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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.



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.



SOMMARIO

La tesi e volta a studiare le maggiori problematiche affrontate dalla Governance
Clinica durante la pandemia Covid-19. | due ambiti di analisi sono i RT-PCR tests
e i piani vaccinali, i due protagonisti per la lotta contro il nuovo virus.

| RT-PCR tests sono lo strumento diagnostico adottato per controllare la
diffusione della pandemia; per aumentarne I'affidabilita e limitare i falsi risultati, e
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 & 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 € un database di 134 eventi ai
guali sono stati associati cause, conseguenze, effetti sul paziente e azioni di
mitigazione con coperture rispettivamente del 96%, 15%, 16% e 49%. Il toolkit &
riservato a tutte le strutture laboratoriali lombarde, le quali potranno usufruire di
uno strumento standardizzato per la valutazione del rischio. In questo modo, sara
possibile ridurre gli errori piu frequenti e migliorare il processo.

| vaccini rappresentano la strategia scelta a livello globale per prevenire I'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 &
limitata all’ltalia 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 e 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 é risultata la piu 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.



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 22" 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



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.

13



- 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
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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.

18



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 7™ of May 2021).
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Figure 2- Distribution of deaths around the world

Globally, up to the 7™ 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 faciliies 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)

| TOOLS AGAINST COVID-19 |

DIAGNOSTIC TOOLS TREATEMENT VACCINES
STRATEGIES
Drug-based Docking Type of .
serology Chest CT therapy simulations vaccine Delivery plan

CRISPSR/Ca Plasma Al/ML

RT-PCR s therapy technologies

RT-LAMP

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. Atrtificial 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 Sanita) website, referring to the 5" of July, are reported

and synthesized in the following table (table 1).

PFIZER- MODERNA ASTRAZENECA  JANSSEN
BIONTECH (J&J)
FEATURES

Type of  Messenger Messenger Vector vaccine Vector
vaccine RNA (mRNA) RNA (mMRNA) vaccine
Doses 2 doses with 2 doses with 2 doses with 4-12 1 dose

28 days of 28 days of weeks of distance

distance distance

Tablel- 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 (Ro). 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)
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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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I SOCIAL PHENOMENON: THE PANDEMIC

CONTROL (RT-PCR test)

Materials:
Scientific literature
. . Adopted
Incident reporting perspective:

Experts’ evaluations Clinical

Two real case studies governance

Methods:
- FMECA

Standardized
FMECA toolkit

PREVENTION (vaccines)

[

Materials:

- Public documents on regional
vaccination plans in Italy
Public documentation on national
vaccination plans
Online databases and statistics on covid
pandemic
Online databases and statistics on
vaccination campaign progress

Methods:
- Conceptual review and framing
- Validation by experts

]

Design of and assessment
framework of COVID-19

vaccination plans

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™. 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/webl/iss-en/clinical-governance-national-quidelines-system-snlg-and-htal

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 Ed., pp. 7-9.
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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 candidates® 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.” 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)

1

LOOP

Figure 6 — phases of the process

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,
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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)

€—————— Barriers

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)

CRM TOOLS

PROACTIVE TOOLS REACTIVE TOOLS
. Mortality and
Process - . Incident morbidit
analysis Clinical audit reporting reviewsy
Good Root causes
practices FMECA analysis

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).

PROACTIVE TOOLS

Good practises Clinical audit Process analysis FMECA

Practices with
demonstrated
success and can be
replicated. (i.e.,
disinfection of the
areas, correct
identification of
patients, filling check
lists)

Carried out by an
interdisciplinary
team, with the aim of
identifying
organizational
criticalities and the
related suggestions
of improvement.

Map the overall
process flow. Analyse
process subprocess
and activities
through indicators to
assess their
efficiency and
effectiveness.

Failure mode risk
analysis, is a way to
assess the critical
activities, prioritize
them, and intervene
with mitigation
actions.

Figure 9 — Proactive tools
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REACTIVE TOOLS

Incident reporting Root causes analysis Mortality and
morbidity reviews

The tracking of Technique aimed at A periodical
adverse events defining the primary discussion of the
inside the cause of an adverse | cases that have had
organisation. Is an | event. Known also as an unexpected
easy way to map ishikawa diagram or outcome or whose
risks inside the fishbone diagram. management was
healthcare particularly difficult.

structures.

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.

OUTPUT:
Testing
report

INPUT: Demand > Pre Post R ,‘fl

4 8 \
I patients generation analytical Analvtlcal/ analytical/

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.

ITEM P S D RPN
sub-process P1 S1 D1 P1*S1*D1
sub-process2 2 5 3 30

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.

Revew leam. Process Dale
stakehoiders: Tollgate 1 completed”
[w N Key project dates: Tollgate 2 completed
Product: N Tollgate 3 completed
Projecied Projected Projected |Ranking Anticipated results due to proposed a:Ru:rl:‘[Tm!
Potential Severity | Cause(s) or Probabilty | Key Process Curent Probabilityl  or Responsibility Probability N or
tem and Faiuo | Effects of t1st | Mechanismis) of of orProduct | o of Priofity Proposed and Planned | Severity of Probability 3
Function Failre | 218! ; C I | Detection | Numb Action(s) ) of Detection| POty
Mode ship Failure ‘ v Controls o Completion Date| ™ *- | Occumence |~ gy 150 | number
Rank 1-10 at 1st ship esNo at 15t ship | (Cakcuiated Rank1- 10 (Cacutnes
Rank 1-10 Rark1-10 | 4X6X0) 13X14X15)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Partand/or
Product
Liability 0 0
New 0 0
Technology
Process
‘Complexity
(Delivery o o
Performance)
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Complexity 0 0
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Specifications
(Incoming 0 0
al
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core 0 0
Competency
Ownership 0 0
Capacity 0 0
Quality System| 0 0
Financial
Facilities
EDITradeWeb
Relationship
0 0
Finished Goods 0 0
Sole/Single/
Multi Source ° °
Lead Time 0 0
Logistics 0 0

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,



by looking at both technical and organizational issues. In figure 13 is the definition

of the scales used to perform the FMECA analysis.

