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ABSTRACT  

This thesis addresses the main criticalities affecting Clinical Governance during 

the Covid-19 pandemic. The two areas of analysis are the RT-PCR tests and the 

vaccination campaigns: the two protagonists of the fight against the new virus.  

RT-PCR tests are the diagnostic tool adopted to control the spread of the 

infection; an in-depth study of the process has been fundamental to increase their 

reliability and limit false results. In particular, potential sources of risks were found 

out, collected, and analyzed through an ad-hoc FMECA toolkit. It consists of a 

sources document containing all the information to fill a second file, the FMECA 

tool. The sources of information come from literature, experts, and incident 

reporting provided by the Lombard laboratories. The final output is a 134 events 

database for which causes, consequences, effects on the patient, and mitigation 

actions have been associated with coverages respectively of 96%, 15%, 16%, 

and 49%. The toolkit is reserved for the use of all the Lombard laboratory 

facilities, which will take advantage of a standardized tool for risk assessment. In 

this way, they will be able to reduce the most frequent errors and improve the RT-

PCR process.  

Vaccines represents the worldwide selected strategy to prevent the further 

spread of the pandemic; States rushed to prepare adequate massive vaccination 

plans for coping with the situation, which turned out to be different in several 

aspects. For this reason, the study aims at evaluating the main characteristics of 

the vaccination campaigns, comparing them, and determining which one had the 

best results. The analysis is limited to Italy, and the selected regions are Lazio, 

Liguria, Lombardy, and Piedmont. The methodology concerns the creation of a 

framework as the baseline of analysis. It needs to consider: the context elements, 

the key elements of the plans (demand management, operating model, 

governance, IT services, and communication plan), and operational and health 

performances. The web open sources constitute the input data for the filling of 

the framework. The degrees of coverage obtained are 45% for Lazio, 44% for 

Liguria, 55% for Lombardy, and 49% for Piedmont. After singularly analyzing and 

comparing the regions, Lombardy results to be the most efficient in vaccine 

administration.  
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The study enhances the standardization and facilitates the management of 

critical resources, which are two of the main Clinical Governance issues of the 

COVID-19 pandemic.   
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SOMMARIO 

La tesi è volta a studiare le maggiori problematiche affrontate dalla Governance 

Clinica durante la pandemia Covid-19. I due ambiti di analisi sono i RT-PCR tests 

e i piani vaccinali, i due protagonisti per la lotta contro il nuovo virus.  

I RT-PCR tests sono lo strumento diagnostico adottato per controllare la 

diffusione della pandemia; per aumentarne l’affidabilità e limitare i falsi risultati, è 

stato svolto uno studio approfondito del processo. In particolare, le potenziali fonti 

di deviazione di processo sono state collezionate ed analizzate tramite un 

FMECA toolkit, creato ad-hoc. Il toolkit è costituito da un file sources contenente 

le informazioni da inserire in un secondo file, la FMECA tool. Le fonti di 

informazione sono costituite da letteratura, esperti e segnalazioni di incidenti 

derivanti dai laboratori lombardi.  L’output finale è un database di 134 eventi ai 

quali sono stati associati cause, conseguenze, effetti sul paziente e azioni di 

mitigazione con coperture rispettivamente del 96%, 15%, 16% e 49%. Il toolkit è 

riservato a tutte le strutture laboratoriali lombarde, le quali potranno usufruire di 

uno strumento standardizzato per la valutazione del rischio. In questo modo, sarà 

possibile ridurre gli errori più frequenti e migliorare il processo.  

I vaccini rappresentano la strategia scelta a livello globale per prevenire l’ulteriore 

diffusione della pandemia; gli stati si sono precipitati a preparare dei piani 

vaccinali adeguati, i quali sono risultati essere differenti per diversi aspetti. Lo 

studio mira a valutare le principali caratteristiche dei piani, confrontarle e 

determinare quale campagna vaccinale ha avuto i risultati migliori. L’analisi è 

limitata all’Italia e le regioni approfondite sono Lazio, Liguria, Lombardia e 

Piemonte. La metodologia consta nella definizione di un framework di analisi 

formato da elementi di contesto, elementi chiave del piano (gestione della 

domanda, modello operativo, governance, servizi IT e piano di comunicazione) e 

prestazioni operative e sanitarie. Il framework è stato compilato tramite le fonti 

web disponibili e i gradi di copertura ottenuti sono 45% per il Lazio, 44% per la 

Liguria, 55% per la Lombardia e 49% per il Piemonte. Dalla analisi sia individuale 

sia comparativa tra le regioni, la campagna lombarda è risultata la più efficace.  

In conclusione, lo studio incrementa la standardizzazione e facilita la gestione 

delle risorse critiche, i quali sono due dei maggiori problemi della Clinical 

Governance rispetto la pandemia di COVID-19.  
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EXECUTIVE SUMMARY 

In December 2019, an outbreak of infection of a severe respiratory syndrome was 

detected in Wuhan, China. The virus, now known as COVID-19, was announced 

by the World Health Organization (WHO) on January 20 2020, and became a 

global pandemic. The Global research community faced urgent calls to develop 

rapid diagnostic tools, effective treatment protocols, and most importantly, 

vaccines against the infection. The RT-PCR test process aims at detecting viral 

SARS-Cov-2 RNA sequences through nasopharyngeal swabs. Looking at the 

increasing number of deaths and new cases, the only way to defeat the virus was 

to develop vaccines. The thesis will focus on these two tools; they have a crucial 

role in the fight against this infection. 

The first part will deal with the reactive method, the identification of positive cases 

through the RT-PCR test process. The analysis will concentrate on the 

laboratorial structures located in Lombardy; the group work is composed of a task 

force, comprehensive of two representatives of “Regione Lombardia”, two 

doctors coming from the hospitals of Mantova and Professor Paolo Trucco. 

The study will be conducted thanks to four sources of information: the scientific 

literature, incident reports, expert interviews, and two case studies. This part aims 

at drafting the risk assessment of the overall PCR test process. The final output 

will be a standardized toolkit leveraging the Failure Mode Risk Analysis (FMECA) 

methodology. Thanks to this product, the laboratorial structures will receive 

significant help when assessing and improving the criticalities of the PCR testing 

process. On the 22nd of June, a network was held involving the risk managers of 

the Lombardian hospitals. The aim is to make them aware of the potentiality of 

the tool and explain how to use it. All this thanks to the support of the two cases 

of Mantova and Brescia. 

The second part will treat the proactive approach to deal with the current 

pandemic i.e., the design and management of the vaccination campaigns. This 

study will be disclosed by a comparison of different Italian regional vaccination 

plans. The sources that will be analyzed are official documents of the public 

domain, found on the websites of Italian regions, and online databases reporting 

updated data and statistics. The aim is to define a detailed framework of analysis 

that will be the baseline for evaluating Covid-19 regional vaccinations plans. In 
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this case, the group work received the initial support of Sham, the Italian health 

assurance, for the definition of the framework of analysis. 

The COVID-19 pandemic introduced several hustles in its management, and 

Clinical Governance is one of the main aspects, which has been impacted. 

Clinical Governance (CG) is defined by ISS as “the organization and performance 

of the activity of a healthcare facility, aimed at empowerment and participation, in 

strategic and management choices, of all those involved in the provision of 

healthcare services”. Specifically, Sheila Gopal Krishnan and Azanna Ahmad 

Kamar inside “Bioethics and COVID-19: Guidance for Clinicians” (2020) identified 

five main technical components from Clinical Governance that should be applied 

during a pandemic. Health, Safety, and Staff management (1), Risk/Crisis 

management (2), Strategic opportunities (3), Aftermath & Audit (4), and Ethics 

and Clinical Governance (5).  

It is clear how the investigation interacts with the concept of Clinical Governance 

and more specifically with Clinical Risk Management, in the first part of the study, 

and with guidelines concerning the vaccination campaign analysis. 

In particular, this thesis will analyze two of the main problems that can affect CG 

during a crisis: the lack of resources and the difficulty of standardization. They 

will be treated from the point of view of the RT-PCR procedure with its sources of 

risks and from the vaccination campaigns perspective. 

  

Part 1 - Clinical risk Assessment of the PCR test process 

Clinical risk management is the approach through which the RT-PCR test process 

has been analyzed. The analysis concentrates on identifying the main sources of 

risk, classify, and prioritize them, defining mitigation actions to reduce their 

effects, and finally performing a monitoring step to evaluate if the action is working 

well or if some adjustments are required.  

Given the growing demand, the laboratories are facing many challenges in terms 

of staff, logistics, and equipment. Indeed, the risk of erroneous results can be a 

lever for the propagation of the disease. Hence, laboratories need to be aware of 

their limits and optimize the testing process.  

The FMECA is nowadays the most applied proactive risk analysis methodology, 

also in the health care industry. The main steps to be followed imply: the 

decomposition of the overall process into elementary sub-processes, 
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identification of the failures which occur within each sub-process, and 

classification of them into failure modes, causes and effects. Then a ranking of 

the failure modes should be defined by calculating the risk priority number (RPN) 

as the product between the probability of occurrence (P), the severity of the 

consequences (S), and the detectability before it may occur (D).  Having obtained 

a quantitative value of the RPN, it is possible to rank all the failure modes, from 

the highest RPN to the lowest, and define some mitigation actions for the most 

critical. The last two phases, the assessment of RPN and the creation of remedial 

action, could be iteratively repeated once the corrective actions have been 

executed to verify their efficiency. If the corrections were designed and 

implemented accurately, then a decrease in the RPN value should emerge. 

Practically speaking, the starting point has been the definition of the process 

mapping for the diagnostic test. The process is composed of four main stages: 

demand generation, pre-analytical, analytical, and post-analytical. A FMECA 

template has been created with 134 failure modes for which should be searched 

the potential causes, the consequences, the effects on the patient, and the 

corrective measures. Going on with the template, a risk analysis is present: the 

first section regards the actual RPN, while the second part states the residual risk 

i.e., the amount of criticality that potentially remains after the implementation of 

additional mitigating countermeasures. In the same file, also the assessment 

scales are presented to support the calculation of the RPN. In the end, the 

template received the name of "tool" considering the use for which is designed.  

The output is the FMECA toolkit, comprehensive of the FMECA tool, and the 

FMECA sources file. This last one contains the three sources used to fill the tool: 

the literature, the experts, and the incident reporting. The literature consists of 41 

documents from which relevant statements about causes and mitigation actions 

are derived and assigned to a specific code B followed by a sequence of two 

numbers. For what regards the expert source, the information had to go through 

a preliminary step, the interviews, that is the method with which the knowledge of 

the expert Sabrina Buoro was extrapolated. The outcome of this analysis is a list 

of possible causes defined with the code EXP followed by an increasing number. 

The incident reporting come from the Lombardy laboratories. They describe real 

events that happened and how they were managed; relevant statements about 

causes, effects, consequences, mitigation actions, and even new failure modes 
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have been collected and translated into codes starting with IR and followed by an 

increasing number. Once all the sources have been collected and coded, it is the 

moment to populate the FMECA tool: report the codes present in the sources file 

into the tool; they could appear in the potential causes, consequences, effects on 

the patient, and possible correction actions.   

The coverage obtained for the FMECA tool is not homogeneous. In particular, the 

causes have a final coverage index of 96%, mainly provided by literature and 

experts information; the consequences and the effects respectively of about 15% 

and 16%; finally, the mitigation actions have coverage of the 43% thanks to the 

literature and incident reporting.  

The FMECA toolkit will be distributed in the regional structures of Lombardy to 

help them in the risk assessment of the PCR test process and consequently its 

improvement. The suggested usage is to start from the FMECA template, look at 

the possible events that may happen, and understand them through causes, 

consequences, and effects thanks to the codes and the FMECA sources. At this 

point, compute the RPN to identify the area of highest priority, leveraging on the 

pre-defined scales. If for these items there are no preventive actions already in 

place, adjust the mitigation strategy.  

 

Part 2- Evaluation of COVID-19 vaccination campaigns: national 

benchmarking 

The vaccination plans are to be repeated for the following years, and it is evident 

that there are many planning discrepancies between the Italian regions and 

between the different states.  

The framework of analysis is composed of key elements, context factors, and 

performances. The formers correspond to the main items to describe the 

campaigns, context factors provide a general frame for the analysis, and 

performances are necessary to assess the results and effects.  

Five key elements have been pointed out: the operative and organizational 

model, the governance model, the infrastructures, the demand management, 

and, lastly, the communication plan. The operational model investigates the 

integration of all the processes designed to create and sell products. To assess 

all the different entities involved in the design, planning, and execution of the 

vaccination campaigns it is relevant to keep track of the governance structure. 
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The infrastructures cover all the system and IT services deployed for the provision 

and distribution of the vaccines. The demand management looks at the way the 

population to be vaccinated is sorted and the segmenting criteria. The 

communication plan, instead, understands how the different regions have made 

people aware of the vaccination.  

The descriptive variables or context factors are the elements that do not describe 

the vaccination campaigns but can impact them. In this regard, the management 

of the Covid-19 pandemic occupies a central role. In particular, the containment 

rules which have been applied. The second important context factor consists in 

knowing the structure of the Italian health system. It is to be said that the qualities 

and performances of the system change from region to region due to 

demographic and economic status; this could definitely impact the vaccination 

campaigns.  

The performance can be split into two categories: operational performances, and 

health benefits. The opening of the monitor period corresponds to the end of 

December 2020 and terminates on the 31 of July 2021. The performances 

tracked are the peak and the average productivity for each region, the 

measurement of the duration of the campaigns. On the other hand, health 

benefits represent the pandemic pattern against the progression of the 

vaccination campaigns and the reflection of their results. To this end, the 

collection regards data about the number of deaths and the number of swabs 

tested; the average value of the Rt index, and the admission of the vaccination 

campaign. All the presented variables will be kept as indicators in the analysis 

and comparison of the vaccination campaigns. 

In order to enrich the framework, some articles have been red relatively to well-

known past pandemics: Smallpox, Measles, and Ebola have been deeply 

analyzed for what regards the vaccine delivery plans. From the study of how the 

governments organize the vaccination distribution, some takeaways arose. 

- Stocks must be kept at a certain level to reduce the risk of stock out. 

- The urban areas suffered more with respect to the rural areas.  

- Epidemiological studies are crucial to finding out the disease factors. 

- The severity of the contagions depends on environmental and human 

factors. 

- The first to get the vaccine were high-risk groups. 
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- Socio-economic and cultural factors are strictly related to a higher 

vaccination uptake around the globe. 

- Strong political commitment to manage the vaccine campaigns is 

necessary. 

- The importance of having an appropriate communication and education 

strategy. 

- Ensure procurement mechanisms to define future vaccine stocks. 

- The creation of a team of experts.  

The final template for the key variables is reported in annex G, and it is the base 

upon which the Italian regions selected are modeled. The idea is to represent the 

five pillars previously identified in an intuitive way in order to collect the data and 

easily compare them. For this reason, Excel was adopted, creating a visual tool 

organized respecting the main characteristics to be traced.  

To validate the template has been used only one official document, “UK COVID-

19 vaccines delivery plan” (UK Department of Health & Social Care, 2021), 

reporting the main features of the UK campaign. The results of the completion of 

this special case are reported in annex H. 

The methodology that will define whether the degree of coverage is adequate or 

not is looking for the “pieces of information” the template asks. It is not 

fundamental for the purpose of this study to have a high degree of coverage. 

Since the template has been validated is now the moment to fill in with 

information. In this first completion seven regions have been analyzed, Emilia-

Romagna, Lazio, Liguria, Lombardy, Piedmont, Puglia, and Veneto.  

Successively, the same analysis performed for the UK case has been replicated 

for the Italian vaccination plans, comparing the degree of coverage of all the 

seven regions. The most problematic region was Puglia with total coverage of 

29%, for this reason it was immediately eliminated from the analysis, as well as 

Veneto. Four regions survived the selection process: Lazio, Liguria, Lombardy, 

and Piedmont. Four is an adequate sample dimension for the study. All the 

information collected in the regions’ templates is reported in annexes J, K, L, M, 

respectively for Lazio, Liguria, Lombardy, and Piedmont.  

The regions are investigated singularly and through a cross-case comparison, 

touching the main commonalities and differences among the regions. The single 

case study tackles as main issues the capacity of the massive centers, in order 



 15 

to assess which region has the higher potential to perform the vaccine 

administration; how regions should approach a possible transition from massive 

centers to pharmacies: for example, Liguria is the most advantaged region since 

already implemented the delivery through pharmacies and the ratio total 

pharmacies/MMG/PLS available over total population is the best one, especially 

if compared with Lombardy and Lazio cases; how the booking system and the 

communication campaign could have affected the adhesions;  finally the 

composition of the vaccination staff, the ratio nurses on doctors to determine the 

presence or not of queues in the process. In this case, Piedmont turned out to 

have the best mix with a ratio higher than 1, while Lombardy and Lazio, with rates 

equal to 1, indicating potential queues in the anamnesis phase. 

On the other hand, the main commonalities of the campaigns are symptoms of 

the fact that the central government set some features. The priority criteria are an 

example. About the operative model, the distribution of the vaccination centers 

follows a distributive model in all the regions; the location of the centers reflects 

the population density. The second point of equality is the distribution model of 

vaccines to the vaccination points, which is ASL-centric. As the last commonality, 

the possibility to speed up the overall vaccination process by means of the pre-

anamnesis. 

Now that the communal characteristics of the regional campaigns have been 

defined, it is necessary to shed light on what differentiates them. 

For what regards the campaign elements, small differences emerge between the 

regions. For example, talking about the enlistment modalities, Piedmont is the 

only one that adopted the adhesion-call approach. Another distinction comes 

from Liguria; the region decided to involve the pharmacies in the campaign since 

its earliest phases. This condition could result in a fundamental advantage for the 

next development of the vaccination.   

However, the most relevant diversities derive from a comparison of the 

performances of the campaigns. First of all, an analysis can be carried out on the 

percentage of the population that received at least the first dose in the reference 

period. This is a significant information because it reflects the rapidity of the 

regions during the observed campaign duration, which is equal to 216 days. 

Lombardy, although is the most populated, obtained the best performance while 

the last classified, Piedmont, did not keep pace with others. 
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Another element of interest is to observe the peak productivity of the four cases 

and particularly to define when it occurred: the regions with a better organization 

should have reached the peak earlier. The figures are associable with the concept 

of agility. Piedmont and Lombardy promptly reacted to the pandemic touching the 

maximum capacity at the end of April. Concerning the other two regions, the 

adapting capability to the emergency is definitely lower. Indeed, the peaks 

occurred more or less one month and a half later.   

To understand the speed and the effectiveness of the vaccination campaign is 

also possible to look at the effects on the contagions, analyzing the Rt figures. All 

four regions exhibit similar curves in the first phase of the campaign, at least until 

the end of February and the beginning of March. Then, Liguria seems to take a 

different direction. Lazio, Lombardy, and Piedmont get to the highest Rt value on 

25/02/21 and from there start a linear decrease; Liguria on the other side arrives 

at the peak 5 weeks later. While at the earlier stages the vaccination campaign 

proceeded cohesively across the four regions, between March and April, Liguria 

slowed down.  

A further consideration arises from the merge of two elements: the level of 

services offered by the booking platforms of the regions and the grade of 

compliance to the vaccination campaign, distinct by age group. Lombardy is 

slightly ahead of Piedmont in all age groups; this could be the evidence of a poor 

correlation between the number of platform services offered and the grade of 

compliance because the two regions are at the extremes of the service extent. 

Liguria presents similar values except for the one regarding people in their 70s. 

In this case, it is perfectly equal to the grade of the immediately older group 

(93,10%), while in the other cases is always lower. Concluding, there are no 

indications of a strong correlation between the grade of compliance to the vaccine 

and the dimension of the functional services range. About the ratio administered 

on delivered doses, all the regions overcome the threshold of 90%. Lombardy is 

the only region able to keep a high level for the whole monitored period. This kind 

of data provides hints for further investigation; the useful index Inventory Turnover 

can be derived as the ratio between number of total administered doses on the 

total regional stocks. Piedmont and Lazio obtained similar IT ratios; they 

completely rotate their inventory in about one week. From the ranking point of 

view, this locates them still behind Lombardy with Inventory Turnover twice 
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bigger. Liguria takes the last position. Its ratio indicates a stock renewal only 

every two weeks that is by far the worst performance. 

