index/MalattieInfettive.asp 
9 https://www.who.int/immunization/monitoring_surveillance/burden/en/ 
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this pandemic put to the test the International Health Regulations 2005 (IHR 2005) 

assessing a number of deficiencies and defects, including vulnerabilities in global, 

national, and local public health capacities; limitations of scientific knowledge; 

difficulties in decision making under conditions of uncertainty; complexities in 

international cooperation; and challenges in communication among experts, 

policymakers, and the public (Fineberg, 2014). 

 The Ebola virus disease, even it was identified in 1976 (Murray, 2015), had several 

outbreaks until today10. The hugest Ebola epidemic was in 2014 in West Africa 

(Guinea, Liberia, and Sierra Leone), causing more than 11,000 deaths and more 

than 28,000 cases. Although vaccination11 probably helped to reduce the rate of 

transmission after April 2015 in Guinea, the fundamental interventions used have 

been the classic methods of Ebola control: finding symptomatic cases and tracing 

potentially infected contacts; isolating cases, admitting patients to specially 

designed Ebola treatment centres, and providing supportive clinical care; and 

ensuring safe and dignified burial (WHO Ebola Response Team, 2016, p. 593). The 

socio-economic impact of West African Ebola virus epidemic was extremely high 

as in the case of SARS, being one of first medical populism case-study (Lasco & 

Curato, 2019). In the meanwhile, old diseases, such as Cholera, Plague, Yellow 

fever, Measles, Viral hepatitis, often have returned.  Medical populism can 

represent an effect (and therefore a consequence) of certain social conditions as well 

as a cause of the evolution of the last epidemics. This topic has been studied by 

health communication literature and research on health-related decision making, 

indicating that at times of crisis, people, including experts, make decisions based 

on a mixture of feelings, experience and analytic considerations (Gesser-Edelsburg, 

et al., 2018, p. 5).  

                                                           
10https://www.democracynow.org/2018/11/13/headlines/drc_ebola_outbreak_wor

st_in_countrys_history_kills_almost_200 
11 Currently, there are no specific vaccines or drugs of proven efficacy against the 

infection, but Italy is collaborating in the drafting of the testing lines of the 

candidate vaccines and candidate drugs. There is no means of detecting and 

diagnosing the infection before the onset of symptoms. Ebola virus infection can be 

confirmed only through virologic tests (Maio & Biancalani, 2017, p. 222). 

https://www.democracynow.org/2018/11/13/headlines/drc_ebola_outbreak_worst_in_countrys_history_kills_almost_200
https://www.democracynow.org/2018/11/13/headlines/drc_ebola_outbreak_worst_in_countrys_history_kills_almost_200
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As infectious diseases are embedded in a social and political context, defined by 

social determinants of health and unequal access to resources often resulting in 

behavioural and/or biological disparities between population subgroups (Quinn & 

Kumar, 2014),  several actions have been taken to try to offset the impact of the 

socio-economic gap in developing or under-developed countries. In 2000, Gavi1213 

was created through a public-private partnership with the support of UNICEF, 

World Bank and WHO. In 2005, WHO promoted the International Health 

Regulations 2005, to prevent, protect against, control and provide a public health 

response to the international spread of disease in ways that are commensurate with 

and restricted to public health risks, and which avoid unnecessary interference with 

international traffic and trade (WHO, 2016, p. 1).  While, in 2011, it was introduced 

the Pandemic Influenza Preparedness (PIP) Framework14 to bring together the 

Member States, industry, other stakeholders and WHO to implement a global 

approach to pandemic influenza preparedness and response. Its principal goals 

include improving and strengthening the sharing of influenza viruses with human 

pandemic potential and increasing the access of developing countries to vaccines. 

Since its introduction, according to Huvos & Khan (2016, p. 559), WHO Member 

States have resumed virus sharing and industry has taken unprecedented steps to 

cooperate and participate, committing nearly 350 million doses of vaccine and 15 

million treatment courses of antiviral medicines, and contributing upwards of US$ 

90 million to WHO. Indeed, this process was strengthened by the Global Vaccine 

Action Plan 2011-2020 (GVAP 2011-2020)15, created by the World Health 

Organization with the endorsement of the 194 Member States of the World Health 

Assembly in May 2012. 

The attention in recent years has allowed having strong and consolidated programs 

of control, for epidemic diseases known as cholera, HIV infection, influenza, 

meningitis, malaria, tuberculosis and fever yellow. However, even if medical 

countermeasures are available, these diseases remain a threat to many of the world's 

                                                           
12 Gavi has improved the access to new and underused vaccines for children living in the 
world’s poorest countries 
13 https://www.gavi.org 
14 https://www.who.int/features/qa/pandemic-influenza-preparedness/en/ 
15 https://path.azureedge.net/media/documents/OTP_dov_gvap_2011_20.pdf 
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populations, due to their rapidly evolving nature (e.g. influenza) or the low access 

to effective public health measures. Besides, in some cases the limited access of 

vaccines is due to reasons of production capacity, unable to meet the demand (e.g. 

yellow fever, pandemic flu), due to the rapid evolution of outbreaks that can cause 

stock depletion (for example meningitis). Furthermore, in many affected countries, 

the weakness of the existing health system prevents effective access to medical 

interventions (diagnostics and treatment). The current global strategy is to achieve 

the elimination or eradication of these diseases through vaccination or investment 

and the implementation of other countermeasures. 

Epidemics and pandemics have always put pressure on and stress on health systems. 

The congestion due to a sudden and exponential increase of patients creates 

considerable management difficulties, even more in the case of limited resources. 

Besides the epidemic spread, it forces the health personnel to concentrate their 

forces on emergencies, ignoring the routine problems, neglecting the basic essential 

health services. The outbreak if not contained through valid prophylaxis actions, 

can create infection hubs within hospitals. These last aspects require special 

attention. 

1.3 The measles issue in Italy 

1.3.1. The general context of measles 

As indicated by the National Centre for Diseases and Health Promotion of the 

Istituto Superiore della Sanità (ISS)16, measles is an infectious disease caused by a 

virus of the genus morbillivirus (family of Paramyxoviral). Measles is a very 

contagious disease that usually affects children between one and three years, so it 

is called infantile, such as rubella, chicken pox, pertussis and mumps. It is 

transmissible only in humans and once contracted, gives rise to a theoretically final 

immunisation, excluding some exceptions.  The infection occurs through the nasal 

                                                           
16 http://www.epicentro.iss.it/problemi/morbillo/morbillo.asp 
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and pharyngeal secretions, probably by air through the respiratory droplets that 

spread in the air when the patient coughs or sneezes. 

This disease has no severe symptoms, mainly causes a rash, similar to those of 

rubella or scarlet fever. The incubation period is about ten days: it starts when the 

virus enters the body and ends with the onset of fever. The infectiousness lasts up 

to five days after the rash and is maximum three days before when the subject gets 

a fever. Generally, in total, the disease lasts between ten and twenty days. 

The first symptoms are similar to those of a cold (a dry cough, runny nose, 

conjunctivitis) with a fever that becomes increasingly high. Then white spots appear 

inside the mouth. After 3-4 days, the characteristic rash appears (exanthema), 

composed of small bright red spots, first behind the ears and on the face, and then 

on the rest of the body. The rash lasts 4 to 7 days; the rash disappears starting from 

the neck. Sometimes, it remains a peeling of the skin for a few days. 

Complications are relatively rare, but measles epidemic is still responsible for 

between 30 and 100 deaths per 100,000 people affected. In 2017, WHO 

Surveillance System17 reported 173.330 cases, estimating a global coverage of 85% 

with MCV1 (Measles-containing-vaccine first-dose) and global coverage of 67% 

of MCV2 (Measles-containing-vaccine second-dose). 

The complications are mainly due to bacterial infections: average otitis, laryngitis, 

diarrhoea, pneumonia or encephalitis (inflammation of the brain). New-borns, 

malnourished children or people affected by the immune deficiency get more often 

complications by measles infection. 

Usually, the diagnosis is made only for clinical observation. Eventually, specific 

antibodies against the measles virus can be found in the serum, three or four days 

after the cutaneous eruption. 

                                                           
17 
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/
active/measles/en/ 
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There is no specific treatment. The measles vaccine belongs to live attenuated 

vaccines. The vaccine exists in the form of a vaccine complex against measles, 

mumps and rubella (MMR). 

In Italy, the first dose of the vaccine is carried out according to the guidelines of the 

Italian National Prevention Vaccination Plan (NPVP) at the 12-15th month 

(MCV1), with a recall towards 5-6 years (MCV2). Until the 6th-9th month, the 

new-borns can be protected against the antibodies that come from the mother 

previously immunised. The duration of immunisation of the new-born is lower if 

the mother has been immunised by a vaccine and not by the measles itself.  

Indeed, the measles vaccine provides 99% vaccine efficacy with only two doses. 

Furthermore, almost all cases of measles manifest themselves with evident clinical 

symptoms, making diagnosis almost simple. However, measles poses several 

challenges due to its extreme contagiousness. The measles virus the most 

contagious in the world, being able easily potentially to infect anyone who is not 

vaccinated. To stop the transmission of measles, it is, therefore, necessary that more 

than 95% of the population be vaccinated (Roberts, 2015). 

Nowadays, measles is underestimated, especially in the wealthiest countries, and 

this is mainly due to two reasons. On the one hand in these countries, it manifests 

itself with symptomatology that in most cases is resolved without giving rise to 

complications. On the other hand, the existence of efficient health systems has 

allowed, also through the increasing diffusion of vaccination, a notable reduction 

in the mortality related to measles, contributing the decreasing of perception of 

dangers and risks related to it (Keegan, et al., 2011). 

As with all live attenuated vaccines, vaccination is not performed in individuals 

with immune deficiency or under immunosuppressive therapy (corticoids, 

antineoplastic, anti-rejection), nor, as a precaution, in pregnant women or wishing 

to be pregnant in the following month. Therefore, a measure of prophylaxis is 

essential in those environments where debilitated subjects cannot be protected 

directly through vaccination, thus avoiding contact between the latter and those who 

could represent a contagion vector. 
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Although the vaccine has been present for several years, this disease is so far 

widespread throughout the world; During the end of winter and spring, there is the 

highest spread of the disease in the countries with a temperate climate. Its diffusion 

is more prevalent in the developing or underdeveloped countries, characterised by 

an ineffective national health system. Indeed, according to the GVAP (WHO, 2013, 

p. 19), the coverage gaps persist between countries, as well as within countries. 

WHO, in 2010, estimated that the average coverage with the measles-containing 

vaccine in low-income countries was 15% below that of high-income countries, and 

measles vaccine coverage rate for the wealthiest fifth of the population in some 

countries was up to 58% higher than for the poorest fifth world countries. This 

coverage gap affects rural areas despite the urban areas, and in settlements of the 

urban poor, especially in cities with a transitory migrant population. 

Figure 4 The spread of Measles (2015) 

 

Source: WHO, http://www.epicentro.iss.it/problemi/morbillo/epidMondo.asp 

 

http://www.epicentro.iss.it/problemi/morbillo/epidMondo.asp
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In the case of Measles, as reported by the Centres for disease control and prevention 

of the U.S. Department of Health & Human Services18, after demonstrating its 

safety and efficacy, first in monkeys and then humans, John Enders and colleagues 

declared their measles vaccine capable of preventing infection. Their Edmonston-

B strain of measles virus was transformed into a vaccine licensed in the United 

States in 1963, and nearly 19 million doses would be administered over the next 12 

years. 

Figure 5 Measles global annual reported cases and MCV1 coverage, 1980-2017 

 

Source: WHO19 

Currently, the spread of measles is highest in the countries of South East Asia, the 

Western Pacific and Africa with 114.900 deaths worldwide in 2014 (Figure 4). In 

many European countries, measles is no longer endemic, but in recent years 

                                                           
18 https://www.cdc.gov/measles/about/history.html 

19 
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/
active/measles_global_coverage_2017.jpg?ua=1 
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epidemics have occurred in Austria, France, Germany, Italy, Switzerland, England. 

In Italy, during the pre-vaccination period, the number of measles reports ranged 

between 20,000 and 80,000 per year. The incidence has been modified by the 

introduction of the vaccination, which took place in 1976 and effectively made 

available in the early 90s (Italian Ministry of Healthcare, 2017a, p. 31). However, 

thanks to the efforts made, especially in the underdeveloped and developing 

countries (WHO, 2013, p. 19), through international cooperation projects, since the 

80s there has been a positive trend, as reported in Figure 5.  MCV2 coverage is so 

far unsatisfactory, even though the increasing coverage of vaccination is also 

confirmed by Figure 6, due to an improvement of healthcare systems in the Poorest 

Countries 

Figure 6 Number of countries having introduced second dose of measles-containing 

vaccine (MCV2) and global MCV2 coverage, 2000-2017 

 

Source: WHO20 

In some developed Countries, the trend is different. For example, in the USA, as 

indicated by the Centres for Disease Control and Prevention of the U.S. Department 

                                                           
20 
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/MCV2_graph_201
7.jpg?ua=1 
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of Health & Human Services21, there are some cases of outbreaks, and then some 

dynamic oscillations, deriving from a reticence by a part of the population in getting 

vaccinated (Figure 7). 

Figure 7 Number of Measles Cases reported by Year (2010-2018) 

 

Source: CDC, https://www.cdc.gov/measles/cases-outbreaks.html 

In these cases, the spread of measles was caused in particular by the following 

problems: 

● Unvaccinated subjects, 

● Travellers who have visited countries where measles is still prevalent, 

including developed countries, 

● Dissemination within no-vax social groups for social, cultural or religious 

issues. 

The current voluntary and conscious reticence to vaccines is mainly due to concerns 

about autism, the perceived increased rates of autism in the Somali-American 

community, and the misunderstanding that autism was related to the MMR vaccine 

(Hall, et al., 2017). 

                                                           
21 https://www.cdc.gov/measles/cases-outbreaks.html 

https://www.cdc.gov/measles/cases-outbreaks.html
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The healthcare gap between wealthiest and poorest Countries represents the most 

primary target as the majority of measles deaths occur in countries with low per 

capita incomes and weak health infrastructures. 

The healthcare gap between wealthiest and poorest Countries represents the most 

primary target as the majority of measles deaths occur in countries with low per 

capita incomes and weak health infrastructures (Cerda, et al., 2015). 

In 2015, around 85% of children in the world received, through primary health 

services, a dose of vaccine within the first year of age (in the year 2000 it was 79%). 

Thanks to vaccination, from 2000 to 2015, the incidence of measles decreased by 

75%, from 146 to 36 cases per million inhabitants and a decrease of 79% in 

mortality caused by this disease was recorded (rising from 651,600 estimated deaths 

in 2000 to 134,200 in 2015). However, the goal was to reduce measles mortality by 

95% by 201522. 

The World Health Organization provides indications on reducing measles deaths, 

which went from 562,000 in 2000 to 122,000 in 201223. This result is the result of 

the increase in global measles vaccine coverage from 72% in 2000 to 84% in 2012, 

when 145 countries had also introduced the second dose, and over 140 million 

people were vaccinated through vaccination activities. 

In order to monitor and evaluate the progress in the elimination of measles, an 

independent group of experts, "Regional Verification Commission" (RVC) has 

been set up at European level. The RVC was established by the Regional Office in 

2012 as an independent expert body with the mission to verify the elimination of 

measles and rubella in the Region (WHO, 2018b). The evaluations are based on 

the information contained in the annual reports, the "Annual Status Updates" 

(ASU), sent by the National Verification Committee (NVC) of each Member State. 

So far, 51 of the 53 member-countries, including Italy, have nominated an NVC. 

The reports include information regarding the epidemiology of measles and 

                                                           
22 http://www.epicentro.iss.it/problemi/morbillo/epidMondo.asp 

23 http://www.who.int/immunization/diseases/measles/en/ 
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(including molecular epidemiology), the immune status of the population, the 

performance of immunisation programs, the quality of surveillance, and other 

useful information to evaluate progress towards elimination, defined in the 

document "Eliminating measles and rubella. Framework for the verification 

process in the WHO European Region". 

According to the conclusions of the European Regional Commission for the 

Elimination of Measles, contained in the "5th Meeting of the European Regional 

Verification Commission for Measles and Rubella Elimination" report, in 2015, 37 

(70%) of the 53 Member States of the European Region have interrupted the 

endemic transmission of measles for a period of at least a year. In particular, as can 

be seen in Table 3,  24 countries (45%) have interrupted the diseases for a period 

of at least 36 months (therefore it is considered that the disease has been 

eradicated), 9 for  a period of 24 months and 4 for 12 months; this table shows that 

measles are still endemic in 14 European Member States of  WHO (26%), 

including Italy. 

Table 3 Elimination status of measles in the EU members of the WHO, 2015 

Elimination Status (2015) Number of Countries 

Transmission interrupted, 36 months 

(disease eliminated) 

24 (45%) 

Transmission interrupted, 24 months 9 (17%) 

Transmission interrupted, 12 months 4 (8%) 

Endemic infection 14 (26%) 

Verification process not yet started 2 (4%) 

Total 53 

 Source: http://www.epicentro.iss.it/problemi/morbillo/epidEuropa.asp 

 

http://www.epicentro.iss.it/problemi/morbillo/epidEuropa.asp
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Within the European Union (EU), the trend has had an oscillating trend as indicated 

in Figure 8, with two peaks dating back to 2010 and 2011. Currently, there is a 

greater diffusion in Romania, Ukraine and Italy (WHO, 2018b). 

Figure 8 Cases of measles reported from 1 January 2006 to 30 June 2016 in EU.  

 

Source: ISS, http://www.epicentro.iss.it/problemi/morbillo/epidEuropa.asp 

In Europe and more prosperous countries, the reduced perception of risks related to 

measles has shifted the attention to the possible adverse effects of vaccines, which 

are almost always undocumented. Thus, the spread of vaccine refusal, fuelled by 

the possible presence of adverse events, has now been declared unfounded by 

numerous scientific studies, for example, it is sufficient to cite the fraudulent study 

of Wakefield (1998) which stated a correlation between MMR (Measles-Mumps-

Rubella) vaccination and autism. Resistance to vaccination has led to a significant 

drop in vaccination coverage and an increase in the incidence of measles 

worldwide, with the consequent emergence of epidemic outbreaks even where the 

disease had been declared eliminated (Saint-Victor & Omer, 2013). 

RVC24, on 6th meeting of “The Regional Verification Commission for Measles and 

Rubella Elimination” placed in 2017, appreciated the implemented policies in Italy 

for surveillance and immunization initiatives, because of  the introduction of the 

                                                           
24 www.euro.who.int/6thRVC 

http://www.epicentro.iss.it/problemi/morbillo/epidEuropa.asp
http://www.euro.who.int/6thRVC
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new National Plan of Vaccine Prevention and of the national network of measles 

and rubella regional laboratories with a comprehensive national accreditation 

programme. The RVC advised the national health authorities to consider further 

measures to improve the sub-national vaccination coverage in all administrative 

territories and to improve the rate of viral detection of measles and rubella through 

the submission of specimens for genotyping (WHO, 2017c).  

The WHO (2018b), through the RVC,  has assessed that in several measles 

outbreaks in 2017 significant proportions of cases were less than one year old25 (not 

covered with national routine immunisation programme schedule) or older than 15 

years (mostly missed by and now overaged for the national routine immunisation 

programme schedule). Furthermore, in some outbreaks, more than 50% of 

confirmed cases were adolescents and adults. The RVC urged implementation of 

the WHO recommendations regarding immunisation of health care workers; the 

WHO vaccine position paper on measles stresses that all healthcare workers should 

be immune to measles and proof/documentation of immunity or immunisation 

should be required as a condition of enrolment into medical training and 

employment  (WHO, 2018b). Despite this last recommendation for the 

immunisation of healthcare workers, in some countries, for example in Italy, the 

Healthcare Organizations have been by legal and administrative issues.  Indeed, in 

Italy, the matter is regional competence, and even if there are virtuous cases such 

as in Emilia-Romagna (Regione Emilia-Romagna, Giunta Regionale, 2018), there 

are administrative Regions where compulsory vaccination of health personnel is not 

possible, as in Sicily, where the only instrument currently considered is informed 

consent (Regione Siciliana, 2018). 