Rating  Frequency Severity Non-detection

1 Less than once in No direct consequences on result Problem can be seen directly
14 000 tests (1 month) No lost time for laboratory
No extra costs

2 Once in 14 000 tests No direct consequences on result Problem can be detected within
(1 month) Loss of time the hour through simple verification
(But can be overcome internally) (IT, rapid)
3 Once in 3500 No direct consequences on result Investigation needed to identify
tests (1week) Loss of time and resources failure, may be several hours
Risk of deadline failure before it is detected
4 Once in 500 Indirect consequences on result Problem difficult to detect,
tests (1day) possibly leading to a false result involves extra costs
Loss of time and resources (Observation by a technician,
Risk of deadline failure contamination tests)
5 Once in 42 tests Potentially direct consequences on result  Problem almost impossible to detect
(1series) Loss of time and resources

High risk of deadline failure

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.

Stage of analytical Number of Number of initially Number of critical
process risks analyzed identified critical risks risks after application
of measures

Viral inactivation 19 0 0

Extraction of nucleic acids 25 5 2

Preparation of mix 24 5 2

Amplification 15 2 1

Validation of results 19 4 4

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.

*Request for a test
*Via IT service or notification form

*Done by the GP (general practitioner
request Y (© P )

+ Definition on the type of test and the time schedule
*Through IT service or sending the paper list

booking

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.
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*The patient file is created and filled with medical background (on LIMS
system)
*The test is prescribed and an identification label is stamped

subject *Secretaries and administrative staff is responsible of this step.

identification

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

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

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

collection

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

transport  cltis always associated to an accompanied form

preparation <Nurses

*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)

Transportaio *The couriers are in charge of this step.

n

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

arrival at the <Responsible is the Molecular Biology technician
laboratory

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.
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» Add a specific reagent in the sample
* incubate at a specific temperature to make the inactivation
viral « By mulecolar Biology technicians.
Inactivation

* Isolation of RNA through manual or automated systems.

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

extraction of * By mulecolar Biology technicians.

RNA
» Done by mean of the PCR machine tool
* Pipetting the exacting amount of cDNA on the plate and then adding the
cyclic primers, it is possible to esponentially amplificate the cDNA
amplification « By mulecolar Biology technicians.
of DNA

+ 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
choose the  provider)
analytic *The analytic system can be chosen by the laboratory or can be assigned
system through competitions

*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.

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

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.
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* 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
evaluation fluorescence is high

of results - By the technician

* Write down the result of the test
* The report must be clear and well explaned
reporting * By the technician

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

sending, ° The reading can be done directly by the patient or by the GP, who report the

. results
reading, By the technician to GP/patient
follow up

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 Al 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.
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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.

o FASE DEL PROCESSO 1D ATTIVITA ATTIVITA' - DESCRIZIONE ATTIVITA POSSIBILE EVENTO (Cosa pud accadere?)
FASE (attivita elementari, materiali e metodi, personale, ...)

F1 Generazione della F1A1 richiesta prestazione informatica o emata (incompleta?)
richiesta con scheda di notifica: Tampone:
Molecolare per SARS CoV-2

errata: anagrafica soggetto

prescrizione errata per scella del tipa campione es. BAL
anziché tampane orofaringeo

inappropriatezza prescrittiva

tempistica prescrizione erata rispetto al momento presunto di
esposizione al contatto positive

F1AZ prenotazione prestazione con non effettuata
trasmissione lista cartacea o via
informatica

ermata per anagrafica soggetto

indicazione emala del luogo di prelievo al soggetlo

blocco o mal funzionamento informatico
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Rischio attuale
TIPO DI EFFETTO (clinico, di MISURE DI CONTROLLO GIA' IN ESSERE

POTENZIALI CAUSE POSSIBILI CONSEGUENZE

2 2 processo, economico, (Oggi cosa stiamo facendo per evitare e contenere I'evento?)
D d d 2
(Da cosa pubd essere indotto?) (Cosa ne pud derivare?) pelncyiace) RIFERIMENT] NORMATIVI
G P R vPXR IR Pr it
ritardo esecuzione 0 mancata erogazione Protocollo G1.2021.0003182 del 20/01/2021 Oggetto :
prestazione Aggiomamento della definizione di caso COVID-19 e strategie di
testing—Protocollo G1.2021.0016859 del 17/03/2021 Oggetto :
Indicazioni sorveglianza covid -—0000705-08/01/2021-DGPRE-
DGPRE-P OGGETTO: Aggiomamento della definizione di caso 0 0
COVID-19 e strategie di testing.—Rapporto ISS COVID-19 n.
2/2020 Rev—0005616-16/02/2021-DGPRE-DGPRE-P OGGETTO:
[Aggiomamento sull'uso dei test antigenici e molecolari per la
i di SARS-CoV-2.
fisultato emato
0 o
faiso negativo
0 0
fisultato eato Ministero ella Salute, "Test di laboratorio per SARS CoV-2 e loro
uso in sanita pubblica®, 30.10.2020
falso negativo
e o o
fitardo esecuzione © mancala erogazions
prestazione g B
fisultalo emato
0 o
(itardo esecuzione © mancata erogazione
prestazione 0 0
mancata o ritardata erogazione della
prestazione 0 0
hic reskd
EVENTUALN AZIONI DI CONTROLLO AGGILINTIVE STATO AVANZAMENTO .
(Mitigazione del rschio attuale) RS o ATTIVITA' PERIODICITA MONITORAGGIO VERIFICA EFFICACIA
G |w | R | wn | m | m
o 0 {
o 0 i
o o o
o 0 o
o 0 o
(] 0 {1
o 0o o
o o o

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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Scale Level Description

1 No The event does not cause any damage to the patient
damage or just higher monitoring to him

2 Slight The event causes temporary damage to the patient
damage and makes necessary interventions/additional

treatments o an increasing of the hospitalization

3 Medium The event causes temporary invalidity to the patient
damage and makes necessary to increase the hospitalization

4 Sever The event causes permanent invalidity to the patient,
damage or it generates an event near the death

5 Death The patient dies

Table 3- Severity scale

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

Scale Level Description
5 Remote (almost It does not exist any method to detect the
impossible to be event before the effects are produced.
detected)
4 Low (low probability The error can be detected by just one
to detect the error) observation before the effect occurs.
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Medium (medium
probability to detect
the error)

The error can be detected by more than

one observation before the effect occurs.

High (high probability

to detect the error)

The detection is done through direct
observation of behaviour blocking the

process.