At this point, the AHP procedure can be exploited to define a final ranking. 

The evaluation scale adopted goes from a maximum of 4 (best performance) to 

a minimum of 1 (worst performance). To determine the vaccination speed has 

been used as proxies the percentage of administered doses on the delivered, the 

date of the peak productivity, the average capacity normalized, and the peak 

capacity; by doing a weighted average of these performances is possible to 

assign 4 points to Lombardy, 3 to Lazio, 2 to Liguria and 1 to Piedmont. Secondly, 

has been used the number of patients that each pharmacy /PLS/MMG should 

cope with, in case of closing of massive centers. The most talented region, in this 

case, is Liguria, followed by Piedmont, Lazio, and Lombardy. The last three 

variables employed are: the number of over 80 vaccinated, range of services 

offered by the booking platform, and ratio number of first doses on the number of 

region inhabitants. The final AHP table ranks Lombardy as the best region. 

 

Final conclusions 

The goal of the study outcomes is to improve the performances of the two tools 

used to fight against the Covid-19 pandemic. The diagnostic instrument, RT-PCR 

tests, will be helped by the FMECA toolkit. It will be sent to all the Lombardy risk 

managers, who will use the tool to prevent errors and improve their processes. In 

conclusion, the toolkit is a base of knowledge upon which all the institutions can 

integrate information from their personal experience.  

The second outcome provided by the thesis is the definition of a framework of 

analysis that can be applied to compare different vaccination campaigns. The 

template should be filled with the data of the object of interest and, at that point, 

will be easy to perform a standardized comparison. The coverage indexes for the 

four tables are about 45% for Lazio, 44% for Liguria, 55% for Lombardy, and 49% 

for Piedmont. The thesis also offers suggestions to interpret the data and derive 

considerations about the vaccination campaigns. 

By looking at the results from the Clinical Governance perspective, they definitely 

address the two proposed problems. As highlighted, many issues and difficulties 

could arise both from the RT-PCR diagnostic procedure and the creation of 

vaccination campaigns. However, thanks to the conducted study and its 
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outcomes, it is now possible to have in your hand simple tools which could be 

applied to better face these situations. Anyway, it is relevant to develop research 

and studies to analyze the conditions and derive possible ways out. In this case, 

standardization is the key to success. The instruments born from the analysis can 

be applicated, modified, or further implemented to investigate the current 

pandemic and not only.  

The innovation degree of the study is high; no previous works about the RT-PCR 

test process and evaluation of vaccine campaigns exist. In addition, when the 

pandemic broke out in Italy, the last pandemic plan updated date back to 2006.  

The researcher who approaches the analysis done on the comparison of vaccine 

campaigns will be offered a more recent point of view on how to manage a 

pandemic. What is more, he or she will be able to model, basing on the template 

created, analyze, and evaluate different pandemic plans leveraging a substantial 

breadth of contents. 

Thanks to the two analyses developed in the thesis, the hospitals, and regional 

healthcare facilities can rely on a set of tools intuitive and easy to apply.    

On the one hand, the FMECA toolkit's object is to help the laboratorial structures 

in Lombardy in the risk assessment of the RT-PCR test process and its 

optimization. On the other hand, the vaccine campaigns comparison provides 

regional healthcare infrastructures with a new way to model, evaluate, and 

describe a plan. 

FMECA method had been time-consuming, and it will be a limitation also for the 

hospitals when they start using the toolkit. Instead, the main restriction regarding 

the vaccination campaigns template is the collection of proper and updated data. 

Anyway, there are possible further developments for the analysis. The FMECA 

should be renewed every year with new incident reporting coming from the 

laboratory structures of Lombardy to increase the information coverage degree. 

The FMECA analysis could also cover all Italian territory to increase the 

standardization procedure at a national level. There is also the possibility to 

create a panel of experts to increase the population of the FMECA sources. 

For what regards the evaluation of the vaccine campaigns, the analysis applies 

to all the Italian regions to understand the most talented ones and take helpful 

hints to improve the regional plans. Moreover, the national campaign can be 

evaluated and benchmarked with other nations. 
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Last thing last, the objectives of the first part of the study are achieved without 

critical obstacles. For what concerns the second part, unfortunately, the lack of 

data and the Covid presence still widespread in Italy slowed down the work 

forcing a resettling of the scope of analysis: instead of providing guidelines for 

the future plan, the study will concentrate on an in deep comparison between 

vaccination campaigns. 
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Chapter 1- INTRODUCTION 

1.1  Covid-19 pandemic outbreak  

In December 2019, an outbreak of infection of a severe respiratory syndrome 

(SARS-Cov-2) was detected in Wuhan, China. This virus, now known as COVID-

19, was announced by the World Health Organization (WHO) on January 20, 

2020 and became a global pandemic. The alarming factor was the speed at which 

the infection was spreading, causing until now millions of deaths. 

To follow are reported two dashboards provided by the WHO about the 

distribution of the cases (figure 1) and deaths (figure 2) around the world (the 

data are referring up to the 7th of May 2021). 

 

 

Figure 1- Distribution of cases around the world 

 

Figure 2- Distribution of deaths around the world 

Globally, up to the 7th of May, there have been 155.506.494 confirmed cases of 

COVID-19, including 3.247.228 deaths, reported by WHO. 

An unprecedented worldwide spread of the SARS-CoV-2 has imposed severe 

challenges on healthcare facilities and medical infrastructures. The global 

research community faced urgent calls for the development of rapid diagnostic 
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tools, effective treatment protocols, and most importantly, vaccines against the 

infection. Sreepadmanabh M, Sahu AK and Chande A. (COVID-19: advances in 

diagnostic tools, treatment strategies and vaccine development, 2020) published 

an article about diagnostic tools, treatment strategies, and vaccine development. 

They classified those three elements as the pillars to fight against Covid-19 

spread; each of them can be implemented using different tools, described in the 

same article. (Figure 3) 

 

Figure 3 – tools against COVID-19 

The diagnostic tools are methods to discover the pathogen presence. They are 

classified into five main instruments: serology to detect the presence of IgM and 

IgG antibodies; Chest scan which has very excellent accuracy, but it is 

inappropriate in case of mass testing; RT-PCR aims at detecting viral SARS-Cov-

2 RNA sequences in nasopharyngeal swabs; CRISPSR/Cas to spot the nucleic 

acid, however nowadays is still an emerging technology; RT-LAMP as a way to 

amplify the sequences of viral RNA in one single step.  

The treatment strategies highlight the different possibilities to take care of the 

patients infected by the virus. The most common strategies are the administration 

of drug therapy, as an example antiviral chloroquine and its derivative 

hydroxychloroquine have received much attention during the pandemic. At the 

same time, docking simulations can be carried out to identify the potential 

inhibitors of the SARS-COV-2 protease. Plasma therapy means adopting blood 

plasma obtained from recovered patients as an adaptive immune therapy for 

critical cases. Artificial Intelligence and machine learning techniques can be 
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applied to get dynamic monitoring of patients in real-time, enabling critical 

evaluation and optimization of the treatment protocols in an efficient manner. 

The last but not least tool against the pandemic is for sure the development and 

distribution of vaccines. Their importance is stated by the high degree of 

protection they provide against Covid-19. The two main pillars of vaccinations 

strategies are the right selection of vaccine type and the delivery plan to make 

vaccines available to all the population.  

Traditionally, vaccine development takes years, even decades: from about 40 

years for Polio to 5 years for Ebola. The trial for vaccines, indeed, consists of 

several steps which need to be conducted systematically. The race for Covid-19 

vaccine discovery and development led to many candidates, just a few of them 

received the final approval from the pharmaceutical institutions.  

In Italy, just four of them are currently used: mRNA-1273 by Moderna, BNT162 

by Pfizer-BioNtech, ChAdOx1 by AstraZeneca and Jhonson&Jhonson by 

Janessen. The first two are based on the principle of messenger RNA, while the 

ChAdOx1 and J&J are vectorial vaccines. The main features, available on the 

ISS (Istituto Superiore di Sanità) website, referring to the 5th of July, are reported 

and synthesized in the following table (table 1). 
 

PFIZER-
BIONTECH 

MODERNA  ASTRAZENECA JANSSEN 
(J&J) 

FEATURES 

Type of 
vaccine 

Messenger 
RNA (mRNA) 

Messenger 
RNA (mRNA) 

Vector vaccine Vector 
vaccine 
 

Doses 2 doses with 
28 days of 
distance  

2 doses with 
28 days of 
distance 

2 doses with 4-12 
weeks of distance  

1 dose 

 

Table1- Vaccines' characteristics 

As vaccine capacity ramps up, the challenge is to ensure inclusive, safe, and 

sustainable distribution to reach frontline healthcare workers, the risky groups, 

and eventually all people around the world. The creation of suitable delivery plans 

is the main issue of governments that have to deal with and organize the 

vaccination network. 
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1.2  Objectives of the study  

When the Covid-19 outbreak, the primary goal of epidemic containment was to 

reduce disease transmission by lowering the number of infected people or the 

reproductive index (R0). Given the lack of effective vaccines, the only available 

method was to reduce transmission by isolating people who were contagious.  

The priority was the necessity of a rapid mass screening system to map the 

cases, therefore an effective diagnostic testing process to identify infected people 

is central to control the global pandemic of Covid-19. For that purpose, the WHO 

selected the real-time reverse transcription method, known for short as RT-PCR, 

as the standard methodology in laboratories. The RT-PCR test process is aimed 

at detecting viral SARS-Cov-2 RNA sequences through nasopharyngeal swabs. 

Clinical laboratories were in the front line when it came to implementing this policy 

of mass screening and testing.  

Looking at the increasing number of deaths and new cases, the only way to give 

away with the virus was to develop vaccines. The creation of vaccines gives the 

possibility to get protection against the disease, developing an immune response 

to the virus. Reaching immunity is a victory for all the world, which enables to 

escape from the illness and its injurious consequences.  

Since RT-PCR and vaccines have a crucial role to fight against the infection, the 

thesis will be focused on them. (Figure 4) 

 

Figure 4 –The objects of the thesis 

Real-time PCR is a complex method comprising several stages. To ensure the 

reliability of test results it is important to manage risks that could arise at each 
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stage of the process, from the first contact with the patient to the delivery of the 

final report. 

For that reason, the first object of this thesis is to classify any possible source of 

risk that can affect the quality of the tests’ results and construct a Failure Mode 

and Effects Criticality Analysis (FMECA), comprehensive of adverse events, 

causes, effects and mitigation actions. The idea is to create a tool that can be 

shared among all the laboratorial structures, in order to be used as a standardised 

approach to risk assessment. By providing the laboratorial structures with a 

standard FMECA, it will be possible to trace and reduce errors during the overall 

process.  

About the vaccines, all the vaccination plans are different from country to country, 

but also within the single states. Due to the immediate necessity of delivering 

vaccines, plans have been developed rapidly and therefore are more vulnerable 

to problems and limitations. The creation of an ad hoc distribution system is a 

relevant issue that concerns all the states. Indeed, in order to reach global 

immunity, the population should repeat the vaccination for the following years. 

For the reasons just described, the second and last object of this thesis is the 

comparison between the different vaccination plans developed by the Italian 

regions, to determine which region designed and executed the best 

administration campaign and get precious hints of it.  

1.3 Thesis structure 

The thesis will follow the scheme represented in figure 5.  
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Figure 5 - The thesis structure 

At the top of the scheme is reported the problem to mitigate: the pandemic, as a 

social phenomenon. Indeed, it is an event that is affecting the structure and the 

organisation of the society, by changing the habits and behaviour of the 

population. Because of the pandemic the different organisations had to design 

specific tools and methodologies to cope with it.  

The perspective that will guide the reasonings along the whole thesis is the one 

of clinical governance which will be discuss in chapter 2. 

The two main leverages to eradicate the problem under investigation are the 

previously anticipated tools: diagnostic tests with PCR and vaccines. They are 

two faces of the same coin: on the one hand, tests are used ex-post to detect, 

and isolate infects. On the other hand, vaccines are essential to address the 

problem a priori creating antibodies to fight against the virus. 

In this thesis, the two action leverages selected will be treated in two different 

sections.    

The first part will be about the reactive method, reported in chapters 3 and 4, that 

is the control and management of the pandemic through the identification of 

positive cases: the PCR test process. In this section, the analysis will be focused 

on the laboratorial structures located in Lombardy and the study will be conducted 

thanks to four major sources of information: the scientific literature, incident 

reports of the regional structures that will be examined to keep track of real 

failures occurred in the process, experts interviews and two case studies of the 
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structures of Mantova and Brescia. The aim of this part is to draft the risk 

assessment of the overall PCR test process, focusing on the main subprocesses: 

generation of the demand, pre-analytical, analytical, and post-analytical phases.  

The final output will result in the definition of a standardised toolkit leveraging the 

FMECA methodology. The toolkit will show the main deviations of the process, 

the causes that induced them, the consequences, the effects on the patients and 

the mitigation actions. Thanks to this product the laboratorial structures will 

receive crucial help when assessing and improving the criticalities of the RT-PCR 

testing process.  

The second part will address the proactive approach to deal with the current 

pandemic i.e., the design and management of the vaccination plans. This study 

will be disclosed by a comparative study of different Italian regional vaccination 

plans. The sources that will be analysed are official documents of vaccination 

plans of the public domain, found on the official websites of Italian regions. 

Moreover, online website reporting updated data and statistics of the ongoing 

pandemic situation and about the vaccination results will be consulted. 

Each source of information of this part will be critically reviewed and a validation 

process will also be required, in order to define a detailed model of analysis that 

will be used for evaluating future Covid-19 vaccinations plans. To this end, the 

selected vaccination campaigns will be studied both singularly and together to 

find out which characteristics result to be better in such context. 
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Chapter 2 – CLINICAL GOVERNANCE  

The COVID-19 pandemic introduced several hustles in its management. This is 

caused by an unknown virus and the necessity has been the creation of ad hoc 

measures to cope with the emergency and new clinical processes and paths to 

provide care to acute COVID-19 patients. Accordingly, new and difficult 

challenges have evolved under both organizational and clinical points of view. 

While central and local governments deal with the former, the latter is entrusted 

to the general principle of clinical governance. Clinical governance (CG) is 

defined by ISS as “the organization and performance of the activity of a 

healthcare facility, aimed at empowerment and participation, in strategic and 

management choices, of all those involved in the provision of healthcare 

services”1. It is nothing less than a strategy aimed at controlling and improving 

the performances of healthcare services. CG must encompass three key 

principles which are, high standard of care (1), transparent responsibility and 

accountability for those standards (2), and constant dynamic improvement (3)2. 

Which means that, besides providing help to assist the health benefits, it is also 

a dynamic tool that should be revised and optimized when new information is 

available. The clinical governance framework is made up of different kinds of 

tools, but ISS highlights 8 1main categories as the most important for the Italian 

health system. They are guidelines; information and involvement of citizens and 

patients; Essential Levels of Assistance (LEA); patient classification system; 

Clinical Risk Management (CRM); evidence-based medicine, health impact 

assessment and Health Technology Assessment (HTA). These are the sectors 

that are identified as crucial for the Italian CG, offering a complete spectrum to 

analyze and describe the quality of the clinical frame. In particular, they look at 

two main perspectives, the first is external oriented, looking at the grade of the 

information offered to people and the way how the population is segmented, while 

the other one takes care of the internal performances and processes of 

healthcare institutions. Given this second aim, Clinical Risk Management, Health 

                                                
1 https://www.iss.it/web/iss-en/clinical-governance-national-guidelines-system-snlg-and-hta1 

2 Gopal K. S. & Ahmad Kamar A., Clinical Governance and Ethics During a Pandemic, In Tan H. 
S. & Tan M. K. M. (Eds.), “Bioethics and COVID-19: Guidance for Clinicians”, Malaysian 

Bioethics Community, 2020, 1
st Ed., pp. 7-9. 

https://www.iss.it/web/iss-en/clinical-governance-national-guidelines-system-snlg-and-hta1
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Technology Assessment, and guidelines take a central position. Indeed, CRM 

investigates and define the clinical procedures and guidelines to improve them 

through the identification and resolution of the main risk causes. On the other 

hand, HTA is a set of methodologies created to assess the value of health 

technologies during the stages of their life. The term “health technologies” 

involves a broad set of elements, such as drugs, devices, tests, medical 

procedures but also measures for the prevention and rehabilitation from 

diseases, and organizational and support systems in which health care is 

provided. 

Finally, the category “guidelines” refers to a compilation of suggested measures, 

actions, and tools to be applied when dealing with certain conditions. 

This is the general baseline in which the analysis is constructed. In particular, 

from the given definitions, it is clear how the investigation interacts with the 

concept of clinical governance and more specifically with Clinical Risk 

Management, in the first part of the study, and with guidelines concerning the 

vaccination campaign analysis.  

 

2.1 Clinical Governance issues of Covid-19 pandemic 

Even if the concept of clinical governance is nowadays well established and 

known among the health systems worldwide, in special conditions, as the one 

addressed in this thesis, it is essential to understand if some modifications have 

been introduced on the baseline reference framework. To this end, some 

scientific literature has been consulted to pull information about the clinical 

governance approaches adopted during the Covid-19 pandemic and also about 

the main issues that could affect the CG strategy under such unpredictable 

conditions. 

As introduced above, CG can be practically implemented through a set of tools 

which may assume different levels of importance under specific contextual 

conditions. Specifically, Sheila Gopal Krishnan and Azanna Ahmad Kamar (2020) 

inside “Bioethics and COVID-19: Guidance for Clinicians” identified five main 

technical components from clinical governance that should be applied during a 

pandemic. 
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1. Health, Safety, and Staff management: the establishment and 

communication of containment measures aimed at protecting the staff 

wellbeing. Ensure service continuum, mitigating the impact of quarantine 

absences and balancing demand-offer through proper planning. Act with 

accountability and transparency by declaring all the possible effects on 

staff and guarantee that protection standards will be applied. 

2. Risk/Crisis management: verify whether an updated, well-designed, and 

sufficient crisis management plan is in place. It should contain contingency 

plans, thoughtful communications, accurate clinical documentations and 

data sources and person risks and emergency succession plans. 

3. Strategic opportunities: be sure to keep track of the data and events and 

conduct research because they could be useful for future pandemic plans. 

4. Aftermath & Audit: study and evaluate the changes which had to be 

introduced during the pandemic because they could be a potential 

improvement even in stable conditions. Define the lessons learned to 

create incentives for continuous improvement and be more prepared for 

the next crisis. 

5. Ethics and Clinical Governance: define figures and roles able to connect 

good governance and ethical values since in these special contexts with 

resource-constrained health service is essential to translate them into 

actions. 

Having defined the key CG elements that need to be considered is now 

relevant to understand what are the possible implications and issues that may 

be encountered during severe pandemics such as the Covid-19 one. 

First of all, the lack of resources. This is the most likely hustle, and it 

encompasses different aspects that could be problematic for the management 

of the emergency. Indeed, clinical governance must guarantee the availability 

of the needed resources to ensure the continuity of the healthcare systems; 

therefore, it is of paramount importance to tackle the what, the how and the 

why of all the tasks to be performed to develop a proper action plan. The most 

important asset to be managed is human resources. People working in 

healthcare facilities must follow correct scheduling and must be trained 

effectively. To manage the current pandemic, as already stated in chapter 1, 

other two typologies of resources are necessary, the ones enabling the 
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diagnostic tests and the vaccines.  For what regards the protection policy it is 

important to ensure the highest possible levels of vigilance and 

responsiveness, in order to do so the diagnostic procedures must be carried 

out smoothly. In this specific case, the process chosen as standard is the RT-

PCR method, which could hide many pitfalls. For this reason, is necessary to 

deep dive into the whole process, identify the main sources of risks and deal 

with them. As concerning vaccines distribution and administrations the major 

cause of problems is lack of resources. Only a few of the 150 candidates3 are 

currently available and therefore all the governments must compete for a 

limited number of doses. In addition, once the doses are ensured to the 

population is necessary to develop an action plan to define time, money, 

materials, and human resources.  