1.3.2. History of the introduction of measles vaccination in Italy 

The measles vaccine was introduced in Italy in the '70s through the administrative 

Circular n. 41 of 25 June 1979 where the Ministry of healthcare recommended the 

achievement of 90% vaccination coverage in subjects belonging to the age group 

                                                           
25 it is possible to consider that these subjects were born from unvaccinated mothers, who 

did not allow the transfer of immunological coverage for the first months of life 
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most susceptible to infection (children aged 2 to 8 years). Until the ‘90s, the 

vaccination coverage against measles has always been rather low, reaching an 

average of 56% on the national territory. The vaccine coverage for measles within 

the two years of life had a regional variation from 25.5% to 87.7% (Italian Ministry 

of Healthcare, 1999). 

Before the vaccination period, an average of 60.000 - 80.000 cases per year of 

measles were notified in Italy, due to the high ease of spreading the epidemic; 

moreover, several studies stated that these values were underestimated compared to 

the real cases (Grandolfo, et al., 1999). In the 80s, it was reported an average of 

45,600 cases per year, with a peak of 70,000-80,000 cases during the epidemic years 

and 20,000-30,000 cases per year during the inter-epidemic years, in a triennial 

cycle (Grandolfo, et al., 1999, p. 335). During the period 1980-89 the cases of 

measles, reported in subjects over 14 years, represented on average 14% of the total, 

while in the period 1990-97 this amount increased to 33% (Italian Ministry of 

Healthcare, 1999).  

Over the years, the vaccination rate has increased and then collapsed in the last 

decade. According to statistics of the Istituto Superiore della Sanità, in 2017 the 

median age of measles cases is 33 years old26. 

In Italy, vaccination has been recommended since 1979, but it was widely believed 

that parents, physicians and primary paediatricians were not conducive to 

vaccination, despite investigations in this regard prove the opposite (Tomasi, et al., 

1982). Between 1989 and 1990 some mass campaigns were implemented in many 

USLs (Local Health Units) of 15 regions, according to the strategy of pilot studies, 

carried out previously, obtaining a vaccination coverage between 50% and 99%. 

The level of vaccination was exclusively conditioned by the quality of the existing 

supply and by no other factor (Grandolfo, et al., 1999, p. 337). 

The cases of measles, after the short peak of 2002 and 2003, epidemic years at the 

national level, were almost zero in 2004 and 2005 (one case in two years). The 

                                                           
26 http://www.epicentro.iss.it/problemi/morbillo/documentazioneItalia.asp 
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protective effect can be explained by the high measles vaccination coverage reached 

by both infants up to 24 months of age (94.7% in 2005) and children from 6 to 13 

years. 

After the increase in cases in 2002 and 2003, following the massive epidemic that 

has crossed Italy in those years, starting from areas with low vaccination coverage, 

measles reached its historical minimum in the Province of Modena. Only one case 

was registered in 2004 and no case in 2005. The high vaccination coverage reached 

in this Province, has demonstrated the protective effect in countering the spread of 

the disease during the national epidemic and in drastically reducing cases to zero 

them in 2005. The percentage of vaccinated children under the age of 24 months in 

the provincial territory reached 94.4% in 2005 and is over 90% since 1997 

(Grandori, et al., 2005, p. 1). 

However, Grandori et al. (2005, p. 3) stated that it would be dangerous to reduce 

the state of attention regarding this pathology, referring to the chances of changing 

the composition of the population, due to national and regional migratory flows, 

coming from areas with low vaccination coverage. In that sense, during that period, 

it was advised to have a constant commitment to offer measles vaccination and 

careful monitoring of the epidemiological situation to avoid the formation of 

pockets of susceptible that would constitute a risk of possible future epidemics. In 

2006, some outbreaks of measles were reported in various parts of Italy that mainly 

affected the nomadic Roma and Sinti populations. At that time, the most affected 

regions were the Autonomous Province of Bolzano, Lazio and Sardinia. In the 

administrative Region of Emilia-Romagna, object of study by Grandori et al. 

(2005), from 1st January to 31st December 2006, two outbreaks of modest size were 

reported involving four children in a nomad camp in Bologna and two adult 

brothers, one of whom (the index case) contracted the disease following a trip to 

Grosseto where there was a small epidemic.  

However, in 2000 in Italy, the percentage of children vaccinated within 24 months 

was still less than 80%, and in Campania, it was about 60%. These coverage values 

left a large proportion of children susceptible to infection, which constituted the 
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potential for an outbreak in 2002. Already in 2002, it is suggested to implement an 

interregional program that guarantees, throughout Italy, both an increase in 

vaccination coverage of new-borns and a recovery of older children not previously 

vaccinated (Ciofi degli Atti, et al., 2002). 

Table 4 shows the decrease of the annual epidemic flows in the period 1988- 2006, 

even there is an oscillatory trend.27   

Table 4 Incidence rate of Measles in Italy 

Year Incidence rate per 100.000 

inhabitants 

1988 160 

1993 29,7 

2001 1.5 

2002 31.6 

2006 0.97 

Source: ASL Alessandria28 

The epidemic trend of 2000s shows how vaccination interventions, to be effective, 

must be based on an integrated surveillance system between vaccination activities 

and cases of disease that, due to the size of the population concerned, must be 

implemented on an IT basis whose absence limiting, in place, the timely adoption 

of corrective measures (Sammarco et al., 2005). At the same time, Ciofi degli Atti 

et al. (2007) have reaffirmed the need to monitor nomad populations characterised 

by low vaccination coverage in order to develop specific strategies, improve survey 

                                                           
27 The data show an average incidence of 9.6 cases every 100,000 of those between 1998 

and 2002. In 2002 there was a substantial measles epidemic in Italy, where the geographical 

distribution of cases coincided closely with that of the vaccination coverage, lower in South 

Italy (Eurosurveillance, 2003). 

28 

http://www.aslal.it/allegati/Seremi/Argomento%20di%20salute/Prevenibili/Schede_vacci

nazioni/Vaccinazione_morbillo.pdf 
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information systems, and verify current vaccination coverage for children over 

seven years of age.  

In 2002-2003, the Italian measles epidemic, compared to about 20,000 cases, led to 

a cost of 22 million euro (Italian Ministry of Healthcare, 2017b) 

Measles29 is subject to mandatory notification and falls into class II diseases30. 

However, this system has some limitations, including the limited completeness of 

the notifications, the lack of a standard case definition (with the consequent 

difficulty in the classification of cases, requested by international agencies), the lack 

of recourse to laboratory confirmation, and the limited availability of detailed 

information on cases. Therefore, with the approval of the first national plan for the 

elimination of measles and congenital rubella (2003), the Italian Ministry of 

Healthcare tried to complement the mandatory notification with a special 

surveillance system able to provide more detailed and timely information on cases. 

In 2007, the special measles surveillance system was created, following the 

guidelines reported in the "National plan for the elimination of measles and 

congenital rubella 2003-2007". The surveillance system foresaw the signalling to 

the ASLs (Local Health Units), by the doctor (as reported by Figure 9), within 12 

hours from the suspicion of a case of measles, with the conduct of an 

epidemiological survey by the ASLs, the confirmation of the diagnosis through 

appropriate laboratory investigations, the compilation of a standard form, and its 

immediate transmission to the Italian Ministry of Health and to the National Centre 

for Epidemiology, to the  Surveillance and Health Promotion  Institute (Cnesps) 

and to the Istituto Superiore della Sanità. 

                                                           
29 
http://www.salute.gov.it/portale/temi/p2_6.jsp?id=650&area=Malattie%20infettive&men

u=vuoto 
30 The surveillance of infectious diseases is mainly entrusted to the Infectious Diseases 

Information System (SIMI), based on the notifications of treating physicians, which 

includes immediate reports to alert public health workers and monthly summaries of all 

notified infectious diseases, compiled by each Local Health Unit (ASL).The SIMI has been 

revised with the Ministerial Decree of 15 December 1990. Infectious diseases are classified 

into five classes by descending emergency order. While class I requires a maximum 

reporting time of the doctor to the Local Health Agency of 12 hours, measles requires 48. 
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Figure 9  Compulsory notification disease report form - class II 

 

Source: Italian Ministry of Healthcare31 

                                                           
31 http://www.salute.gov.it/imgs/C_17_pagineAree_902_listaFile_itemName_4_file.pdf 
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In 2013, the particular surveillance system of measles evolved in the integrated 

measles-rubella surveillance system, established by the circular letter of the 

Ministry of Healthcare of 20 February 201332.  The objective was to strengthen the 

surveillance of measles and rubella, diseases for which there are targets for 

elimination, set by the "National Plan for the elimination of measles and congenital 

rubella 2010-2015"33. A web platform34 had been designed, to collect data on 

notified cases in real time, in which the regional and ASL (Local Health Unit) 

representatives directly can report the notified cases. The form of Figure 9 was 

updated with a more exhaustive document also providing information on previous 

risk contacts from the infected patient35. 

1.3.3. The Current Issue of Measles in Italy.  

While global measles vaccination coverage has increased, resulting in a significant 

reduction in measles mortality in the world (De Vries, et al., 2015, p. 1), according 

to the Italian Healthcare System, in Italy the infectious people are dramatically 

increased during 2017 from 61136 to 500437, because of a reduction of the 

prevalence of vaccinated population38. Indeed MMR (measles, mumps, rubella) 

vaccine coverage decreased by 5% from 90.4% in 2013 to 85.3% in 2015 in Italy39. 

                                                           
32 

http://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=0&codLeg=48172

&parte=1%20&serie 

33 

http://www.epicentro.iss.it/problemi/morbillo/PianoEliminazioneMorbilloRosoliaCongen

ita2010-2015.asp 

34 https://www.iss.it/site/rmi/morbillo/ 

35 http://www.salute.gov.it/imgs/C_17_pagineAree_902_listaFile_itemName_10_file.pdf 
36 http://www.epicentro.iss.it/problemi/morbillo/epidItalia.asp 

37https://ecdc.europa.eu/sites/portal/files/documents/Monthly%20Measles%20and%20Ru

bella%20monitoring%20report%20%20February%202018.pdf  

38http://www.epicentro.iss.it/problemi/morbillo/bollettino/Measles_WeeklyReport_N23.p

df 

39 http://www.rivista.sis-statistica.org/cms/?p=459 

https://ecdc.europa.eu/sites/portal/files/documents/Monthly%20Measles%20and%20Rubella%20monitoring%20report%20%20February%202018.pdf
https://ecdc.europa.eu/sites/portal/files/documents/Monthly%20Measles%20and%20Rubella%20monitoring%20report%20%20February%202018.pdf
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Some vaccine-preventable diseases have become so sporadic that people, and even 

health care professionals, fail to appreciate the benefits of vaccination. In Italy, until 

2017, measles was not perceived as a severe problem, and anti-vaccine movements 

gained popularity, dangerously publicising unfounded vaccine safety concerns. 

Indeed, the Vaccine Confidence Project40, through a survey across 67 countries, 

that has investigated about confidence in vaccine safety and effectiveness, has 

ended up that the 14.60% of the Italian population mistrust the vaccines. Moreover, 

there is much evidence that Italian regions with financial issues41 devote less 

attention and fewer resources for prevention activities (Adamo, et al., 2016, p. 1). 

Furthermore, the First Report on Vaccination prevention, prepared by Osservatorio 

Nazionale sulla Salute nelle Regioni Italiane (2015)42, has shown that the 

heterogeneity in vaccination coverage in the various Italian Regions is not only a 

consequence of the demand of the population but also because of the supply quality. 

This logistics shortage creates a severe situation of inequality at the national level 

or for large regional areas. 

1.3.4 The current regulatory framework 

The sudden increase of measles infectious has brought the Italian government to 

approve a law extending the number of mandatory vaccinations in persons up to 16 

years old (Filia, et al., 2017, p. 1). This law was approved on May 29, 2017, by the 

Italian Parliament with the Decree Law  No. 73 of June 7, 2017 “Urgent Provisions 

on Vaccine Prevention (infectious diseases and drug-related disputes)”. 

 

                                                           
40 http://www.vaccineconfidence.org/research/the-state-of-vaccine-confidence-2016/ 

41  The following Regions have had to establish with the Ministry of Health a “Recovery 

Plan” to achieve the equilibrium of the financial balance of the regional health services 

from 2007: Abruzzo, Calabria, Campania, Lazio, Liguria, Lombardy, Molise, Puglia and 

Sicily; currently five of them, must have a Commissioner for the continuation of the 

Recovery Plans. http://www.salute.gov.it/portale/p5_1_1.jsp?lingua=italiano&id=145 

42 https://www.osservatoriosullasalute.it/wp-

content/uploads/2016/11/Prevenzione_Italia_Conferenza_stampa_19_giugno_2015.pdf 
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Figure 10 Implementing Vaccination in Italy 

 

 

This law updated the National Prevention Vaccination Plan 2017-2019 (NPVP)43, 

approved in the State-Regions Conference44 on January 19, 2017 and published in 

the National Official Gazette on February 18, 2017, that recognizes, as a public 

health priority, the reduction or elimination of the infectious diseases preventable 

by vaccine, through the identification of effective national strategies to be 

implemented.  

Figure 10 shows the process of governance and implementation of vaccines starting 

from the national concertation process with the administrative Regions to arrive at 

local operational plans. 

According to the recommendations of the NPVP, the Regional Local Authorities: 

                                                           
43  http://www.trovanorme.salute.gov.it/norme/dettaglioAtto?id=58185 

44 The activities of the State Regions Conference can be summed in five categories: advisory, 

decision-making, informative, reviewing and designating (Ceccherini, 2009, p. 227). 
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• define the Vaccination Calendar, they lay down the modalities to share the 

expenditure for vaccinations not included in the Basic Healthcare Levels 

(LEA – Livelli Essenziali di Assistenza), 

• define the accreditation requirements of vaccination centres,  

• define how to monitor the progress of vaccination coverage by age and the 

vaccine reactions.  

The Local Health Units (ASLs – Aziende Sanitarie Locali), according to these 

provisions, have to draw up and adopt (within 60 days) their implementation plan 

as a tool for planning and organising vaccination prevention activities on the 

territory45. 

The NPVP was written following the previous national Vaccination Plan (NPVP 

2014-2018) and especially the guidelines of the European Vaccine Action Plan 

2015– 2020 (EVAP) that represents the contextualization of the Global Vaccine 

Action Plan 2011–2020 (GVAP) of World Health Organization (WHO) in Europe 

(NPVP, 2017, p. 28). One of the goals of the new NPVP, as it is stated by the Decree 

Law No. 73 of June 7, 2017, is to reach a Measles-free condition through  a free 

vaccination service to the Italian population up to 16 years old, improving  the 

procurement efficiency and logistics, and finally promoting vaccination campaign 

The NPVP proposes to reach the state of measles-free, offering the active and free 

vaccination to the age groups and at-risk populations. However, the primary interest 

was addressed to the children up to 24 months old. The NPVP considers to revise 

and to improve the supply and logistics efficiency of the vaccination system with 

the aim of achieving and maintaining the coverage described below; to increase 

conscious adherence to vaccinations in the general population, including through 

the conduct of vaccination campaigns for the consolidation of vaccination 

coverage; to counteract inequalities, promoting vaccination interventions in groups 

of marginalized or particularly vulnerable populations; to complete the 

                                                           
45 

http://pti.regione.sicilia.it/portal/page/portal/PIR_PORTALE/PIR_LaStrutturaRegionale/PIR_Asse

ssoratoSalute/PIR_AreeTematiche/PIR_Vaccinazioni 
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computerization of the vaccine registers, interoperable at regional and national 

level, among themselves and with other databases (infectious diseases, adverse 

events, residents / assisted persons); to improve the surveillance of vaccine-

preventable diseases; to promote, in the population general and in health 

professionals, a vaccination culture consistent with the guiding principles of this 

Plan, described as "10 points for the future of vaccinations in Italy"; to support the 

sense of responsibility of health workers, employees and affiliated with the National 

Health System (NHS), and full adherence to the purposes of protection of collective 

health, which are carried out through the vaccination programs, providing for 

adequate sanctions if a behaviour of non-compliance is identified.  At the end, the 

NPVP has considered the activation of a path of review and standardization of the 

criteria for the identification of the causal link for the purpose of the recognition of 

the indemnity, according to the law 210/1992, for the damaged by vaccination, 

involving the other competent institutions (Ministry of Defence) and favouring, 

through a collaboration between the National Institutions and the Companies 

Scientific, research and independent scientific information on vaccines. 

The Ministry of Healthcare has drawn up the new NPVP and the related vaccination 

calendar, based on the intense work of the primary scientific societies of the 

hygiene, paediatric and general medicine sector (SItI, FIMG, FIMP, SIP), who have 

shared it with generous availability and a high ethical and professional sense, with 

the primary aim of harmonizing the vaccination strategies. The current national 

vaccination management is set up by the new National Plan for Vaccination 

Prevention 2017-2019 62 n. 27, March 2017, in order to guarantee to the population, 

regardless of place of residence, income and socio-cultural level, the full benefits 

derived from vaccination. The vaccination is intended as an instrument of 

individual protection and collective prevention, through the fairness in access to 

high-quality vaccines, including concerning safety and availability over time 

(preventing as much as possible, situations of deficiency). 

This last NPVP intends to incorporate the founding elements of the Constitutional 

Law (in particular the article 117), which states that the National Government 

formulates the fundamental principles of vaccination strategies. However, the 
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Constitutional Law does not explain how to implement principles and objectives, 

because this regards the exclusive competence of the Regions (Italian Ministry of 

Healthcare, 2017b). 

As a consequence, starting on June 1, 2017, the Ministry of Healthcare began an 

awareness campaign for the education of the population about the importance of 

vaccinations. During the 2017-2018 academic year, the Ministry of Healthcare, 

together with the Ministry of Education, Universities, and Research, have promoted 

initiatives for the training of teachers and students about vaccinations, involving too 

parents’ associations in the campaign46. 

With the introduction of the decree-law June 7, 2017, n. 73 converted with 

amendments from Law 31 July 2017, n. 119 (in GU 05/08/2017, No. 182), 

consistent with the indications given by the obligations assumed at European and 

international level, on the protection of public health and maintenance of adequate 

epidemiological safety conditions in terms of prophylaxis and vaccination 

coverage, mandatory and free vaccination is established for minors aged between 

zero and sixteen (pursuant to the art. 1). In this sense, as indicated in paragraph 4 

of art. 1, a pecuniary administrative sanction is established concerning parents 

exercising parental responsibility and to guardians from five hundred to seven 

thousand seven hundred and five if they do not fulfil the obligations required by the 

public health system. 

For public health prevention, art. 3 establishes the vaccination requirements for 

enrolment in educational services for children, institutions of the national education 

system, regional vocational training centres and private non-equal schools, 

repealing through art. 6 the previous legislation. 

Following the decree, on September 1, 2017, the Ministry of Education, University 

and Research and the Ministry of Healthcare jointly issued a circular containing the 

operational indications for the school year 2017/2018 for the implementation of the 

law on vaccination prevention. The circular aims to facilitate families in fulfilling 

                                                           
46http://www.loc.gov/law/foreign-news/article/italy-vaccinations-for-children-made-mandatory/ 
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their vaccination obligations, which are at the centre of the new legislation approved 

to protect public health and to foster a positive school-family relationship during 

the initial implementation of the legislation. With this circular, clarifications are 

provided regarding the documentation to be submitted (with a further detail with 

respect to the communications already provided regarding the procedures for 

requesting an appointment for vaccines at their ASL); on the scheduled deadlines 

and their harmonization with the school calendar and with the actual start of lessons; 

on the rules for access to school.  Although the delivery of documents attesting the 

vaccination of minors for admission to educational services for children or 

kindergartens (including private schools) is established as an access requirement, 

the circular considered the possibility of providing a self-certification by the start 

of school activities for admission (to be provided by 11 September 2017). 

According to the circular, the self-certification (e.g.Figure 11) required the public 

documentation to prove the performed vaccinations by March 10, 2018. 

While there is particularly restrictive attention for the younger age groups, for the 

older populations (including teenagers), there is a less coercive attitude, as this 

document does not contain a requirement of access to second cycle schools. 
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Figure 11 A sample of self-certification 

  

Source: https://www.termometropolitico.it/media/2018/09/Modulo-

Autocertificazione-Vaccini-2018.pdf 

The introduction of self-certification has led interesting aspects on the decisional 

dynamics, methodologies, use of normative tools and the role of public opinion; in 

this regard, Belloni states (2018, p.160), that this dynamics allows to glimpse and 

https://www.termometropolitico.it/media/2018/09/Modulo-Autocertificazione-Vaccini-2018.pdf
https://www.termometropolitico.it/media/2018/09/Modulo-Autocertificazione-Vaccini-2018.pdf
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presage a future in which the relationships between law, politics, science and 

popular consensus will become increasingly present in the public debate and the 

agendas of governments and, at the same time, increasingly problematic and 

complex. 