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.

LITERATURE EXPERTS ;ggé%ﬁ-rﬂ@
Coding interviews Coding
| \
Coding Failure modes,
| causes, effects,
Caust_es and consequences and
actions Causes actions
FMECA sources
+
‘ FMECA template ‘
+
‘ FMECA cases ‘
FMECA TOOLKIT

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.

/‘I"he number of the The information

Bibliography text analysed number of the text

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
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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.
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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)
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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.
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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:
e Almost all the events are associated with causes.
e Literature mainly defines the causes of the events instead of
effects/consequences and actions.
e Blank spaces are mostly associated with consequences and effects of the
events.
e 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 22"

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.
DEFINITION OF
THE
FRAMEWORK
OFFICIAL
SOURCES
SAMPLE
SELECTION

h 4

ANALYSIS
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.

Context factors Key components Performances

* General rules

Demand management

Operational
performances

= Organization of the health
system Operative model

« Type of vaccines
P —> Governance model

« Population profile
Infrastructure & IT

Health care
performances
Communication plan

Figure 27- Framework components

« Socio-economical factors

= geographical factors

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.

INITIAL
FRAMEWORK

Context factors

Key components
Operational performance
Health care performances

LITERATURE

l

— TEMPLATE

l

VALIDATION
and
REFINEMENTS

l

FINAL
FRAMEWORK

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 detalil.
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 fulfilment
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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Infrastructure Demand

management
Demand
management

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 8" of May 1980. °
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.®
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.’
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.

8 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. Itis 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.
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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 itis 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. &

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.

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.
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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.
ALLOCAZIONE DELLA POPOLAZIONE Al CANALI DI EROGAZIOE
Ambulatori
Segmento . Centri massivi MMG/PLS Farmacie Aziende Domicilio Totale
ospedalieri

Eta

Patologie/fragilita

Professione

Luogo di residenza

Totale

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 | Number of | Information
information information coverage %
sought obtained
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).

COVERAGE DEGREE
Region Emilia-Romagna Lazio Liguria
# of # of Information  |# of # of Information |# of # of Information
information |information |coverage % |information |information |coverage % |information [information |coverage %
sought obtained sought obtained sought obtained
Demand management 30 13 43% 30 16 53% 30 20 67%
Operative model 43 16 37% 43 21 49% 43 17 40%
Governance model 7 7 100% 7 2 29% 7 1 14%
Infrastrcutres and IT 10 0 0% 10 2 20% 10 2 20%
Communication campaign 3 2 67% 3 1 33% 3 1 33%
TOT. 41% 45% 44%
Region Lombardy Piedmont Puglia
# of #of Information |# of # of Information |# of # of Information
information |information |coverage % [information |information |coverage % |information |information |coverage %
sought obtained sought obtained sought obtained
Demand management 30 19 63% 30 18 60% 30 15 50%
Operative model 43 20 47% 43 22 51% 43 8 19%
Governance model 7 6 86% 7 1 14% 7 2 29%
Infrastrcutres and IT 10 4 40% 10 2 20% 10 1 10%
Communication campaign 3 2 67% 3 3 100% 3 1 33%
TOT. 55% 49% 29%
Region Veneto
# of #of Information
information |information |coverage %
sought obtained
Demand management 30 14 47%
Operative model 43 18 42%
Governance model 7 6 86%
Infrastrcutres and IT 10 2 20%
Communication campaign 3 1 33%
TOT. 44%

Table 8- ltalian 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 (Societa Italiana di Gerontologia e Geriatria) tried to establish the duration

and effectiveness of the vaccination of the care homes.

84



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 5™ of February
2020. Itis 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. Alist 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, itis 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 netis 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 Universita 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”. °

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/
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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

guestions.

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. Thenitis 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”. Itis 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.
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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 4" 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 tol 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.
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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.

e About the channels presentin 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.

e 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.

97



LOMBARDY

Doses administered Total first doses

First dose second dose @ 6 . 67 3 - 82 5

I |“||| H ’I‘hl,”””'h”” Total second doses
i ot I ‘ l(

il ||||||I |
I m\llll[”lml". o Ilul|

Total doses administered

Reference date: 31 July 2021

Doses administered / Vaccine type Doses delivered
doses delivered Pfizer/BioNTech 8339 320
98 40 0 Moderna 1.327.465
;40 %
AstraZeneca 2235679
Johnson&Johnson 378.000

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).

e 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
gueues 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 5™ 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.

e 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).

e 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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Region First Doses/Tot. Population
1. Lombardy 66,1%
2. Lazio 64,6%
3. Liguria 63,5%
4. Piedmont 60,3%

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 Righy et al. (2000), determining agility as “the ability of an organization to thrive
in a constantly changing, unpredictable business environment”.® 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 resultis 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 5, 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
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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.

Rt index
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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.
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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 5MJuly is equal to 48,45%, more of the double of the
Lombardian one (21%'?) 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/
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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%?3) 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).
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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/liquria/notizie/2021/05/25/vaccini-totiin-liguria-quasi-100-sanitari-li-ha-
accettati 380ac70d-5503-406¢-b12a-752cf9¢28191.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.”*4. 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

1 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 1 2 4 3
predisposition
Num. vaccinations over 4 3 1 2
80
Services of the booking 4 3 2 1
platform

Vaccination coverage 4 3 2 1

(first doses/total pers.)

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 regioniis better than the region;?”, 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 putin cell C>.

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.'°> 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:

e 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.

e 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.

e 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:

e Extend the analysis to all the Italian regions to understand the most
talented ones and take useful hints to improve the regional plans.
e Evaluate the national campaign and perform a benchmarking with

other nations.

116



REFERENCES

Jean Baptiste et al., “Measles outbreak in complex emergency: estimating
vaccine effectiveness and evaluation of the vaccination campaign in Borno State,
Nigeria, 2019”, BMC Public Health, 2021, Vol. 21.

Fabrizio Clemente, Giuliana Faiella, Gennaro Rutoli, Paolo Bifulco, Maria
Romano, Mario Cesarelli, “Critical failures in the use of home ventilation medical
equipment”, Heliyon, Vol. 5 (12), 2019, pp. 1-9.