“Clinical governance is about promoting continuous improvement as well as 

establishing baseline standards.”4 This sentence makes explicit a further 

objective of CG, to create formats and made them available to enable the 

monitoring of all the healthcare structures. This view could be however 

compromised during pandemics and crisis in general. The context contains a 

high degree of unknown and uncertainty and consequently, it is not simple to 

have a clear vision of what should be the best standard approach nor if it will 

work.  

Moreover, it is of paramount importance to highlight what are the most 

appropriate primary care indicators that need to be collected and analyzed. 

However, since the events and implications may rapidly change this kind of 

selection requires time and trials. 

During extraordinary conditions one element that cannot be underrated is the 

collection and reutilization of information. Indeed, it is fundamental to record 

all the data and events in order to create a base of knowledge that could 

furnish a great help for the future. Even if this is the goal, pandemics totally 

mess up the ordinal performances of health care systems, people find 

                                                
3 The Lancet, “Global governance for COVID-19 vaccines”, The Lancet, 20 June 2020, Vol. 395 
(10241), pp. 1883 
4 Huntington J, Gillam S, Rosen R., “Organisational development for clinical governance”, BMJ, 

16 September 2000; Vol. 321, pp. 681 
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themselves overwhelmed by urgent tasks and may neglect the traditional 

recording procedures such as the completion of incident reporting. 

Another important issue that clinical governance may undergo during 

healthcare emergencies is a decrease in the availability and quality of ordinary 

primary care services. In fact, all the care facilities turn their business 

accordingly to the ongoing situation and this leads to a reduction in the 

execution of ordinary activities. This is of course a relevant disadvantage for 

clinical governance because it impacts the overall performance and the 

continuity objective. 

These are the major typologies of problems that clinical governance is called 

to face during a pandemic. In particular, in this thesis will be analyzed the first 

two points which will be seen from the point of view of the RT-PCR procedure 

and its main sources of risks and from the vaccination campaign which need 

to be organized managing a wide set of resources. 
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PART ONE 

Clinical risk Assessment of the PCR test process 

 

 

 

Chapter 3- STUDY METHODOLOGY 

3.1 Clinical risk management  

Clinical risk management (CRM) can be defined as ‘‘an approach to improving 

quality in healthcare which places special emphasis on identifying circumstances 

which put patients at risk of harm, and then acting to prevent or control those 

risks. The aim is to both improve safety and quality of care for patients and to 

reduce the costs of such risks for health care providers” (Walshe and Dineen, 

1998). From a more practical point of view, it has been defined as ‘‘the system of 

guidelines, protocols, steps, organizational and clinical procedures adopted by a 

hospital to reduce the probability that events and actions, that might potentially 

produce negative or unexpected effects on the health of patients, occur” 

(Floreani,2005). 

The incidence of adverse events in the health industry has increased in the past 

years. This has pushed the governments to set up institutions to guarantee safety 

protection and quality of healthcare. For instance, the United States, UK, 

Australia and Canada have all created patient-safety institutions since 1999. 

These measures are meant to identify the risks that could arise and neutralize 

them to improve the overall perfomances. 

One possible classification of clinical risks divides them into the following 

categories (Ministero della Salute, 2004): 

– Errors in the use of pharmaceuticals: prescription, preparation, transcription, 

distribution, administering, and monitoring. 

– Surgical errors: surgery on the wrong part or side of the body, unnecessary 

surgery, incorrect management of the patient and so on. 
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– Errors in the use of equipment: malfunctioning caused by technical problems 

during manufacturing, malfunctioning caused by the person using the equipment, 

equipment utilization in inappropriate conditions, inadequate maintenance, 

inadequate instructions, incorrect cleaning, use beyond the stated life cycle of the 

equipment. 

– Diagnostic exams or procedures: not carried out, planned but not carried out, 

carried out inadequately or incorrectly, carried out correctly but on the wrong 

patients. 

– Timing errors: delays in pharmaceutical treatments, delays in carrying out 

surgery, delays in diagnosis, and other organizational, management, or logistical 

tasks. 

Now that is clear what CRM is and which are the main risks that a healthcare 

structure can suffer, the next step is to define how the risk management process 

works. The process of risk management is determined by a first phase of 

identifying risks, a second phase of risk evaluation and quantification, and then a 

third of risk treatment in which the measurements and tools for management and 

mitigation actions are planned. The cycle ends with the implementation of a 

control program to be applied on the process. (Figure 6) 

  

 
 

In order to properly manage and control risks it is of paramount importance to 

have a clear and detailed picture of the hazards that may have an impact on the 

environment of analysis. This is the aim of the risk identification phase; it 

basically consists of creating a list of possible events describing their sources and 

consequences. Once the possible risks are mapped it is essential to dip dive them 

in the risk assessment phase, which purpose is to perform a detailed 

consideration of uncertainties, risk sources, consequences, likelihood, events, 

Figure 6 – phases of the process 
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scenarios, controls, and their efficiency. What is important is to arrive at a 

prioritization of the identified risks, which will be used as an input for the last 

phase, the risk treatment. When approaching the treatment step the purpose 

becomes to create and apply mitigation plans to reduce the effects of risks. Since 

the execution of these programs is not for free but it requires the use of resources, 

time, and money, it is essential to keep priorities in mind. The monitoring and 

control phase gives a push forward to the continuous improvement of the clinical 

disciplines; the idea is to periodically check the strategy in use iteratively 

repeating the first three steps in order to see if some adjustments are required. 

The organizational theories used to deal with problems in healthcare contexts are 

mainly based on human reliability and the human factors methods. Among them, 

the well-known model developed by James during the 90s, called “swiss cheese” 

represents how to deal with such problems.  (Figure 7) 

 

Figure 7 - Swiss cheese model 

To prevent downside, institutions set up different barriers (represented by the 

slices of cheese); they can be of many types, among procedures, standards, 

control, and safety features. However, these defensive measures could be 

deficient due to process’ failures or errors that can weaken them; the holes inside 

the cheese slices reproduce these treats. Since the healthcare system is 

dynamic, the barriers can and must be modified, upgraded. When this occurs, 

there is the possibility that the holes will line up. It generates a chain of conditions 

that can lead to adverse events occurring.  

The role of a risk manager is to reduce the probability of occurrence of an adverse 

event (prevention) and, at the same time, reduce the severity of the impact when 

an event occurred (protection). The operator should have the means to execute 

a reactive and proactive analysis to identify and eliminate a process’s criticality. 

The investigation should focus on the overall process, identifying the critical 
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activities with the final aim to project safer healthcare systems. A risk manager 

must have in its package of knowledge both reactive and proactive tools. The 

following scheme reports the main ones of the two categories. (Figure 7) 

 

Figure 8 – CRM tools 

In general, the tools can be used singularly or coupled to obtain more robust and 

complete results. Usually, proactive methods are highly suggested because they 

enhance the preparedness in case of failures. Anyway, in difficult and 

unpredictable situations, such as the Covid-19 pandemic, the capability of 

developing and implementing reactive tools effectively and suddenly is without 

any doubts of paramount importance for any kind of business. 

The two following figures provide a brief description of all the identified tools 

(figure 8-9).  

 

Figure 9 – Proactive tools 
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Figure 10 – Reactive tools 

After having defined how to approach risk management in healthcare 

infrastructure, is now possible to start with the assessment of PCR test process 

and vaccine plans.  

 

3.2 Clinical setting  

The rapid outbreak of Covid-19 disease has forced countries to develop systems 

for the vastest possible testing of their citizens. The World Health Organization 

(WHO) pushed countries to carry out as many tests as possible to track and 

isolate cases. The preponderance of the laboratories implemented the RT-PCR 

(reverse transcription- Polymerase Chain Reaction) test method for the 

diagnosis, indicated by the WHO. This technique was discovered by Mullins in 

1985, allowing him to earn the Nobel Prize in Chemistry in 1993. SARS-COV-2 

is an RNA virus meaning that it can be detected using that kind of approach. 

The demand for diagnostic tests with the spread of the pandemic was extremely 

high. The consequence affected the laboratories that met many challenges in 

terms of staff, equipment, and logistics. 

 Adapting to this situation, the clinical laboratories had to: reduce their usual 

activities to concentrate their efforts in PCR testing, recruit and train new staff to 

carry out the test, select and implement tests, manage stocks and orders while 

facing reagent shortage.  

The risk of erroneous results, which could be either false positive or false 

negative, is real.  The reliability of the tests depends on many factors. An example 

is the quality collection of the sample, its transportation, or even directly the 

performance of PCR kits. All these elements contribute to elevating the difficulty 

level of the process. For those reasons is of paramount importance for 
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laboratories to be aware of their limits and adjust their practices to optimize the 

testing process. In order to do so, it is relevant to determine the main features of 

the process to be able to classify each event in a specific stage of the process.  

The medical diagnostic test is a complex process carried out in four main stages: 

demand generation, pre-analytical, analytical, and post-analytical, as figure 11 

shows. They are successive and strictly dependent: the quality of the output at 

each phase influences the successive one. Therefore, while analyzing all the 

possible problems affecting the single step, it is crucial to assess the impact on 

the downstream stages. 

 

Figure 11 – process map 

The input of the overall process is the customer, in this case patient who need a 

diagnostic test. The output, instead, is the result of the test in form of reporting.  

To conclude, the object of this chapter is to identify and analyze the principal risks 

encountered with the SARS-Cov-2 detection process and to suggest some 

alternatives to deal with them. 

 

3.3 Sources 

This study took place from the urgency of creating a standard template to assess 

the main criticalities in the testing process and to highlight possible ways out. To 

this end, different perspectives and backgrounds are necessary.  A task force 

was created to gather people coming from different environments. Liviana Scotti 

and Enrico Burato as representatives of Lombardy Region were part of the work 

group. At the same time, Dr. Sabrina Buoro and Enrico Comberti assisted with 

their expertise in the testing process. The team was then coordinated by Prof. 

Paolo Trucco for what regards the risk management methodology to be applied.  

The sources of information used in this analysis are three. The first one is the 

literature collected from online libraries (Pubmed and Scopus principally), which 

is made up of 41 documents between scientific articles, opinion papers, reviews, 

case reports, and letters to the editor. Then there is the incident reporting 
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documents furnished by hospitals and structures located in Lombardy. This 

source comes from the request of the region to keep track of unsuccessful events 

and, or problems verified during the processes. Last but not least the judgments 

of experts, will be relevant in the analysis to cover the topics not covered by the 

other two sources. The professionals' knowledge will be extrapolated through 

interview sessions. 

 

3.4 FMECA in laboratory medicine 

3.4.1 introduction to FMECA method   

In the most recent ten years, many methodologies and tools traditionally 

belonging to the industrial risk management have been readapted in the clinical 

contexts, as Onofrio et al. (2015) tell in their work, “Failure Mode, Effects and 

Criticality Analysis (FMECA) for Medical Devices: Does Standardization Foster 

Improvements in the Practice?”. As a result, the FMECA (Failure Mode Effects 

Analysis) methodology, and its most recent implementation, the HFMECA 

(Healthcare Failure Mode Effects Analysis) are nowadays the most applied 

proactive risk analysis methodologies in the health care industry. Specifically, 

FMECA has been proven as reliable for detecting risks in a process involving 

medical appliances, while HFMECA is more geared to deal with clinical 

processes.  

FMECA is an inductive, bottom-up approach aimed at evaluating a specific 

process under analysis in terms of potential failures and their impacts, providing 

a criticality ranking. Failure must be intended as any typology of deviation from 

the expected outcome of the process. The FMECA objective can be achieved 

following five main steps defined by Clemente et al. (2019). 

a. Definition of a multidisciplinary team, 

b. Identification of sub-processes and main activities, 

c. Identification of failures, 

d. Scoring of the failures, 

e. Suggestion of corrective actions.  

Once the team is composed the selected process must be fragmented into 

elementary sub-processes in order to facilitate the analysis. Moreover, it is also 

significant to highlight the connections between the activities which form the 
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procedure. At this point, it is of paramount importance to identify the failures 

which could occur within each sub-process and describe them according to their 

failure modes, causes, and effects. 

- Failure mode: the way a failure manifest itself. 

- Failure cause: primary motivation that makes the failure happen. 

- Failure effect: the consequence of the failure, associated with a severity. 

It is now the moment of the scoring of the highlighted potential failures. The risk 

management team will have to leverage its experience and process knowledge 

to assign the score. The traditional procedure suggests computing the RPN 

(Risk Priority Number), an index expressing the criticality level for each failure.  

It is calculated by the multiplication of three factors: the probability of 

occurrence (P) which is the likelihood to happen of a failure, the severity of 

consequences (S) measuring the seriousness of the possible risk effects and 

the detectability (D), the capability to detect a failure before it may occur. The 

RPN assessment is carried out at first with qualitative scales and then 

converted into quantitative evaluations. Onofrio et al. (2015) identify as the most 

used ranges between 1 and 5 or alternatively between 1 and 10. However, the 

scales can be empirically defined by the team of experts. 

In the table below is presented an example of the RPN computation.

 

Table 2- Example of RPN calculation 

The ranking based on the RPN will highlight which are the most critical failures 

and therefore should be held in high regard. Furthermore, a threshold could be 

selected as has been done in the study “Critical failures in the use of home 

ventilation medical equipment” (Clemente et al., 2019); this will easily allow 

determining which is the last element of the analysis to be assigned to the 

extreme level of criticality. 

The last step of the FMECA procedure implies investigating some corrective 

measures for the listed failures modes. Inside this phase, the expertise of the 

ones involved in the analysis assumes a particularly crucial role. It must be used 

to create a list of specific countermeasures to limit the effect of the risks. 
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Actually, the last two phases, the assessment of RPN and the creation of 

remedial action, could be iteratively repeated once that the corrective actions 

have been executed to verify their efficiency. If the corrections were accurately 

designed and implemented, then a decrease in the RPN value should emerge. If 

this is the situation and some rank reversals have been obtained the elements 

belonging to the next level of risk can be addressed. If not, the suggestion is to 

find out new alternative solutions to improve the situation. 

Figure 12 reports the possible appearance of the FMECA tool. 

 

Figure 12 - Example of FMECA 

 

3.4.2 State of the art on FMECA in laboratory medicine 

This chapter will be dedicated to the detailed analysis of a FMECA application 

with respect to the PCR test processing conducted in the document “Reliability of 

RT-PCR tests to detect SARS-CoV-2: risk analysis” by Clément Bezier et al. 

(2020). This investigation will be helpful to understand the level of details and the 

elements to be included in the final output of the study: the standardized FMECA 

toolkit. In this specific case, an undesirable event can be either the incorrect result 

of the test (false positive or false negative) or an exceeding in the reasonable 

delivery time limits of the result report. In order to track all the possible risks in 

this context is relevant to have a transversal vision of the laboratorial processes, 
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by looking at both technical and organizational issues. In figure 13 is the definition 

of the scales used to perform the FMECA analysis. 

 

Figure 13 - P, S and D scales 

The team decided to categorize as most critical the items with the maximum 

possible value for the severity (5) plus the ones overcoming an arbitrary RPN 

threshold equal to 75. The analysis has focused only on the analytical macro-

phase, decomposed in extraction, mix preparation, amplification, and validation 

of results. The level of details is high in order to assess all possible failures 

deriving from a specific activity in the process, for this reason some of the stages 

just outlined can be split into more than one function. In total for the analytical 

phase have been extracted 103 risks, out of these only the 18% belongs to the 

extreme criticality category. In the table below (figure 14) is presented the number 

of identified risks per each stage, the amount of these falling into the first priority 

level before and after the application of countermeasures. 

 

Figure 14 - Identified risks per each analytical stage 

One specific event which has been detected many times through the process is 

the possibility of contamination. Even though its occurrence is high the RPN 

totalized 64, which is lower than the defined threshold, because being a well-

known possible event in a laboratorial context many preventive actions are 
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already in place, lowering the severity. This is a relevant example to highlight the 

importance of also evaluating the preventive measures. 

As it appears, the stages characterized by the highest quantity of prioritized risks 

are the extraction and mix preparation, equal to 5, while none for the inactivation, 

then 2 and 4 respectively for amplification and validation of results. From the table 

is also understandable that after having applied some specific corrective 

measures some of the critical risks remain. The meaning is that the actions 

proposed were not able to solve those criticalities and therefore new solutions 

are needed to tackle them.  

Summing up, the “lesson learned” from this example of FMECA of PCR test 

process are:  

1. The level of detail must be high, decompose the phase of the 

process until the elementary activities are reached. 

2. Look for all the possible sources of risk, from operational to 

technical to human errors etc. 

3. Select proper scales for the RPN identification and criteria for the 

determination of the most critical risks. 

4. Map also the preventive measures in use, they could explain the 

level of consequences of a determined effect. 

5. Conduct a reassessment of the risks after the implementation of 

corrective measures to check their efficiency. 

 

3.5 Standardised FMECA for the PCR test process 

3.5.1 Standardised process mapping 

As anticipated in paragraph 3.2, the process of diagnostic testing is composed of 

four stages: demand generation, pre-analytical, analytical, and post-analytical 

(figure 11). Now there will be a deepening in the specific of those sub-processes 

to assess the main activities that compose them. 

The demand generation is a sort of introductory step for the following three ones. 

In the literature, it is not treated as an independent stage, but in this will be 

unbundled and will have the same weight as the others. In this first phase the aim 

is to collect the patients’ requests coming in and to process them tracking all the 

patients’ identifiers. 
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In the following flux diagram (figure 15), the decomposition in two main steps is 

visible and described.  

 

                                                            Figure 15 - Demand generation steps 

After the generation of demand there is the pre-analytical phase, made up of five 

microphases that are described as follows (figure 16). This is the part of the 

process where the swab is actually performed on the patient and then the sample 

is prepared to be sent to the laboratories where it will be analysed in the next 

phase.  

request

•Request for a test 

•Via IT service or notification form

•Done by the GP (general practitioner)

booking

•Definition on the type of test and the time schedule  

•Through IT service or sending the paper list
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                                                           Figure 16 - Pre-analytical steps 

When the pre-analytical phase ended, it is the turn of the most crucial part of the 

analysis of swabs, the analytical phase. In this part the main issue is to analyze 

the samples to discover if they are infected or not. The central activities of the 

analytical sub-process are extraction and amplification, which enables the 

complete detection of swabs. As the previous step, it is composed of five 

microphases. All of them are carried out in the laboratories by technicians. The 

process is step by step analyzed in figure 17. 

subject 
identification

•The patient file is created and filled with medical background (on LIMS 
system)

•The test is prescribed and an identification label is stamped

•Secretaries and administrative staff is responsible of this step. 

arrival at the 
laboratory

•Samples are sent to the laboratories

•The main criticalities are the temperature and the time condition of the 
samples (i.e.,they must be transported at 2-8°C for 72h)

•The couriers are in charge of this step. 
Transportaio

n

•Samples are received and stored in the laboratories (Check in is done 
on the samples) 

•Responsible is the Molecular Biology technician

sample 
collection

•The sampling of the biological material by means of a nasopharyngeal 
swab

•There is a specific procedure to be followed by the operator 

•The personnel in charge of this step are nurses or authorized doctors. 

transport 
preparation

•The swab should be transferred into a suitable transport medium and 
covered by plastic bags for three-layer packaging (transport 
procedures)

• It is always associated to an accompanied form

•Nurses 
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Figure 17 - Analytical steps 

The tail of the overall process is represented by the post-analytical. This part aims 

at linking the test outcome with the patient and alert the ATS in case of positives. 

The main issue related to the post-analytical is the robustness of the results. 

Since the false negative is one of the main levers of the Covid-19 pandemic 

diffusion, it is crucial to reduce the errors to the minimum. Figure 18 describes 

the main activities of post-analytical phase. 

viral
inactivation

• Add a specific reagent in the sample

• incubate at a specific temperature to make the inactivation 

• By mulecolar Biology technicians. 

outsourcing 
of samples

• Select the infrastructure, machine, materials suplliers, maintenance 
providers ecc to face the demand.