The regulatory innovations of 2017 have foreseen the introduction of a national 

electronic vaccination registry which, however, was reaffirmed by the joint Circular 

of 5 July 201847 (Vaccination requirements for minors between the ages of zero and 

sixteen who attend educational, educational and educational institutions - new 

operational indications for the school year - 2018-2019 annual calendar) that has 

not yet been implemented, risking having to procure on the basis of the current 

regulatory framework a burdensome bureaucratic procedures for families and 

schools. As a consequence of the circular mentioned above, although the 

vaccination obligation remains, parents do not have to bring any health document 

to show the fulfilment of the legal obligations, but a mere self-certification. This 

document is hardly subject to controls due to the lack of computerisation of health 

information in most of Italy, except for Regions like Lazio, Tuscany and Emilia-

Romagna where an electronic vaccine registry has been implemented. 

At the same time, AIFA (Agenzia Italiana del Farmaco) manages the national 

system of surveillance of adverse events (for vaccines with investigations carried 

out by public health services). Unfortunately, in the absence of a national registry, 

comparisons are difficult and regional data are not uniform. In order to improve the 

information system, it would be useful to actively involve families in surveillance 

(to improve knowledge and overcome distrust), which is not currently 

implemented. 

                                                           
47 

http://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2018&codLeg=649

28&parte=1%20&serie=null 
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As indicated by the circular dated 5 July 201848, the electronic vaccination registry 

will provide a series of computer data to optimise the management of public health, 

allowing: 

● identification of the population to be vaccinated, 

● management of the vaccine services work plan (e.g. warehouse 

management, reservation management), 

● generation of invitations and re-invitations of the subjects to vaccination, 

● management of the structured anamnesis (pathologies and risk categories, 

possible contraindications), 

● management of vaccine administration, 

● registration of provided vaccinations, 

● management of informed consent, 

● management of rejection to vaccination, 

● management of adverse events, 

● management of the vaccination status sheet of the individual subject, 

● record of historical vaccination data, 

● calculation of vaccination coverage, 

● calculation of activity efficiency indicators, 

● assisted prints (certifications, vaccines, school certification of vaccinations 

according to Law Decree 73 of 2017), 

● reporting. 

The electronic vaccination register, therefore, must contain the data of the 

vaccinated subjects, of the immunized subjects (through the notifications of the 

attending physician or the infectious disease reporting system of the Ministry of 

                                                           
48 

http://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2018&codLeg=649

28&parte=1%20&serie=null 
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Healthcare) or for which the vaccinations may be omitted or deferred for health 

reasons, as well as doses and timing of administration and any side effects. 

The administrative Regions are called upon to transmit information about each 

resident on a quarterly basis. The transfer must take place within the month 

following the reference quarter. The data of each patient will be kept in the National 

Registry until 30 years after the death of the person. Since 2019, the transfer of data 

will be included among the mandatory obligations for the Regions in order to access 

the supplemental funding borne by the State. 

In order to support strategic planning to address the phenomenon of mistrust and 

vaccine dissent, as well as to update the current NPVP, a roundtable discussion of 

independent experts was established (chosen by the ministry and the regions in the 

professional, scientific, institutional, social sector, privileging the criterion of 

competence with respect to that of representation49) led by Professor Vittorio 

Demicheli, which will allow the production of scientific evidence to support 

decision makers' choices. Furthermore, the task of the Roundtable will be to provide 

instruments for the active monitoring of adverse events, to set up standards for the 

functioning of vaccination services and indicators for monitoring interventions and 

the assessment of coverage objectives and to formulate plans for an extraordinary 

intervention on events current or potential risk. 

The roundtable will adopt a working method based on participation and listening to 

the various stakeholders in the sector; support of the recommendations elaborated 

by the available scientific evidence and declaration of the degree of reliability of 

the same; production of evidence (e.g. information, scenarios, forecasts) to support 

decision-makers' choices. 

                                                           
49 

http://www.salute.gov.it/portale/news/p3_2_1_1_1.jsp?lingua=italiano&menu=notizie&p=dalmini

stero&id=3417 
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1.3.5 The impact of misinformation on the measles vaccination 

During the last years, patients are engaging in online communities using several 

social media but “with ever-increasing access to Internet-based information, an 

unsubstantiated rumour about vaccines can rapidly circle the globe and undermine 

immunisation services, sparking outbreaks of disease and untold deaths” 

(Fernández-Luque & Bau, 2015, p. 70). The access to health care internet-based 

information, as a field of the e-health, has brought scholars [ (Signorelli, et al., 

2017), (Odone , et al., 2014), (Odone & Signorelli, 2016)] to request to the Public 

Healthcare Institutions to leverage  the potential offered by Information and 

Communication Technologies and “new media” to inform and educate the general 

public on the benefits of vaccination. Even though e-health represents a broad 

concept, the World Health Organization (WHO) has provided a clear definition, 

considering it as the use of information and communication technologies (ICT) for 

health50. Therefore, e-health involves a broad group of activities that use electronic 

means to deliver health-related information. 

Health-related information could be used for the delivery to the citizen of medical 

information, for the discussion among patients about their health issues, for 

checking a previous diagnosis, for monitoring health care at a distance, for 

obtaining the reimbursement of medical care, for storage in health records, and for 

aggregation in the context of medical research. It can also be used to enhance both 

private and public healthcare systems, not only regarding their quality and 

efficiency but also regarding cost-effectiveness or control of social security 

expenses.  

Progressively, and perhaps insidiously, the use of the Internet and the applications 

linked with Information and Communication Technology (ICT) in the medical 

sector, represent more of a revolution than an evolution. Rapid changes are 

occurring in medical care practices and the self-management by patients of their 

health, and the relationships between various actors of the sector and its 

                                                           
50 http://www.who.int/ehealth/en/ 
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governance. Instead of the historical human relationship that had developed 

between a single health care practitioner and a patient, that included human feelings 

and confidentiality, e-Health now prioritises medical information that circulates 

through an indefinite number of flows and is stored at numerous places for multiple 

purposes (George, et al., 2013, p. V) . In a highly dynamic environment where the 

development of technologies has a widespread impact, also regarding accessibility, 

there is a need to consider how these technologies are used and if the aims of the 

user coincide with the improvement of healthcare. Currently, during epidemic 

crises (whether familiar or new), the public receives information which is 

sometimes misinformation (insufficient information) or disinformation 

(intentionally false information). These last aspects have some severe implications 

for health-related decision making and public health behaviour (Gesser-Edelsburg, 

et al., 2018, p. 2). 

The lack of attention to the management of ehealth information has been the subject 

of recent study, by Toffolutti et al. (2018), showing (as reported by Figure 12), a 

correlation between the reduction of investments in prevention and the growth of 

the no-vax community51.   

Considering the increasing age of the population that causes a increment in health 

needs and therefore the need for higher spending, it is likely to assume that this 

correlation can also be in fact a cause-effect relationship, since a reduction in public 

health resources can lead to a reduction not only of current general services but also 

of those long-term investments necessary for maintaining a high quality of health 

care. However, in a context of reduced public spending due to high public debt and 

reduced growth, the WHO supports the need to "preserve and protect the level of 

financing of prevention and public health services" [ (Osservatorio Nazionale sulla 

Salute nelle Regioni Italiane, 2015), (WHO, 2010b)]. Although the governments 

suffer the problem of scarcity of resources, and therefore face the control of health 

spending as a primary objective with great difficulty, they must not forget that there 

                                                           
51 The mistrust in measles vaccines started with the fraudulent publication of Wakefield et 

al. (1998), now retracted, that affirmed a correlation between MMR vaccine and the 

appearance of autism and bowel diseases. 
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is no better control over health spending, except through a long-term sustainable 

improvement of medical practice and Public Health, in accordance with the 

principles of effectiveness, appropriateness and efficiency.  

Figure 12 Trend of Public Health Expenditure and MMR Coverage. 

 

Source: Toffolutti et al. (2018) 

The need for more significant health investments arises from the constant trend of 

average ageing of the population, as indicated in Figure 13, which is causing an 

increase in the prevalence of chronic diseases. Therefore, the maintenance of a 

constant public health expenditure despite the increase in the more significant 

health needs, may have caused a deterioration in the quality of the services, 

especially as regards those activities, of a non-urgent nature, which can have long-

term benefits. 
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Figure 13 Median age of the Italian population (2002-2018) 

 

Source:  IStat, 2018. http://dati.istat.it/ 

Therefore, among the causes of the reduction of vaccination coverage there is a lack 

of awareness of the beneficial health effects, both individual and collective, arising 

from the administration of vaccines, the spread of opposition movements to 

vaccinations because of ideological reasons or for other interests (no-vax people) 

and consequent mistrust of parents to vaccinate their children, following theories 

utterly devoid of scientific basis that aim to emphasize the severity and frequency 

of adverse events due to vaccination (so-called fake news) and the reduced 

perception of risks related to diseases infectious, thanks to the success of the 

vaccination programs. 

A political culture is formed through various factors including socialisation, 

education, exposure to mass media. Today, of course, CMC (Computer Mediated 

Communication) has to be included. These factors of indirect communication are 

becoming increasingly widespread, and it is legitimate to imagine their growing 

role in the process of political socialisation, at least of the youngest and most 

technologically advanced population. Identities and political cultures that were 

formed up to twenty years ago through direct, personal, face-to-face interaction, 
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usually within mass organizations, or through exposure to messages prepared by 

professionals according to specific editorial or mediated lines from opinion leaders, 

are becoming more and more individual, horizontal mediated only by technology, 

often characterized by a certain scepticism or rejection of  the professional sources, 

experts opinions, also inside political-union organisations. Thus, the new 

information technologies change our perception of time and space, modifying the 

perception of the world in which people live. Now the world is infinitely more 

complex and broader despite the horizon conveyed by the mass media during the 

1950s. In which the news, sources and broadcasters were reduced, the world 

appeared legible according to clear and defined geopolitical structures, within 

which the school as politics were able to orient ourselves, putting us in a position 

to make choices that today appear only relatively complex (Saccà, 2016, pp. , 

position kindle 185-99). 

This process tends to cover all the issues of the human sphere, including health and 

the care of one's health. In a chaotic world, currently lacking control of the 

Consumers e-health, the spread of fake news makes a part of the population 

confused and critical of public institutions. The current reticence to the compulsory 

vaccine systems is nothing but a consequence to an alternative sub-culture, devoid 

of any scientific basis. Indeed, recently, a false declaration quota has been 

ascertained (albeit small, about 0.1%) on the subject of vaccine self-certification52, 

with a more significant presence in those regions where there is historically a lower 

level of vaccination. 

This particular cultural phenomenon, therefore, threatens the elimination of measles 

globally, and in Europe, where there would be technical tools for its eradication. 

Paradoxically, the refusal of vaccinations spreads more and more as the incidence 

of disease tends to decrease. The last mile in the eradication of an infectious disease 

becomes the most critical to go: significantly reducing the incidence of preventable 

                                                           
52 http://www.repubblica.it/salute/medicina-e-

ricerca/2018/09/19/news/vaccini_e_scuole_55_denunciati_per_false_autocertificazioni-

206880221/ 
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diseases with vaccinations, decreasing the perception of the associated dangers, 

while it is easier than alarming messages are amplified on the adverse effects, real 

or perceived, of vaccinations (Italian Ministry of Healthcare, 2017a, p. 49). 

Diseases such as polio and measles fall into the cultural memory of a people, as 

generations follow each other without experiencing it or remembering its severity 

(Saint-Victor & Omer, 2013). People often tend to reject information corrections 

that contradict their attitudes, share content that is consistent with their narratives 

while ignoring the rest, and allow the mistaken information to continue to affect 

their conclusions even when they bluntly admit the information is incorrect (Gesser-

Edelsburg, et al., 2018, p. 5). 

The leap from the individual perspective to that of the common good (understood 

as public health), requires the application of some educational interventions, which 

without them would require the application of Top-down policies, with the 

obligatory institution, contrary other to the logic of governance and public 

participation. Authorities and health professionals are responsible for giving the 

population a scientific, real, adequate and exhaustive information on the risks and 

benefits of preventive immunisation, and to respond promptly in cases of 

misinformation especially when this can cause social alarm (Diekema, 2012). 

In preparing information campaigns, it should be considered the change of the 

information context due to the higher speed of communication, the new belief that 

there are more truths, the presumption of being able to understand and process all 

kinds of information without institutional support.  These aspects place a great 

challenge of finding new ways of communication that could be valid and credible.  

At the same time, it is essential to train health workers who must also be motivated 

and convinced of the individual and collective interest of vaccinations. It has been 

ascertained (Osservatorio Nazionale sulla Salute nelle Regioni Italiane, 2015) that 

many abstentions derive more from the lack of motivation of educational referents 

than from the opposition of families. Public Institutions have to adapt the quality of 

health education, despite the different local cultural situations. 
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In the context of childhood vaccinations, the quality of the relationship that health 

professionals establish with parents is of preeminent importance to support them in 

the complex decision-making process. Only a relationship based on listening and 

dialogue, attentive to specific needs and concerns and the real understanding of the 

information provided can facilitate informed choices. 

Communication plays a fundamental role in the prevention and promotion of health, 

for which the availability and ability of operators to communicate are necessary 

conditions for the growth of professional credibility and the development of 

empowerment strategies. 

The worrying reduction in vaccination coverage in Italy highlights, among other 

things, the limitations inherent in mass information. It is only in the dialogue with 

the subject to be vaccinated or with the parents - in the case of minors - that doctors 

can exchange opinions, find out what the perceived risks of the vaccines are and try 

to process the fears. The aim should not be to convince, but rather to remove all the 

obstacles that make difficult a genuinely free and responsible choice. 

To that end, it would be very useful to involve other professionals besides doctors 

(for example, nurses and midwives), both because their codes of conduct explicitly 

foresee prevention activities, and because they can play an essential role in 

mediating between doctor and the subject to be vaccinated or the parents in the case 

of the minor. 

Although the Wakefield study (1998), as well as other "vaccine hoaxes", have been 

unmasked, all have had essential repercussions on vaccination programs in Italy 

and in other countries, and continue to have them as they periodically re-emerge 

and come back into fashion, finding fertile ground in anti-vaccinating fanaticism 

and in the undecided and insecure who do not find ready, clear and unequivocal 

answers to their doubts.  
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Regarding the safety of vaccines,  a chain of doubts and perplexities can grow if  

the single episode is not adequately and promptly opposed and managed, together 

with a low-risk perception (which is justified by the current epidemiological profile 

of many infectious diseases in Industrialized countries).  The consequences can be 

to lead parents to not to subject their children to vaccinations subject to specific 

national recommendations or to postpone their start (Iannazzo, et al., 2013), 

exposing their children to an increased and not negligible risk of contracting 

infectious diseases otherwise preventable and to further disseminate them. 

Declining vaccination coverage under the recommended threshold values, a risk of 

re-emerging infectious diseases already eliminated and under control can arise, and 

it also translates into an incalculable waste of resources, already invested in the 

program and to be invested for the new prevention and control measures that must 

be put in place to cope with the new situation (Larson, et al., 2011).  

It is fundamental to know how to communicate the risk, even more in the face of 

an unexpected and unexpected event, both to stem the spread of bizarre theories and 

to help parents in the decision-making process concerning vaccinations (Italian 

Ministry of Healthcare, 2017a, p. 119). In the implementation of a new 

communication health policy, researchers should to better understand how anti-

vaccination lobbies operate and how to intervene to counteract their messages 

effectively and conduct operational research on communication strategies (Bechini, 

et al., 2013). 

In this sense it should be considered that the current perplexities regarding 

vaccination are still relevant in Italy, given that in a recent Censis report53, turned 

out that compared to the level of confidence declared against vaccinations, the 

majority of Italian parents expresses an intermediate level of trust (50% say they 

have enough, compared to 17% who have little or none at all and 33% who has 

much) and is looking for information that can unravel the many doubts and 

uncertainties on the safety and efficacy profile of vaccines that emerge when you 

                                                           
53 Censis, U.C.S.I. Dodicesimo Rapporto sulla comunicazione. L’economia della 

disintermediazione digitale. Roma: Franco Angeli; 2015 
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have to decide, but that too often are not resolved, despite the information self-

managed. It is particularly important to strengthen the educational function of 

institutional referents, as a fundamental condition for guiding parents towards a 

conscious choice, out of ideological schemes and positions were taken out of 

scientific evidence that grasps their uncertainties. 

Regarding vaccinations, what has been underestimated in recent years is the 

influence of information tools and engagement, based on Thaler's theory [ 

(Pascuzzi, 2018), (Thaler & Sunstein, 2008)], so that through nudging we can 

change the behaviour of citizens without having to resort to a regulatory activity or 

to policy interventions aimed at promoting (or discouraging) certain behaviours. 

Thus, committing itself to the construction of competent communities, using a 

series of non-coercive and low-cost interventions that do not require regulatory 

intervention. In this way, it is possible to try to exploit all the tools, mainly based 

on information, that the public authorities could put into practice to capture people's 

attention by sponsoring some behaviours considered healthy and highlighting the 

negative side of other behaviours that may prejudice the well-being of the 

population. Indeed, as cited by Navin (2016 ) there are three main reasons to use 

nudges to increase paediatric vaccine compliance: effectiveness, efficiency and the 

nature of a less coercive approach. Navin considers that techniques from 

behavioural economics-nudges-may help physicians increase paediatric vaccine 

compliance, but critics have objected that nudges can undermine autonomy. Since 

autonomy is a centrally significant value in healthcare decision-making contexts, it 

counts against paediatric vaccination nudges if they undermine parental autonomy.  

1.3.6. The measles spread in Italy in statistics 

According to the WHO, the measles spread in Italy took an oscillating increasing 

trend, as reported by Figure 14. 
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Figure 14  Number of Cases (suspect and confirmed) 

 

Source: Who, http://data.euro.who.int/cisid/?TabID=470213 

This oscillating trend is also confirmed by the Measles incidence rate, reported in 

Figure 15. 

Figure 15 Measles (suspect and confirmed) incidence. 

 

Source: Who, http://data.euro.who.int/cisid/?TabID=470213 

During this period, the infant vaccination coverage was under the desired rate of 

herd immunity (95%) (Figure 16). The red dotted line of Figure 16 (vaccination 

coverage) shows the level of measles-containing-vaccine first-dose (MCV1), while 

the blue dashed line shows the level of measles-containing-vaccine second-dose 

(MCV2).  

http://data.euro.who.int/cisid/?TabID=470213
http://data.euro.who.int/cisid/?TabID=470213
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Figure 16 Measles and Rubella Cases and Immunization Coverage, 2007 - 2016 

 

Source: WHO 

However, in recent years, as a result of a slowdown in progress, an increase in cases 

of measles has occurred (Figure 17). 

Figure 17 National-level54 immunisation coverage rates (% per 100 target 

population), over time for selected vaccines 2000-2016 

 

Source: (Signorelli, et al., 2017) 

                                                           
54 weighted average; data exctracted from the PNPV (National Vaccine Prevention Plan). 
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Inevitably, the reduction of vaccination coverage will result in an accumulation of 

susceptible substances which, for diseases endemic anchors (such as measles, 

rubella and whooping cough), represents a real risk of extensive outbreaks, as 

shown by the 2013 measles epidemics (2,258 cases), 2008 (5,312 cases) and 2002-

2003 (more than 30,000 cases). 

Considering a longer time horizon, according to data from the Ministry of Health, 

in the last twenty years, in Italy, there have been some epidemics with thousands of 

cases and some deaths. That of 2002-2003 has particularly affected the Region 

“Campania” with the hospitalisation of more than 600 individuals, 16 cases of 

encephalitis and four deaths (Ciofi degli Atti, et al., 2002). The vaccination 

coverage has grown in recent years, but a decline is observable in the last two years.  

The recent peak, reported by Figure 18, reached a level of 5000 cases of measles55.  

Currently, compared to the peak of 2017, the values have dropped slightly, but the 

situation remains problematic as reported by Figure 19. 