Matthew P. Cheng, MDCM, Jesse Papenburg, MD, Cedric P. Yansouni, MD,
“diagnostic testing for severe acute respiratory syndrome-related coronavirus-2”,
Ann intern med., Vol. 20, April 2020, pp.1301.

Corte-Real N., “Clinical Governance in Pandemic Times”, Lusiadas Scientific
Journal, 31 March 2021, Vol. 2 (1), pp. 5-9.

Cutts et al. BMC Medicine, “Vaccination strategies for measles control and

elimination: time to strengthen local initiative”, Vol. 19 (2), 2021.

Department of Health & Social care, “UK COVID-19 vaccines delivery plan”, 11
January 2021, pp. 1-46.

Ferrari A, Odone A, Mandelli P, Signorelli C. Risk management, “the new
normative scenario and the role of training and education”, Acta Biomed, Vol. 88
(3), 2017, pp. 365-374.

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, 1St Ed., pp. 7-
9.

K. Hardt, P.Bonanni, S. King, J. Ignacio santos, M.El-Hodod, S.Preiss, “vaccine
strategies: optimizing outcomes”, Vaccine, Vol. 32 (52), December 2016, pp.

6691-6699.

117



Huntington J., Gillam S., Rosen R., “Organisational development for clinical
governance”, BMJ, 16 September 2000; Vol. 321, pp. 679-682.

Lippi G., Mattiuzzi C., Bovo C., Plebani M., “Current laboratory diagnostics of
coronavirus disease 2019 (COVID-19)”, Acta Biomed, 2020 May, Vol. 91 (2), pp.
137-145.

McColl A., Roland M., “Knowledge and information for clinical governance”, BIJM,
7 October 2000, Vol. 321, pp. 871-874.

Hermann Meyer, Rosina Ehmann and Geo_rey L. Smith “Smallpox in the Post-
Eradication Era”, Viruses, Vol. 12, 24 January 2020, pp.138.

Rossella Onofrio, Francesco Piccagli, Federica Segato, “Failure Mode, Effects
and Criticality Analysis (FMECA) for Medical Devices: Does Standardization
Foster Improvements in the Practice?”, Procedia Manufacturing, 2015, Vol. 3, pp.
43-50.

Piotr Z, Pawet Z., “One of the recent attacks of smallpox in Europe: A massive
vaccination campaign during the epidemic in Wroctaw in 1963”, Vaccine, Vol.37,
August 2019, pp. 6125-6131.

SAGE, “measles vaccine: WHO position paper”, Weekly epidemiological report
Vol.17, 28 April 2017.

SAGE, “Interim Recommendations on Vaccination against Ebola Virus Disease

(EVD)”, Weekly epidemiological report, 7 May 2019.

Marta Scorsetti, Chiara Signori, Paola Lattuada, Gaetano Urso, Mario Bignardi,
Pierina Navarria, Simona Castiglioni, Pietro Mancosu, Paolo Trucco, “Applying
failure mode effects and criticality analysis in radiotherapy: Lessons learned and
perspectives of enhancement”, Radiotherapy and Oncology, Vol. 94 (3), 2010,
pp. 367-374.

118



Sreepadmanabh, M., Sahu, A.K. & Chande, A. “COVID-19: Advances in
diagnostic tools, treatment strategies, and vaccine development” J Biosci, 2020,
Vol. 45 (148).

Niuyun Sun, LiWang, Jun Zhou, Qiang Yuan, Zongjiu Zhang, Youping Li, Minghui
Liang, Lan Cheng, Guangming Gao, Xiaohui Cui, “International comparative
analyses of healthcare risk management”, Journal of evidence based medicine,
Vol. 4 (1), 2011, pp. 22-31.

The Lancet, “Global governance for COVID-19 vaccines”, The Lancet, 20 June
2020, Vol. 395 (10241), pp. 1883.

Chiara Verbano, Federica Turra, “A human factors and reliability approach to
clinical risk management: Evidence from ltalian cases”, Safety science, Vol. 48,
2010, pp. 625-639.

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.
7190-7200.

T. Wibawa, “COVID-19 vaccine research and development: ethical issues”,

tropical medicine and international health, Vol. 26, October 2020, pp.14-19.

119


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sun%2C+Niuyun
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Li
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhou%2C+Jun
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Yuan%2C+Qiang
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+Zongjiu
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Li%2C+Youping
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liang%2C+Minghui
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liang%2C+Minghui
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cheng%2C+Lan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gao%2C+Guangming
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cui%2C+Xiaohui

WEB RESOURCES

www.aifa.gov.it March 2021

www.ansa.it July 2021
www.corporatefinanceinstitute.com September 2021

www.corriere.it _July 2021

www.epicentro.iss.it March 2021

www.gimbe.org August 2021

www.ilcittadinomb.it June 2021

www.ilfattoquotidiano.it July 2021

www.ilsole24ore.com July 2021

www.infovac.ch June 2021

www.iss.it August 2021
www.istat.it July 2021

www.psy.it July 2021
www.repubblica.it July 2021

www.salute.gov.it July 2021

www.treccani.it May 2021

www.who.it May 2021

120


http://www.aifa.gov.it/
http://www.ansa.it/
http://www.corporatefinanceinstitute.com/
http://www.corriere.it/
http://www.epicentro.iss.it/
http://www.gimbe.org/
http://www.ilcittadinomb.it/
http://www.ilfattoquotidiano.it/
http://www.ilsole24ore.com/
http://www.infovac.ch/
http://www.iss.it/
http://www.istat.it/
http://www.psy.it/
http://www.repubblica.it/
http://www.salute.gov.it/
http://www.treccani.it/
http://www.who.it/

121

ANNEXES

! v s
=| —— ]
=
— —_ .
b e e = = -
b e e — =
nu. — —
— ey
nla e =
S —
m -.W...I.“lﬁm e
) — =
— — = — on
2 —
[ m_ S r———
_ — = =
< = ——
x
(O] ] n — N
= I ) E DI EEE O _ T P SR O e
<




i S|
s St | aimin
i 7 i s iy ta oo m e,
stk A
AAAAA e i o
oo e i e vt i e
e e e T S e

opra i semmon)

122



Annex B — Experts’ information.