•The choice is driven by the sensitivity of the machine  (declared by the 
provider)

•The analytic system can be chosen by the laboratory or can be assigned 
through competitions

choose the 
analytic 
system

•When there are peaks of demand, the laboratory can decide to analyse the 
samples with the "outsourcing" technique, sending the samples to be 
analyzed to other laboratories. 

•The main criticalities are linked to the transport and identification of samples

extraction of 
RNA

• Isolation of RNA through manual or automated systems.

• The isolated total RNA in reverse trancribed into cDNA using reverse 
transcriptase enzyme

• By mulecolar Biology technicians. 

cyclic 
amplification 

of DNA

• Done by mean of the PCR machine tool

• Pipetting the exacting amount of cDNA on the plate and then adding the 
primers, it is possible to esponentially amplificate the cDNA

• By mulecolar Biology technicians.  
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Figure 18 - Post-analytical steps 

 

3.5.2 FMECA template 

In the case under examination the FMECA was organized following the 

decomposition of the process in four main phases previously stated and 

investigated (demand generation, pre-analytical, analytical, post-analytical). 

These four sub-processes were divided in their turn into specific activities, each 

one is identified by a progressive code recording the phase (from F1 to F4) and 

the numerical order inside that specific phase (from A1 to An). In addition, each 

activity has a dedicated space for the description of elemental steps and 

resources to be used in terms of material, tools, and type of personnel. The 

activities were selected and listed by Dr. Sabrina Buoro who has full knowledge 

of the process. 

At this point, as the following screenshots of the template (figure 19) reveal, from 

every single activity depart many events (i.e., deviations from the process) that 

may occur while performing. These new rows represent the base elements of the 

FMECA; They should be finalized with the potential causes, the possible 

consequences, the final effects, and the corrective measures already in place. 

With this last name are intended all the norms that must be present in the current 

process and therefore should be detailed by normative references.  

evaluation 
of results

• Analysis of the amplification curves for each target genes and sample 

•The amplification curve is evauated considering the amplification cycles and 
the fluorescence: a sample is positive if, in correspondence of low cycles the 
fluorescence is high

• By the technician 

reporting 

• Write down the result of the test

• The report must be clear and well explaned   

• By the technician 

sending, 
reading, 
follow up

•The outcome of the test is sent to the patients by email, call, fax, post or by 
uploading on personal FSE 

• The reading can be done directly by the patient or by the GP, who report the 
results 

•By the technician to GP/patient
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Going on with the template, a risk analysis is presented. The first section regards 

the actual criticality for each event expressed by the RPN. Consequently, a space 

for the criticality level is left in order to write down the ranking. The second part 

of the risk analysis states the residual risk i.e., the amount of criticality that 

potentially remains after having applied additional mitigating countermeasures. 

Those possible solutions are outlined in between the comparison actual-residual 

risk. 

Finally, the FMECA should also report some administrative and control invoices 

which editable in the final columns of the template. In this case it is necessary to 

assign who is responsible for the control of a specific event and related 

countermeasures, the monitoring periodicity, the enhancement of the activity and 

the final efficiency. 

Was then decided to assign to this template the name of “tool” considering the 

future use for which it is designed. It will be an instrument that should be used by 

health facilities in case of adverse events or as a preventive goal.  

An extract of the template used is shown as follows (figure 19), the integrated 

version can be found in annex A. In particular, is shown the macro-phase of the 

request generation as an example. 
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Figure 19- Extract of the template 

 

3.5.3 Assessment scales 

As anticipated in paragraph 2.3.1, the RPN is the baseline to assess the level of 

criticality related to a specific event. Before computing it, the elements which 

compose the RPN must be defined. As previously stated, they are the level of 

severity, probability, and detectability. The assessment scales used for the 

development of the FMECA tool are linked to the clinical risk. Therefore, the 

effects on the patients are the base upon which the quantitative rankings are 

determined.  In table 3 is shown the severity, as the seriousness of the effects on 

the patient after a failure happened. In table 4 is shown the probability, as the 

likelihood to happen of a failure. Finally, in table 5, there is the definition of 

detectability, representing the capability to detect a failure before it may occur. 
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SEVERITY 

Scale Level Description 

1 No 

damage 

The event does not cause any damage to the patient 

or just higher monitoring to him 

2 Slight 

damage 

The event causes temporary damage to the patient 

and makes necessary interventions/additional 

treatments o an increasing of the hospitalization 

3 Medium 

damage 

The event causes temporary invalidity to the patient 

and makes necessary to increase the hospitalization 

4 Sever 

damage 

The event causes permanent invalidity to the patient, 

or it generates an event near the death 

5 Death The patient dies 

 

Table 3- Severity scale 

PROBABILITY 

Scale Level Description 

1 Remote  It can occur less than 1 time every 20.000 tests 

2 Low  It can occur 1 time every 2.000-20.000 tests 

3 Medium  It can occur 1 time every 200-2.000 tests 

4 High It can occur 1 time every 20-200 tests 

5 Very high It can occur more than 1 time on 20 tests 

 

Table 4- Probability scale 

 
DETECTABILITY 

Scale Level Description 

5 Remote (almost 

impossible to be 

detected) 

It does not exist any method to detect the 

event before the effects are produced. 

4 Low (low probability 

to detect the error) 

The error can be detected by just one 

observation before the effect occurs. 
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3 Medium (medium 

probability to detect 

the error) 

The error can be detected by more than 

one observation before the effect occurs. 

2 High (high probability 

to detect the error) 

The detection is done through direct 

observation of behaviour blocking the 

process. 

1 Very high (the error is 

always detected) 

The detection is done through automatized 

alert systems. 

 

Table 5 - Detectability scale 
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Chapter 4- RESULTS 

The following chapter is going to show the different sources (scientific literature, 

incident reporting, experts’ evaluations) covering the elements of the FMECA in 

order to assess the completeness of the final toolkit obtained.   

The procedure adopted for the analysis of the PCR test process to obtain the final 

toolkit is reported in figure 20. As shown in the figure, the final toolkit will be 

composed of the FMECA sources (that will be analysed in paragraph 4.1) and 

the FMECA tool (as described in paragraph 3.5.2) to be filled by each user. In 

addition, two applications of the FMECA will be presented during a network to 

give further hints and suggestions to use this method. The two real cases 

examples have been developed in two structures located in Mantova and Brescia, 

however the results will not be delivered together with the toolkit for privacy 

reasons.  

 

4.1 FMECA sources 

The definition of the FMECA sources is critical since they represent the input data 

of the FMECA template. The sources are grouped in three main categories: the 

literature, the experts, and the incident reporting. The process through which the 

sources have been investigated is visible in the figure below. 

 

Figure 20 – Process flow 
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For what regards the expert source, the information had to go through a 

preliminary step. The knowledge of the expertise of Dr. Buoro was extrapolated 

through interviews. The doctor was asked direct questions related to some topics 

of the FMECA template not covered by the literature. The outcome of this analysis 

is a list of possible causes defined with the code EXP followed by an increasing 

number; annex B reports all the information obtained.  

The other two sources will be treated deeply in the next two sub-paragraphs. 

Once the sources are all coded and put in order, the FMECA sources file is ready. 

Summing up, it consists of an Excel file reporting the extracted and coded 

information articulated in three sheets, one for each typology of the source. 

4.1.1 Literature review  

The literature archive was approached following a priority order furnished by Dr. 

Buoro. The different papers were investigated according to the typology, the 

publication dates, and the editor; the result was a 3-class prioritization level 

structure: high, medium, or low.  

After the primary reading 8 out of the 41 papers were discard since they did not 

report relevant information for the study. An element has been considered 

relevant if it provides valuable knowledge related to any of the categories reported 

in the FMECA template (for instance: possible causes, effect, corrective measure, 

etc.). Anything that could be useful has been extracted from the documents and 

cataloged in an appropriate Excel sheet. From the literature analysis have been 

identified several causes for the failure modes and possible countermeasures, 

none of the other categories of information. 

Every piece of information should be easily accessible from the future users of 

the FMECA. For this reason, the code was constructed indicating the progressive 

number of the analyzed document and the numerical order of the information in 

that document. 

 

 

 

 

 

Figure 21 –Codification of the bibliography 
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Example: B01.02 stands for information number two coming from document 

number one belonging to the bibliography archive. 

It is essential to stress the codes’ definitions since they will all be reported in the 

FMECA template and from there it must be fast and intuitive to arrive at the 

meaning of each code. As for this regard, another element of paramount 

importance is the clarity of the sentences reporting the information; with this aim 

a colour code was inserted in the bibliography data table for each line, reminding 

the belonging to the specific macro-phase of the process. Light red is associated 

with the demand generation, light blue to the pre-analytical, green to the 

analytical, and red to the post-analytical. These are the same colors that the 

FMECA template exploits, hence this choice increases the degree of consistency 

of the source. 

The list of the literature used is reported in annex C and a screenshot of the 

overall table with the related information is shown in annex D.  

 

4.1.2 Ex-post analysis of events 

Going on with the incident reporting source, the mindset has been subject to a 

small change. Indeed, the documents described real events that happened in the 

structures across Lombardy. The approach, in this case, should start from these 

events and disclose them through the FMECA voices. This section of the process 

was particularly relevant because it made it possible to amplify the current version 

of the FMECA template by adding new events which were not previously 

considered. In order to accomplish this goal, however, it has been vital to give a 

careful reading to the reports. Be sure to not miss some data and correctly 

associate the events already present in the template with the new ones, not to 

create useless redundancies. Some of the furnished documents were of no 

importance for this analysis; since the structures did not report adverse events 

during the Covid period, or they were dealing with non-conformities. The focus 

here is to understand how laboratories reacted in front of problems, therefore 

some reports describing potential risk analysis of the process or anomalies were 

not used for this purpose. The incident reporting documents were recorded in 

different formats; sometimes a precise form was attached with the event its 

possible cause and effects, and possible mitigating solutions; other times was 
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found only a rough description of what happened.  The nomenclature chosen for 

this part was IR (Incident Reporting) coupled with an increasing number, each 

one associated with an event. The pieces of information collected are presented 

in a designated Excel sheet in the form of a FMECA, this will increase the 

easiness of the association of the codes in the tool. The events have been 

assigned to one of the macro-phases and each of them has four descriptive 

columns: cause, consequences, effects on the patient and possible corrective 

actions.  The results are visible in annex E. 

The codes must be reported in the FMECA template and could appear in the 

potential causes, consequences, in the effects on the patient and in the 

suggested countermeasures all at once, depending on the amount of information 

given. In addition, also the new events coming from this analysis, which were not 

inserted in the first version of the FMECA template have been included following 

the four macro-phases division.  

 

4.2 Synthesis of results  

Once the sources file and the template have been defined, the next step is to link 

the two of them to create the final toolkit. It will act as a synthetic tool to be used 

easily by risk managers. In order to do so, the focus should be on improving the 

fluency and readability of the tool and the clarity of the overall statements.  

The first step implies reporting all the codes in the FMECA template. In particular, 

the Bs will be positioned in the column of causes or in the actions, EXPs only in 

the causes while the IR codes could be found in the same event i.e., in the same 

row, more than one time depending on the information retrieved from that failure 

mode. When this operation will be over the FMECA template is ready. This 

document is made up of 5 sheets (excluding the front page). The number one 

reports the detailed instructions to fill the FMECA and the steps of the procedure, 

then there is the FMECA template followed by a sheet called FMECA activities. 

This last one gives free space in case the user will desire to develop a deeper 

analysis. The last two sheets need to be used for the assessment of the RPN and 

the evaluation of risk categories. Indeed, the first one includes the assessment 

scales to determine the quantitative values of P, S and D which have been 

discussed in chapter 2.4.3. While the last one represents the risk matrix using as 



 55 

axes probability of occurrence and severity of the effects, in this way the final user 

has also a visual instrument to understand the criticality of each failure mode. 

 

4.2.1 Obtained results and gaps 

The final FMECA filled with the source information is reported in annex F. 

 What attracts the attention while looking at it, is the heterogeneity of the process 

data coverage. In particular, the FMECA can be divided into different zones, 

depending on the level of coverage: low (effects/consequences), medium 

(preventive actions) or high (causes column). The degree of coverage is strictly 

related to the consistency of the sources of information analysed; in particular, 

the literature is the source for a great number of causes and few mitigation 

actions, the incident reporting source provides information also for the effects on 

the patients and the consequences. At last, the expert statements are present 

mainly in the causes to cope with literature gaps. 

To enable a clear understating of how the different sources are distributed in the 

different phases of the process, three graphs were developed to show the 

coverage for causes, effects/consequences, and mitigation actions.  

 

Figure 22 – Distribution of causes 

About the causes the higher contribution is given by the literature, covering the 

100% of causes for the demand request, the 83% for the pre-analytical, the 74% 

for the analytical and the 75% of the post-analytical. The incident reporting 

coverage instead is very poor, going from a minimum of 17% (analytical phase) 

to a maximum of 25% (post-analytical phase). The experts provide most of the 

information for what regards the demand generation and the analytical part, which 

were the poorest if considering the other two sources already described. In the 
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end, there are few blank spaces, 5 in total. In general, there is a quite 

homogeneity for what regard the causes. (Figure 22) 

 

Figure 23 – Distribution of effects and consequences 

Looking at the consequences and the effects on the patients, only the incidents 

reporting was useful to find information about them. Figure 23 describes the 

coverage of the incident reporting on the different phases of the process. The 

most problematic phase is the demand generation, for which was not possible to 

derive consequences and effects. At the same time, the richest one is the pre-

analytical phase with a coverage of 26% for both consequences and effects. 

Those percentages must be divided to obtain the values for the analytical phase. 

In general, these two parts are very missing information.  

 

Figure 24 – Distribution of the mitigation actions 

The mitigation actions have a not homogeneous coverage: 11% for the demand 

request, 52% for the pre-analytical, 54% for the analytical and 36% for the post-

analytical. The demand request is the most critical one since very few of the 
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contacted institutions reported actions to cope with problems related to that 

phase. (Figure 24)   

In conclusion:  

 Almost all the events are associated with causes. 

 Literature mainly defines the causes of the events instead of 

effects/consequences and actions.  

 Blank spaces are mostly associated with consequences and effects of the 

events.  

 Mitigation actions have a total of 48% of coverage and are mainly provided 

by incident reporting.  

The level of coverage achieved is definitely a good starting point, of course, it 

needs to be constantly updated and revised. In conclusion what has been 

developed through the toolkit is a base of knowledge upon which all the 

institutions can integrate information from their personal experience. The more 

their involvement is, the more powerful the toolkit will become. 

 

4.3 Development of a Risk Assessment Toolkit for hospitals 

The output of the study is a standardized FMECA toolkit to be distributed in the 

regional structures of Lombardy with the aim of helping them in the risk 

assessment of the PCR test process and consequently its improvement. The 

composition of the final toolkit is represented in figure 25. 
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Figure 25- FMECA toolkit composition 

The laboratories will have in their hands two different elements of knowledge, the 

FMECA sources (1) and the FMECA template (2). These two documents, each 

one delivered in an Excel format, compose the standardised toolkit. The idea is 

to leverage the given information to perform a risk assessment of the process, 

deeply analyse it and identify possible areas of improvement. Furthermore, the 

Excel files will be full access, therefore each user will have the possibility to 

change and/or adapt the data to the specific needs, enriching them with time. 

The suggested usage is to start from the FMECA template, look what are the 

possible events that may happen and understand them through causes, 

consequences, and effects thanks to the codes and the FMECA sources 

document. At this point compute the RPN to identify the area of highest priority, 

leveraging on the pre-defined scales. If for these items there are no preventive 

actions already in place, adjust the mitigation strategy to understand which 

intervention could be useful.  

Additional help has been given by two FMECA cases. They are the application of 

the standardized toolkit on two laboratories located in Brescia and Mantova. 

Although these two specific documents will not be directly shared with the 

structures for privacy reasons they have been used as a clarification. On the 22𝑡ℎ 

of June 2020 has been organized a network involving all the risk managers of the 
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Lombardian structures where the two FMECA cases have been presented. This 

event has been a huge opportunity because it allowed seeing for the first time 

how the tool will look like and understand how the methodology works and should 

be applied to laboratorial processes. 

In conclusion, thanks to this analysis the laboratorial structures of Lombardy will 

have in their hands a powerful tool, the FMECA toolkit, that not only will help them 

in achieving better individual results in the PCR testing process but will also 

enhance a kind of standardisation throughout the region. 
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PART TWO 

Evaluation of covid-19 vaccination campaigns:  

a national benchmarking 

 

 

 

Chapter 5- STUDY DESIGN 

The second part of the thesis will focus, as previously stated, on the vaccination 

campaigns. The vaccination plans will be repeated for the following years, and it 

is evident that there are many planning differences, between the Italian regions 

and the different states as well. What the states are searching for are solid plans 

sustainable in the long run. For that reason, the analysis that will be presented in 

this thesis aims at evaluating the structural, operational, and performance 

characteristics of the different vaccination campaigns to determine the most 

efficient. Secondly, by comparing the regional Covid-19 vaccination campaigns 

will be possible to achieve a final assessment of their quality and take hints from 

the most talented one.   

The process to be developed needs to follow four principal phases, shown in 

figure 26. 

 
Figure 26- The process 

The first step consists of the definition of the assessment framework, i.e., the 

delineation of reference points to describe the context factors, the main 

characteristics of the vaccination campaigns, and the relative performances.  
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Once the main structure has been identified, the next phase consists of filling it 

with data. In this case, the initial completion has been carried out leveraging 

available documents on the internet together with official communications of the 

regions and online articles. Looking at the collected data, some regions resulted 

richer in terms of information with respect to the others. Therefore, for some of 

them would be difficult to conduct a proper analysis. For this reason, the objects 

of study must pass through a selection; only some of them will be kept in the 

sample for comparison while the others will be discarded. 

Finally, it is possible to analyze them by considering the operational 

performances and the health benefits. It will be conducted individual analysis for 

each region and a final comparison among all the selected regions. The final aim 

is to identify the keys features of the vaccination campaign assessment 

framework. 

5.1 Definition of the assessment framework 

The origin of the study coincides with the disclosure of the crucial vaccination 

campaigns elements. All this information together gives life to the framework of 

the analysis. The data should be sufficient to describe the regional context factors 

and the characteristics of the campaigns. Moreover, the framework has to allow 

the evaluation of the vaccination plans through performance indicators. 

 

Figure 27- Framework components 

In particular, the framework is composed of the so-called key elements, context 

factors, and performances. The formers are the main elements to describe the 

campaigns (demand management, operative model, governance model, 

infrastructures and IT, and the communication plan). Instead, performances are 
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necessary to assess the results and effects, while the context factors provide a 

general frame for the analysis.  

To arrive at the final framework different steps should be followed, figure 28 

shows them.  

 

Figure 28 – Definition of the framework process 

The starting point is a rough draft of the pillars of the framework.  Once these 

general elements have been designed it is essential to validate them and 

understand if something needs to be removed, added, or adjusted. To do so, the 

literature acted a principal role. 

As will be discussed in paragraph 5.1.2 some open sources articles regarding 

past epidemics and relative vaccination campaigns have been traced and used 

as comparisons for the initial framework. 

From here, it is possible to derive a basic template for the key components. It is 

composed of the main building blocks of the model, i.e., a visual representation 

of the five pillars that can be furtherly break down to reach a higher level of detail. 

All the elements will be described in sub-paragraph 5.1.4 where will be developed 

an accurate description of the template.  

About the performances instead, no template has been created for them, they 

are just used as a database containing the main performances about the Covid-

19 evolution and treatment.   
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The template should go through a validation step to ensure its efficiency for the 

study of the collected data. To verify this condition has been created an example 

based on an international vaccination campaign, the one belonging to the United 

Kingdom. The decision to use a case outside the boundaries of Italy has been a 

strategic choice because if the validation process will result positively, it would 

mean that the model can be applied on a larger scale. After this process is over 

the objective has been achieved, the model of analysis is now defined. 

 

5.1.1 Detailed description of the key components of the 

framework 

The creation of the baseline of the analysis started from the definition of the main 

pillars describing the vaccination campaigns, the key components. Five basic 

elements have been pointed out: the infrastructures, the operative and 

organizational model, the demand management, the governance model, and, 

lastly, the communication plan. They offer a complete perspective of the 

campaigns starting from different points of view but remaining deeply correlated 

among themselves. 