The geographical distribution of cases coincided closely with that of the vaccination 

coverage, lower in Southern Italy. In fact, despite the measles vaccination coverage 

was increased after 1998, in 2000 the percentage of children vaccinated within 24 

months was still less than 80%, and in many areas of the South, it did not reach 

60%, reaching Campania in the 53%.  

 

                                                           
55 For more details on the increase in reported cases reported by the 2017 issue, it is possible to 

check the Morbillo & Rosolia News monthly bulletin on integrated measles-rubella surveillance. 

http://www.epicentro.iss.it/problemi/morbillo/bollettino.asp 
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Figure 18 Notified measles cases and infant vaccination coverage in Italy. 1970 - 

2017 

 

Source: (Adamo, et al., 2018) 

Figure 19 Measles: Total Cases and Confirmed Cases. 2013-2018 

 

Source: Report N° 44 - September 2018, ISS56 

                                                           
56 The dark rectangles represent the total cases, while the light ones represent the confirmed 

cases of measles. 

http://www.epicentro.iss.it/problemi/morbillo/bollettino/RM_News_2018_44.pdf 
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Figure 20 Distribution of 855 cases of measles in Italy at the regional level 

reported in 2016. 

 

Source: http://www.epicentro.iss.it/problemi/morbillo/epidItalia.asp  

Analysing in detail, the vaccination coverage trends in Italy and disaggregating the 

data by every administrative Region (Figure 20), Italian Ministry of Healthcare 

(2017a, p. 65) highlights the worrying differences between local areas and a 

generalized rate of decrease, which in some cases could trigger epidemic 

phenomena of great risk.  

However, in Italy, surveillance sensitivity remained low in 2017 with rates of 

discarded measles and rubella cases being 0.68 and 0.04. While most measles 

testing was performed in WHO-accredited and proficient laboratories only 20% of 

measles-rubella tests were performed by these laboratories; this has severely limited 

the epidemiological assessment (WHO, 2018b, p. 37). 

1.4. Conclusive Remarks on the analysis of the context of the measles in Italy 

and research questions to investigate 

This chapter shows how the evolution of the last epidemic peaks has historical and 

social reasons according to the data and the literature. Although the issue has been 



 

67 
 

addressed for several years from the regulatory point of view, only recently there is 

a more profound awareness oriented the achievement of the social outcomes, trying 

to build a more significant public consensus in the long term. It is relevant to point 

out that the last mandatory policies represent an emergency and temporary nature 

intending to create a more collaborative environment between institutions and 

citizens. 

According to the literature analysed, the last outbreak of measles in Italy does not 

derive only from a previous carelessness by the various stakeholders, but also from 

a general social change that has created niches of sceptical populations to the 

provision of health services by part of the public administration. The current 

information asymmetry between the population (patients and families) and health 

personnel, as well as the relations between political institutions representative of 

the general population (intending to medical populism) and health personnel,  raise 

the question of how these subjects interact and how they can influence the measles 

outbreaks. In this sense, the objective of the research is to analyse the impact not 

only of fake news in the current social context but also the possible implications 

that the national vaccination registry might have, in a context of electronic health 

evolution. Indeed, it should be remembered that ehealth does not concern only 

telemedicine, but all the management of electronic health information, both within 

the individual institutions (thus including the computerized vaccine registry) and 

the communication relationships between patients and doctors, and the 

dissemination of health information, without any institutional control, which can, 

therefore, generate proliferation dynamics of fake news (and therefore in some 

cases, in contrast with what is claimed by medical science). As it has not yet been 

analysed under a dynamic perspective, this study would like to assess the 

effectiveness of actual policies in the Italian healthcare system; so, this research 

aims to propose some feasible alternative policies that could ensure the long-term 

financial sustainability of the healthcare system. The issue of vaccinations regards 

not only in the management profile of public policies but also in a context of 

engagement of the population, in which the consumer e-health requires to pay 

attention. 
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The specific issue of the measles can be analysed to verify the theoretical context, 

through SD (System Dynamics) (Sterman, 2000) and DPM (Dynamic Performance 

Management) (Bianchi, 2016), involving empirical investigation of the 

phenomenon considering social, epidemiological and financial factors, and trying 

to overcome the scarcity of quantitative information with the support of expert 

opinions. Understanding the complexity of this issue, it could help to evaluate the 

actual policies and to frame a sustainable set of policies to manage the risk of an 

epidemy of measles. 

Lastly, another point to consider is whether the past underestimation of the question 

of measles has created the current problems, in light of a plan against measles 

recently and late applied and still under discussion. 

By a DPM approach, the dynamics for the implementation of a sustainable process 

of care and assistance are considered, with a level of engagement and collaborative 

cohesion among the different stakeholders. In this sense, the developed model, 

highlights, through the Outcome-Based Dynamic Performance Health Management 

framework (as a derivation of DPM - Dynamic Performance Management), 

resources, performance drivers and outcomes, in order to support decision makers 

to better conceptualize the relevant system related to the investigated problem 

behaviour, and to better implement designed strategies (Bivona & Cosenz, 2017a, 

p. 196) to achieve a sustainable system approach in the healthcare sector. The DPM 

approach may represent an alternative approach to overcome the static approach of 

HTA (Health Technology Assessment), promoting a Dynamic HTA. A better 

knowledge framework could help the Ministry of healthcare to formulate more 

effective policies to prevent the risk of Public Health disasters, throughout the 

Italian territory, in accordance with the article 117, subsection 3 of the Italian 

Constitution. 

In short, the study attempts to answer these main research questions: 

RQ 1. Which key factors led to the measles outbreak of 2017? 

RQ 2. What are  the causes of this low level of immunisation in Italy  



 

69 
 

RQ 3.  What are the causes of possible cyclical phenomena of measles epidemics 

in Italy? Does it regard a low level of resources (e.g. available vaccines and 

Healthcare Workers)? Does it regard the evolution of the phenomenon of mistrust 

in vaccinations? 

RQ4: How can affect the development of ehealth strategy and governance to reduce 

the measles epidemic? 

Therefore, the research strategy represents a case study, involving an empirical 

investigation of the contemporary phenomenon through multiple sources. As this 

issue considers different perspectives that include social, biological and economic 

factors, this study requires to collect data through different methods, despite the 

nature of data, the state of knowledge and the level of uncertainty. Indeed, to 

develop the SD and DPM model, some data have been extracted from WHO (World 

Health Organization)57, from Eurostat58, from Epicentro59, the Italian website of 

Public Health, from News Italia, an observatory of the University of Urbino Carlo60. 

The model has been developed according to the temporal-logical framework of 

McLaughlin and Olson (2012, p.262). To collect data and to validate the model, a 

mixed methods approach has been adopted combining qualitative data from 

questionnaires submitted to experts in Public Health with quantitative data collected 

from institutional websites (such as WHO, Italian Ministry of Healthcare, Eurostat, 

Istat). Questionnaires have been sent to  Healthcare Professionals (Paediatricians, 

General Practitioners, Public Health experts) and Healthcare Sociologists. The need 

to develop a quantitative model through a set of interviews, brings the research to 

be compliant to the good practices of the code of ethics of the University of 

Palermo, especially according to the principles set out in the art. 361, and of the 

                                                           
57 http://www.who.int/gho/en/ 

58 http://ec.europa.eu/eurostat 

59 http://www.epicentro.iss.it/problemi/morbillo/epidItalia.asp 

60 https://newsitaliadotorg.files.wordpress.com/2017/09/larica_fakenews.pdf 

61http://www.unipa.it/amministrazione/area6/set42bis/.content/documenti_regolamenti/Codice-

Etico-dellUniversit-degli-Studi-di-Palermo---S.A.-18_07_2014---D.-R.-n.-2741-del-

18_07_2014.pdf 
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Italian Higher Institute of Health (Istituto Superiore della Sanità)62, a public 

institution of the Italian National Healthcare Ministry63, asking for informed 

consent and carrying out research activities in total transparency and the absence of 

conflict of interests. To protect the interviewees, anonymity has been arranged, and 

any political, social and religious orientation has been respected. 

  

                                                           
62 http://www.iss.it/binary/coet/cont/CODICE_DI_ETICA.pdf 

63 The Italian Higher Institute of Health performs research, trials, control counselling, 

documentation and training for public health 
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Chapter 2 Modelling epidemics and vaccination policies 

through a DPM approach: application of an Outcome-based 

Dynamic Performance Health Management framework in 

healthcare 

2.1 Introduction 

This chapter discusses the methodological aspects applicable to the context of the 

management of measles outbreaks in Italy, regarding health performance 

assessment. In this sense. Starting from a brief consideration on the most used 

methodologies regarding health performance, the systemic approach is analysed 

under a dynamic profile through the introduction of the SD (System Dynamics) and 

DPM (Dynamic Performance Management). Furthermore, it is analysed the 

peculiarity of the learning process of this methodology, because of an iterative 

process called double loop learning. In the end, some methods for the analysis of 

vaccination policies for the management of infectious diseases are introduced. 

2.2 Theoretical Background. The shift from  a static evaluation of the 

performance in healthcare to a dynamic approach 

There has been a long interest in the application of performance management 

techniques to healthcare at every level (Kaplan & Norton, 1992). The healthcare is 

facing many challenges. Indeed the costs of care and the level of services delivered 

are increasing, due to the increase of population ages and to the progress of 

technology. The need for quality care with zero defects, or failures in care, is being 

driven by government and other stakeholders.  While the focus in the past has been 

on constraining the growth in the cost of care, new emphasis has been given in the 

last decades to improving the quality and outcomes of care. This new trend was in 

large part due to advances in health services research, which has demonstrated wide 

variation in both process and outcomes of care even in the most technologically 

advanced countries such as the United States and the United Kingdom (Ferlie & 

Shortell, 2001, p. 281). Healthcare professionals have realised that the theories, 

tools, and techniques of operation management if properly applied, may enable their 

organisations to become more efficient and effective. Eradication of infectious 
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diseases is a substantial public, political and economic commitment in healthcare 

and the intensity of efforts needed to eliminate a disease cannot be sustained 

indefinitely (Klepac, et al., 2015).  

Several approaches have been introduced to improve the performance of healthcare, 

one of the most important approaches to improve the performance of healthcare are 

Knowledge-based management (KBM) and Evidence-Based management64 (EBM) 

(McLaughlin & Olson, 2012).  KBM help decision-makers to foster the proper 

policies, using data and information to base management decision on facts rather 

than feelings or intuition. Most healthcare organisations have already good strategic 

plans but frequently fail in their execution (McLaughlin & Olson, 2012, p. 66).  

Spano and Aroni (2017, p. 26) state that, traditionally performance in health care 

has been measured using specific indicators such as incidence of pathology, 

mortality measures, and measures of mortality after a specific treatment. Other 

measures are increasingly attractive, including those that focus on patient health 

status, which are often in the form of outcome measures (Smith, et al., 2008). 

However, there is a limited “understanding of how performance measurement can 

be organised to support improvement initiatives in health care practices” (Elg, et 

al., 2013). Although technological growth could push policy-makers to believe they 

have greater powers based on greater information knowledge, without a shared 

vision of all stakeholders and collaborative coordination, the risk of falling into 

unexpected adverse events can increase due to an information redundancy. In these 

terms, given that most of the data can be used for the determination of outputs, a 

lack of understanding of the intermediate (outputs) and final results (outcomes), 

difficult to control independently by the public administration alone, can lead to a 

decline in the quality of life.  

The planning of healthcare organisations and the implementation of healthcare 

services require complex and extended intersectoral collaboration, with 

stakeholders often coming from diverse backgrounds and with a range of priorities 

                                                           
64 EBM can be defined as the application and standardization of patient treatment 
practices based on scientific research and consensus judgment (Ferlie & Shortell, 2001, 
p. 306) 
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and agendas. Furthermore, despite the widely recognised advantages of tools, such 

as EBM, KBM, Balance Scorecard, they are static and lack in the representation of 

the feedback process involving strategic assets, performance drivers and outcome 

indicators (Bianchi, 2016).  

Figure 21 A system view of Healthcare  

 

Source: (McLaughlin & Olson, 2012) 

The systemic nature of healthcare is already widely studied by several scholars [e.g. 

(Cacace, et al., 2013), (Arah, et al., 2006), (Vrijens, et al., 2013)]. Figure 21 shows 

clearly a systemic context where the patients interact; this represents only a 

perspective of the peculiar nature of the healthcare, due to the complexities of the 

Health Systems, already reported by Figure 3.  

Without understanding the series of interconnect systems that influence the delivery 

of clinical care it is not possible to improve healthcare operations. Patients interact 

in a context where different levels operate. Indeed, the subject not only faces the 

team of health professionals who offer clinical care, with the related tools and the 

appropriate treatments and processes, but also the organisational aspect that 

influences the performance of care. Environmental causes are commonly cited for 
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the failure of execution in healthcare organisations including intense financial 

pressures, complex operating structure and culture with multi-stakeholder 

leaderships that resist change. Furthermore, the lack of coordination between 

different departments lies on lack of an explanation of the direct causality between 

strategic objectives and specific financial or operational outcomes. Many 

subsystems in the total healthcare system are interconnected, then it is required to 

understand the system in which change resided. An integrative approach is critical 

since the introduction of new technologies in healthcare is highly complex and 

challenging combining policy, organisational, managerial, professional, and 

technical considerations (Currie, 2009).  

Figure 22 A sample of a systemic perspective to the assessment of Policies 

Impacting on Caesarean Section Rate in Sicily. 

 

 Source: Adapted by Bivona and Cosenz (2017a) 

Through the systemic representation of McLaughlin and Olson (2012), Figure 22 

shows the logic of an intersectoral perspective on the performance evaluation of the 

policies impacting on the caesarean section rate in Sicily. However, this study, by 

Bivona & Cosenz (2017a), through the use of Dynamic Performance Management, 

overcome the limitations of the static perspective, analysing the dynamic 

complexity (Bianchi, 2016). Without the consideration of the dynamic complexity, 

serious management errors can arise, for example, a saving in terms of health costs 

for the purchase of a medical device in the face of a deterioration in the quality of 

life of a patient could cause a higher risk of hospital admission (Bianchi, et al., 

2010). In some case, only, a longer time frame is needed to evaluate how the 

programs have affected the outcomes (Bovaird, 2014) due to the delay.  As stated 

by Rajala et al. (2017, p. 12), the ability to prove timely feedback to public 
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managers creates opportunities for performance improvements and adjustments in 

budget allocations, service contract, management practices and training strategies 

static complexity is associated with a high number of variables and multiple 

relationships, where both relationships and variables tend to remain stable over 

time, even its components interact in multiple ways and the relations between them 

are generally difficult to understand.  

Figure 23 Combining the static complexity with the dynamic complexity in 

healthcare 

 

Source: an adaptation of Rouse et al. (2017) and McLaughlin & Olson  (2012) 

Framing a dynamic complex problem implies that policy levers are identified to 

affect the system’s performance. Performance indicators often portray 

counterintuitive time behaviour. It also implies the need for identifying trade-offs 

over time (i.e., between short and long-term) and across space (i.e., between a sub-

system and another), about alternative policies (Bianchi, 2016, p. 4). 
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 Figure 23 clears the dynamic relations between the different levels of the systems, 

in which every single action, in addition to having an impact on the direct and 

indirect recipient, also has a feedback response that will influence the subsequent 

choices, as well as change the initial policies undertaken. However, this simplistic 

analysis focuses mainly on a single organisation. In reality, the relationships 

between the health service provider, his lender and his user (population), are flanked 

by other subjects that to some extent can represent both roles depending on the 

perspective considered. This limit is generally not overcome by the use of a short-

term perspective and a sectoral approach in the formulation and implementation of 

strategies, that tends to lead to a static view of the system and a lack of coordination 

between different public agencies, non-profit and private stakeholders (Bianchi, 

2016).   The policy-makers should adopt new approaches and tools to steer a 

commonly shared view about the causes underlying experienced phenomena on 

which they are expected to intervene. Complex systems are typically characterised 

by interconnected and interdependent elements and dynamic feedback processes.  

Dynamic complexity is, instead of a featured by an unforecastable system due to 

interconnections with delays, nonlinearities and multiple feedback loops, whose 

dominance affects the system’s [ (Senge, 1990), (Morecroft, 1998), (Sterman, 

1994)]. Furthermore, to understand the structure of a complex system, it is 

necessary to engage in an iterative process of developing and refining System 

Dynamics (SD) models, according to the double loop learning theory (Argyris, 

1977). SD represents a useful methodology to understand the structure and 

dynamics of complex systems as stated by several scholars [ (Forrester, 1969),  

(Forrester, 1971), (Sterman, 2000) (Bianchi, 2016)]. Forrester  (1961),  developed 

the SD methodology in the early 1960s with the purpose of studying and managing 

complex phenomena.   

 The double loop learning theory operates in the cycle of performance management 

cycle, as portrayed by Figure 24. The learning process requires to consider an 

iterative circular process that leads to change in the current systems and the 

implemented policies. This process supports policymakers to assess current 

performance levels, diagnosing the pathologies of the current scenario, and assess 
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future performances levels, despite the design and the implementation of the 

adopted strategies. 

Figure 24 Dynamic performance management and double loop learning 

 

Source: (Bianchi, 2016, p. 40) 

 The use of System Dynamics (SD) approach [ (Forrester, 1971), (Sterman, 2000)] 

could manage to overcome some healthcare issues, as a steering instrument to face 

the wicked issues of the public health [ (Bianchi, et al., 2010), (Bivona & Cosenz, 

2017a), (Bivona & Cosenz, 2017b), (Homer & Hirsch, 2006), (Ghazvini & Shukur, 

2013), (Fanta, et al., 2016)]. Senge (1990) provides a useful theory to understand 

the interaction of elements in a dynamic complex system such as healthcare, 

through the use of SD. In his model, the structure of a system is the primary 

mechanism for producing an outcome. The systemic approach related to the 

performance considers that no state is entirely stable, due to dynamic causality.  

Complex systems are typically characterised by interconnected and interdependent 

elements and dynamic feedback processes. This methodology is a rigorous 

modelling method that us to build formal computer simulations of complex systems 

and use them to design more effective policies into the organisations (Sterman, 

2000). Indeed, it offers the possibility of creating a safe and controlled laboratory 

environment, in which it is possible to simulate various policies without creating 
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any damage in the real context. This approach can support planning and control 

systems by helping to identify the best strategy; moreover, it can represent an 

instrument of learning and engagement. 

Through SD methodology, a system can be represented with a causal loop diagram 

(CLD) or with a stock and flow diagram (SFD). CLDs are simply maps showing 

the casual links among variables with arrows from a cause to an effect (Sterman, 

2000, p. 102). Figure 25 shows a simple graphical representation of both loops. 

Figure 25 Example of CLDs by using Vensim Software65 

 

Reinforcing Loop Balancing Loop 

  

 

The presence of feedback characterises CLDs. Senge (1990, p. 75) defines feedback 

as any reciprocal flow of influence.  Each system’s performance is modified by 

feedback, an axiom that every influence is both cause and effect.  Feedback can be 

either reinforcing or balancing. While reinforcing feedback (or loop) amplifies the 

outcome of the process , taking the process further and further from its starting point 

to an exponential growth, Balancing Feedback (or Loop)  counteract (negative 

feedback) attempts to return the system to its starting point, counteracting the 

outcome of the process to a balancing state (Ghosh, 2017).  The understanding of 

the dominant feedback is easily understood by Figure 26. Every loop shows a 

particular behaviour, explained by the trend of the graph. Combining several loops 

and considering their effect on time, in term of delay, it is possible to 

                                                           
65 http://vensim.com/ 
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counterintuitive phenomena, helping policymakers to adopt a strategy to manage 

an issue in the public sector. 

Figure 26 Dominant Loops and Behaviours  

  

  

 

While CLDs help to understand the dynamics of the system from a qualitative 

perspective, SFDs are a way to reproduce a system from a quantitative perspective. 

SFDs can understand the delay, a confounding problem with feedback. Delays 

occur when there are interruptions between actions and consequences. When this 

happens, the system tends to overshoot and perform oscillations.  Every change, in 

healthcare or other sectors, may be resisted and reinforced by a feedback 

mechanism, many of which are not visible — the possibility to picture a broad 

system view permit to improve the effectiveness of change. 
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 Stock-and-flow models use four main kinds of variables, i.e.: (1) stocks, (2) flows; 

(3) inputs, and (4) auxiliaries (Bianchi, 2016, p. 24). A graphical example of an 

SFD66 is shown in Figure 27. 