Fuaized [ap 3 oaipaw |3p aued ep auoizeiaidiau 1p wajqoud

QIEILD BB ERE LI Un Ul 0115]31 SA105 U0U EISU0IE I00E]

PILNYMY-1S0d

ajuaized |ap EO0MUR SUDIZEDIUSE] 50020155

OUOIEIOQE] || S250U00 0L Bl 0JEWI0) al0jEIado

0 dwe D |Sp 2Y|IgeRaEn |p Ews| qoud

Eauopl uou w_W_LOm._Wﬂ SUQIZEWLI0Y

ES5EQ S OUOEIOQE] ]3P ;mu_om&mo El \WC_U_NQ mE_U_—t_Dmg—t:U B oUDiEI0gE]

SMIDENOS N0

odway oaod eshED _umsmw_um [iT=TT

NS00 NEAS|S ESNED _um.—t_mwvm. [S]=18}

S temEwcy U puaweb) o

[onnEbau oyEgnsn ey ban a5 nwiopuoo uou g 21de uou] ousa ||Bp ESERSIUI 1S UoU SuoiEISdo
CIEEEssEd Uh ENUSWIP 1S SI00EISd0 WOUEWN SI0LS

nEp 1 puasUl ouoBuSs UoU OUEWAR 2100 o3
EZUEDRUSIWIP & Ban B 518 15d odwa) Ip ezuEoUEW

EAlliE))E B2k Ep ESIEMP EIIQIEUSE EUN BIEIEIYJIP 218558 ond 0ARENSN)| 008 Boy NS SDIEUE BWSISIS 2P SU0NNLS0D0 || EIEIYOIp E500 R EpUSdp B1)IQIEUSs BT RO bon
EIED 21IWE ) CINASDUID|S0E DORIEUE EILSIEE [Ep spuadip 2u2ied 0iEnDapE UoU &C ElIqQIsuss Ip Suwl| =007
18] 3||2p Sunisinlp Eun e swed 1ed ;zeds ezusiseqge ouos 10 Uou RERDSPE LOU OORIEUE BWSIEIS | ENG 1S SA0P IE00]

(REHSE0 =R GEt=iEE O2LTeNe PlILSIS LT30S

EpUEILOP Ip Iyodid e &0l 15 1ad eoedea EZUEISEQOE LY UOU OOM|EUE EWSISIS |[Sp inding
|77 B opiEnBl EpInG sau) 3)|5p 00S 1D UoL
oAE0d O)0U0D || S1ISEU] 050500 &

d21% 1|5 i 218 |p EONUSIIp (5 s0iE1=do | [ak]
ENEnD o) 0000 SIE) |p ESRUSILIE 15 aloiElado
olmEInde| [#p ayed ep ousd |5p oyadsy UoU Ep EIESHED SUOIZUSINUELL EJEQUEL
[E1E @ aunizejaidiail |p Nolla a1anE Ip EYgeqoid &) |EAUELW [||SnE O] [ENOEW IN]E & COREIL0INE 09ERS || OULEP 43 0GB UE WSS 0U0s 10

0315055 & UoU 510981500 52 S(USW[EISSdE 0N SUSIR SIJWSE U0U B, SjUSIZEd [SP 0oIUl[D oo1d [ UGS EIEjU01UnD A EAIRD WL

=|en B B|Ra ERadsos o sucelado gy uoiduED 2P SUiZELILEIN0D BUn 2ERRds0s SRsp 2IciElado | ToSWEPUE 05530 0] OUUEL SAIND 2] 20 2] 35

abBloaoe 1= aidwss uon s1ogEISdo Bl ._..mCD_NmE_EngDU

_“DE_UUM.... louswW o o)E]EY 82 mwu Dm_OU L Lel= @uEw_NM& |FiE IUSIZEWIOUI O LOU S5 Bl SJUEIEA EUN 315555 wn_n_wboﬂ QIEUIDDES
od &juaized Un Oy &5 IUDIER I oEdwl S1sae ohd 0iFani aNBBh)s ouossod W UENENR 5|5 oilswpuc)cdde ||5p ezzaiendoddeul = ezuanbasuco spqiEsod

WEINS IEIE OUos IDDEssEd IUND|E 0I0AE| 1P 2|0W & 15d (iEp EZUETUEIL ESHED

aepdwoa gpziod 1ad prewagu

ELSIUILILE JUSWNNS |p EZUSIED IJED EZUEIUELL ESNED

[=msized |5p L0 o 13yEIBEUE REP oUEDUEW) SjusuEizied eiEdwos ausin 2300 B EpSYDE

255 epayas eun & suewnoyizd od un “odwai) msnbaisid 1ap 0uoniEE oui]y & 21ISPE3I9E 184 OJu|i)y) NS ENE| 0 EaIENED 218ssE ond

W2IILOM 0 Yd3HIS

[HE1md | nEp 19 0IUSWNSSUY|[S0 100 E W)U S| qod

auciznasaid ip odn [ anlasul e elbegs oopaw

suazed eoyeiBeur ouswnasy) | EEEGS colpaw

W 1SIHIE INO0EZYHINID

321002

ASNVIINVIZNILOd

0SS§3208d 130 35V4

123



Annex C - References of the scientific literature.

LITERATURE REFERENCES

Alireza Tahamtan & Abdollah Ardebili, "Real-time RT-PCR in COVID-19
detection: issues affecting the results, Expert Review of Molecular
Diagnostics"; Taylor & Francis; vol. 5 (5); 2020; pp. 453-454

Basso, Daniela, Aita, Ada, Navaglia, Filippo, Franchin, Elisa, Fioretto, Paola,
Moz, Stefania, Bozzato, Dania, Zambon, Carlo-Federico, Martin, Barbara, Dal
Pra, Chiara, Crisanti, Andrea and Plebani, Mario, "SARS-CoV-2 RNA
identification in nasopharyngeal swabs: issues in pre-analytics"; Clinical
Chemistry and Laboratory Medicine (CCLM); vol. 58(9); 2020; pp. 1579-1586

Benoit, Justin, Benoit, Stefanie W., Lippi, Giuseppe and Henry, Brandon
Michael, "False negative RT-PCR or false positive serological testing in SARS-
CoV-2 diagnostics? Navigating between Scylla and Charybdis to prevent
misclassification bias in COVID-19 clinical investigations”; Diagnosis; vol. 7(4);
2020; pp. 405-407