These blocks can be generally classified in two subcategories assimilable with 

the concepts of back and front office. The back office refers to all the functions 

which are not directly seen by the final customer but are crucial to the fulfillment 

of the products and/or services. On the other hand, the front office is defined as 

the set of organizational structures which establish a straight relationship with the 

client. 

Applying these notions to the key components the result, visible in figure 29, is 

that the back office is composed of the operative model, the infrastructures, and 

the governance while the communication plan and the demand management 

represent the front office. 
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Figure 29- Categorization of the key components 

The first three blocks are, indeed, internally managed. The operational model 

investigates the integration of all the processes designed to create and sell 

products. In this specific case are searched the typologies of vaccination centers, 

their number, characteristics and, location; the logistics, and, also, how the 

human resources are employed.  

To assess all the different entities involved in the design, planning, and execution 

of the vaccination campaign it is relevant to keep track of the governance 

structure. Since events such as the current pandemic are unpredictable, its 

management needed extraordinary measures which may appear in the 

governance structure with the creations of new figures and roles, therefore it is 

an essential element to be recorded. 

The infrastructures cover all the system and IT services deployed both for the 

provision and the distribution of the vaccines. It is significant to define and 

compare the technological level of the regions involved. In this block, there is a 

particular anomaly; besides other elements, it regards the typologies of platforms 

and, in general, channels through which the target population performs the 

registration to the vaccine. Clearly, this is a “grey” component: it can be properly 

placed on the boundary between front and office because it is managed internally 

but requires external interactions. 

Passing to the front office two main features deserve attention: the demand 

management and the communication plan. The former looks at the way the 

population to be vaccinated is sorted, searches information regarding the criteria 
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used to segment people assigning them to different priority groups. The latter, 

instead, is fundamental for reaching the high effectiveness of the vaccination 

campaign. This element intends to understand how the regions have made 

people aware of the vaccination. Therefore, which channels have been used, as 

well as who is in charge of announcing official notices. The communication plan, 

if present, can give a big push to the demand for vaccines; otherwise, can slow 

down the campaign. 

5.1.2 Enrichment of the framework through literature  

Starting from the blocks previously described, the main concern now is to confirm 

and enrich the framework and complete it. The final one will set the base for the 

analysis. In order to do so, some articles have been red relatively to well-known 

past pandemics: Smallpox, Measles, and Ebola have been deeply analyzed for 

what regards the vaccine delivery plans. From the study of those historical 

pandemics, some takeaways have been selected and applied. They are helpful 

not only to complete the framework but also to validate it. 

About Smallpox   

Smallpox has been known since ancient times. Edward Jenner described 

smallpox as “the most dreadful scourge of the human species.” The exact 

numbers of deaths were not recorded but it has been estimated on average 400 

million people in the 20th century. Even the discovery of the vaccine by E. Jenner 

in 1796 did not stop its diffusion. The resolution of the disease came in 1967 when 

the Intensified Smallpox Eradication Program started and brought to its 

eradication, officially declared by the WHO on the 8th of May 1980. 5 

The main issues considered for the model enrichment are: 

- Stocks must be kept at a certain level to reduce the risk of stock out. 

- The urban areas (usually with a higher density of population) suffered 

more from the disease with respect to the rural areas.  

- Epidemiological studies were carried out to dip dive into the most relevant 

factors of the disease. 

About Measles 

                                                
5 Hermann Meyer, Rosina Ehmann and Geo_rey L. Smith “Smallpox in the Post-Eradication 

Era”, Viruses, Vol. 12, 24 January 2020, pp.138. 
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Before the introduction of the measles vaccine in 1963, the epidemics occurred 

approximately every 2 to 3 years. It is also estimated that 30 million cases of 

measles and more than 2 million deaths occurred globally each year, and that by 

the age of 15 years, more than 95% of individuals had been infected with the 

measles virus.6 

The most relevant takeaways related to this epidemic are:  

- The severity of the contagions depends on the environmental factors 

(density, urban/rural, malnutrition) and human factors (pathologies, age). 

- Determine the target population in order to determine prioritization for the 

vaccine administration. The first to get the vaccine were high risk groups 

(HIV children, pregnant women, health-care workers). 

- Socio-economic and cultural factors are strictly related to a higher 

vaccination uptake around the globe. 

- Strong political commitment to manage the vaccine campaigns is 

necessary. 

About Ebola  

The 2014–2016 West African Ebola virus outbreak was the largest ever wave of 

the disease. It resulted in more than 28,000 confirmed cases, and more than 

11,000 deaths in Guinea, Liberia, and Sierra Leone. The outbreak was 

widespread and difficult to control due to multiple systemic factors including 

healthcare system capacity, lack of resources, challenges related to international 

coordination, and communication and community resistance to prevention 

measures.7 

The main hints acquired from the Ebola case are the following ones:  

- The importance of having an appropriate communication and education 

strategy, supported by more channels as possible to avoid 

misinterpretation and confusion between people. 

- Ensure procurement mechanisms to define future vaccine stocks. 

                                                
6 SAGE, “measles vaccine: WHO position paper”, Weekly epidemiological report Vol.17, 28 

April 2017.  

 
7 Jenny A. Walldorf, Emily A. Cloessner, Terri B. Hyde, Adam MacNeil, CDC Emergency Ebola 

Vaccine Taskforce “Considerations for use of Ebola vaccine during an emergency response”, 

Vaccine, Vol. 37(48), 15 November 2019, pp. 7190. 
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- The creation of a team of experts prepared to coordinate the outbreak of 

the disease.  

 

The reading of documents about how Smallpox, Measles, and Ebola were 

deleted, thanks to the vaccine introduction, is for sure a supportive way to design 

the model for the Covid-19 vaccine plans. In particular, it was possible to validate 

some aspects of the initial framework and enrich it with new elements not 

considered in the preliminary drafting.  

In the following figure (figure 30) the adjusted framework is presented in a 

schematic way. In particular, the aspects not touched by the literature are 

presented in black character, the elements added with the knowledge extracted 

from the literature contribute are highlighted in red, while the validated ones are 

light blue.  
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Figure 30-Validation and enrichment of the framework through literature 

As it is visible, the literature was fundamental to validate some aspects of the 

framework, to confirm that it touched the main elements of previous pandemic 

strategies and therefore that the initial vision was correct (in particular, the 
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demand management, the operational model, the governance, and health care 

performances). Instead, just a few points have been added: first, the context 

factors are enriched with socio-economical and geographical factors. Then, the 

method adopted for personnel selection was added to the operational model, and 

finally, the accuracy and reliability of contents and the channels used were 

included in the communication campaign. No information was found in the 

literature about the infrastructure and IT systems since many years ago the states 

did not rely on technologies as today. About the operative performances, the 

average productivity of the vaccination centers, measured as the number of 

vaccines per day, was introduced.   

The next step is the modeling of both the key components and the performance 

indicators (on Excel sheet) to be filled for each region. The creation of a unique 

tool to collect all the information is crucial to make a standardized analysis and 

provide more reliable results.   

 

5.1.3 Descriptive and performance variables 

The descriptive variables or context factors are the elements that do not describe 

the vaccination campaigns but can impact them. The management of the Covid-

19 pandemic occupies a central role in this view and, in particular, the 

containment rules which have been applied. The Italian government established 

the general directives through DPCMs. Inside those documents are reported the 

rules to deal with the development of the pandemic. Several ad hoc measures 

were created. Initially, a complete lockdown was announced in March 2020. 

During the second wave, specifically on the 6th of November 2020, Italian regions 

have been divided into three criticality levels corresponding to three colors: red, 

orange, and yellow. The containment measures were changing from region to 

region depending on the color code. In the riskiest zones, the movements outside 

their own municipality were permitted only for health, work, or special necessities 

and, the auto-certification must be always completed. Moreover, the schools of 

any order and grade were closed in the red zone. The only shops and business 

activities open were the ones classified as vital for the community, such as 

pharmacies, supermarkets, etc. Going on with the orange level, the movements 

here were allowed inside the boundaries of the municipalities, even for visiting 
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friends and family, only once a day. About the schools, they are open for the 

youngest until the first class of middle school; the remaining with a presence 

percentage from 50% to 75%. Shops of all types could stay open. Finally, in the 

yellow regions, the ones collocated in the lowest level of risk, people could move 

around all the regional territory. The situation of the schools did not change, but 

the upgrade refers to bars and restaurants that could start serving at the tables, 

while in the other two zones, only take-away and delivery were allowed. 

Every week the results of the monitoring were communicated: regions could 

change the zone color whether in better or worse. Above all this, Italy was also 

under curfew from 10 p.m. to 5 a.m. Regions had only the possibility of 

embittering the restrictions into their territorial competencies.  

Specifically talking about the vaccine, the government defined the main 

guidelines that all the regions must be respected. Vaccination must be on a 

voluntary basis except for doctors, nurses, and all people employed in health 

structures. 

The second important context factor consists in knowing the structure of the 

Italian health system. In 1979 has been established the SSN (Servizio Sanitario 

Nazionale), the head of a stratified network made of 20 regions, subdivided into 

650 USL, which are the fulcrum of the health service. The qualities and 

performances of the system change from region to region due to demographic 

and economic status; this could definitely impact the vaccination campaigns. 

Following the last report about the Italian inhabitants published by ISTAT (15 

December 2020), the average age is 45,2, which defines a quite old population; 

considering the type of virus and its effects this feature could determine a 

disadvantage for the containment. 

Finally, the last element to consider is the type and mix of vaccines available for 

the Italian vaccination campaign. Here the regions do not have any power; the 

provisions are managed by the government which is subdued to the European 

Commission. Italy receives and administrates, until now, four vaccines: Jannsen, 

Moderna, Pfizer/Biontech, and AstraZeneca for a total of 255,029 million doses 

up to the second trimester of 2022.  

About the performance variables, they can be split into two categories operational 

performances and health benefits. First of all, it is essential to define the time 

horizon of the analysis; it has been decided to start from the very beginning of 
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the campaigns, end of December 2020/January 2021, and go on until the 31 of 

July 2021. The former kind of performance aims at collecting the results reached 

under determined context and conditions and, it is interesting to monitor more 

than one aspect. The performances that have been tracked are the peak and the 

average productivity for each region in the considered period. These data have 

to be normalized for 100.000 inhabitants. The normalization occurred to ensure 

the comparability of the performances independently by the population density. 

Besides that, it is needed the measurement of the duration of the campaigns 

since they will not be concluded in the period of the study a proper estimate ought 

to be defined. The best way is to rely only on the administration of the first doses 

to conduct an equal comparison. Considering that it is not achievable to have the 

100% of the population vaccinated, due to disapproval or medical issues, 90% of 

first doses is the target to compute the campaign duration. Whether the objects 

of the study do not reach it, it will be considered the achieved percentage on the 

31st of July 2021. 

On the other hand, health benefits are selected to represent the pandemic pattern 

against the progression of the vaccination campaigns and the reflection of their 

results. With this scope, regional data about the number of deaths and the 

number of swabs tested have been collected for all the days in the monitoring 

period. In addition, the average value of the Rt index has been traced weekly; it 

indicates how many people could be infected by only one positive person. It is a 

fundamental indicator of the progression of the pandemic, has to be analyzed. 

The last element that has been considered is the level of the admission of the 

vaccination campaign. It changes depending on the age ranges, and it gives a 

good approximation of how well the vaccination campaigns performed.  

All the presented variables will be kept as key indicators in the analysis and 

comparison of the vaccination campaigns. 

 

5.1.4 Design of data acquisition template 

The final template is reported in annex G, and it is the base upon which the Italian 

regions selected are modeled. The idea is to represent the five pillars previously 

identified in an intuitive way, in order to easily collect the needed data and make 
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them comparable. For this reason, Excel was adopted creating a visual tool 

organized respecting the main characteristics to be tracked.  

The five sections that make up the template will be exploded below concerning 

the types of information needed for each of them. 

1. Demand Management  

1.1 Adhesion 

The population can decide to adhere to the vaccination plan on a 

voluntary or mandatory basis. In case of mandatory, for which segment 

of the population has been activated that rule. 

1.2 Population segmentation criteria 

What are the main segmentation criteria used to define the priorities of 

vaccinations distribution (age/pathologies/profession/place of 

residence/other) and inside each distinction what are the specific 

segments.   

1.3 Allocation of the population to the delivery channels 

This sub-area is represented using a matrix, which axes are the 

segments and the distribution channels (surgeries, massive centers, 

MMG/PLS, pharmacies, companies, or domicile). The aim is to show 

which channel is chosen for each segment criteria. Finally, for each 

channel is possible to determine the total number of people for whom 

is reserved.   

1.4 Vaccination priority 

In this case, a matrix has been created similarly to the previous one. 

The difference is that now the goal is to show for each segment criteria 

their allocation through the different channels. Indeed, each segment 

has to be colored in order to show the priority of each of them, 

employing a scale color.  

2. Operational model  

2.1 Dispensing capacity 

Definition of the total capacity (maximum capacity installed), the 

average capacity, and the number of members (numbers of structures 

for each channel operating as vaccination points). Then, just for the 

MMG/PLS and pharmacies could be relevant for the analysis to 

represent the total number in the regional territory.  
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2.2 Logistics management model  

In this part, there is the classification of the network model, provided 

by Prof. Perego Alessandro from Politecnico di Milano. 

He defined four types of logistic network (graphically presented in 

figure 31): hierarchical model, meaning that the regional hub is at the 

top and it is in charge of the distribution to the ATS hubs, which 

themselves distribute to the vaccination units; ATS-Centric model, in 

which the regional hub is a “virtual” one and so the first level is directly 

composed of the ATS hubs, which themselves distribute to the 

vaccination units; extreme distributed model, the logistic operator 

distributes stocks from the transit points directly to the vaccination units 

dislocated in the territory; mixed distributed model, in which the logistic 

operator is in charge for the main vaccination centers (the bigger ones) 

and for the ATS hubs, which themselves are responsible for the 

distribution to the smallest vaccination units.  

 

 

Figure 31 – Classification of the logistic network 

The logistic management model also includes the definition of the 

number of the cycle inventory and the security inventory. In addition, 

the level of the logistic outsourcing (if any) and if it concerns the 

transport of vaccines and/or the warehouses.  

The region could take advantage of some donations from private or 

public institutions to support the vaccination campaign. They can 
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represent donations in personnel, equipment, sites, infrastructures, or 

others and their level is an indicator to be considered for the analysis.                   

2.3 How to enlist 

Three different enlisting methodologies have been defined: adhesion-

booking (by means of platforms it is possible to complete the adhesion 

and, if the platform allows it, book directly the vaccine date), adhesion-

call (the person first decide to compile the request for the vaccine and 

then it is called for the booking), call-adhesion (the person first receive 

a call in which it is offered the possibility to the get vaccine and then 

decide to do it). The template of this section is organized through a 

matrix, showing the enrolment modality for each segment of the 

population. Indeed, not all segments are enrolled with the same 

modality. Usually, people belonging to the riskiest group, such as the 

elderly and patients with acute diseases, are engaged through calls. 

Finally, to shorten the procedure time at the vaccination point, it is 

possible to compile the self-evaluation sheet to be given to the doctor 

when the person arrives at the vaccination point. It is a questionnaire 

with general questions about the patient’s conditions (prescribed 

medicines, allergies, diseases, pregnancy, etc.). In the matrix should 

be indicated the segments that fill in the self-evaluation.  

2.4 Vaccination unit 

The vaccination unit is the functional unit responsible for administering 

the vaccine to a single subject in the unit of time. Furthermore, the 

vaccination unit is in charge of recording the vaccination in the 

information system.  

It is composed of different figures: doctors, who are responsible for the 

unit of reference and support the acceptance point; nurses, who 

prepare, administrate the vaccine, and perform the preparatory 

activities (i.e., check fridges, manage the wastes, etc.). In many cases, 

a nurse is elected just for the dilution of the vaccine only. 

Administrative operators, who perform the acceptance and registration 

phases; OSSs, who perform the cleaning and disinfection activities. 

Other figures can be employed depending by region to region. It is 

relevant to identify the mix corresponding to the vaccination unit and 
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the number of units requested to support each inoculation line. The 

inoculation line is defined as the station for the administration of the 

vaccine to a subject in the unit of time. 8     

2.5 Private health 

Private health is supporting the vaccine campaign. In the analysis is 

requested to establish in which channels it has been used and in which 

percentage. 

2.6 Epidemiological studies  

List of all the epidemiological studies carried out in the regional territory 

concerning the Covid vaccines and define from which bodies have 

been organized. 

2.7 Network topology 

The CVs (vaccination centers) are distributed along with the regional 

territory following two possible logics: distributive or selective. The 

former means that the CVs are distributed according to the density of 

the population, usually the concentration is higher in the urban centers 

and lower in the rural areas. On the other hand, a selective logic refers 

to a distribution that is independent from the density of the population.  

To be able to establish the topology type in the template is requested 

to compare the regional map about the population density with the map 

showing the CVs distribution.  

To give an example, figures 32-33 are reporting the maps about 

density and CVs distribution for Lombardy. It is visible that in 

correspondence of Milan (higher rate of population density) the 

number of CVs is increasing, while in the mountain areas (with a very 

low population density) the number of CVs is very small. In this case, 

the logic followed by Lombardy is a distributed one.  

                                                
8 Regione Lazio, “Approvazione del piano regionale vaccinazione anti sars-cov2: prima fase”, 

29 December 2020, pp.17-18.  
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Figure 32-33 – The distribution of CV and density of population in Lombardy 

2.8 Organizational model  

The organizational model explains the modality for the personnel 

(doctors, nurses, or administrative staff) recruitment. The main ways 

of recruitment are the following: ad hoc, meaning that staff is hired and 

trained for the specific tasks to be performed; by detachment, the 

personnel of the health facilities is reassigned to support the 

vaccination activities; by selecting MMG/PLS and pharmacists.  

Finally in this section should be defined the head of the CV, that could 

be directly the region, the territorial companies like ATS or others. 

3. Governance model 

3.1 Decisional model  

The governance structure that manages the regional plans can be 

chosen among the following classification logic: functional, task force, 

commissioner, and mixed.  

In the functional model, the vaccination plan is managed only through 

the structures and functions already present within the health system.  

The task force instead is an ad hoc structure composed of a set of 

people nominated to cover specific tasks and it is coordinated by the 

regional health system.  

Also, the commissioner model consists of a team of people selected 

ad hoc, but differently from the task force, it is coordinated directly by 

the government.   

The mixed one is a combination of the just described models.  

3.2 Functional perimeter   
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Inside the governance structure, different figures are selected with 

precise managerial functions, such as medical management, 

pharmacovigilance and risks management, logistic/operational 

management, epidemiological studies, demand management, and IT 

system management. In the template, this part is represented with a 

matrix to be filled with the main actors operating in the region and the 

relative function covered.  

4. Infrastructures and IT services  

4.1 Demand management  

The regions have adopted different platforms to manage the vaccines 

requests and to allow a rigorous booking system. In Italy, two main 

vaccines booking modalities are active: the regional platforms 

developed by each region for their citizens, or the national platform 

developed by Poste Italiane, that counts 6 regions adherents till now 

(Marche, Abruzzo, Basilicata, Calabria, Sicily, Lombardy, and 

Sardinia).  

4.2 CV management  

In order to have proper management of the vaccination centers spread 

along with the territory, some IT systems have been developed at the 

regional level to facilitate and speed up the stream of the process. 

They can involve the planning part or the logistic part of the CVs. In 

the template, it is requested to write all of them to establish which 

region has developed the stronger IT system.  

4.3 Infrastructure and governance IT  

This section aims at defining the logic of the architecture behind the 

informatics systems and who and how is managing them. The template 

asks for a brief description of how the used IT services are constructed, 

and the model followed to manage them. 

5. Communication campaign  

5.1 Contents 

The effectiveness of the campaign adhesion is strictly correlated to 

how the information is provided in terms of accuracy and reliability. For 

that purpose, the indicator chosen to quantify the correctness of the 

contents is the number of FAQs present on the official website of the 
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region. The more the quantity of frequently asked questions, the more 

a region is considered solid in providing answers to all the persons’ 

doubts and necessities.   