Figure 27 Example of SFD by using Stella Architect Software67 

 

 

 

As it has been stated previously, while the Casual Loop Diagram represents a purely 

qualitative approach to describe the dynamic relations of the variable, the Stock and 

Flow Diagram permits to consider the impacts of the delays and the accumulation. 

Moreover, it permits to evaluate the dominance of the loops.  

In summary, an SD model consists of a set of differential and algebraic equations 

developed from a broad spectrum of relevant measured and experiential data. The 

modelling is an iterative process of scope selection, hypothesis generation, causal 

diagramming, quantification, reliability testing, and policy analysis (Sterman, 

2000). The refinement process continues until the model can satisfy requirements 

                                                           
66 A straight line represents an exogenous relation, while a curved line represents an endogenous 

relation (therefore defined by the dynamic context of the model) 

67 https://www.iseesystems.com/store/products/stella-architect.aspx 
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concerning its realism, robustness, flexibility, clarity, ability to reproduce historical 

patterns, and ability to generate useful insights (Homer & Hirsch, 2006, p. 453).  

However, an SD model may have the defect of not being easy to understand and 

not allow to define the appropriate policies. In this sense, a guide to addressing 

sustainable policies for the general improvement of the quality of life both within a 

single institutional, corporate or even social context can be given through the use 

of the DPM.  

The inability to analyse a dynamic system, managing intangible measures, delays, 

short and long-term connections, as well as the problem of system boundaries, 

required a shift from a purely static or no-systemic vision to a holistic vision that 

could have both a micro approach that macro, depending on the problem to be 

analysed. Combining the performance management approach with the SD, it is 

possible is to model the phenomena and to foster decision makers’ accountability. 

Dynamic Performance Management (DPM), through the use of SD, can understand 

complex phenomena, considering the organisational peculiarities of the public 

sector.  This approach enables organisation decision makers to frame the causal 

mechanisms affecting organisational results over time, converging the performance 

management with the SD modelling. DPM framework can help to build a 

quantitative model to analyse the impact of the variables on the variations of the 

data.  

DPM help the understanding of: (1) how end-results can be affected by performance 

drivers; (2) how performance drivers can, in turn, be affected by the use of policy 

levers aimed to influence strategic resource accumulation and depletion processes; 

and (3) how the flows of strategic resources are affected by end-results (Bianchi, 

2016, p. 72). 

DPM is traditionally used according to a specific view, although it is possible to 

combine different views to frame a particular issue. The instrumental view (Figure 

28) can enhance a sustainable organisational development inside a corporate or 

divisional level, or both. This level of investigation allows framing a synthetic 

picture of the key performance factors for the overall organisation.  
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Figure 28 The instrumental view  

 

Source: (Bianchi, 2016, p. 73)  

The stocks used in the Instrumental view represent the Strategic Resources of an 

organisation, while the converters (regarding auxiliary) may represent the 

performance drivers and the flows are the End Results, or rather the starting point 

of a performance evaluation approach in a dynamic context. Performance indexes 

are synthetic measures of the state of a system. 

In the definition of performance drivers, sometimes there is a misunderstanding 

with the performance indexes is created (in Figure 27, the auxiliary could be a 

performance index). Likewise, performance drivers, they are usually expressed as 

ratios. While drivers affect end-results or other performance drivers, indexes do not 

affect any specific performance measure. They, instead, gauge a synthetic 

expression of specific aspects regarding performance. Therefore, while 

performance drivers are relevant measures for performance management, 

performance indexes can be relevant for performance measurement only (Bianchi, 

2016, p. 83). 
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Figure 28 shows the dynamic relationships between the strategic resources (the 

starting point or rather what we have), the performance drivers (what we can do), 

intended as tools for achieving internal results for the individual institutions that 

without a dynamic vision would not have a natural connection and understanding. 

This framework can be metaphorized as a ship on the high seas; the strategic results 

may represent the sails, the engine and the boost of the system. However, without 

an instrument of control, the performance drivers (the sextant) is not to possible to 

reach the goals, namely the end results (the stars). The strategic resources are just 

stocks, accumulated resources that can represent both a physical and financial 

quantity that are purely informative and therefore intangible. The performance 

drivers help to steer the organisations, according to a ratio between a given result 

and an objective target. The end results, in terms of flows, represent the pure 

dynamic feature of the system; these values represent the changes in the system. 

While the Instrumental View can support strategic planning by framing (also 

through insight SD simulation) the causal relationships among factors portraying 

organisational performance over time (Bianchi, 2016, p. 117), the objective view 

concerns a single management process. 

In this single management process, the objective view focuses its perspective on the 

products ( i.e. public services)  generated by administrative tasks. In this case, 

Bianchi (2010, p. 365) considers products, just the output  of the administrative 

tasks, aimed to deliver value to either external or internal clients concerning the 

player that is taken into account. 

Lastly the Subjective view (Bianchi, 2016, p. 137) focuses on who is responsible 

for the accomplishment of activities aimed at building and coordinating strategic 

resources, to affect performance drivers and end-results, and to obtain an estimate 

of the volume and quality of products/services to efficiently and effectively satisfy 

the needs of target clients. The objective and the subjective view differ from the 

object of problem analysis. These views help the decision makers respectively to 

understand how the organisation is expecting to meet the performance drivers and 

the end-results, and to discover who is responsible for the fulfilment of the activities 
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that will allow one to deliver the associated “products”. In this sense, a specific 

view does not exclude the other, allowing possible combinations 

A Dynamic Performance Management (DPM) approach (Bianchi, 2016) is 

particularly valuable in healthcare, since time disjunctions between actions and 

results, and non-linear feedback relationships affecting policy outcomes, mean that 

decision-makers cannot easily understand the structure and behaviour of the 

systems in which their policies will be implemented. This approach may help them 

to detect the risks of unintended effects of policies which, although they may look 

consistent from a static and sectoral perspective, may fail in the long run because 

of lack of coordination, or lack of adaptation (Ghaffarzadegan, et al., 2011).  

In particular, an outcome-based DPM approach is primarily concerned with the 

identification of both end results (output and outcome) and their respective drivers. 

To affect such drivers, public organisations must build up. Preserve and deploy a 

proper endowment of strategic resources that are linked to each other. This also 

implies that a decision made by different actors upon interdependent strategic 

resources should have been coordinated with each other according to a systemic 

view  (Bivona & Cosenz, 2017a, p. 71). 

As stated by Bivona and Cosenz (2017a, p. 70), a dynamic and outcome-based 

performance management approach is adopted to support decision making through 

better coordination between performance measurement reporting and 

strategy/policy design. Such coordination helps policymakers and public managers 

to trace both causes and drivers that have led to a given performance level over 

time. It also contributes to enhancing the diagnosis process to put in place corrective 

actions and strategies oriented to fill the gap between the actual and the target 

performance.  Figure 29 shows as DPM approach can steer several stakeholders; 

public institutions, private companies and population (as individuals as well as 

groups) interact dynamically continuously. Even the policy design regards the 

public institutions; private companies and population (as individuals and group) can 

foster policies through consultations tools and political pressures in a logic of 

collaborative governance.  The strategic resources belong to all stakeholders of 



 

85 
 

Figure 29, while the performance drivers represent the tools to achieve the result 

objectives of the single public institutions, aimed as intermediate results (or output). 

These results, only compared regarding improving the end user's living conditions, 

can be understood as end results (outcome). In this sense, it remains a dichotomy 

between intermediate results, possibly controllable, and end results, not easily 

controllable. In designing policies, without a clear understanding of the link 

between intermediate and end results, it is not possible to define a virtuous 

sustainable path. Figure 29 shows several final users because the improvement of 

healthcare does not affect only the patients, but also the family context, as well the 

social context; the interactions between healthcare and society are so many that they 

can also influence seemingly distant issues such as tourism or the business sector. 

Figure 29 Outcome-based Dynamic Performance Health Management framework 

 

Source: Adapted from Bivona and Cosenz, 2017, p. 71, and Bianchi, 2016, p. 73 

Through this approach, it is possible to establish a policy that surrounds its 

resources, its tools, and its internal and general objectives. Moreover, a vision of 

this type would also allow the sharing of the implemented policies towards all the 
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stakeholders, including those subjects, which, though a first superficial analysis, 

could be only a passive part (such as population, family, patients and tourists). 

2.3 Modelling epidemics and vaccination policy 

Communicable diseases have always been an essential part of human history. Since 

the beginning of recorded history there have been epidemics that have invaded 

populations, often causing many deaths before disappearing, possibly recurring 

years later, possibly diminishing in severity as populations develop some immunity. 

For example, the “Spanish” flu epidemic of 1918-19 caused more than 50,000,000 

deaths worldwide, and there are annual influenza seasonal epidemics that cause up 

to 35,000 deaths worldwide (Brauer, 2017, p. 113). 

The recent spread of increasingly advanced vaccines has highlighted the importance 

of mathematical modelling studies. Mathematical models are intended to help to 

understand the observed epidemiological tendency of diseases, to support and guide 

data collection to better understand disease behaviour and to define programs for 

their control. Mathematical models tend to organise population variables, such as 

births, deaths, healings, chronicity, transmission rates, to formulate mathematical 

algorithms that capture the essence of phenomena like the natural history of the 

disease and impact of vaccinations. It is a reductionist approach but useful for 

rationalising a complex of biological events in a simple, idealised process that 

allows a clear understanding of a sequence of events (Gasparini, 2009). A model 

can also foster the decision-making process to make projections regarding 

important issues such as intervention-induced changes in the spread of disease. 

A shared issue about mathematical models concerns their possibility to be ‘‘right” 

or ‘‘true”; regarding this issue, a common motto, stated by Box  and Draper (1987), 

used by several modellers is ‘‘Essentially, all models are wrong, but some are 

useful”. Sterman (2002) regarding the use of the mathematical models, emphasised 

the need for the ability to explain the hidden assumptions and biases of the models, 

listening with respect and empathy to others. In order to use mathematical models 

effectively for investigating the dynamics of the spread of a pandemic, including 

possible control strategies, there is a need to be confident that the values used for 
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the various parameters in the model correspond to reality. Although some 

parameters can be determined by previous knowledge, other parameters must be 

estimated by fitting the model to the available data (Huppert & Katriel, 2013, p. 

1003).  

The most important aspect of driving the spread of an infection is the transmission 

of the pathogen from infectious to susceptible individuals. Infectious transmission 

is a dynamic process, influenced among other things by the number of susceptible 

individuals, the infectious period, the infectiousness and the duration of immunity 

resulting from the infection. The nonlinearity of infectious transmission renders it 

difficult and non-intuitive to gauge (Béraud, 2018, p. 5366).  

In the mathematical modeling of disease transmission, as in most other areas of 

mathematical modeling, there is always a trade-off between simple, or strategic, 

models, which omit most details and are designed only to highlight general 

qualitative behavior, and detailed, or tactical, models, usually designed for specific 

situations including short-term quantitative predictions. Detailed models are 

generally difficult or impossible to solve analytically and hence their usefulness for 

theoretical purposes is limited, although their strategic value may be high (Brauer, 

2017, p. 117). 

About vaccinations, there, usually, are three kinds of models: Cohort models, 

Dynamic models, hybrid models. The structure of cohort models is typically 

probabilistic and linear; often, they are referred to as Markov models (Beck & 

Pauker, 1983) or health-state transition models (Dasbach, et al., 2006). Cohort 

model can underestimate the benefits of vaccinations, not considering the indirect 

benefits of vaccination (herd immunity); they can also overestimate the benefits of 

vaccination when the duration of vaccination is not permanent and if the rate of 

infection changes due to population demographic distribution (Dasbach, et al., 

2006). 

The term “Dynamic” refers to phenomena that produce time-changing patterns; a 

simple model for an epidemic is the model built by Kermac and McKendrik (1991), 

regarding the threshold effect. This model is not able to explain endemic disease 
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transmission or recurring epidemics. The last model, featured by an oscillating 

behaviour (Luenberger, 1979), is also known as SIR Model [ (Sterman, 2000), 

(Vynnycky & White, 2010)]. A simple Version of this model is reported in Figure 

30. SIR describes a disease which confers immunity against re-infection, indicating 

the passage of individuals from the susceptible class ”S” to the infective class “I” 

to the removed class ”R”. Usually, diseases caused by a virus are of SIR type. 

Figure 30 SIR MODEL, using the SD: Structure and behaviour  

 

 

This model shows how the dynamics affect the spread of contagious disease from 

the contact of a “patient zero” in conditions of absence of vaccines. As it is possible 

to check, the model is determinist, and it does not consider any stochastic value. 

Moreover, the approach is punctual, without considering the spatial perspective.  

A hybrid model is built by using common characteristics of a cohort model and a 

dynamic model (Taira, et al., 2004).  

The peculiarity of Dynamic Models is to account the direct and indirect benefits of 

vaccination in the population (Dasbach, et al., 2006), therefore including both 

outputs and outcomes of relevant policies. Therefore, these models can expand the 

range of epidemiologic outcomes tracked and including the ability to evaluate the 

cost-effectiveness of alternative vaccination policies. As anticipated, dynamic 

models are typically nonlinear and deterministic. In the field of the dynamic 

models, SD is an approach to understanding the behaviour of systems over time, by 

using internal feedback loops and time delays that affect the behaviour and state of 
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the entire system.  Both models are based on the current understanding of the natural 

history of infection and immunity. 

In cases where such knowledge is lacking, some assumptions are made regarding 

these processes. However, in such cases, there can be several possible mechanisms, 

and therefore several different models, which can lead to similar observed patterns, 

so that it is not always possible to learn about underlying mechanisms by comparing 

model outcomes. One must then be very cautious regarding model predictions, 

because different models that lead to similar outcomes in one context may fail to 

do so in another. In such instances, it is best to conduct further epidemiological and 

experimental studies in order to discriminate among the different possible 

mechanisms. Thus, a significant role of modelling enterprises is that they can alert 

us to the deficiencies in our current understanding of the epidemiology of various 

infectious diseases and suggest crucial questions for investigation and data that need 

to be collected. Therefore, when models fail to predict, this failure can provide us 

with important clues for further research (Huppert & Katriel, 2013, p. 1003). 

It has been standard practice in analysing disease outbreaks to formulate a 

dynamical system as a deterministic compartmental model, then to use observed 

early outbreak data to fit parameters to the model, and finally to analyse the 

dynamical system to predict the course of the disease outbreak and to compare the 

effects of different management strategies. In general, such models predict an initial 

stochastic stage (while the number of infectious individuals is small), followed by 

a period of exponential growth. Measurement of this early exponential growth rate 

is an essential step in estimating contact rate parameters for the model (Brauer, 

2017, p. 125). Nowadays, a critical broader question is the matter of what 

information influences the behaviour of the population during a disease outbreak, 

and how to include this in a model (Manfredi & D'Onofrio, 2013). This latter aspect 

was mainly studied during the last outbreaks of Ebola (Sharareh, et al., 2016) or 

H1N1 Influenza (Cauchemez, et al., 2011), also considering the public managerial 

and social aspects (Fast , et al., 2015). 
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2.4 Conclusive Remarks about the dynamic methodology of the 

performance  evaluation on the management of the outbreaks. 

This chapter has considered the applicable methodology for the formulation of a 

quantitative model for the analysis of the current state of health management 

regarding the spread of measles in Italy and the evaluation of specific health policies 

(currently implemented or implementable). In this sense, it is highlighted how the 

DPM framework, through a dynamic approach, can contribute to the profile of the 

assessment of health performance. The application of this method requires an in-

depth analysis of the problem and validation of the collected data (statistics, 

surveys, current literature) through the use of interviews by experts in the sector. 

Indeed, the peculiar issue, cannot prescind from the need for a specialist comparison 

with subjects belonging to the health sector (General Practitioners, Epidemiologists, 

Health Sociologists and Pharmacists). Although the use of DPM and SD is not one 

of the major approaches used in the evaluation of vaccination policies, the benefit 

that can be made is particularly significant and noteworthy. 
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Chapter 3 Building an SD Model of the issue of Measles 

in Italy 

3.1. Introduction 

After the general discussion of the issue of measles in Italy, according to the 

scientific literature, laws and statistical information, and the methodological aspect 

of the epidemic models, this current chapter deals with analysing the measles issue 

through Dynamic Performance Management (DPM) methodology. In this sense, 

starting from a conceptual model, a model of DPM has been developed, according 

to a Dynamic Outcome-Based Performance Management approach. 

Measles topic is already well known; there are several surveys, analysing the 

diffusion of measles vaccination in Italy (Filia, et al., 2013) as well as case studies 

(Bechini, et al., 2013). Although several studies are focused on the outcomes 

regarding vaccinated people, infectious people and deaths, economic analyses can 

play a critical role to foster individual and societal government decisions about 

immunisation [ (Thompson & Odahowski, 2016, p. 1377), (Adamo, et al., 2016, p. 

1)]. The knowledge of the dynamics, which revolve around the vaccination system, 

the concerns of the population and the reasons that lead to the rejection of 

vaccination, is - moreover - fundamental for giving answers and restoring trust in 

the health system. 

This research aims to analyse through an explanatory study by using System 

Dynamics (SD) methodology (Sterman, 2000), as a set of causal relationships can 

be responsible for a specific phenomenon (De Gooyert, 2016); about the causes of 

reduction of measles vaccination in Italy, under a multi-dimensional perspective, in 

order to consider its social, political and financial factors. Understanding the 

complexity of this practical issue will help to evaluate the actual policies of the 

Italian Ministry of Health and to steer the policy-makers to frame sustainable 

policies to manage the risk of a measles epidemic. 

In this way, it can be possible to analyse the dynamic effects of the underestimation 

of the risk of measles, that caused a failure of the appreciation of the benefit of 
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vaccination. Indeed, in Italy during the periods of low measles spread, measles was 

not perceived as a severe problem, and lately, anti-vaccine movements have gained 

popularity, dangerously publicising unfounded vaccine safety concerns. This is also 

confirmed by the Vaccine Confidence Project68, through a survey across 67 

countries, that has investigated about confidence in vaccine safety and 

effectiveness, has ended up that the 14.60% of the Italian population mistrust the 

vaccines. Moreover, joining the lack of trust in public institutions (with the 

application of the vaccine) with scarce financial resources of the less rich Regions69, 

especially those directed towards prevention policies (Adamo, et al., 2016), it is 

evident how the problem is at least dramatic and potentially explosive. 

Even though the Wakefield (1998) fraudulent research has been explained for a 

long time, the statistics show as a share of the population remains susceptible to the 

spread of such fake news. In this sense, it is necessary to analyse the phenomenon 

in a dynamic context in order to understand the possible nature of these dynamic 

cycles and at the same time consider possible solutions to reach the level of vaccine 

coverage expected. 

As several authors address, measles outbreak to the lack of a good governance and 

SD can develop a relevant phase of learning by use of the simulation (Sterman, 

1994, p. 320); this project could be a starting point to develop an educational 

package to reframe the mental models of the key actors (politicians, officials, 

healthcare professional and citizens) developing a more comprehensive view of the 

problem and improving coordination. 

                                                           
68 http://www.vaccineconfidence.org/research/the-state-of-vaccine-confidence-2016/ 

69 The following Regions have had to establish with the Ministry of Health a “Recovery 

Plan” to achieve the equilibrium of the financial balance of the regional health services 

from 2007: Abruzzo, Calabria, Campania, Lazio, Liguria, Lombardy, Molise, Puglia and 

Sicily; currently five of them, must have a Commissioner for the continuation of the 

Recovery Plans. http://www.salute.gov.it/portale/p5_1_1.jsp?lingua=italiano&id=145 
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The development of an SD model will bring to understand some research questions 

such as the following: 

● Which key factors reduced the vaccinated population in Italy since 2013?  

● What is the effectiveness of the actual compulsory governmental policies 

as, for example, the mandatory vaccination for children and teachers to 

access public schools in the long run (Filia, et al., 2017, p. 2)?  

● What are the causes of possible cyclical phenomena of measles epidemics 

in Italy?  

● How can the national and the local Government affect the development of 

epidemics?  

A better knowledge framework may allow the Ministry of Healthcare to formulate 

more effective policies to prevent the risk of Public Health disasters, throughout the 

Italian territory, by article 117, subsection 3 of the Italian Constitution.  

3.2. The DPM model of the Measles Management in Italy 

3.2.1 The development of a Conceptual Model 

The development of the model has followed the framework of McLaughlin and 

Olson (2012, p. 262) as reported by Figure 31. 