Braunstein GD, Schwartz L, Hymel P, Fielding J., "False Positive Results With
SARS-CoV-2 RT-PCR Tests and How to Evaluate a RT-PCR-Positive Test for
the Possibility of a False Positive Result"; J Occup Environ Med; vol. 63(3),
e159-e162; 2021 March 1

Buchta, Christoph, Gorzer, Irene, Chiba, Peter, Camp, Jeremy V., Holzmann,
Heidemarie, Puchhammer-Stockl, Elisabeth, Mayerhofer, Maximilian, Miller,
Mathias M. and Aberle, Stephan W., "Variability of cycle threshold values in an
external quality assessment scheme for detection of the SARS-CoV-2 virus
genome by RT-PCR"; Clinical Chemistry and Laboratory Medicine (CCLM); vol.
59(5); 2021; pp. 987-994

Bustin S, Mueller R, Shipley G, Nolan T., "COVID-19 and Diagnostic Testing
for SARS-CoV-2 by RT-gPCR—Facts and Fallacies"; International Journal of
Molecular Sciences; vol. 22(5); 2021; pp. 2459

Christopher R. Carpenter, Philip A. Mudd, Colin P. West, Erin Wilber, and Scott
T. Wilber, "CME Information: Diagnosing COVID-19 in the Emergency
Department: A Scoping Review of Clinical Examinations, Laboratory Tests,
Imaging Accuracy, and Biases"; Society for Academic Emergency Medicine;
vol. 27; 2020; pp. 654-670

124



Clément Bezier, Géraldine Anthoine and Abdérafi Charki, "Reliability of RT-
PCR tests to detect SARS-CoV-2: risk analysis"; Int. J. Metrol. Qual. Eng.;
vol.11; 2020; pp. 15

Daniel C Edson, MS, MT(ASCP), Danielle L Casey, Susan E Harmer, Frances
P Downes, DrPH, MPH," Identification of SARS-CoV-2 in a Proficiency Testing
Program"; American Journal of Clinical Pathology; vol. 154 (4); 2020 October;

pp. 475-478

Di Maio, P, locca, O, Cavallero, A, Giudice, M., "Performing the
nasopharyngeal and oropharyngeal swab for 2019-novel coronavirus (SARS-
CoV-2) safely: How to dress, undress, and technical notes"; Head & Neck; vol.
42; 2020; pp. 1548— 1551

Elena Surkova, Vladyslav Nikolayevskyy and Francis Drobniewski, "False-
positive COVID-19 results: hidden problems and costs"; The Lancet; vol. 8(12);
2020 September 29; pp. 1167-116

Giuseppe Lippi, ana-Maria Simundic and Mario Plebania, "Vulnerabilities in the
laboratory diagnosis of coronavirus disease 2019 (COVID-19)"; Clin Chem Lab
Med; vol. 58(7); 2017; pp.170-176

Guinez-Molinos S, Andrade JM, Medina Negrete A, Espinoza Vidal S, Rios E,
"Interoperable Platform to Report Polymerase Chain Reaction SARS-CoV-2
Tests From Laboratories to the Chilean Government: Development and
Implementation Study"; JMIR Med Inform; vol. 9(1), e25149; 2021

Healy B, Khan A, Metezai H, Blyth |, Asad H., "The impact of false positive
COVID-19 results in an area of low prevalence”; Clin Med (Lond); vol. 21(1);
2021; e54-e56.

Ika Trisnawati, Riat El Khair, Dyah Ayu Puspitarani, Aditya Rifgi Fauzi, Gunadi,
"Prolonged nucleic acid conversion and false-negative RT-PCR results in
patients with COVID-19: A case series"; Annals of Medicine and Surgery; vol.
59; 2020; pp. 224-228

islek, Akif, and Mustafa Koray Balcl, “Analysis of Factors Causing False-
Negative Real-Time Polymerase Chain Reaction Results in Oropharyngeal and
Nasopharyngeal Swabs of Patients With COVID-19”; Ear, Nose & Throat
Journal; 2021 February

125




Jelili Olaide Mustapha, Idris Nasir Abdullahi, Odunayo O.R. Ajagbe, Anthony
Uchenna Emeribe, Samuel Ayobami Fasogbon, Solomon Oloche Onoja,
Charles Egede Ugwu, Chikodi Modesta Umeozuru, Folake Olubunmi Ajayi,
Wudi Natasha Tanko, Pius Omoruyi Omosigho, Abdulmumuni Samuel Aliyu,
Halima Ali Shuwa, Justin Onyebuchi Nwofe, Amos Dangana, Ovye Alaba,
Peter Elisha Ghamba, Yakubu Ibrahim, Dorcas Aliyu, Olawale Sunday
Animasaun, Nkechi Blessing Ugboaja, Mala Alhaji Baba Mallam, Sharafudeen
Dahiru Abubakar, Maijidda Saidu Aminu, Hadiza Yahaya, Silifat Oyewusi,
"Understanding the implications of SARS-CoV-2 re-infections on immune
response milieu, laboratory tests and control measures against COVID-19";
Heliyon; vol.7(1), E05951; 2021 January

Jim F Huggett, Vladimir Benes, Stephen A Bustin,Jeremy A Garson,
"Contamination causing false +ve SARS-CoV-2 results"; Americal association

for clinical Chemistry

Kanji, J.N., Zelyas, N., MacDonald, C. et al., "False negative rate of COVID-19

PCR testing: a discordant testing analysis"; Virol Jurnal; vol.18, article 13; 2021

Leo Lin, John Carlquist, Will Sinclair, Tara Hall, Bert K. Lopansri, Sterling T.
Bennett, "Experience With False-Positive Test Results on the TagPath Real-
Time Reverse Transcription-Polymerase Chain Reaction Coronavirus Disease
2019 (COVID-19) Testing Platform™; Arch Pathol Lab Med; vol. 145

Lippi Giuseppe and Plebani Mario, "Asymptomatic COVID-19 transmission: the
importance of avoiding official miscommunication™; Diagnosis, vol. 7(4); 2020;
pp. 347-348

Matthew J. Binnicker, "Challenges and Controversies to Testing for COVID-
19"; Journal of Clinical Microbiology; vol.58(11), e01695-20; 2020 October

Mitchell SL, St George K, Rhoads DD, Butler-Wu SM, Dharmarha V, McNult P,
Miller MB., " Understanding, Verifying, and Implementing Emergency Use
Authorization Molecular Diagnostics for the Detection of SARS-CoV-2 RNA"; J
Clin Microbiol; vol.58(8); 2020 July 23