5.2 Channels  

The regions have activated different channels to communicate with 

people about the main issues linked to vaccinations. The channels can 

be distinguished between radio, websites, social networks, online 

advertising, television, newspapers, OOH media and ads, and others. 

Each channel is targeting a specific segment of the population, for 

example, social media are mainly directed to engage the youngers 

while television and newspapers are for elder people.  

5.3 Who communicates 

Who are the persons in charge of the communication campaign in the 

region. The choice could be different, it could be a politician, a 

spokesman, or other actors. For example, some regions decided to 

leverage on VIP to enlarge the campaign adhesion. 

 

5.1.5 Validation and refinement of the framework against 

the UK case 

As previously explained once the framework has been constructed and its 

template has been developed a validation process is needed for ensuring the 

quality of the study. In this case, the reference object chosen is the UK’s 

vaccination plan. In order to accomplish the scope has been used only one official 

document, “UK COVID-19 vaccines delivery plan” (Department of Health & Social 

Care, 2021). The results of the completion of this special case are reported in 

annex H.  

Having the templated filled with available information it is visible that there is no 

homogeneity between the five different sections: for instance, the demand 

management is rich in data, but looking at the communication plan the situation 

is different, the lack of knowledge is evident. For what concerns the whole study 

it is important to have a baseline from which to start the investigation. 

What should now demand all the attention is the methodology through which it 

will be defined whether the degree of coverage is adequate or not. After several 
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reasoning and attempts, the best way to execute it seemed to look for the “pieces 

of information”. The basic concept is to understand how many data the template 

asks for. The matrix of the allocation of the population to the delivery channels 

formerly described can be taken as an example. The aforementioned table is now 

reported. 

 

Table 6- Matrix of allocation of the population to the delivery channels 

In this specific case counting all the cells as pieces of information would not have 

been meaningful since following the pre-explained logic only some of them will 

have to be selected. Therefore, the only solution is to figure out for each singular 

element how much information needs to be tracked. In this example, it is 

necessary to assess for each distribution channel the allocation of the population, 

which makes the pieces of information equal to 6, one for each channel. For what 

regards the row and the column called “totale” the same reasoning could be 

applied. The comprehensive result is 16 pieces of information for this matrix. 

Applying this methodology for all the elements of the template the outcome in 

terms of the number of information sought for each section is 30 for the demand 

management, 43 for the operative model, 7 for the governance model, 10 for the 

infrastructures, and 3 for the communication campaign. 

Now the same logic can be used only on the pieces of information which have 

been actually completed leveraging the quoted document data. Carrying out this 

task, results the number of information obtained which even in this case can be 

cataloged according to the 5 sections of the template. 

The outcome of the UK case is reassumed in the following table. 
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COVERAGE DEGREE 

  

Number of 
information 
sought 

Number of 
information 
obtained 

Information 
coverage % 

Demand management 30 24 80% 

Operative model 43 13 30% 

Governance model 7 7 100% 

Infrastructure and IT services 10 5 50% 

Communication campaign 3 1 33% 

TOT.     54% 

 

Table 7- Information coverage degree for the UK case 

Looking at the table it is clear that the level of information is high for the demand 

management and the governance model. The level is intermediate for 

infrastructures and IT services, while the two remaining sections are the most 

problematic. Indeed, both the operative model and the communication campaign 

scored a coverage degree of about the 30%.  

For what regards the former, the most plausible answer is that the operative 

model contains much information about the logistics issues or in general data that 

are not always shared on public domain documents. 

However, as earlier stated, it is not fundamental for the purpose of this study to 

reach the template completeness. Using this assumption, it can be derived that 

the total coverage, which has been settled on 54%, is more than sufficient. 

In conclusion, the result of this investigation is definitely positive; it means that 

independently of the society, geographical location, and strategies the model is 

a proper tool to compare the vaccination plans. 

 

5.2 Identification and selection of the sample 

Since both the framework and the template have been validated is now the 

moment to fill in the latter with information. In particular, in this first completion 

seven regions will be analyzed: Emilia-Romagna, Lazio, Liguria, Lombardy, 

Piedmont, Puglia, and Veneto. Online research has been carried out in order to 

gather all the documents available and to keep track of the website reporting 

statistical data on the vaccine administrations. These two sources of information 

are reported in annex 9, divided according to the Italian regions.  
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After a careful reading, the data have been extrapolated and located in the proper 

section of the template. At first sight, is clear that the distribution of information is 

changing from region to region, reflecting the completeness of the found sources. 

For instance, it has been difficult to retrieve official information about Puglia and 

as consequence, a big percentage of the template remained empty.  

Successively the same analysis performed for the UK case has been replicated 

for the Italian vaccination plans, comparing the degree of coverage of all the 

seven studied regions. The results are reported in the following table (table 8). 

 

Table 8- Italian regions’ coverage degree analysis 

As it appears the most problematic region is Puglia with total coverage of 29%, 

for this reason it is immediately eliminated by the analysis. Going on, it is visible 

that the left cases present quite high degrees, all included between 40% and 

60%. Emilia-Romagna occupies the last position, even if the overall condition is 

sufficient the voice infrastructure and IT services totalized 0. This could be a 

relevant issue when it comes to analyze and compare the regions, in addition no 

informants are available and therefore Emilia-Romagna is left behind as Puglia. 

Next In line there are Liguria and Veneto with the same percentage, equal to 44. 

However, the result of Veneto is given by the high contribution of the governance 

model, which reached 86% of coverage, while all the other values are really 

similar to Liguria. For the aim of the analysis the governance model has not the 
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same importance as the other blocks meaning that normalizing the data Liguria 

overcomes Veneto in terms of helpful information degree. Using this 

consideration, four regions survived the selection process: Lazio, Liguria, 

Lombardy, and Piedmont. Four is a satisfactory sample dimension for the study 

which will be successively developed. 
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Chapter 6- FINDINGS 

In this chapter will be deeply described the templates of the chosen regions 

according to the building blocks of the proposed framework. 

 

6.1 Lazio 

All the information regarding the Lazio region is reported in the annex J. 

 

6.1.1 Demand management 

The President of the Italian Republic established the obligation for Covid-19 

vaccines. He stated that the vaccine is voluntary for the population, except for 

some categories for which it is mandatory: the health professions and the 

operators of the health sector. This law is valid not only in Lazio but also in all the 

other Italian regions. 

The segmentation criteria adopted in Lazio regards the population age, the 

presence or not of pathologies or fragilities, the profession, and the site of 

residence. The main channels through which people get vaccinated are hospitals, 

the massive vaccination centers, the MMG/PLS, the pharmacies, and at the end 

the domicile. The four aforementioned segments can be allocated to the different 

channels in different ways: the segments with pathologies can take the vaccine 

in hospitals, massive centers, MMG/PLS, or, in case of moving problems, directly 

at domicile. The people living in protected places of residence can have the 

vaccine dose at their homes. The professions like professors and school staff, 

the service operators (police, civil protection, etc.), and the health staff are 

vaccinated in hospitals or massive centers. Finally, the rest of the population can 

be allocated to all the dispensing channels, including pharmacies.  

For sure inside each segment, there are some sub-segments prioritizations. The 

higher priority is reserved for the elderly living in residential structures, their staff, 

and all the workers of the health sectors, which are obliged to get vaccinated. 

Then, it is the turn of the population affected by severe pathologies, persons with 

an age of 80 years or more and high priority professionals. The third wave of 

vaccinations is reserved for the service workers, low priority professors, and 

moderate pathological persons. After them, aggregation sites like prisons and 
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recovery centers are made immune. For the remaining population, the order to 

be followed is age-based, from the older people to the youngers.      

 

6.1.2 Operative model 

About the operative model, the gathered information is quite limited for all the 

regions. Specifically, it is known that Lazio initially installed a capacity of 7.356 

administrations per day per each massive center. This figure is intended as the 

total capacity while there are no data about the average capacity nor the 

capacities of any other channel. Regarding the number of vaccination points only 

two figures are recorded in official documents: 20 Hubs which are the massive 

centers that also support the storage of doses and their distribution towards other 

points, and the number of participant pharmacies, more or less 1000 on a total of 

1612. The vaccine administration through MMG and PLS will hopefully start by 

September; therefore, the only information regards the cumulative regional figure 

of 6528 MMG/PLS. 

Data about logistic management is difficult to be found on public sources. As 

regards the Lazio case, the only aspect which could be derived is the ASL-centric 

model adoption since the structure is composed by the Hub’s middle level. As 

previously explained, the network topology could be selective or distributed. In 

this specific case, the result is a distributed repartition of the vaccination centers 

meaning that the region chose to locate the vaccination points following the 

population density. This characteristic facilitates the transportation of both 

provisions and people. 

The method to enlist people for the vaccine is linear for almost all segments of 

the population. You have to adhere to the campaign and after it is possible to 

book your appointment. Special treatment has been reserved for the extremely 

fragile category who received direct phone calls. Overall, everyone who accepted 

the vaccine must complete an auto-evaluation form, reporting the medical 

condition and history of the patient. 

The regional epidemic department gave rise to a study aimed at defining the 

vaccination effects on the over 80s segment while another study conducted by 

SIGG (Società Italiana di Gerontologia e Geriatria) tried to establish the duration 

and effectiveness of the vaccination of the care homes. 
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Finally, it is known the composition of the vaccination unit. Lazio chose to 

dedicate equal resources for the main roles: one doctor, one nurse, one 

administrative, and one social health worker. In addition, this basic team has been 

flanked by a local operations manager with a coordination role. This is the overall 

vaccination mix, four of them need to be assigned to each vaccination line. 

This is all for Lazio, therefore two sub-blocks remained totally blank: private 

health and organizational model.  

 

6.1.3 Governance model 

The head of the civil protection department of Lazio, Carmelo Tulumello, is 

supported by a technical-scientific committee, nominated on the 5th of February 

2020. It is made up of 7 members and has the role of supporting the coordination 

of all the activities required for coping with the Covid-19 emergency.  

 

6.1.4 Infrastructures and IT services 

Lazio developed a regional platform from which it is possible for citizens to book 

their vaccination slots.  

 

6.1.5 Communication campaign 

The communication campaign in Lazio is mainly aimed at increasing knowledge 

on the different types of vaccines available, defining the priority groups and the 

beginning date for their booking. The most important issues are published on the 

website of the region, where the citizens can find all the information needed about 

the vaccination campaign. A list of FAQs is also present with 42 typical questions. 

For sure the second source of information is characterized by the presence of 

doctors/nurses, who make people aware of the vaccine efficacy and answer to 

any doubt.   
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6.2 Liguria 

The screenshot of the Ligurian template with data is visible in annex K. 

 

6.2.1 Demand management 

Like the Lazio case, also in Liguria, the obligation for the vaccine regards the 

health sectors. For pharmacists, OSSs, doctors, and professional studies the 

vaccine is compulsory.  

The segmentation criteria adopted in Liguria regards the population age, the 

presence or not of pathologies or fragilities, the profession, and the place of 

residence. The main channels through which people get vaccinated are the 

hospitals, the massive centers, the MMG/PLS, the pharmacies, the companies, 

and at the end the domicile.  The segments are allocated to the channels 

following different rules: people with diseases can get vaccinated at hospitals, 

massive centers, or, in case of mobility limitations, directly at home. The health 

professions are allocated to the hospitals, the service operators to the hospitals 

or MMG/PLS and in this region, some companies can act as vaccination centers 

and guarantee vaccines for their workers. The people working in protected 

residence centers are vaccinated at domicile by the vaccination squads. The 

remaining population is allocated to massive centers, MMG/PLS, pharmacies, or 

domicile. 

The sub-segments with number one priority are persons with more than 80 years 

old, hospices hosts and their staff, health operators and people with severe 

pathologies. The priority two sub-segments are the 75-79 years old people. Then 

moderate disease affected people, professors and school staff, and the 70-74 

years old people.  To follow the service operators, the 65-69 people. The rest of 

the population is vaccinated with age basis in descending order.  

 

6.2.2 Operative model 

The Ligurian operative model is generally poor; three out of the seven categories 

of information are void and are vaccination unit, private health, and epidemiologic 

studies. The remaining elements are at least partially completed.  

Starting from the dispensing capacity, it can be easily found that 20 regional Hubs 

have been appositely created to satisfy the uprising vaccine demand. In 
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particular, the maximum capacity is installed in a Hub located in Genova, able to 

provide for 2.800 administrations per day. Furthermore, also the pharmacies 

highly contribute to the Ligurian vaccination campaign, overall are 105 structures 

involved. Their contribution is fundamental; they should guarantee 6.000 

administrations per week.  

The logistic net model is ASL-centric, and in this case, there are also some data 

about the donations. In particular, the region launched a fund-raising campaign 

aimed at helping the management of the current pandemic. The regional Liguria 

website states, that the collected sum will be operated on improving the condition 

of doctors, nurses, and all the personnel involved in the health structures, which 

are fighting the emergency. 

Looking at the locations of the vaccination points, it seems that Liguria followed 

a distributive logic trying to match higher administration capacity with high 

population density. 

For almost all segments, there are two main ways for enlisting for the vaccine, 

adhere and then book the appointment or receive a phone call for the adhesion. 

The exception is the extremely fragile segment which can leverage only the call 

model. As for Lazio, the “to be vaccinated” must complete a pre-anamnesis form. 

In the organizational model, it is known that MMG, PLS, and pharmacists are 

called to the vaccination centers. Lastly, the responsibility of the vaccination 

centers belongs to territorial authorities. 

 

6.2.3 Governance model 

The region has set up a task force to tackle the second phase of the campaign. 

The reason why it was created is to develop all the measures and the protocols 

to be adopted, allowing the regional economy to restart, and prevent the 

contagious curve to rise again. It is made up of 27 experts, taken by the main 

scientific and educational institutions. 

 

6.2.4 Infrastructures and IT services 

Liguria region developed a regional platform for vaccinations booking. It is 

possible for the citizens to confirm a booking online through 
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“prenotovaccino.regione.liguria.it”, pharmacies or by calling the number 800 938 

818.  

 

6.2.5 Communication campaign 

The main information about the Ligurian regulations is given on the official 

website as well as newspapers and conferences by politicians. About the first 

source cited, the effectiveness of the vaccination booking is guaranteed by the 

presence of a tutorial explaining how to perform the booking online. The 

weakness is given by the FAQ, not specific for the region but reporting to the 

Italian government. 

 

6.3 Lombardy 

Annex L shows the Lombardy case filled in with the available information. 

 

6.3.1 Demand management 

In Lombardy, like the other Italian regions, the vaccines are compulsory just for 

people belonging to the health workers group.  

The vaccination criteria adopted in Lombardy are age, pathologies, profession, 

and place of residence.  

The vaccination channels employed are the hospitals, massive centers, 

MMG/PLS, companies, and domicile. Pharmacies have not yet been activated. 

The ways the segments are allocated to the channels are: the fragile people can 

get vaccinated at hospitals, massive centers, MMG/PLS, or, domicile, in case of 

patients with moving problems; the workers are directed to hospitals, massive 

centers or in the firm they work; the patients living in protected structures, like 

hospices, are vaccinated in the structure site.  

The prioritization is following the segmentation criteria, and it involves first the 

over 80, the health staff and the hospices and their staff. The second group to be 

vaccinated is composed of 75-79 years old, severe pathological patients, the 

service operators, professors, and school staff. The remaining population is 

prioritized considering the descending age and the presence of minor clinical 

issues. 
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6.3.2 Operative model 

The description of the operative model of Lombardy could start from the 

dispensing capacity here, states that the number of massive centers installed 

across the region is 76 for a total capacity equal to 144.000 administrations a day. 

Moreover, it is also known that the remaining channels, excluded the pharmacies, 

are meant to guarantee a total capacity of 30.000 administrations per day. About 

the MMG, PLS, and pharmacies, unfortunately, the number of participants is 

missing, at the moment, is only available the totals which are respectively 8.821 

(MMG and PLS) and 3.089. 

Going on with the logistic management model, once again the net is governed by 

an ATS-centric model as in the two previous cases. Even for Lombardy, there is 

no information regarding the way stocks are managed. However, some materials 

about logistic outsourcing and donations have been collected. Concerning the 

former, the region rented some furnishings and equipment for stocking and 

storing the vaccine provisions. While the donations coming for Lombardy have 

been deployed to equipment and personnel. 

Comparing the two maps, the one reporting the population density and the other 

with the vaccination centers distribution, it is visible that Lombardy adopted a 

distributive approach. This is the same strategy implemented by Lazio, collocate 

more vaccination points where the housing density is more elevated. 

The population segments defined by age or profession in Lombardy can accede 

to the vaccination program by confirming their intent, book their appointment, and 

finally completing the auto-evaluation sheet. On the other hand, people affected 

by pathologies should receive a phone call from their doctor in order to be signed 

for the vaccination, but in this case, it is not known if they still need to fill in the 

pre-anamnesis or not. No data have been retrieved for the segment of the 

population distinct by the place of residence.  

Some epidemiologic studies have been conducted inside the regional 

boundaries. In particular, the one already quoted of SIGG taking care of the care 

homes vaccination duration and effectiveness and another one cured by DG 

Welfare and Università Bicocca. This last one aimed at assigning an indicator of 

vulnerability for each citizen, making it possible to create a proper prioritization 

and segmentation of the population. 
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About the organizational model, what is sure is that the responsibility of the 

centers is assigned by territorial authorities while there is no information of how 

the medical staff has been enlisted. 

Lombardy also furnishes a complete vision of the vaccination unit; the mix, which 

will be soon presented will be valid for a total of four lines. The composition is the 

following: one doctor, one nurse, at least one administrative figure, and two social 

health workers. No additional roles are inserted in this case. 

As it appears, the only cells that remained completely blank are the ones 

concerning private health. 

 

6.3.3 Governance model 

The governance structure of Lombardy has been defined as commissioner. 

Indeed, an executive committee guided by Guido Bertolaso has been created for 

the coordination of the vaccination campaign. The executive committee responds 

directly to the steering committee, headed by the president Attilio Fontana.  

 

6.3.4 Infrastructures and IT services 

From the 2 of April 2021, the Lombardy booking system is managed by the Italian 

post office. This system replaced the previously used ARIA system.  The main 

advantage is that the vaccine can be reserved live, by choosing the date and the 

vaccination center of preference. The head of technology and operation at Poste 

Italiane defined it as “a dynamic infrastructure developed to manage large 

volumes of traffic and uses innovative programming languages and technologies 

to optimize the demand for vaccines”. 9 

The platform of Poste Italiane is not the only platform developed in Lombardy. 

SIAVR is the regional information system for vaccines; it supports both the logistic 

aspects and the organization of the vaccine centers.  

 

 

 

                                                
9 https://www.ilcittadinomb.it/stories/Cronaca/vaccini-come-prenotare-con-il-sistema-di-poste-

italiane_1391481_11/ 

https://www.ilcittadinomb.it/stories/Cronaca/vaccini-come-prenotare-con-il-sistema-di-poste-italiane_1391481_11/
https://www.ilcittadinomb.it/stories/Cronaca/vaccini-come-prenotare-con-il-sistema-di-poste-italiane_1391481_11/
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6.3.5 Communication campaign 

To support the initial phase of the vaccinations, the region put in place integrated 

planning of communication tools to ensure a wider spread of vaccines 

information. In this regard, it was activated a number (800 89 45 45) that people 

can contact for doubts or technical assistance. The communication campaign has 

involved all the institutional communication channels (web portal, social media, 

regional call centers...). In the end, means like newspapers, radio, local TV, OOH, 

and social media are exploited to reach the highest number of people possible.  

On the regional website are reported all the issues related to the Covid-19 

vaccines and the campaign. It also presents a FAQ, which contains 17 frequent 

questions.   

 

6.4 Piedmont 

All the retrieved data about Piedmont can be found in annex M, displaced on the 

template. 

 

6.4.1 Demand management 

In Piedmont, like in the other Italian regions, the covid vaccine is compulsory just 

for the health workers.  

The vaccination criteria adopted in this region are age, the pathologies, the 

profession, and the residence site.  