Figure 31 Simulation Process 

 

Source: McLaughlin and Olson, p. 262 
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The starting point of the model development (Problem/question Definition) is 

already discussed at the beginning of this chapter, while the Conceptual Model is 

reported in Figure 32. 

Figure 32 A conceptual Causal loop model of the actual management system of 

Measles in Italy 

 

 

Starting from the collection of the newspaper news70 and by Literature71, the 

management system of Measles in Italy can be explained by some loops. In the past, 

some compulsory policies of vaccination have been applied.  This shows how in 

the last years, before the fall-off in vaccination, there has been a reduction of 

morbidity and mortality due to measles (Balancing Loop 1 and 2). After an increase 

of measles vaccination coverage, the infectious people decreased over the time, but 

this pushed the national government to reduce funding for the management of 

measles prevention in favour of other diseases, due to the reduction in the state of 

emergency for measles. A reduction of investments in prevention, brought to not 

                                                           
70 For example, check https://inews.co.uk/essentials/news/world/italian-parents-vent-rage-

compulsory-child-vaccines/ 

71 The discussion of the problem has been widely discussed in chapter 3 



 

95 
 

consider the growth of the no-vax community (Toffolutti , et al., 2018), that started 

with the fraudulent publication of Wakefield (1998), now retracted, that affirmed a 

correlation between the MMR (measles, mumps, rubella) vaccine and the 

appearance of autism and bowel diseases. Higher is the susceptible no-vax people, 

lower will be the measles vaccination coverage, higher the infectious people as well 

the state of emergency. This will lead to increase the investments in health education 

(prevention) to counteract the growth over the time of the susceptible no-vax people 

(Balancing loop 4, 5). The policymakers should consider that there is a natural 

resistance to mandatory policies (balancing loop 6), as well that they need to 

manage the susceptible no-vax people because an increase of this community will 

affect the performance of the vaccination program (Reinforcing loop 1 and 2). 

Higher will be the susceptible no-vax people, lower will be the vaccination rate, 

allowing no-vax communities to persuade susceptible people not yet correctly 

informed about vaccines. However, this preliminary qualitative model requires to 

be validated by experts and scholars of the issue, that represents the step of Model 

Validation, according to Figure 31Figure 31.  

From the conceptual model and the present literature, data collection was carried 

out through the leading public health information portals (such as the Italian 

Ministry of Health and WHO), and a questionnaire was formulated that was given 

to experts in the field72. Other data has been collected by analysing reports, 

documents, newspapers and organisation websites. The reference data has been 

reported to Figure 18 (about vaccination) and Figure 19 (about the outbreaks). 

However other data have been collected to reinforce the model. 

Indeed, the heterogeneity of the sources and the multidisciplinary approach will 

require to collect data through different methods, despite the nature of data, the state 

of knowledge and the level of uncertainty. Structured questionnaires have been sent 

to Healthcare Professionals (Paediatricians, General Practitioners, Public Health 

Experts) and Healthcare Sociologists. Even Guest, Bunce, and Johnson (2006) 

propose that saturation often occurs around 12 participants in homogeneous groups, 

                                                           
72 the structure of the questionnaire is shown in Appendix 1 
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the information collection did not reach the required values (7 experts in experts in 

measles and public health issues); nevertheless, general conformity between what 

reported in the literature (especially concerning the PNPV 2017) and the opinions 

of these experts has been noted73. In this sense, the conceptual model was integrated 

by the reflections obtained through open structured interviews, sent via email. The 

reason for the formulation of these interviews also lies on the nature of several data, 

defined “mental data” by Sterman (Sterman, 2000, p. 853), that require to be 

extracted by interviews because they regard all the information in people’s mental 

models, including their impressions, stories they tell, their understanding of the 

system and how decisions are actually made. The decision to obtain the 

information, by sending questionnaires via email, and then through a non-physical 

contact, was decided by the difficulty of obtaining specific information face-to-face 

(due to time constraints by the interviewee, as well as for geographical constraints). 

Despite this, there was a reluctance to receive answers from some subjects who 

initially announced their availability. 

3.2.2 The Outcome-based Dynamic Performance Health Management of Measles 

Management in Italy 

The model has been developed following the statistics obtained from the ministry 

of health databases, the information obtained from the interviews and what was 

declared in the literature. The model was developed by using Stella Architect of 

Isee-Systems, flexible software for the use of System Dynamics. In Appendix 2, 

Table 5, Table 6, and Table 7 explain the nature of the variable while in Appendix 

3 it is possible to check the list of equations. 

                                                           
73 The outcomes of the questionnaires are downloadable from this URL 

https://drive.google.com/open?id=1HKPXVy-K3RI_hDpYmGjKEWotDoqmrb3s 
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Figure 33 Comparison between Real Infected Cases and Simulated Infected Cases 

  

Even though the model considers several assumptions because of the boundaries of 

the models, the behaviour of reference data was partly replicated; the intention was 

to replicate the increasing oscillation behaviour. Currently, the next future trends 

cannot be predicted easily, but the model considers a theoretical limit to the growth 

of the epidemic. A comparison between the real data and the simulated data is 

reported in Figure 33. 

Considering the issue of measles, a general qualitative DPM framework, with an 

instrumental view, was built to show how the policies may affect the management 

of these epidemics. The variables cross among different stakeholders. Every 

stakeholder has a particular influence, but the most relevant aspect relies on the end 

results. Indeed, these variables belong generally to the End Users, or rather the 

Population.  

The DPM was formulated, not only starting from the definition of the Stock and 

Flows model, but also the considerations highlighted in the literature. 
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Figure 34 An Outcome-based Dynamic Performance Health Management 

framework for the management of Measles in Italy 

 

 

Figure 34 shows the dynamic relationships between the strategic resources (the 

starting point or rather what we have), the performance drivers, intended as tools 

for achieving internal results (what we can do) for the individual institutions and 

therefore controllable, the intermediate results (where can go) that can have a 

specific and controllable relevance (Outputs) and the final results (Outcomes) that 

without a dynamic vision would not have a natural connection and understanding. 

Through this approach, a set of policies has been assumed to evaluate their impact 

on the system, considering the strategic resources, its tools, and its internal and 

general objectives. Moreover, a vision of this type also allows the sharing of the 

implemented policies towards all the stakeholders, including those subjects, that by 

a first superficial analysis could be only a passive part (such as population, family, 

patients, tourists). 
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The possible policies have been collected from interviews, from scientific literature 

as well as from technical and political ministerial reports. The first policy in Italy 

that has been already partially implemented is the compulsory vaccination; then it 

is assumed to consider the effects of the investments in e-health, ensuring a national 

computerised registry that can allow real-time data of vaccinated and non-

vaccinated subjects, then investments in healthcare capacity (in terms of available 

vaccines and healthcare professionals) and last but not least, the investments in 

Education, counteracting phenomena of no-Vax and the general sense of distrust of 

health public institutions. The evaluation of this issue could lead to improving the 

surveillance system that allows the control of the spread of infectious diseases and 

the monitoring of the secondary effects of immunisation (Levin, et al., 2011).  

These policy levers, affecting the infected patients per year and the vaccination 

coverage, affect the Strategic Resources that change over time by the intermediate 

and end results.  The performance drivers regulate these last variables.  Among, the 

intermediate results and end results, different measures have been identified 

according to the epidemiological, socio-cultural and financial perspective, emerged 

from the literature of the first chapter. 

Therefore, to frame the measles issue, the DPM was built considering three 

perspectives: the financial view (treatments costs and prevention costs), the 

epidemiological view (the development of disease and the population) and the 

social view(education and fake news) linking the effects of the outcomes each other.  

The model74 has 120 variables; in particular 20 stocks, 34 flows, and 66 converters, 

30 constants, 70 equations and 10 graphical functions. As the purpose of the model 

is to understand the dynamic relations, some values were defined according to the 

qualitative information, collected by interview. Figure 35 shows the interrelated 

three subsystems. 

                                                           
74 The explication of the variables is reported in Appendix 2 
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Figure 35 The global view of the three dimensions 

  

The starting point of the model of the epidemiologic view was to build an age-chain 

Model where inside every age stock was developed an SIR model [ (Allen, et al., 

1991), (Chen, et al., 2006),  (Kermack & McKendrick, 1991), (Okyere-Siabouh & 

Adetunded, 2013), (Sterman, 2000), (Vynnycky & White, 2010)], combining it 

with the actual implemented policies of vaccination. As the Italian population was 

almost constant during the last decade, the model supposed a zero-rate population 

growth.  This approach is particularly useful because of the inner structure of delay 

of the age-chain model is possible to understand in some case the behaviour of some 

oscillations. 

Figure 36 shows a simplified version of the SIR model adapted to this case study 

without considering all the variables that relate the structure 
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Figure 36 A simplified epidemiologic view 
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The model was developed by taking the following assumptions: 

● no growth population  

● initial uniform distribution of the vaccination by age 

● a patient who survives the disease remains immune  for the rest of his life 

● the model does not consider migration phenomena both concerning 

population distribution and outbreaks 

● the model considers a probability of contagion independent by  age 

(excluding for the pre-school and school cohort that have an additional 

exogenous probability to get an infectious). The factors that influence the 

infection will be given by the number of contacts between susceptible and 

infected concerning the total population and the degree of attention to 

hospital and non-hospital prophylaxis. 

● the model does not contain any spatial perspective, even the spread of 

measles has a higher degree of risk in southern Italy and in particular in 

hospitals and schools. 

Considering these aspects, the sub-system called "epidemiological view" can be 

observed in Figure 37.  
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Figure 37 The Epidemiological View 
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Figure 38 The Social View 

 

In the Subsystem “Social View” (Figure 38), the model contains the macro-social 

aspects. The spread of the fake news, due to a word of mouth effect is counteracted 

by the presence of a presumed control of misinformation and by a natural decay due 

to the forgetfulness of the fake information acquired. The proliferation of fake news 

influences directly the level of perception of risk of the measles by population and 

indirectly the level of perception of risk of the measles by policymakers. Indeed, 

the model includes phenomena as the spoil system as a manifestation wanted by the 

population also regarding health policies. This phenomenon is however considered, 

assuming that no other political, cultural and social theme has changed. The only 

tool to counteract the influence of fake news by policymakers is the use of 

prevention and health education policies in order to avoid the development of 

political-cultural divergences regarding health by the population.  

The policy levers of the investments in healthcare prevention are explained by the 

subsystem “Financial View”, as shown in Figure 39; the latter view was considered 
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in a very simplified way, as it was the intention of this study, to focus on 

management effects. 

The model assumes a constant budget in healthcare (as the population remain 

constant), but the health expenditure suffers a dichotomy between short-term (due 

to the infected cases) and medium-long term expenditure . In this sense, healthcare 

spending for the treatment of infections is considered an emergency expenditure 

that can draw extra funds at the expense of expenses related to the issue of 

prevention (e.g. extra funds for inter-ministerial policies between the ministry of 

health and education, policies of dissemination of good practices and advertising). 

Therefore, there is a managerial delay between the expenditure needs to be prepared 

for the management of long-term policies and urgent emergencies. 

Indeed, an increase of the number of cases will cause an increase of the infectious 

costs, draining resources to the  investments in healthcare prevention, causing an 

underestimation of the risk of measles (so for example to a more significant impact 

of the no-vax community), which may subsequently result in a reduction in the 

perception of risk by policymakers (for example, greater political participation by 

subjects wary of the issue of vaccination, or a greater superficiality in terms of 

health prophylaxis in schools and hospitals). 
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Figure 39 The Financial View 

 

 

 

3.2.3 Results and Discussion 

The initial values and the parameters were estimated from the primary and 

secondary data collected from different research reports; in case of the absence of 

quantitative data, several assumptions have been made, consistent with the 

qualitative information collected by literature and interviews. The main 

assumptions are based on the value of some inputs. 

The model shows as the age groups that suffer the most infections are the younger 

ones as indicated by the model (Figure 40). 
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Figure 40 The trend of simulated cases over time 

  

Figure 41 Comparison of the perception of Measles by Population and Public 

Institutions 

  

 

The model is featured by an interconnection between population and Public 

Institutions (Figure 41); although the first influences the latter, there is a 

desynchrony between the perception of the two actors due to delays. Furthermore, 

the model assumes that public institutions have a higher level of perception of 
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measles. However, the perception of Public Institutions is influenced by public 

opinions (which through public participation powers, such as voting) and by current 

conditions and scientific opinions that remain irremovable (defined by the optimal 

variables). Public institutions tend to adapt to the vision of the community. Indeed, 

through Figure 41, since 2012 it is possible to see an increasing value of the 

perception of the risk by Public Institutions, the lower oscillation peak of Population 

perception starts to increase. However, the exponential growth of the oscillations 

of Figure 40 (from 2013) is influenced by the past delay of the perception and by 

the increasing trend of the spread of Fake news although it has a limit to growth 

towards the last period. 

Figure 42 The trend of the spread of Fake news 

 

As explained above, the perception of the risk of the population has an oscillatory 

behaviour, which is influenced by several factors, the decreasing trend of the 

Perception of the risk but also by the spread of fake news and misinformation 

(Figure 42). As reported in the previously cited literature, in a low-level cultural 

context, the proliferation of misinformation can cause serious health concerns of 

the community. In this sense, without intervention on the containment of fake news 

and in improving the level of discernment of the population, it may prove the 

tendency to have a pejorative trend in the spread of measles. The model considers 

a rate of growth of the fake news level less than proportional over time, as indicated 
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by the Digital News Report 201875, which states that an increase in the diffusion of 

fake news, causes an increase in mistrust of free information (e.g. Social media and 

word of mouth). The trend is, moreover, no-linear because of the presence of the 

impact of several drivers that affect the spread of fake news by population. 

These aspects may be of particular interest because they could explain how to 

intercept the moment in which attitudes and beliefs about vaccines begin to 

develop: indeed, in a dynamic context, it is preferable to solve problems in advance 

when there is still no urgent need to adhere to the vaccine proposal. 

However, to understand the behaviours deeply, it is necessary to compare the trends 

of the variables with the dominant loops of the model. Figure 43 shows the 

dominant loops of the model. Although there are further minor loops, these 

dominant loops explain in general the behaviour of the model simulation. 

Figure 43 The dominant loops of the model 

 

                                                           
75 http://media.digitalnewsreport.org/wp-content/uploads/2018/06/digital-news-report-

2018.pdf?x89475 
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The model shows several possible policies, divided by a single subsystem, some of 

them are briefly reported: 

● Epidemiological View 

○ the desired rate of infected 

○ desired vaccination rate 

○ delay on the management of measles 

● Social View 

○ Optimal risk of the spread of fake news; 

○ Optimal perception measles spread by Public Institutions 

○ optimal investments in healthcare prevention 

○ time to delete fake news (as the level of effectiveness of 

intervention) 

○ time to change perception on measles for Public Institutions 

○  

● Financial View 

○ time to add extra funds 

○ the share of the healthcare budget in prevention 

○ time to adjust investments healthcare prevention 

○ healthcare budget 

 

These levers represent an input for a performance driver, therefore by changing the 

benchmark, it is possible to verify different scenarios. By changing the values of 

the financial delays, it is possible to check a reduction of oscillations.  This 

phenomenon is due to the presence of delays in balancing feedback loops that are 

currently not manageable. A reduction of these delays will, therefore, allow the 

oscillating phenomena to be reduced thanks to greater resilience of the public 

administration.  

However, the main levers, object of this research regarding only the following 

aspects: 
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• Investments in Vaccination capacity,  

• Compulsory Infant Vaccination, 

• Investments in the management of the misinformation (fake news 

reduction),  

• Investments in e-Health (implementation of a national electronic 

vaccination registry). 

Increasing the investments in capacity could lead the system to fulfil all the 

requested vaccinations. The model assumes that there is no limit of capacity. 

However, it is introduced a policy lever to detect what are the scenarios, decreasing 

the capacity.  

Figure 44 The effects of a change of infant vaccination capacity on the outbreaks 

  

The effects of a change in the infant vaccination capacity (Figure 44) seems not to 

have any influences on the evolution of the outbreaks because the infantile 

population represents only a small part of the entire population. However, it is 

evident that an increase in vaccination capacity can allow protecting a greater share 

of children (Figure 45), as well as to have positive repercussions in the future, 

creating a better demographic composition regarding vaccinations. 
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Figure 45 The effects of a change of infant vaccination capacity on the infant 

vaccination rate 

  

 The current system does not provide mandatory vaccinations for adults, except in 

some cases for health professionals, and a general extension is too burdensome to 

manage. The mass of the susceptible population appears to be minimally affected, 

considering that the share of the population under the age of two represents 0.05% 

of the population in cases of zero growth of the population. In this sense, a variation 

from 90% to 95% of the infant vaccination population will affect 0.0025% of the 

total vaccination population. The limit to vaccination capacity, is highlighted 

moreover by the presence of an additional probability to get infectious for the first 

two cohorts, being more susceptible according to the literature. The evidence of the 

simulation shows only an increasing peak behaviour in case of a reduction of infant 

vaccination. This simulation should have a more interest analysis on a longer 

horizon, by changing the epidemiological structure of the population. So, although 

it turns out to be a good practice, in the long run, having a vaccination rate that 

reaches herd immunity, over a 10-year time horizon, is not enough to eradicate the 

disease. Therefore, the model suggests evaluating a vaccination also for other age 

groups or otherwise evaluate this policy as a long-term policy. 
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Under the epidemiological view, it is interesting the low impact of vaccination 

policies. Indeed, since the current policies concern the vaccination of new-born 

children, Through a comparative run, it is possible to analyse the effects of a change 

of the regular vaccination rate (the standard value in average condition, considered 

as a benchmark) in Figure 46. 

Figure 46 The introduction of the mandatory child vaccination 

  

The second policy lever, the introduction of a mandatory infant vaccination is quite 

similar to the previous policy. Although the goal is the same (the increase in child 

vaccination), the method appears different. While in the first case a logistical deficit 

was assumed, in this case, the introduction of a normative instrument is 

hypothesised in order to protect public health. 

As in the first case, it is possible to observe a reduction in infectious cases, for 

greater vaccination coverage. However, the benefits can only start to show up in the 

long run, as they already are for the last two years. 
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Figure 47 Introduction of Extra-Funds for the reduction of the health fake news 

 

 

The third policy regards the reduction of health misinformation. As considered by 

Mackey and Liang (2013), the dissemination of misleading or unbalanced 

information about the risks and benefits of medications could cause a negative 

consequence, because people may engage in self-diagnosing and self-prescribing 

of their health conditions without the partnership of a medical professional. This 

behaviour may represent a form of friction in the success of any public health 

policies. Among other things, in a public governance context, these harmful 



 

115 
 

practices can indirectly have a negative influence in the context of determining and 

applying policies.  

The introduction of extra funds for the reduction of the fake news and to spread 

good practices, is shown in Figure 47. Taking into account that this model wants to 

reproduce a micro-world in order to understand the central relationships (Sterman, 

2000), the introduction of extra funds cause a spread of health culture, in order to 

contain the proliferation of fake news, and therefore, the growth of possible 

outbreaks.  Figure 47 shows, indeed, how the reduction of fake news has a 

substantial positive impact on the spread of the disease.  

The last policy is the introduction of the electronic vaccination registry (Figure 48). 

This tool, through the use of information and communication technologies (ICTs), 

can improve the prevention, diagnosis, treatment, monitoring and management of 

measles in Italy, as cited in the previous chapter. The introduction will cause a 

reduction of the delays to detect the outbreaks, improving the management of 

prophylaxis of the infected people.  

Figure 48 The introduction of the electronic vaccination registry 
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This model shows how the social aspects in some cases can have a more significant 

impact than the distribution of vaccination, regardless of the classic SIR model. 

Indeed, if it is  observed Figure 49, it is possible to check how although the immune 

population has increased and the susceptible population has increased, the epidemic 

peaks have been higher in recent years. 