Olson APJ, Linzer M, Schiff GD, "Measuring and Improving Diagnostic Safety
in Primary Care: Addressing the "Twin" Pandemics of Diagnostic Error and
Clinician Burnout"; J Gen Intern Med; vol. 36(5); 2021 May; pp. 1404-1406

126




P. D. Kirkland and M. J. Frost, "The impact of viral transport media on PCR
assay results for the detection of nucleic acid from SARS-CoV-2"; Pathology;
vol.5(7); 2020 December; pp. 811-814

Pham HP, Staley EM, Raju D, Marin MJ, Kim CH., "Laboratory Assay
Evaluation Demystified: A Review of Key Factors Influencing Interpretation of
Test Results Using Different Assays for SARS-CoV-2 Infection Diagnosis”; Lab
Med; vol. 51(5), e66-e70; 2020 September 1

Premraj A, Aleyas AG, Nautiyal B, Rasool TJ., "Nucleic Acid and
Immunological Diagnostics for SARS-CoV-2: Processes, Platforms and
Pitfalls"; Diagnostics; vol.10(11); 2020; pp. 866

Rezgar Rahbari, Nariman Moradi and Mohammad Abdi, "PCR for SARS-CoV-
2: Analytical considerations"; Clinica Chimica Acta; vol. 516; 2021; pp.1-7

Roberta Maggiulli, Adriano Giancani, Gemma Fabozzi, Lisa Dovere, Luisa
Tacconi, Maria Giulia Amendola, Danilo Cimadomo, Filippo Maria Ubaldi and
Laura Rienzi, "Assessment and management of the risk of SARS-CoV-2
infection in an IVF laboratory”; Reproductive Healthcare Ltd; vol. 41 (3); 2020
June 27; pp. 385-394

Siacovelli, Laura, Panteghini, Mauro, Lippi, Giuseppe, Sumarac, Zorica,
Cadamuro, Janne, Galoro, César Alex De Olivera, Pino Castro, Isabel Garcia
Del, Shcolnik, Wilson and Plebani, Mario, "Defining a roadmap for harmonizing
guality indicators in Laboratory Medicine: a consensus statement on behalf of
the IFCC Working Group “Laboratory Error and Patient Safety” and EFLM Task
and Finish Group “Performance specifications for the extra-analytical phases™;
Clinical Chemistry and Laboratory Medicine (CCLM); vol. 55(10);2017; pp.

1478-1488

Tu, Yuan-Po DVM, MD; O’Leary, Timothy J. MD, PhD," Testing for Severe
Acute Respiratory Syndrome—Coronavirus 2: Challenges in Getting Good
Specimens, Choosing the Right Test, and Interpreting the Results"; Critical
Care Medicine; vol. 48(11); 2020 November; pp. 1680-1689

West CP, Montori VM, Sampathkumar P., "COVID-19 Testing: The Threat of
False-Negative Results"; Mayo Clin Proc; vol. 95(6); 2020 June; pp. 1127-1129

127




Wikramaratna Paul S, Paton Robert S, Ghafari Mahan, Lourenco José,"
Estimating the false-negative test probability of SARS-CoV-2 by RT-PCR",
Euro Surveilll; vol.25(50); 2020

128




Annex D - Information extracted from the bibliography.