The channels used to deliver the vaccines are hospitals, massive centers, 

MMG/PLS, pharmacies, companies, and domicile. Also for the Piedmont case, 

there are different allocation criteria: patients with pathologies go to hospitals or 

massive centers; persons with walking problems can get the vaccine at their 

domicile as well as the community centers, for which is possible to get vaccinated 

at the hospitals. The workers instead are allocated to hospitals, massive centers, 

or firms. For the rest of the population, another channel is activated, which is 

composed of pharmacies.  

The first group for which was possible to get the vaccine is the over 80, hospices 

and staff and the health operators. The second group is composed of 60-80 years 

old people, severe pathological patients, high priority school staff and professors, 

and service operators. Then it is the turn of community centers, low priority school 
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staff and professors, and moderate pathological patients. In the end, the 

population not covered by the described prioritizations is vaccinated considering 

an age-based scale.  

 

6.4.2 Operative model 

Unfortunately, with the free access data is not possible to complete all the blocks 

of the Piedmontese operative model. Two parts of the template remain unfilled, 

epidemiological studies and private health. 

Regarding the numerosity of the centers, by typologies of channels, from an 

online source, it derives that Piedmont has a total of 73 hospital dispensaries. 

Moreover, 735 on 4762 MMG and PLS participate in the vaccination campaign; 

about 500 out of the 1666 regional pharmacies are available to administrate the 

vaccines. About the remaining three channels, there is no numerosity information 

still, for the massive centers, is known the maximum capacity installed. Indeed, 

in the biggest structures, the highest peak that can be reached is 1.500 

administrations per day. 

Approaching the logistic model, there are always two constants: the ATS-centric 

model and the fact that data about stock management are untraceable also in 

this case, are confirmed. For Piedmont was not possible to retrieve any data 

about the donations, but on the other side, it is stated that the region leveraged 

on a territorial company outsourcing to it the distribution of the vaccines. 

As for what regards the net topology, even, in this case, there are no surprises. 

Piedmont implemented a distributive strategy like all the other three regions. 

About the ways people enlist for the vaccine, there are data concerning all the 

segmentation criteria. First of all, the entire population must complete the pre-

anamnesis plus the process to get access to the vaccine is to express consent 

and, after that, communication will come through reporting the appointment info. 

In addition, for the most fragile segments: people over 80s and serious 

pathologies affected, it also used the call-adhesion method therefore, the ones 

belonging to these segments have been directly contacted.  

The organizational model lacks much of the required information since the only 

one reported is the centers’ responsibilities which is regional.  
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On the other hand, same as Lazio and Lombardy there is a complete frame of 

the vaccination unit. In Piedmont the number of vaccinal basic mix required for 

one line is five for the biggest structures and is composed of at least two doctors, 

two nurses who take care of the vaccine preparation, at least two people from 

administrative staff, at least two social health workers, and at least two 

volunteers. 

 

6.4.3 Governance model 

On 21 April 2020, a task force has been established to work alongside the 

regional council for the management of phase 2 of the coronavirus emergency. 

The coordinator of the group is Ferruccio Fazio, which worked as Minister of 

Health. The task force started to act immediately on the front of the territorial 

medicine, by a constant interaction with the health operators of the region.  

 

6.4.4 Infrastructures and IT services 

The booking platform developed for the Piedmont region is called 

“ilpiemontetivaccina”. It is a system based on the pre-adhesion of the patient, who 

will receive a confirmation message with the appointment in the following 48 

hours.  

 

6.4.5 Communication campaign 

The communication campaign is initially disseminated via social media on the 

institutional channels of the region to furnish a base knowledge about the 

vaccines. Then was spread using local TV and newspapers. On the official 

regional website, it is present a set of 42 FAQ and a tutorial about the booking 

system to increase the completeness of the information. The main spokesman 

are politicians, but also the VIPs who are elected as ambassadors of the 

communication program.   
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Chapter 7- DISCUSSION 

Done the collection of data for the four regions under analysis, it is now the turn 

of examining and drafting considerations about the vaccination campaigns.  

The chapter is organized in a first paragraph, in which the regions are analysed 

separately, then a second one in which commonalities and distinctive elements 

are presented through comparisons.  

 

7.1 Single case analysis 

This section considers the main information extrapolated from the regional plans; 

the regions will be analyzed one by one, tackling as main issues the capacity of 

the massive centers, how regions should approach to a possible closure of 

massive centers; how the booking system and the communication campaign 

could have affected the adhesions and finally the composition of the vaccination 

staff and the weak points derived.  

 

7.1.1 Lazio 

In the following figure (figure 34), it is presented a dashboard with the general 

performances of Lazio.  

 

Figure 34-Dashboard of Lazio 

By comparing the performances with the regional plan, present in annex J, the 

following considerations are derived: 
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 The first regional index to be analyzed is the ratio between doses 

administered and doses delivered. This value assesses to 95,80%, that 

position Lazio as the 4th in Italy, after Lombardy, Marche, and Puglia. 

Being the value above the national average, equal to 95,6%, explains the 

ability of the centers to cope well with the demand for vaccines. Indeed, 

almost all the doses are rapidly administered to the population as soon as 

received. In order to reach this value of the index, the capacity installed in 

the vaccination points should be for sure large (the average capacity is 

about 31.865 doses, which normalized for the population is about 543 

doses); Lazio is definitely a region where the speed has a central role, and 

it can support vaccinations not only to the priority segments but also fulfill 

the demand for the population in general.  

 During the last phase of the vaccination campaign, the hypothesis of 

closing the massive centers in favor of pharmacies and MMG/PLS started 

to be evaluated. In this regard, a deeper investigation of the Lazio region 

is presented as follows. The total number of pharmacies, MMG/PLS in the 

region is about 8.140; supposing that all of them will be able to organize 

themselves to support the vaccination program, it is estimated that on 

average, for every 100.000 citizens there should be 139 vaccination points 

as the sum of pharmacies, MMG and PLS. As a consequence, each new 

CV should serve on average 721 people.  

 The booking platform is created on regional basis, and it allows a set of 

services among which the choice of the center, the date and the vaccine 

type, the management of the appointment, the consultation of the booking 

information and the download of the pre-anamnesis module. Given the 

easiness and the number of services offered, the adhesion of the 

population may have been affected. The obtained result is 3.104.145 total 

adhesion since the beginning of the campaign, which correspond to the 

52,92% of the population. 

 Each vaccination center is organized on a regional basis for what regards 

the composition of the staff. In particular, the ratio between the number of 

doctors and nurses is 1 to1 in Lazio. Thus, for each doctor performing the 

anamnesis, a nurse is administering the vaccine. Since the inoculation is 

a very fast phase, of the duration of few minutes, this composition choice 
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will lead to queues at the doctor station, which duration is longer, 

especially if the patient did not compile the pre- anamnesis document. It is 

possible to affirm that the anamnesis is the bottleneck, which needs to be 

at least duplicated to solve the problem and make the process more rapid 

and fluid.  

 

7.1.2 Liguria 

In the following figure (figure 35), it is presented a dashboard with the general 

performances of Liguria.  

 

Figure 35- Dashboard of Liguria 

By comparing the performances with the regional plan, present in annex K, the 

following considerations derive: 

 The first index to be analyzed is the ratio doses administered on doses 

delivered. The value for Liguria is about 93,1%, that positions the region 

in the last 4 worst regions of Italy, together with Calabria and the 

autonomous provinces of Trento and Bolzano. Liguria is one of the slowest 

regions in the administration of vaccines. To support this performance 

index, it is possible to consider the capacity of the centers, which is low. 

The average productivity of massive centers is about 7984 doses, and 

normalized is about 517 doses. In conclusion, the region has decided to 

attribute higher importance to the administration of vaccines to the priority 
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groups (older and pathology affected patients) overshadowing the rest of 

the population, who received the vaccination with a slowdown. 

 About the channels present in the region, Liguria has already activated the 

pharmacy system for the vaccine delivery, therefore should be ready and 

more advantageous when will come the time to close massive centers. In 

particular, in the region are present 612 pharmacies and 2.198 general 

practitioners and pediatricians. Considering the necessity to cover the total 

population, there should be 183 vaccination points (MMG/ PLS/ 

pharmacies) every 100.000 citizens. In the end, every center should have 

a capacity of about 550 people to vaccinate, which is a lower load if 

compared to the Lombardy and Lazio cases. With high probability, Liguria 

will be able to substitute the massive centers with the resources already in 

place.   

 The booking system is supported by one regional platform which services 

are the possibility to choose the center and data, the consultation of the 

booking data, and the download of the pre-anamnesis module. The 

system is easy and simple since the number of services is essential. For 

that reason, the adhesions for the vaccination campaign equalized the 

93,1% of the over 80, the 93,1% of the 70-79 people, the 71,6% of the 60-

69 people, and the 60,3% of the 50-59 people (data registered on 

25/05/2021). 

 

7.1.3 Lombardy 

In the following figure (figure 36), it is presented a dashboard with the general 

performances of Lombardy.  
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Figure 36- Dashboard of Lombardy 

By comparing the performances with the regional plan, present in annex L, the 

following considerations are derived: 

 The ratio doses administered on doses delivered is equal to 98,40%, 

putting Lombardy in first place in the Italian region by looking at this 

indicator. In the centers, almost all the doses received are delivered to 

people as fast as possible, leaving a minimum stock. As confirmation of 

this consideration, it is essential to consider the average productivity of the 

massive centers, which is about 55940 doses. This figure corresponds to 

554 doses per day if normalized by the regional population. Definitely, 

Lombardy is the region with the highest speed in vaccinating not only the 

segments with high priority but all the population in general.  

 Lombardy is the highest populated region in Italy. For this reason, the 

massive centers with their big capacity played a crucial role in the 

vaccination campaign. Also, for Lombardy, the most reasonable choice will 

be to close those centers in the short term, even if will be difficult to vaccine 

such a large number of citizens only using general practitioners, 

pediatricians and pharmacies. As a matter of fact, the total number of 

pharmacies, MMG and PLS for 100.000 people is 118, meaning that each 

new center should cope with 850 people, definitely a high number. 

 The “Sistema Poste Italiane” has been adopted by the region because is 

able to manage a high number of bookings. The services offered by this 
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national platform are multiple and they include the possibility to choose the 

center, the data of the appointment, the consultation of the booking data 

and the download of the pre-anamnesis module. In addition, it offers 

access to the green pass; the vaccinated can download it following an 

easy procedure.  

Furthermore, the region has put in place a structured communication plan 

using various channels to be able to reach all the population segments. In 

this way the campaign could reach a higher number of people; the 

percentage of adhesion by segments are 95% of the over 80, 89% of the 

70-79, 84% of the 60-19, 78% of the 50-59, 66% of the 40-49, 51% of the 

30-39, 21% of the 20-29 and just 8% of the 12-19 (data registered on the 

28/05/2021).  

 The region had autonomy for the management of the massive centers, in 

particular, it was able to define the staff inside each center. The chosen 

ratio between doctors and nurses is 1 to 1 (without considering any 

possible nurse in charge of dilutions). Thus, for each doctor performing the 

anamnesis, a nurse is administering the vaccine. As described in the 

section dedicated to Lazio, this configuration leads to the creation of 

queues at the anamnesis station, which is the bottleneck of the vaccination 

process.  

 

7.1.4 Piedmont 

In the following figure (figure 37), it is presented a dashboard with the general 

performances of Piedmont.  
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Figure 37 – Dashboard of Piedmont 

By comparing the performances with the regional plan, present in annex M, the 

following considerations are derived: 

 Starting with the index comparing the doses administered and the 

delivered doses, it is possible to obtain a value of about 95,60%, which 

positions the region at 5th place after Lazio. Being the value equal to the 

national average of 95,60%, Piedmont administers vaccines at similar 

rapidity at which it receives the doses. In order to reach this value of the 

index, the capacity installed in the vaccination points should be for sure 

large. The average productivity of the centers is high because they are 

able to administer about 22328 doses a day (514 doses normalized), 

meaning that Piedmont put in place a strategy based on vaccinating all the 

population in general, without focusing just on the priority segments (which 

for sure continue to be the focus).  

 Piedmont has already implemented the delivery channel of pharmacies. 

Anyway, a prevision for the future should be done, in case of closing of the 

massive centers. The actual position and the result of the forecast are very 

similar to Liguria. Indeed, it is calculated that the total number of 

pharmacies, general practitioners, and pediatricians for 100.000 persons 

is about 151. As a consequence, the coverage for each of the 

aforementioned vaccination points should be at least 665 people, which is 

a sustainable capacity. It is a great result, especially if compared to Lazio 
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and Lombardy cases, which should sustain more patients in their 

structures. 

 The booking system is characterized by the presence of one regional 

platform. The services offered to the population are: the possibility to make 

a pre-adhesion, the consultation of the booking data and the download of 

the pre-anamnesis module. It is a rigid system, especially if compared to 

the other regional platforms because the number of services is low. The 

disadvantage can be a negative impact of the adhesion on the population, 

who do not feel free to choose the data or the vaccination center location.  

What is more, Piedmont did not create a strong communication campaign, 

since it involves the use of few channels, maybe not enough to reach the 

majority of the population. In contrast, the number of FAQ is high and 

provide precise information to the citizens. The related percentage of 

adhesions for the region are: 90,68% for the over 80, 85,56% for the 70-

79 people, 77,12% for the 60-69 people, 69,12% for the 50-59 people, 

57,95% for the 40-49 people (data are registered on the 28/05/2021). 

 Piedmont’s strategy about the composition of staff in the massive centers 

concerns a not equal number of doctors and nurses. In particular, the ratio 

between doctors and nurses developed in the biggest massive centers is 

higher than 1. That involves the presence of more than one doctor for each 

nurse and it guarantees no queueing at the anamnesis station. Instead, 

the unit a fluid process and an equally distributed workload between all the 

personnel. 

 

7.2 Cross case analysis 

7.2.1 Commonalities among regional vaccination 

campaigns 

The main commonalities among the analyzed regions are, for sure, symptoms of 

the fact that the national territory is shared. Moreover, the central government set 

some key elements of the campaigns, which cannot be modified.  

To decide who should be vaccinated first, the national plan uses the criterion by 

age group, from the oldest to the youngest. Anyway, some corrections are 

applied. The vaccination of health personnel, over 80, school staff, military, and 
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law enforcement must be completed in the first phase. The priority is given also 

to the “extremely fragile” who suffer severely from a series of pathologies plus the 

disabled, those recognized by law 104. In parallel, each region should follow the 

criterion of age groups in descending order, starting with people over 70 years 

old.  

To cope with the high number of vaccinations to be done, each region must set 

up some massive vaccination centers. These can be of multiple typologies: 

stations, car parks of the shopping centers, congress centers, sport, facilities or 

stadium.  

About the operative model, more degree of freedom was given to regional 

governments. The first common factor is the distribution of the vaccination 

centers throughout the territory: all the analyzed regions decided for a distributive 

model, hence a location of centers following the population density; when it 

increases, also the number of centers is multiplicated and vice versa: since the 

vaccine centers are closer to the population, this certainly contributes increasing 

the administration of the vaccines. The second point of equality is the centrality 

of the local companies in the distribution of vaccines to the vaccination points. 

The result is the adoption of the ASL-centric model for all of the regions analyzed. 

 Last but not least commonality, is the possibility to speed up the overall 

vaccination process by means of pre-anamnesis: the patients can download the 

document during the booking procedure, fill it in with the personal medical 

information and deliver it to the doctor at the vaccine center. 

 

7.2.2 Distinctive features of regional vaccination 

campaigns 

Now that the communal characteristics of the regional campaigns have been 

defined, it is necessary to shed light on what differentiates them. 

For what regards the presented campaign elements, small differences emerge 

between the regions. For example, talking about the enlistment modalities, 

Piedmont is the only one that adopted the adhesion-call approach instead of the 

most common adhesion-booking. Another distinction comes from Liguria; the 

region decided to involve the pharmacies in the campaign since its earliest 

phases. This condition could result in a fundamental advantage for the next 
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development of the vaccination.  In the first position, it offers a privileged 

assessment; it allows an easily accessible administration capacity, which derives 

from pre-existent structures. This implies that it is not necessary to create new 

ad-hoc vaccination points in order to meet the same capacity and productivity. 

The choice of involving pharmacies could also be an advantage for different 

regions comparing their distribution with the population density across the 

regional territory. In fact, considering the Liguria case, the number of pharmacies 

is high with respect to the inhabitants, and moreover, they are displaced 

homogeneously across the region. The result is easy and fast access for all the 

population to the vaccination points. Last but not least, the pharmacies as Covid-

19 vaccine administration points are receiving more and more attention. With the 

proceeding of the campaign, the demand to be managed is decreasing, therefore, 

a tangible hypothesis could be to shoot down the biggest massive centers and 

continue the administrations in structures of reduced dimensions. Having been 

involved since the earliest stages, the pharmacies could allow Liguria to score a 

winning point against the other regions. Indeed, the vaccine administration in the 

pharmacies is by now well established. Instead, many regions still have to pass 

through their organization.  

However, the main diversities can be assessed through the reasoning that 

incorporates and compares the main performance drivers of the Covid-19 

vaccination campaign. 

First of all, an analysis can be carried out on the percentage of the population 

that received at least the first dose in the reference period (27/12/2020 - 

30/07/2021). This is relevant information because it reflects the rapidity of the 

regions during the observed campaign duration, which is equal to 216 days. The 

table below represents the ranking (table 9). 
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Table 9 - Percentage of first doses achieved 

Lombardy, although it is the most populated region, obtained the best 

performances. The last classified, Piedmont, did not keep up with others. 

Another element of interest is to observe the peak productivity of the four cases 

and particularly to define when it occurred: the regions with a better organization 

should have reached the peak earlier. In this case, the amount of administered 

doses must be normalized in order to consider the different population densities 

of the regions. The outcome is quite linear, 1.115 Piedmont, 1.160 Lombardy, 

1.222 Lazio, 1.234 Liguria doses every 100.000 inhabitants. Piedmont and 

Lombardy achieved their peaks in two consecutive days, respectively, the 29 and 

the 30 of April 2021. For the others, it needs to pass about one month and a half. 

Indeed, Liguria obtained its maximum on the 9th of June and finally Lazio on the 

of 10th June. These data allow to distinguish the cases in two, nevertheless of 

the capacity installed Lombardy, and Piedmont developed a plan which enables 

them to reach the maximum productivity ahead of Liguria and Lazio. The figures 

are associable with the concept of agility. The literature encompasses many 

definitions of this term; to the regards of this analysis it can be exploited the one 

by Rigby et al. (2000), determining agility as “the ability of an organization to thrive 

in a constantly changing, unpredictable business environment”.10 Given this 

reference, it can be stated the impact of such analysis on the operational agility 

of the regions. Piedmont and Lombardy promptly reacted to the pandemic by 

delineating and activating two effective vaccination plans. The result is high agility 

that allowed them to reach their peaks earlier than the others. Concerning the 

other two regions, it can be emphasized that the adapting capability to the 

                                                
10 S. Bernarders, E. and Hanna, A theoretical review of flexibility, agility and responsiveness in 
the operations management literature: Toward a conceptual definition of customer 
responsiveness", International Journal of Operations & Production Management, 2009, Vol. 29 
(1), pp. 30-53 

Region First Doses/Tot. Population 

1. Lombardy 66,1% 

2. Lazio 64,6% 

3. Liguria 63,5% 

4. Piedmont 60,3% 

file://///insight/search%253fq=Ednilson%20Santos%20Bernardes
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emergency is definitely lower. From the analysis of the peaks, it is visible that 

Lazio and Liguria struggled with organizational issues. Concluding, the four 

regions settle down to two completely different levels of agility.  

To understand the speed and the effectiveness of the vaccination campaign is 

also possible to look at the effects on the spread of the new infections; the vaccine 

is supposed to slow it down.  This kind of investigation can be conducted by 

analyzing the Rt figures, in particular, they have been traced weekly during the 

study time window.  