Figure 49 The evolution of Susceptible and Immune People 

 

3.3 Conclusive remarks  about the DPM model of the management of the 

measles outbreaks in Italy 

Eradication initiatives require sustained public health, political, financial and 

individual efforts. The model has highlighted the impact of some political levers on 

the management of measles. In particular, through the DPM framework, it was 

possible to highlight the dynamics that link the variables and how they can interact 

in order to improve overall performance. The model, although limited by various 

deficits, such as the need to formulate a series of assumptions due to lack of 

quantitative data, has been able to explain how within the dynamic complexity it is 

possible to analyse the evolution of measles in Italy, evaluating current policies and 

assuming future scenarios. Although it is not possible to have the certainty of the 

future, rebus sic stantibus, it is possible to highlight the benefits of the 

implementation of the electronic vaccination register as well as the prevention 

policies. On the subject of vaccination, the latest journalistic speculations that want 

to create an instant cause-effect relationship (after only one year) between infant 

vaccination and the spread of the epidemic, appear somewhat dubious. As 
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considered by Jansen et al. (2003, p. 804), the population biology of measles 

depends on many factors, such as seasonality of transmission and the social, spatial, 

and age structure of the population.  Being a pathology that unfortunately more 

easily damages the older age groups and considering that the benefits of the 

compulsory vaccination are in the long run, it remains very doubtful to state that 

the correlation, infant-vaccination  and number of measles cases, should be a cause-

effect relationship in the short run. The dynamic complexity as well the overlapping 

of shared sectoral problems issues of the epidemics requires vast data integration 

over temporal, geographical and socioeconomic scales. This particular systemic 

complexity also requires considering the comprehension of the issue under a double 

loop learning logic; therefore, this model can also be considered a starting point for 

a future modelling process; indeed, by changing the actual conditions, it should be 

desirable to update the model to highlight the new trends. Furthermore, the 

approach of the DPM has shown that it is particularly relevant in the formulation of 

the evaluation of health policies.  
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 Chapter 4 Conclusions, Limitations and Future Research 

In the public healthcare sector, it is necessary to consider all the stakeholders, 

especially in a logic of health governance; however, particular interest must be 

placed on decision-makers; the latter are themselves, stakeholders, as they are 

representative, in most cases, of the citizens' requests.  This is especially true for 

policy-makers who should ensure an efficient allocation of resources that meet the 

population's priority health needs equitably. Moreover, politicians have a moral 

obligation to protect the health of citizens, as stated in the art. 32 of the Italian 

Constitutional Charter. These key-actors, however, have a filtered vision that is 

sometimes characterised by constraints as the party-social vision is bound to 

virtuous (and unfortunately in cases vicious) aspects produced by the community 

as an active part of the political process. On the other hand, these constraints can 

derive from vicious aspects of an extremely demagogic nature. The model was able 

to explain the key factors that led the measles outbreak in 2017 (RQ1) and  the 

dynamic oscillations (RQ3), showing how the financial and social aspects have a 

significant attrition on the effectiveness of public health. Moreover, the model has 

shown that the low level of vaccination (RQ2) is due to a cultural deficit 

(confirming what reported in the scientific literature), damaged by the spread of 

fake news, and by an underestimation of the problem due to a trade-off between 

urgent contingent problems and long-term planning needs. Undoubtedly the 

introduction of a mandatory vaccine for those at risk, in a demagogic cultural 

context, can be a tool of health policy and can be a useful tool in the short term; this 

approach, however, diverges deeply from the concepts of public governance.  The 

model, through its simulations, showed how the introduction of an electronic 

vaccination registry (RQ4) has a fundamental impact in reducing epidemics, 

especially if supported by a cultural context in which information is controlled 

through right policies to promote health. 

Without analysing the weight exerted by the bureaucracy, even a policy 

(vaccination) that apparently appears to be the best solution, can be ineffective: it 

is necessary to consider the strict hierarchical subordination within it, the obligation 

of endorsement by the political manager, the complex procedures of administrative 
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acts and controls too numerous to which they must be submitted (Magaldi, et al., 

2014). As previously considered, some health choices are made by four levels: 

national level (macro scenario), regional (meso scenario), business and vaccination 

practice (micro scenarios), these choices come from different actors who should 

have recognised managerial skills. 

The use of a particularly advanced information context (ehealth as information 

management) if on the one hand can represent a solution in the acceleration of 

processes, on the other it can generate worsening if not filtered and managed to 

improve performance. The redundancy of data and the implementation of policies 

that do not consider the dynamic complexity and the cultural context in which they 

operate (both at the level of individual institutions, and a general level) may 

represent a break or even a reverse for achieving improvement of the quality of life. 

If on the one hand in this sense, it may appear that we must consider a process by 

which we pass from a vision of obligations to a logic of collaboration, on the other 

this passage is not at all easy, especially in terms of public health, where information 

asymmetries are high and can represent a cause of public failure. For example, in 

the case of the transition from the institution of the vaccination obligation to that of 

the recommendation, it is not at all a simple process and can lead to a serious 

disincentive to the vaccination practice. The transition from the compulsory 

vaccination regime to the recommendation regime must be accompanied by a 

particular reference to individual "responsibility" in choices and behaviour 

(Osservatorio Nazionale sulla Salute nelle Regioni Italiane, 2015). 

About 30 years have passed since the Charter of Ottawa (WHO, 1986), but its 

contents are still current and can be inserted in a context of New Public Governance 

and Collaborative Governance (Ansell & Gash, 2008), in fact it states that the 

promotion of health (and, therefore, also the prevention of diseases) must be 

understood as a process that puts people in a position to increase the control of their 

health, identify and realize their aspirations, satisfy their needs, change their 

surroundings and face them. The protagonist of the change is focused on the 

individual, while the institution must limit itself to putting it in conditions of power 

(empowerment) and knowing how to choose while ensuring conditions of physical, 
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psychological and relational well-being. However, this aspect requires a significant 

cultural commitment in order to preserve the actions and avoid friction behaviour 

on the part of the end users of the policies 

DPM and SD can help to foster public healthcare policies as shown by the Measles 

Case. The need for detailed analytical information in order to obtain a truthful 

model also requires more significant development of the computerisation of health 

data, also crossing information obtained from public organizations having different 

competence. In this sense, since until now, a static approach has been used for the 

analysis of costs and benefits for the implementation of a vaccine, it is to be 

considered a possible mental shift considering the dynamic approach. Having a 

correct amount of information is possible by the DPM framework, to develop a 

Dynamic HTA in order to have a tool that can better understand the dynamic 

complexity. Furthermore, a comparative analysis with another healthcare system 

can help to improve the robustness of the SD model. The results of the comparative 

analysis can provide to decisionmakers new insights to get a deeper understanding 

of the dynamics characterizing the investigated phenomenon to design stronger 

policies to reduce the infectious measles infectious rate. 

The current lack of information places a significant limit on the research, but on the 

basis of qualitative information it is possible to develop further tools for public 

participation through the development of group modelling sessions (GMB) 

(Vennix, 1996) in which the aim is not to reproduce the reality but rather to 

understand it through an iterative and interactive process. 

While on the one hand, the DPM can help to filter out the redundancy of information 

obtainable from different health databases, on the other hand, it is necessary to 

develop a process of involvement and facilitation in the use of these tools within 

public institutions. As long as the model will only belong to the modeller, the 

usefulness of this approach will be ºsomewhat limited, allowing no direct transfer 

of knowledge. 
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In this sense, the hypothesis of developing a flight simulator (Sterman, 2000) could 

create limitations in the understanding of the model, while it could be a support to 

become an active part of the creation of the reproduction of reality. 

In the case of measles, it has been shown that the Consumer E-health (in terms of 

access of electronic health information) is particularly delicate and requires 

essential coordination from the health service in order to avoid differences of 

thought between the general population and the public health system. The 

underestimation of the diffusion of fake news as the sub-violation of a future 

epidemic risk are more readily understandable concepts through a dynamic 

approach. There can be an open question if the problem of poor performance is due 

to a general tendency to resolve the urgencies, losing the long-term perspective. 

Although Keynes states that "in the long run we are all dead", we should get there 

at the "long run". 

Lastly, it would be recommended the combination of the spatial approach with the 

dynamic approach to analysing the case study of measles; it would have been useful 

to consider not only the national deficit (North-South) but also the individual risk 

centres (such as hospitals and schools).  
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Appendix 2 
 Table 5 List of the variables of the subsystem “Epidemiological View” 

 

Variable Name Unit of 

Measure 

General information and assumptions 

pre-school (or school, 

working adult, retired) 

cohort 

people The sum of these stocks corresponds to the real 

Italian population. However, the distribution is 

uniform because demographic generalizations 

have been made for the simplification of the 

model  

immune people people people who are vaccinated or have contracted 

the disease and survived 

number of cases people/year number of infected people. The real value 

(reference data) was used to fit the model 

susceptible people people unvaccinated people who have not yet 

contracted the virus 

Average probability to 

get an infectious 

unitless Exogenous average probability of getting an 

infectious regardless of endogenous factors  

(healthy and infected population, management 

of patients, etc.) 

 

Infectious rate unitless the number of infected people compared to the 

general population 
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Desired infectious rate unitless an ideal infection rate which in the short term 

leads to vaccination according to the desired 

objectives for the immunity of flocks (95%) 

Infectious ratio 

Performance Driver 

unitless the ratio between the rate of infected and desired 

rate of infected. In the event of an outbreak, the 

population will have more concerns about 

measles by requiring more vaccination 

effect of infectious ratio 

on demand of 

vaccination rate 

unitless A no linear S-Shaped increasing graph function. 

demand of vaccination 

rate 

unitless The current vaccination rate, influenced by 

epidemiological contingencies and the cultural 

context due to current and past prevention 

policies. This demand is featured by a smooth 

function of the first level. 

aeffect of trust ratio 

on demand of 

vaccination rate 

 

unitless Using an s-shape line in a graph function, it is 

assumed that in the case of low Trust Ratio, the 

demand of vaccination rate will decrease 

drastically, while there will be a high impact of 

demand of vaccination rate in case of a high 

Trust Ratio. 

desired vaccination rate 

(or std vaccination) 

unitless Herd immunity Rate (95%) 

requested vaccines people/year number of children (preschool cohort) who are 

vaccinated during the vaccination time 
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vaccination time years The model considers that children are vaccinated 

at one-year-old (in reality, the guidelines suggest 

vaccination from the 12th to the 15th-month-

old) 

vaccinated pre-school 

(or school, working 

adult, retired) cohort 

people These stocks represent that part of the 

population immune to measles, through the 

vaccination 

Infected pre-school   (or 

school, working adult, 

retired)cohort 

people The population that currently has measles and 

can infect the susceptible population 

additional age 

probability 

unitless According to what is stated in the literature, it is 

supposed that the younger age groups are more 

likely to become infected 

incubation time year It is the duration that the virus takes to cause an 

infection after contact with a patient. 

mortality rate people/year mortality rate caused by measles. 

probability to 

get an infectious 

 

unitless the actual probability of infection considering 

the current level of prophylaxis performed by 

individual public institutions and the epidemics 

risk due to the epidemiologic structure. 

Prophylaxis 

Performance Driver 

 

unitless This value is a ratio between  the perception of 

measles spread by Public Institutions and its 

optimal value. This value represents a 

performance driver to  define the level of public 

institutions' attention to the spread of the 
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 disease. In case of high value, there will be a 

low level of contagion risk because the public 

institutions will have applied policies aimed at 

reducing the risk of contagion (ready isolation of 

the zero patient or the outbreak; mandatory 

vaccination for health personnel and for access 

to the school) 

 

pre-school (school, 

working adult, retired) 

cohort becoming not 

vaccinated school 

(working adult or 

retired) cohort  

 

people susceptible (unvaccinated) people that are 

getting old 

New Recovered pre-

school (school, working 

adult, retired) cohort 

people/year sick people who are recovering from the disease 

delay on management of 

measles 

year the time necessary to correct prophylaxis with 

respect to the public institutions' risk perception. 

Introducing the Vaccination Electronic Registry 

is possible to reduce this delay. 

effect of risk of measles 

spread 

on probability to 

unitless The effect has a hyperbolic shape graph function 

and represents the impact of risk perception on 

the likelihood of contagion 
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get an infectious 

Effect of share of cases 

on probability to get an 

infectious 

unitless Effect of the epidemiologic structure on the risk 

to get  an infectious 

Recovered pre-school 

(school, working adult, 

retired) cohort 

people survive people that are immune after the 

contagious 

Recovered pre-school 

(school, working adult,) 

cohort becoming 

recovered school 

(working adult, retired) 

cohort 

people/year Immune people that are getting old 

Share of cases on 

susceptible 

unitless The ratio between the number of infected people 

and the susceptible people 

new infants people/year children born within a year that correspond to 

annual deaths 

time to die for natural 

causes 

year life expectancy for retirees 

new deaths of infected 

retired preschool  (or 

school, working adult, 

retired) 

 

people/year this rate is based on the normal values of 

mortality of measles 
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Time to recover year Time to recover from the disease 

Time to retire year Time to become retired adult cohort 

Compulsory Infant 

Vaccination 

unitless Policy lever that introduces the mandatory infant 

vaccination 

Level of Capacity unitless Policy lever that introduces a scenario where 

there is a limit of vaccination capacity 

 

Table 6 List of the variables of the subsystem “Social View” 

 

Variable Name Unit of 

Measure 

General information and assumptions 

optimal perception 

measles spread by 

Public Institutions 

level of risk It is assumed that the optimal perception is higher 

than the initial current perception. This variable 

represents the attitude to push the Public 

Institutions to contain the diseases, by planning 

and acting  correct health policies both at the 

national and local level 

Word of mouth effect 

on new fake news 

1/year multiplier effect due to word of mouth. This value 

is supposed to be constant over time. 

new fake news level of fake 

news/year 

dissemination of new fake news on the basis of 

word of mouth 
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fake news level level of fake 

news 

This variable has a qualitative nature and is 

consistent with what has been ascertained by 

literature and interviews. Indeed,  it tends to grow 

increasing decreasingly with a non-linear trend 

because of the endogenous dynamics. 

natural decay of fake 

news 

level of fake 

news/year 

Natural tendency to forget the fake news 

reduction of fake 

news by control 

level of fake 

news/year 

an exogenous policy of controlling the diffusion 

of false news. It is assumed that there is an 

optimal level for which policymakers do not 

intervene. 

time to forget news year An exogeneous value that which has a limited 

function in the explanation of the model. It 

represents the time to forget the fake news 

optimal fake news 

level 

level of fake 

news 

it is assumed a value below the initial fake news 

level. Higher is this value, and lower is the 

Perception of measles spread by Public 

Institutions, 

effect of trust ratio 

driver 

on natural decay of 

fake news 

unitless It is assumed that an environment where people 

that trust on Public Institution, can counteract the 

proliferation of fake news 

time to delete fake 

news 

year Time to delete fake news by Public Institutions 
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Misinformation 

performance driver 

 

unitless The ratio between the actual level of spread of 

fake news and the optimal (or slightly 

manageable) level of spread of fake news. This 

value has an effect on the perception of measles 

spread by community 

  

effect of 

misinformation on 

perception of measles 

spread by community 

 

unitless A graph function. This value impacts the 

perception of measles spread by the community. 

Higher is the level of misinformation; lower will 

be the level of perception of risk by community 

optimal perception of 

measles spread by 

Population 

level of risk The optimal value that pushes the population to 

behave virtuously. It is assumed that initially, the 

population has the same level of confidence of the 

optimal level 

trust ratio driver unitless Performance driver that defines the attitude of 

Public Institutions to counteract the growth of 

fake news. 

perception of measles 

spread by Population 

Level of 

Risk 

Level of attention to the question of measles. 

Having low levels, the citizens will mistrust on 

the vaccination program 

Change in perception 

measles spread 

Level of 

Risk / Year 

Change in people perception because of the trend 

of the outbreaks and because of the measles 

management of the Public Institutions 
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Time to change 

perception on measles 

by people 

year This value has an exogenous constant value. 

However, the introduction of an Electronic 

Vaccination Registry can help to foster the 

policies to the no-vax (or low confident in 

vaccination) community. 

effect of healthcare 

prevention 

on the perception of 

risk 

unitless the effect of the investments on the perception of 

the risk by the Community. It is assumed that 

investments have a positive impact but that with 

an increasing spending, the benefit is less than 

proportional 

Perception gap unitless the gap between the Community perception and 

the Public Institution Perception. This gap affects 

over time the attitude of the population, although 

the gap is anchored to the optimal value. 

Healthcare Education 

Driver 

 

unitless The ratio between the actual investments in 

prevention and the optimal investments. Higher 

will be this value; higher will be the confidence in 

vaccines for the population 

Optimal investments 

in 

healthcare prevention 

euro/year the level of investments that permit to have a shift 

in the mental models of the community. 

time to change 

perception on measles 

for Public Institutions 

year delay changing the perception of Public 

Institutions on Measles. This delay is reduced by 

the introduction of Electronic Vaccination 

Registry 
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Weight of 

misinformation and 

outbreak perception  

unitless The weights that affect the change perception due 

to misinformation, health promotion, and 

evolution of the outbreaks. 

Change in perception 

of measles by 

healthcare prevention 

(by misinformation 

and by outbreak) 

Level of 

risk/year 

Change of perception of the rick by public 

institutions because of the presence of 

epidemiological issues (deaths and infected 

people), social issues (the spread of fake news and 

healthcare prevention) 

effect of infectious 

ratio on 

expected perception 

of 

measles spread by 

Public Institutions 

unitless a growing no linear graph function. The higher 

the infection rate, the greater the awareness of the 

people 

Investments in 

Electronics 

Vaccination Registry 

unitless Policy lever to reduce the delay on the measles 

management 

Extra funds in 

management of 

misinformation 

(ehealth Consumers) 

unitless Policy lever to contain the spread of fake news in 

the sector of ehealth consumers, by controlling 

forum, search engines, websites that promote no-

vax movements. 
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Table 7 List of the variables of the subsystem “Financial View” 

 

Variable Name Unit of 

Measure 

General information and assumptions 

average cost per case euro/people/ye

ar 

hypothetical cost of care per patient 

infectious costs euro/year general cost to treat measles sufferers 

time to add extra 

funds 

year time needed to collect sums to be allocated to 

prevention that has been previously taken to 

manage measles emergencies 

share of healthcare 

budget in prevention 

unitless the share of health expenditure to be allocated 

to prevention 

healthcare budget euro/year Fixed gross value over time 

planned investments 

in healthcare 

prevention 

euro/year  

time to adjust 

investments in 

healthcare prevention 

year ordinary time for expense planning 

change in healthcare 

prevention 

euro/year/year adjustment of investments in health prevention. 

A part of the amount is adjusted with a longer 

delay (correction of urgent expenses related to 

long-term needs) 
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actual investments in 

healthcare prevention 

euro/year investments in prevention adjusted for short 

(urgent care) and long-term needs 

Share of healthcare 

budget in prevention 

unitless Fixed share of healthcare budget to prevention 

policies. 
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Appendix 3  
List of equations of the Stock and Flow Model of Measles case study 

 

Top-Level Model: 

 

epidemiologic_view: 

"Infected_pre-school_cohort"(t) = "Infected_pre-school_cohort"(t - dt) + 

("new_infected_pre-school" - "New_Recovered_pre-school_cohort" - 

"new_deaths_of_infected_pre-school") * dt 

INIT "Infected_pre-school_cohort" = 50 

INFLOWS: 

"new_infected_pre-school" = probability_to_get_an_infectious*"pre-

school_cohort"/incubation_time 

OUTFLOWS: 

"New_Recovered_pre-school_cohort" = "Infected_pre-

school_cohort"/time_to_recover 

"new_deaths_of_infected_pre-school" = "Infected_pre-

school_cohort"*mortality_rate 

Infected_retired_adults_cohort(t) = Infected_retired_adults_cohort(t - dt) + 

(new_infected_retired_adults - New_Recovered_retired_adults_cohort - 

new_deaths_of_infected_retired_adults) * dt 

INIT Infected_retired_adults_cohort = 56 

INFLOWS: 

new_infected_retired_adults = 

effect_of_risk_of_measles_spread_on_probability_to_get_an_infectious*probabil

ity_to_get_an_infectious*Retired_Adult_cohort/incubation_time 

OUTFLOWS: 

New_Recovered_retired_adults_cohort = 

Infected_retired_adults_cohort/time_to_recover 

new_deaths_of_infected_retired_adults = 

Infected_retired_adults_cohort*mortality_rate 
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Infected_school_cohort(t) = Infected_school_cohort(t - dt) + 

(new_infected_school - New_Recovered_school_cohort - 

new_deaths_of_infected_school) * dt 

INIT Infected_school_cohort = 200 

INFLOWS: 

new_infected_school = 

additional_age_probability*effect_of_risk_of_measles_spread_on_probability_to

_get_an_infectious*probability_to_get_an_infectious*school_cohort/incubation_t

ime 

OUTFLOWS: 

New_Recovered_school_cohort = Infected_school_cohort/time_to_recover 

new_deaths_of_infected_school = Infected_school_cohort*mortality_rate 

Infected_working_adults_cohort(t) = Infected_working_adults_cohort(t - dt) + 

(new_infected_working_adults - New_Recovered_working_adults_cohort - 

new_deaths_of_infected_working_adults) * dt 

INIT Infected_working_adults_cohort = 224 

INFLOWS: 

new_infected_working_adults = 

effect_of_risk_of_measles_spread_on_probability_to_get_an_infectious*probabil

ity_to_get_an_infectious*working_adult_cohort/incubation_time 

OUTFLOWS: 

New_Recovered_working_adults_cohort = 

Infected_working_adults_cohort/time_to_recover 

new_deaths_of_infected_working_adults = 

mortality_rate*Infected_working_adults_cohort 

"pre-school_cohort"(t) = "pre-school_cohort"(t - dt) + (new_infants - 

pre_school_cohort_becoming_not_vaccinated_school_cohort - 

new_vaccinated_preschool_cohort - "new_infected_pre-school") * dt 

INIT "pre-school_cohort" = 109000 

INFLOWS: 

new_infants = 

dying_retired_adult_cohort+dying_recovered_retired_adults+dying_vaccinated_r
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etired_adult_cohort+"new_deaths_of_infected_pre-

school"+new_deaths_of_infected_school+new_deaths_of_infected_working_adul

ts+new_deaths_of_infected_retired_adults 

OUTFLOWS: 

pre_school_cohort_becoming_not_vaccinated_school_cohort = "pre-

school_cohort"/time_to_become_school_cohort 

new_vaccinated_preschool_cohort = MIN (requested_vaccines,"pre-

school_cohort"/vaccination_time ) 

"new_infected_pre-school" = probability_to_get_an_infectious*"pre-

school_cohort"/incubation_time 

"Recovered_pre-school_cohort"(t) = "Recovered_pre-school_cohort"(t - dt) + 

("New_Recovered_pre-school_cohort" - "recovered_pre-

school_cohort_becoming_recovered_school_cohort") * dt 

INIT "Recovered_pre-school_cohort" = 7500 

INFLOWS: 

"New_Recovered_pre-school_cohort" = "Infected_pre-

school_cohort"/time_to_recover 

OUTFLOWS: 

"recovered_pre-school_cohort_becoming_recovered_school_cohort" = 

"Recovered_pre-school_cohort"/time_to_become_school_cohort 

Recovered_retired_adults_cohort(t) = Recovered_retired_adults_cohort(t - dt) + 

(New_Recovered_retired_adults_cohort + 

Recovered_working_adult_cohort_becoming_Retired_Adults_cohort - 

dying_recovered_retired_adults) * dt 

INIT Recovered_retired_adults_cohort = 35000 

INFLOWS: 

New_Recovered_retired_adults_cohort = 

Infected_retired_adults_cohort/time_to_recover 

Recovered_working_adult_cohort_becoming_Retired_Adults_cohort = 

Recovered_working_adults_cohort/time_to_retire 

OUTFLOWS: 
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dying_recovered_retired_adults = 

Recovered_retired_adults_cohort/time_to_die_for_natural_causes 

Recovered_school_cohort(t) = Recovered_school_cohort(t - dt) + 

(New_Recovered_school_cohort + "recovered_pre-

school_cohort_becoming_recovered_school_cohort" - 

recovered_school_cohort_becoming_recovered_working_adult_cohort) * dt 

INIT Recovered_school_cohort = 50000 

INFLOWS: 

New_Recovered_school_cohort = Infected_school_cohort/time_to_recover 

"recovered_pre-school_cohort_becoming_recovered_school_cohort" = 

"Recovered_pre-school_cohort"/time_to_become_school_cohort 

OUTFLOWS: 

recovered_school_cohort_becoming_recovered_working_adult_cohort = 

Recovered_school_cohort/time_to_become_working_adult_cohort 

Recovered_working_adults_cohort(t) = Recovered_working_adults_cohort(t - dt) 

+ (New_Recovered_working_adults_cohort + 

recovered_school_cohort_becoming_recovered_working_adult_cohort - 

Recovered_working_adult_cohort_becoming_Retired_Adults_cohort) * dt 

INIT Recovered_working_adults_cohort = 131000 

INFLOWS: 

New_Recovered_working_adults_cohort = 

Infected_working_adults_cohort/time_to_recover 

recovered_school_cohort_becoming_recovered_working_adult_cohort = 

Recovered_school_cohort/time_to_become_working_adult_cohort 

OUTFLOWS: 

Recovered_working_adult_cohort_becoming_Retired_Adults_cohort = 

Recovered_working_adults_cohort/time_to_retire 

Retired_Adult_cohort(t) = Retired_Adult_cohort(t - dt) + 

(working_adult_cohort_becoming_retired_adult_cohort - 

dying_retired_adult_cohort - new_infected_retired_adults) * dt 

INIT Retired_Adult_cohort = 305000 

INFLOWS: 
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working_adult_cohort_becoming_retired_adult_cohort = 

working_adult_cohort/time_to_retire 

OUTFLOWS: 

dying_retired_adult_cohort = 

Retired_Adult_cohort/time_to_die_for_natural_causes 

new_infected_retired_adults = 

effect_of_risk_of_measles_spread_on_probability_to_get_an_infectious*probabil

ity_to_get_an_infectious*Retired_Adult_cohort/incubation_time 

school_cohort(t) = school_cohort(t - dt) + 

(pre_school_cohort_becoming_not_vaccinated_school_cohort - 

school_cohort_becoming_working_adult_cohort - new_infected_school) * dt 

INIT school_cohort = 605000 

INFLOWS: 

pre_school_cohort_becoming_not_vaccinated_school_cohort = "pre-

school_cohort"/time_to_become_school_cohort 

OUTFLOWS: 

school_cohort_becoming_working_adult_cohort = 

school_cohort/time_to_become_working_adult_cohort 

new_infected_school = 

additional_age_probability*effect_of_risk_of_measles_spread_on_probability_to

_get_an_infectious*probability_to_get_an_infectious*school_cohort/incubation_t

ime 

"vaccinated_pre-school_cohort"(t) = "vaccinated_pre-school_cohort"(t - dt) + 

(new_vaccinated_preschool_cohort - 

vaccinated_people_becoming_school_cohort) * dt 

INIT "vaccinated_pre-school_cohort" = 411000 

INFLOWS: 

new_vaccinated_preschool_cohort = MIN (requested_vaccines,"pre-

school_cohort"/vaccination_time ) 

OUTFLOWS: 

vaccinated_people_becoming_school_cohort = "vaccinated_pre-

school_cohort"/time_to_become_vaccinated_school_cohort 
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vaccinated_retired_adult_cohort(t) = vaccinated_retired_adult_cohort(t - dt) + 

(vaccinated_people_becoming_retired_adult_cohort - 

dying_vaccinated_retired_adult_cohort) * dt 

INIT vaccinated_retired_adult_cohort = 1030000 

INFLOWS: 

vaccinated_people_becoming_retired_adult_cohort = 

vaccinated_working_adult_cohort/time_to_retire 

OUTFLOWS: 

dying_vaccinated_retired_adult_cohort = 

vaccinated_retired_adult_cohort/time_to_die_for_natural_causes 

vaccinated_school_cohort(t) = vaccinated_school_cohort(t - dt) + 

(vaccinated_people_becoming_school_cohort - 

vaccinated_people_becoming_working_adult_cohort) * dt 

INIT vaccinated_school_cohort = 2160000 

INFLOWS: 

vaccinated_people_becoming_school_cohort = "vaccinated_pre-

school_cohort"/time_to_become_vaccinated_school_cohort 

OUTFLOWS: 

vaccinated_people_becoming_working_adult_cohort = 

vaccinated_school_cohort/time_to_become_working_adult_cohort 

vaccinated_working_adult_cohort(t) = vaccinated_working_adult_cohort(t - dt) + 

(vaccinated_people_becoming_working_adult_cohort - 

vaccinated_people_becoming_retired_adult_cohort) * dt 

INIT vaccinated_working_adult_cohort = 4110000 

INFLOWS: 

vaccinated_people_becoming_working_adult_cohort = 

vaccinated_school_cohort/time_to_become_working_adult_cohort 

OUTFLOWS: 

vaccinated_people_becoming_retired_adult_cohort = 

vaccinated_working_adult_cohort/time_to_retire 

working_adult_cohort(t) = working_adult_cohort(t - dt) + 

(school_cohort_becoming_working_adult_cohort - 



 

144 
 

working_adult_cohort_becoming_retired_adult_cohort - 

new_infected_working_adults) * dt 

INIT working_adult_cohort = 1223000 

INFLOWS: 

school_cohort_becoming_working_adult_cohort = 

school_cohort/time_to_become_working_adult_cohort 

OUTFLOWS: 

working_adult_cohort_becoming_retired_adult_cohort = 

working_adult_cohort/time_to_retire 

new_infected_working_adults = 

effect_of_risk_of_measles_spread_on_probability_to_get_an_infectious*probabil

ity_to_get_an_infectious*working_adult_cohort/incubation_time 

additional_age_probability = 2 

average_probability_to_get_an_infectious = 0.00000947 

avg_delay_on_management_of_measles = 3 

Compulsory_infant_vaccination = 0 

delay_on_management_of_measles = 

avg_delay_on_management_of_measles/social_view.Investments_in_Electronic_

Vaccination_Registry 

demand_of_vaccination_rate = SMTH1 (MIN ( 

effect_of_infectious_ratio_on_demand_of_vaccination_rate*Desired_vaccination

_rate/effect_of_trust_ratio_on_demand_of_vaccination_rate, 1), 2, 0.85) 

desired_infectious_rate = 0.0002 

Desired_vaccination_rate = 0.95 

effect_of_infectious_ratio_on_demand_of_vaccination_rate = 

GRAPH(infectious_ratio_Performance_Driver) 

(0.850, 0.850), (1.1375, 1.066), (1.425, 1.393), (1.7125, 1.692), (2.000, 1.891) 

effect_of_risk_of_measles_spread_on_probability_to_get_an_infectious = 

GRAPH(SMTHN(Prophylaxis_Performance_Driver, 

delay_on_management_of_measles, 10)) 
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(0.500, 9.000), (0.600, 6.500), (0.700, 4.500), (0.800, 3.000), (0.900, 1.750), 

(1.000, 1.000), (1.100, 0.731), (1.200, 0.476), (1.300, 0.305), (1.400, 0.183), 

(1.500, 0.150) 

effect_of_share_of_cases_on_probability_to_get_an_infectious = 

GRAPH(share_of_cases_on_susceptible) 

(0.00001, 0.512), (0.000175, 1.000), (0.00034, 1.500), (0.000505, 2.000), 

(0.00067, 2.500), (0.000835, 2.750), (0.001, 2.875) 

effect_of_trust_ratio_on_demand_of_vaccination_rate = 

GRAPH(social_view.trust_ratio_driver) 

(0.7000, 0.8083), (0.833333333333, 0.8609), (0.966666666667, 0.9439), (1.1000, 

1.0850), (1.23333333333, 1.4336), (1.36666666667, 1.4917), (1.5000, 1.5000) 

immune_people = 

vaccinated_retired_adult_cohort+Recovered_school_cohort+Recovered_retired_a

dults_cohort+Recovered_working_adults_cohort+"Recovered_pre-

school_cohort"+vaccinated_working_adult_cohort+"vaccinated_pre-

school_cohort"+vaccinated_school_cohort 

incubation_time = 1 

Infant_Vaccination_Rate = "vaccinated_pre-school_cohort"/("vaccinated_pre-

school_cohort"+"pre-school_cohort") 

infectious_rate = number_of_cases/(Total_population) 

infectious_ratio_Performance_Driver = infectious_rate/desired_infectious_rate 

level_of_capacity = 1 

mortality_rate = 0.01 

number_of_cases = "Infected_pre-

school_cohort"+Infected_school_cohort+Infected_working_adults_cohort+Infecte

d_retired_adults_cohort 

number_of_cases_reference_data = GRAPH(TIME) 

(2004.00, 678), (2005.00, 215), (2006.00, 581), (2007.00, 410), (2008.00, 1619), 

(2009.00, 173), (2010.00, 864), (2011.00, 1939), (2012.00, 631), (2013.00, 3117), 

(2014.00, 4561), (2015.00, 388), (2016.00, 972), (2017.00, 5901) 

preschool_vaccination_rate = new_vaccinated_preschool_cohort/"pre-

school_cohort" 
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probability_to_get_an_infectious = 

effect_of_share_of_cases_on_probability_to_get_an_infectious*average_probabil

ity_to_get_an_infectious*effect_of_risk_of_measles_spread_on_probability_to_g

et_an_infectious 

Prophylaxis_Performance_Driver = 

social_view.perception_of_measles_spread_by_Population/social_view.optimal_p

erception_measles_spread_by_Population 

requested_vaccines = (1-Compulsory_infant_vaccination)*"pre-

school_cohort"*demand_of_vaccination_rate*level_of_capacity+Compulsory_inf

ant_vaccination*std_vaccination*"pre-school_cohort"*level_of_capacity 

share_of_cases_on_susceptible = number_of_cases/susceptible_people 

std_vaccination = 0.95 

susceptible_people = working_adult_cohort+"pre-

school_cohort"+Retired_Adult_cohort+school_cohort 

time_to_become_school_cohort = 4 

time_to_become_vaccinated_school_cohort = 3 

time_to_become_working_adult_cohort = 21 

time_to_die_for_natural_causes = 10 

time_to_recover = 1 

time_to_retire = 40 

Total_population = number_of_cases+susceptible_people+immune_people 

vaccination_time = 1 

 

Financial_view: 

actual_investments_in_healthcare_prevention(t) = 

actual_investments_in_healthcare_prevention(t - dt) + 

(change_in_healthcare_prevention) * dt 

INIT actual_investments_in_healthcare_prevention = 

planned_investments_in_healthcare_prevention 

INFLOWS: 

change_in_healthcare_prevention = 

((planned_investments_in_healthcare_prevention-
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actual_investments_in_healthcare_prevention)-

infectious_costs)/time_to_adjust_investments_healthcare_prevention+infectious_

costs/time_to_add_extrafund 

avg_cost_per_case = 950 

healthcare_budget = 168000000000 

infectious_costs = epidemiologic_view.number_of_cases*avg_cost_per_case 

planned_investments_in_healthcare_prevention = 

share_of_extrafund_available_in_healthcare_prevention*healthcare_budget*share

_of_healthcare_budget_in_prevention 

share_of_extrafund_available_in_healthcare_prevention = 0.3 

share_of_healthcare_budget_in_prevention = 0.00003 

time_to_add_extrafund = 3 

time_to_adjust_investments_healthcare_prevention = 2 

 

Simulation: 

 

social_view: 

fake_news_level(t) = fake_news_level(t - dt) + (new_fake_news - 

natural_decay_of_fake_news - reduction_of_fake_news_by_control) * dt 

INIT fake_news_level = 1.5 

INFLOWS: 

new_fake_news = fake_news_level*Word_of_mouth_effect_on_new_fake_news 

OUTFLOWS: 

natural_decay_of_fake_news = fake_news_level/(time_to_forget_news) 

reduction_of_fake_news_by_control = 

"Extrafunds_in_management_of_misinformation_(ehealth_Consumers)"*Healthc

are_Education_Driver*effect_of_trust_ratio_driver_on_natural_decay_of_fake_n

ews* (fake_news_level)/time_to_delete_fake_news 

perception_of_measles_spread_by_Population(t) = 

perception_of_measles_spread_by_Population(t - dt) + 

(change_in_perception_measles_spread) * dt 

INIT perception_of_measles_spread_by_Population = 6 
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INFLOWS: 

change_in_perception_measles_spread = 

SMTHN(perception_gap/time_to_change_perception_on_measles_by_people, 

time_to_change_perception_on_measles_by_people, 3) 

Perception_of_measles_spread_by_Public_Institution(t) = 

Perception_of_measles_spread_by_Public_Institution(t - dt) + 

(change_in_perception_of_measels_by_outbreak + 

change_in_perception_of_measles_by_misinformation + 

change_in_perception_of_measles_by_healthcare_prevention) * dt 

INIT Perception_of_measles_spread_by_Public_Institution = 3.2 

INFLOWS: 

change_in_perception_of_measels_by_outbreak = 

weight_of_outbreak_perception*SMTH3((Perception_of_measles_spread_by_Pu

blic_Institution*effect_of_infectious_ratio_on_expected_perception_of_measles_

spread_by_public_Institutions-

Perception_of_measles_spread_by_Public_Institution)/time_to_change_perceptio

n_by_Public_Institutions, time_to_change_perception_by_Public_Institutions) 

change_in_perception_of_measles_by_misinformation = 

weight_of_misinformation*SMTH1(((Perception_of_measles_spread_by_Public_

Institution*effect_of_misinformation_on_change_in_perception)-

Perception_of_measles_spread_by_Public_Institution)/time_to_change_perceptio

n_by_Public_Institutions, time_to_change_perception_by_Public_Institutions) 

change_in_perception_of_measles_by_healthcare_prevention = (1-

weight_of_misinformation-

weight_of_outbreak_perception)*SMTH1((effect_of_healthcare_prevention_on_t

he_percepetion_of_risk*Perception_of_measles_spread_by_Public_Institution-

Perception_of_measles_spread_by_Public_Institution)/time_to_change_perceptio

n_by_Public_Institutions, time_to_change_perception_by_Public_Institutions) 

Avg_time_to_change_perception = 4 

avg_time_to_change_perception_on_measles_by_people = 0.528 

effect_of_healthcare_prevention_on_the_percepetion_of_risk = 

GRAPH(Healthcare_Education_Driver) 
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(0.8000, 0.500), (0.8500, 0.579), (0.9000, 0.674), (0.9500, 0.875), (1.0000, 

1.000), (1.0500, 1.200), (1.1000, 1.200), (1.1500, 1.200), (1.2000, 1.200) 

effect_of_infectious_ratio_on_expected_perception_of_measles_spread_by_publi

c_Institutions = 

GRAPH(epidemiologic_view.infectious_ratio_Performance_Driver) 

(0.000, 0.80), (1.000, 1.00), (2.000, 10.00) 

effect_of_misinformation_on_change_in_perception = 

GRAPH(Misinformation_performance_driver) 

(0.000, 2.000), (2.000, 0.000) 

effect_of_trust_ratio_driver_on_natural_decay_of_fake_news = 

GRAPH(trust_ratio_driver) 

(0.500, 0.500), (0.750, 0.750), (1.000, 1.000), (1.250, 1.250), (1.500, 1.500) 

"Extrafunds_in_management_of_misinformation_(ehealth_Consumers)" = 1 

Healthcare_Education_Driver = 

Financial_view.actual_investments_in_healthcare_prevention/optimal_investment

s_in_healthcare_prevention 

Investments_in_Electronic_Vaccination_Registry = 1 

Misinformation_performance_driver = fake_news_level/optimal_fake_news_level 

optimal_fake_news_level = 1.3 

optimal_investments_in_healthcare_prevention = 4910000 

optimal_perception_measles_spread_by_Population = 6 

optimal_perception_of_measles_spread_by_Public_Institutions = 6 

perception_gap = 

(Perception_of_measles_spread_by_Public_Institution+optimal_perception_measl

es_spread_by_Population)/2-perception_of_measles_spread_by_Population 

time_to_change_perception_by_Public_Institutions = 

Avg_time_to_change_perception/Investments_in_Electronic_Vaccination_Registr

y 

time_to_change_perception_on_measles_by_people = 

avg_time_to_change_perception_on_measles_by_people/Investments_in_Electro

nic_Vaccination_Registry 

time_to_delete_fake_news = 1.5 
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time_to_forget_news = 5 

trust_ratio_driver = 

Perception_of_measles_spread_by_Public_Institution/optimal_perception_of_me

asles_spread_by_Public_Institutions 

weight_of_misinformation = 0.15 

weight_of_outbreak_perception = 0.7 

Word_of_mouth_effect_on_new_fake_news = 0.3 

{ The model has 138 (138) variables (array expansion in parens). 

In root model and 4 additional modules with 0 sectors. 

Stocks: 20 (20) Flows: 34 (34) Converters: 84 (84) 

Constants: 36 (36) Equations: 82 (82) Graphicals: 11 (11) 

There are also 59 expanded macro variables. 

} 
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