 

Figure 38 - Rt weekly indexes 

As figure 38 shows, all four regions exhibit similar curves in the first phase of the 

campaign, at least until the end of February and the beginning of March. Then, 

Liguria seems to take a different direction. Lazio, Lombardy, and Piedmont 

reached the highest Rt value on 25/02/21 and, from there, a linear decrease 

started; Liguria on the other side arrived at the peak five weeks later. The 

interpretation of these events is that: while at the earlier stages, the vaccination 

campaign proceeded cohesively across the four regions, during the time frame 

between March and April, Liguria remained at lower productivity compared to the 

others. During July, all the four regions manifested a rapid increase of the index, 

this is mainly due to the presence of the “Delta” variance, which was very 

contagious and increased the infected people.  

Going on, a further consideration arises from the merge of two elements: the level 

of services offered by the booking platforms of the regions and the grade of 

compliance to the vaccination campaign, distinct by age group. The second piece 
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of information is not easily retrievable; therefore, the data may not be completed 

for all the regions, and the reference dates are different.  

 

Figure 39 – Matrix platform services vs adhesions 

The richest regions in terms of data are Piedmont and Lombardy which are 

positioned exactly at the two extremities of the platform functionalities scale. In 

addition, they are a proper comparison since all the grades, except for the 20-29 

and 30-39 grades of Piedmont, are measured on 28/05/2021. The results look 

really similar, Lombardy is slightly ahead in all age groups, and this could be the 

evidence of a small correlation between the number of platform services offered 

and the grade of compliance. A relevant exception is visible in the Piedmont 20-

29 range, at the 5thJuly is equal to 48,45%11, more of the double of the 

Lombardian one (21%12) but it needs to be considered the time difference. 

Anyway, it outranks the following age sector (30-39) which is measured at the 

same date, while in Lombardy the adhesions follow a linearly decreasing curve. 

About Lazio, it occupies a middle-high position regarding the platform offer but 

the only indication regards the total population and registers an overall grade of 

52,92% at the 31/07/2021. 

                                                
11 https://ricerca.repubblica.it/repubblica/archivio/repubblica/2021/07/05/cinquecento-ricorsi-al-

tar-di-sanitari-che-non-si-vaccinanoTorino05.html?ref=search 

 

12 https://www.ilcittadinomb.it/stories/Cronaca/vaccinazioni-in-lombardia-verso-6-milioni-di-dosi-

ladesione-per-tutte-le-fasc_1397441_11/ 

 

https://ricerca.repubblica.it/repubblica/archivio/repubblica/2021/07/05/cinquecento-ricorsi-al-tar-di-sanitari-che-non-si-vaccinanoTorino05.html?ref=search
https://ricerca.repubblica.it/repubblica/archivio/repubblica/2021/07/05/cinquecento-ricorsi-al-tar-di-sanitari-che-non-si-vaccinanoTorino05.html?ref=search
https://www.ilcittadinomb.it/stories/Cronaca/vaccinazioni-in-lombardia-verso-6-milioni-di-dosi-ladesione-per-tutte-le-fasc_1397441_11/
https://www.ilcittadinomb.it/stories/Cronaca/vaccinazioni-in-lombardia-verso-6-milioni-di-dosi-ladesione-per-tutte-le-fasc_1397441_11/
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Finally, Liguria has only partial information dated 25 of May therefore it is quite 

approachable to the first comparison. In fact, the grades are similar except for the 

one regarding people in their 70s. In this case, it is perfectly equal to the grade of 

the immediately older group (93,10%13) while in the other cases is always lower. 

Concluding this analysis, it could be said that there are no indications of a strong 

correlation between the grade of compliance to the vaccine and the dimension of 

the functional services range. 

A final juxtaposition can be constructed on the ratio between administered doses 

and delivered doses. The situation in the four regions is here illustrated (figure 

40). 

 

Figure 40 - Doses administered on delivered for Lazio, Liguria, Lombardy, and Piedmont 

The broken line represents the administered doses, day by day, while the 

continuous blue line reflects the total available vaccine stocks.  

All the regions have an overall ratio quite good, all of them overcome the 

threshold of 90%. However, looking at the comprehensive curve and not only the 

point figure some deviations arise. Lombardy has always kept the ratio at a high 

level since the very beginning of the campaign, visible by the closeness of the 

two curves. On the other side, the other three regions seem to have a slowdown 

in the last part of the monitored period. In fact, the two curves do not match, 

especially for Liguria which shows the highest discordance between the 

administered and delivered doses.  

This kind of data provides hints for further investigation in terms of logistics 

performance. Indeed, from the previous figures, it can be derived the useful index 

                                                
13 https://www.ansa.it/liguria/notizie/2021/05/25/vaccini-totiin-liguria-quasi-100-sanitari-li-ha-

accettati_380ac70d-5503-406c-b12a-752cf9c28191.html 

 

https://www.ansa.it/liguria/notizie/2021/05/25/vaccini-totiin-liguria-quasi-100-sanitari-li-ha-accettati_380ac70d-5503-406c-b12a-752cf9c28191.html
https://www.ansa.it/liguria/notizie/2021/05/25/vaccini-totiin-liguria-quasi-100-sanitari-li-ha-accettati_380ac70d-5503-406c-b12a-752cf9c28191.html
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Inventory Turnover. It represents “the number of times a business sells and 

replaces its stock of goods during a given period.”14.  This ratio is a helpful tool 

when it comes to evaluating the effectiveness of stock management. Generally, 

the goal is to keep an IT high, meaning that the business manages to keep 

renewing its stocks without risk of obsolescence. However, not always the higher 

the Inventory Turnover, the better; if the stock rotation is too big, it may lead to 

shortages due to inadequate inventory levels.  

The Covid-19 vaccine doses belong to a particular type of good. The supplies, 

indeed, are managed by the government rather than the regions directly. Anyway, 

the different administration rhythms of the regions affect the ratio, which can be 

adopted as a performance indicator.  

In this case, the total regional stocks are computed as the difference between 

delivered and administered doses. All the data refer to 31/07/2021, the last day 

of the period of analysis. Finally, the IT ratio is the number of total administered 

doses on the total regional stocks.  

Here is the example computed with the Lombardy data. 

TOT. stock Lombardy = doses delivered-administered= 193547 doses in the 

period of analysis  

IT Lombardy = tot doses administered/tot stock Lombardy= 11903155/193547= 

61 rotations in 216 days 

These figures mean that the stock is renewed 61 times in the period of analysis. 

The consequence is that the vaccine doses remain in the warehouses for 3,5 

days, which indicates a rapid administration. 

By performing the same calculation, the total stock and IT values of the other 

regions are obtained (table 10).  

Region TOT. stock (doses) IT (rotations) 

Lazio 239698 28,99 

Liguria 115772 14,99 

Piedmont 157456 31,03 

Table 10- Regional Inventory Turnover 

                                                
14 https://corporatefinanceinstitute.com/resources/knowledge/finance/inventory-turnover/ 
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As it is visible, Piedmont and Lazio obtained similar IT ratios. Both the regions 

completely rotate their stocks in about one week. From the ranking point of view, 

this locates them still behind Lombardy with Inventory Turnover twice bigger. 

Liguria takes the last position. Its ratio indicates a stock renewal only every two 

weeks that is by far the worst performance. 

 These data act as a confirmation for the previous analysis. However, it is also 

supposable that the stock management of Liguria should be revised. With the 

current administration speed, the level of stock is overestimated. 

 

7.2.3 Key performance drivers 

At this point, it is fundamental to derive conclusions about the region which 

performed better between the ones compared. 

For the definition of the ranking, the AHP procedure could be adopted, by 

comparing the most relevant parameters. In particular, the main variables used 

are the regional speed to vaccinate all the population, the predisposition of the 

region in opening pharmacies, MMG and PLS as vaccination centers, the number 

of over 80 people vaccinated, the vaccination coverage (first doses) on the total 

population. The scale used to assign the points to each region goes from a 

maximum of 4 (best performance) to a minimum of 1 (worst performance).  

To determine the vaccination speed has been adopted different proxies: the 

percentage of administered on the delivered doses, the date of the peak 

productivity, the average capacity normalized, and the peak capacity; by doing a 

weighted average of the obtained performances is possible to assign 4 points to 

Lombardy, 3 to Lazio, 2 to Liguria and 1 to Piedmont. Secondly, the predisposition 

of the region to use alternative vaccination points. It is indicated by the number 

of people that each pharmacy/PLS/MMG should cope with in case of closing of 

massive centers, and the most talented region, in this case, is Liguria, followed 

by Piedmont, Lazio, and Lombardy. The last three variables used are indicators 

analyzed in the previous paragraphs, for which a rank has been defined based 

on their values.  A summary of the points given to the regions for each variable, 

is visible in table 11. 
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 Lombardy Lazio Liguria Piedmont 

Vaccination speed 4 3 2 1 

Pharmacies capacity 
predisposition 

1 2 4 3 

Num. vaccinations over 
80 

4 3 1 2 

Services of the booking 
platform 

4 3 2 1 

Vaccination coverage 
(first doses/total pers.) 

4 3 2 1 

 

Table 11- Variables definition for each region 

After derived the aforementioned table, it is possible to compare each region 

against the others by performing an AHP matrix. The value of diagonal is equal 

to 1 for construction, while the remaining cells must be filled by answering the 

following question. “How many times the regioni is better than the regionj?”, where 

i is referring to the regions present in rows, while j to the ones in columns. For 

example, Lombardy is 4 times better than Lazio, since Lombardy beat Lazio for 

4 out of 5 variables, so the number 4 should be put in cell C12.  

The final AHP table, filled with the just described logic, is visible in the following 

table 12. 

 Lombardy  Lazio Liguria Piedmont 

Lombardy 1 4 4 4 

Lazio 1 1 4 4 

Liguria 1 1 1 4 

Piedmont 1 1 1 1 
 

Table 12-AHP table 

By looking at the AHP table, it is possible to define the final ranking. In particular, 

in the first place, there is Lombardy, followed by Lazio, Liguria and at the end, 

Piedmont.  
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Chapter 8- CONCLUSIONS 

Now that the study is completed, a synesis of the results is presented, focusing 

on the key elements that characterize the two sub-analysis, the related 

advantages, and future improvements. 

 

8.1 Synthesis of key results 

The outcomes provided by the study have the goal of improving the performances 

of the two fundamental tools used to fight against the Covid-19 pandemic: the 

RT-PCR tests and the vaccine delivery plans. 

For the diagnostic tool, it has been created a FMECA toolkit, composed of two 

Excel files called FMECA tool and FMECA sources. The first one has the 

visualization of a classic FMECA. A table, where the rows represent the adverse 

events for which causes, consequences, effects, and mitigation actions should 

be found. In the case of analysis, 134 events are presented and cover the phases 

of demand generation, pre-analytical, analytical, and post-analytical. Other 

information, like RPN and organizational issues, are present, but not filled already 

because they should be completed by the risk managers when applying the tool.   

The information already filled is about the consequences, causes, effects on the 

patient, and mitigation actions, and they are presented in the tool by means of 

some codes. The codes are translated in the file FMECA sources, which is a 

collection of all the information obtained by the literature, experts, and incident 

reporting provided by Lombardy structures.  

The toolkit will be sent to all the Lombardy risk managers, who will exploit the tool 

to prevent errors and improve their processes. They will be provided also with 

two FMECA cases, the application of the toolkit on two laboratories located in 

Brescia and Mantova to have a practical view on how to use the toolkit.  

The suggested usage is to start from the FMECA tool, look at what are the 

possible events that may happen and understand them through causes, 

consequences, and effects thanks to the codes. At this point compute the RPN 

to identify the area of highest priority, leveraging on the pre-defined scales; if for 
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these items there are no preventive actions already in place adjust the mitigation 

strategy in order to understand which intervention could be useful.  

The coverage obtained for the FMECA tool is not homogeneous. In particular, the 

causes have a final coverage index of 96%, mainly provided by literature and 

experts information; the consequences and the effects respectively of about 15% 

and 16%; finally, the mitigation actions have coverage of 43% thanks to the 

literature and incident reporting sources. The initial level of coverage is a good 

starting point for the structures that will use it. Of course, it is expected to increase 

with the future upgrades suggested in the last paragraph.  

In conclusion, what has been developed through the toolkit is a base of 

knowledge upon which all the institutions can integrate information from their 

personal experience. The more their involvement is the more powerful the toolkit 

will become.  

The second outcome provided by the thesis is the definition of a framework of 

analysis that can be applied to compare different vaccination campaigns. The 

framework consists of three main parts: the contextual elements, the key 

elements and finally, the operational and health performances. The key elements 

adopted to obtain an overall picture of the region are the demand management, 

the operative model, the governance, the IT infrastructure, and the 

communication campaign. Those elements must be defined for the set of regions 

of interest by compiling the template, which has been created to increase the 

standardization of the comparison.  

In this case, four Italian regions have been analyzed and compared: Lazio, 

Liguria, Lombardy, and Piedmont. The result is the creation of four Excel tables 

to trace the key elements describing the plans. The coverage indexes for the four 

templates are about 45% for Lazio, 44% for Liguria, 55% for Lombardy and 49% 

for Piedmont. Those values are considered enough to complete the evaluation of 

the campaigns.  

The operational and health performances are the second issue to be defined. The 

real-time databases on the vaccinations need to be checked constantly till the 

end of the evaluation period, 31 July. The main variables of interest are reported 

on an Excel file and used to get comparisons with the key elements.  

The main points of analysis regard the vaccination speed, the vaccination mix 

inside the massive centers, evaluations about possible future closing of massive 
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centers, the booking platforms adopted in the region and the related services, the 

communication channels and how these last two features affected the adhesions. 

Finally, a final ranking has been drafted by taking into account the 

aforementioned variables of analysis and by performing an analytic hierarchy 

process (AHP). Lombardy resulted as the most talented region, followed by Lazio, 

Liguria, and finally Piedmont.  

What distinguished Lombardy from the other regions is for sure the high 

vaccination speed, guaranteed by a high capacity of the vaccine centers, 

distributed on the territory following a distributed logic. Also, the strong 

communication campaign and the platform used for the demand management 

(the Poste Italiane system) gave a push to the number of adhesions for all the 

age segments. 

By looking at the results from the clinical governance perspective the two 

proposed problems are definitely addressed. In fact, the main objective of the 

analysis was to look at the lack of resources for health care facilities during 

pandemics, specifically the Covid-19 pandemic, and how it impacts the protection 

and prevention strategies.  

As it has been highlighted, many issues and difficulties could arise both from the 

RT-PCR diagnostic procedure and the creation of vaccination campaigns. 

However, thanks to the conducted study and its outcomes it is now possible to 

have in your hand simple tools which could be applied to better face these 

situations. In conclusion, this thesis demonstrated that clinical governance is 

deeply attacked by the effects of unknown and uncertain events that may cause 

serious effects. Anyway, it is important to develop research and studies to 

analyze the conditions and derive possible ways out; in this case standardization 

is the key to success. The instruments born from the analysis can be used, 

modified, or further implemented to investigate the current pandemic and not 

only.  

 

8.2 Contribution to research 

The entire study contributes to research for many reasons. The common feature 

of the two studies is for sure the degree of innovation since no previous works 

about the RT-PCR test process and evaluation of vaccine campaigns had been 
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done recently in such a detailed manner. It is an important breakthrough for 

researchers who want to tackle and deep dive into these two analyses. 

Many articles have been written about the real-time PCR tests to discover the 

presence of viruses; fewer about the articulation of the different phases of the 

process from the client request to the evaluation of results; rare about the 

decomposition of the process in adverse events for which causes, consequences 

and corrective actions should be discovered. What has been done in the thesis 

is to enrich this last issue, not treated at all by the literature.  

The originality of the study arises from the sources used; the pieces of found 

literature, the incident reporting provided by hospitals, and the expert knowledge 

on the process. By doing this, researchers can count on a 134-events database 

combined with as many sources of information. Also, by reading the analysis 

done, they should be able to repeat the FMECA and apply it to optimize all the 

tools against covid-19 or to other health fields not dealing with the pandemic. 

When the pandemic broke out in Italy, the “pandemic preparedness and response 

plan” was stuck in 2006.15 Many, especially within the government, confirmed that 

this plan was inadequate for two different reasons: first, it was not updated, and 

second it was referred to the flu, so it could not be applied to the new virus. For 

that reason, Italy had to work hard to create effective guidelines for the 

management of the pandemic.  

The researcher who approaches the analysis done on the comparison of vaccine 

campaigns will be offered a more recent point of view on how to manage a 

pandemic. What is more, he will be able to model, basing on the template created, 

analyze, and evaluate different pandemic plans. The freshness of the framework 

of analysis consists of the breadth of the contents, ranging from the demand 

management to the operative, the governance, the IT services, and the 

communication. 

 

8.3 Relevance for practitioners and policymakers 

Thanks to the two analyses developed in the thesis, the hospitals, and regional 

healthcare can rely on a set of intuitive and easy to apply tools.    

                                                
15 https://www.ilfattoquotidiano.it/2020/12/21/piano-pandemico-litalia-lo-aveva-anche-se-

vecchio-dove-e-stato-applicato-ospedale-di-schiavonia-ha-evitato-il-disastro/6043810/ 
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On the one hand, the FMECA toolkit aims at helping the laboratorial structures in 

Lombardy in the risk assessment of the RT-PCR test process and its optimization. 

In this way, the structures will have in their hands a powerful tool, the FMECA 

toolkit. It, not only will help them in achieving better individual results in the PCR 

testing process but will also enhance a kind of standardization throughout the 

region.  

On the other hand, the vaccine campaigns comparison provides regional 

healthcare infrastructures a new way to model, evaluate, and describe a plan. 

What regions should do is: shape their campaign, monitor their performances, 

and refine the weak points in order to create a strong plan for future campaigns.  

By continuing to perform the refinement process, the regions should optimize 

their campaigns and develop an updated regional pandemic plan to be more 

ready to face future necessities. 

 

8.4 Limitations 

The studies were carried out smoothly and without severe difficulties. Obviously, 

there were obstacles that mostly concerned the relationship with the external 

parties involved in the study and the limited information on the web. These 

problems never stopped the work but have slowed it down in several points.  

For what concerns the first part, the main criticality is about the translation of the 

sources of information at our disposal in causes, consequences, and corrective 

actions needed to enrich the FMECA template. The incident reporting provided 

by the Lombardy hospitals were arduous to decode since some of them 

presented near misses and not useful information, few were not inherent to the 

tampon process, and others had been written superficially and, approximately 

this last complication made the comprehension longer and complicated to such 

an extent that the intervention of two experts became necessary and essential.  

Finally, the FMECA method had been time-consuming, and it will be a limitation 

also for the hospitals when they should start using the toolkit provided them.  

The second part had been more problematic for the lack and the variability of 

information available on the web. Indeed, the official websites and articles deal 

more often about demand management and how to enlist for vaccines rather than 

the governance, communication campaign, and IT systems. Since the pandemic 
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is ongoing, the regions are regularly updating decrees and restrictions, therefore 

it is relevant to stay updated with the changes and keep track of them in the 

analysis.  

Finally, the increase of cases in the last period has meant the lack of regional 

referents who should have completed the missing template data 

 

8.5 Future research 

The future upgrades for the FMECA analysis are synthetized as follow:    

 Every year the toolkit should be renewed with new incident reporting 

coming from the laboratory structures of Lombardy to increase the 

coverage index for the causes, consequences, effects and especially, the 

corrective actions to put in place.  

 Extend the FMECA analysis throughout all Italian territory to increase the 

standardization procedure at a national level and the amount of 

information for the filling procedure.   

 Create a panel of experts to increase the population of the FMECA 

sources. 

In the short term, the study should be published on the Agenas portal. Its 

scope is to support the national health system to manage situations of clinical 

and organizational complexity.   

For what regards the evaluation of the vaccine campaigns, the future research 

could be: 

 Extend the analysis to all the Italian regions to understand the most 

talented ones and take useful hints to improve the regional plans. 

 Evaluate the national campaign and perform a benchmarking with 

other nations. 
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ANNEXES 
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Annex B – Experts’ information. 
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Annex E - incident reporting. 
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Annex F - Final FMECA tool. 
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Annex G - Model template. 
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Annex H – UK case. 
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Annex I – References for each Italian region.  
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Annex K - Liguria template. 
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Annex L - Lombardy template.  
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Annex M - Piedmont template.  
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