2101e13d0 ||3p SIUSWERIN0D

<’lg i-bdd
oynBess ausin uou SUodWE] |17 oNSN00s OpoEW EonEUE-S1d 420 LG 0N P ST o | SUGHRIRISG [
suodwe] |ap aucize|dde |p eUoZ £38 03U EN||EUE-—aid LLog -SHYE 10 HO 4, TPy PLUWEYOY] PUT IPRIOL uewy Legyey sebaay
uona e Ipebbos ouos Ipuink “siceledo ep susWEnUEW pe-004
BB M1JOS UL HLEsU ouoBuan el | RO UE-1s0d
D212 Ip ey -
18 aucizeal|dwe 1p &aIna 8| 218668) |auU s10us EaEUE-1z0d ££°004
1212 | SIUEINE -
EInEI2dWS) B||Sp ofjonuos osseq [auoizeoydus] eonjeue £e'00d
[E2USDsaI0N) B EINGES| SUNZUNY E| EIENIGESIP 58] 4T £ 008
B||ap suozEwWweIBoNd EjjauU 2I01S [SU012E:
EEDD0|q BUIIOE W [SU0IZE: DE 009
uaized jap iEp | auEsUl anap ayD simElado 10us 627004
[nuaized ins UoIZEwoyul auesuew) audidwes .
82009
EE U3 Eluent Ul answ o) o susbe sl un eanuaWIP 1= aoElado 12004
| H e auoizeredand sjusinp [RW |sp suozessdaad) &
aoelado ep =
oauabowo 058 SUSIN U0 HIW [HIW |ap suoizeisdad) & 9¢’004
[E1EI|EEqs BINEISdWS)) SIUSWENSNOD cz-00g
1EAISFUCD UOU HIW |Sp husE 20 (R [2p Sudizeiedad) &
6L°0049
eyuenb ad 2w, =
3 U0 ENENSS g 1P TiEnk fHiwjep sucizeiedad) & 81’004
0s5300.d [3p uapasand 158 1004
SEp cEULEUOD SuodwED (R |ap suoizeedad) &
91008
WhH ER EUIMIEW ESp SUOIZELIWEIU0D [SUNIZENSS] EDNEUE 5L 009
E||Sp DUSWELDIZURJ[EW O 0000 ([SUDIZE hEa] Eon]EUE #0089
[Enzsaad oood -+ SuEWERRU0D cLo0g
BEAISEI00 0UDS UoU Huabieal [aunizensa) eonEUE
0s0ooIP & cuswepadid Z1-009
Ipuinb ‘osoasih oddon & suoidwes | [SuoizE)SS) BEDNEUE
oIoAE| -
1P SUOIZEE BYSU SU0IZE22IUEEI0 BESEG [SUOIZENSS) EON|EUE 1°009
£132331) |SP SUDIZUSINUEW BYE JUEW [SUDIZE 45S) BOEUE oL o0g
SJUSW[ENUELL IER 13p GUSIWNSEU] SINBSES UoU B S|USILEYa1IaD .
1adi 4 56 €¥’008 d 5 . 60°009
nuaized 1ap sapooeq | s68a) ayo 1aUUEDS 0UR SIESID elrEladwe) elqED uou)osEnD 152881) [SUDIZE 5S) EDIEUE
auoizesdwe Ip 258 B||2U susizewweIBod .
Ip 210na un aleyna 1ad 1od oneuyoaE |a0 suodine o i .
P N I I N £p’ood 1P ESHED SUOIJWED SUOIZELILEIUOD [SUDIZE 1SS & 20°00d
| 21emaw p ewnd SIEIEIUnds & S18(|0NUOD BR B1S)| BUN SIESID
=)
SUDIZEDYUSPI E| S)I98) Mid 213pUSI EP 0pOW Ul “Loje|sBUo L+ 009 L0009
1ap aunEladwe) g)ap aejobia) oifGe10yuow un s 1EuEwWEdw)
nEinboe B suezzuefuo 1ad . .
oo ! ov'008 90008
I105] S[ENSIEW P EZZEINIIS 1P S1I00S P Of|Sn] Uh SIUyap
1P USRI || U0D EDI USR] BIES S0 "SUDIZEnsS Ip oneld : DiEDIIUES SjualEEnbapE -
s SUSpUOdIIL0D SUOIdWED || SIanE Shap SUD sucizizod 6€°009 UOU SIUSIQWE B BHACE [UCIdWES SU0IZELIWEILOD (EDN|EUE S0°aod
EvEsal A s lared fAanasin alsin L es 1hERal lan SIEs1a
(=40 exod) Ensyans ns srepody s1assa audwas
olaqgeInop SjUaized [Spp IUoIZEWIOU ERb UoS sjususuos | 82009 wodwes +0°009
9 - L WIS 1P 10U L[S Ep SU0IdWED SUDIZEUNLEILOD [EDNEUE
JepuUILE) un alean ‘elE|begs @ suoides EINENSYONS 85
[ alEsze0aU oIZREDad 3] 20 onE
i i U aail ol & Suodwe) || anbaza ayo ouEnues sioiEado |8 ’
2 00lWS) BOUEW 25 191U02] 15D 1AREIOAE] ILIN) | S121USWNE Le°004 =0 1 o o=l y 2P| £0°009
o I T EINED B SUSIAAE SUDIHWED [Bp SUSIZEUILEIUOS Eonjeue—_2id
SUSL|ENUEIL SuSized |SP NER | S1918W Eggap ) B SNUSW|ENUEW ERE -
a72| Ul 1018 15d0 34D SIEYAS Jad JaUUED: 9e°00d £0'a0d J P S
auodwey |ap sucizens|sid ce 008 L0009 SISHRUE o1 ig- 4 00 SHYS 1990 ©1 5359 HOd- 1d
g 1ed noyiedo jBe Buel p cuswnu ioBEEwW Uk S0y 123 I
ENTIFTEEET a01poq aspo] ]|

JALNIATH INOIZY

THN HNI

O24VHD0INEIE OLNINIMIAN

129



T T ..
15[ SU0IZEUILEIUOSD “ENUELL 10118 “0jUSILIADL

2 FUIZEAISSUCD P ORI TOUSWELOIdWED 1P EIIUDE) SN Z0°e09

EJNED ESSE - zod 58] SshED =) e e Eus—aud
! s == t wov-sow dd tngng plLjes Seesfag
 SUSREB T (B §L-IADD Y1 SEIG UREIISSER S rarad
sunizejodod eiep 3 23 SIpAIRYD pUt g ustmiaq BuntBinen szanssubrp 240 0-2HYE
EUR Ul &U01ze50d 18001 BRSa000 2010 uou ciagganed uonnpod | LD TR0G Bty [RB o35 s o 5[5 10 1Tde L FAEER 5[E 4, TR
EP NEVSP W DOJEA {04 0158 auoiZEin|en] EnEus—1zod nopue g sy pue addasn 17 4, FIULJ2I2 ASUG WASHE 0N
m_u.hn_m ero-Lvs dd ozng el 1o Seovbog
<0209 1 D ENLILE 25U [E12l40 BUIPIOAT Jo 2autyodi ay) UoIsE s

QD|PAW [B [EINEN ISP AUOIZEDUNWOD B)EDUEL

Lo"2og

wesdwilisyy,, 'eryy wegsl4 put sddssng 1ddn

E-alA0D

3|1qepyyE odod aoiE1ado EonEUE-50d

Z090g9

anpsadue 2 SIqeEpYE
oL Spoi U puSized & I0IpSw I8 U0y EYns) Eanjeus—isod

Lo 304

n2g-11e dd g0z plLjes Seeefng | sisoubup
by o3 Bupru E1-OIA0D,, B EHIA PYR YOPIOD HIYE

[EiEIEpOW
Ezuapuadip) 1ebie aust i uajEn s eooaud &

Lo°504

TR A0 d- I 7 TUeWE Shilh oA o0 S S T 99 TN
1i3) SWBYRE JUNLSSRESE AIRRb RIS U U Sanjes pRayEsgy s
42 BpquiT A, © 4 veydong gy PUt Ly SEIRLY oA U i

ep apusd) LEUEnb nEYnsH SUoIZEIEN|ER B Yl yaage sl e Yyng "2 PIRH "unwz oy
-y sy duegy i g egqiyn s Demign deazy ang
0iEZZEUE 215553 Ip Ewd alspuayE 1anop ohd suoidues P—
Ipuinb & e pUEWOp Ip o01d ausnE ouoss0d IOYE IOGE| EDNEUE
madsen anp | a1ueInp e feqs simeladws)
e psodse sassa ouossod uoidwes | & idwsy | ejuswne symsd +0 089
ozojoonad & susidwes |5p Buisihesing S1e) SNISHN0S A0
uona oueaoaod yBun oddon esane pidsg . agsi-151 dd 0202 gles
& SUOIZEAISSU0D SIUEINp FiE|fegs ereladws) EonEue-aid 1o R PR e B SRR (ST AR
s <aaed W) 0531 5 EBURIEY oSt U] UOREINNAPY WHH E-A0D
WMRERSIEED o -poa SIS, "OUE TRgId PUE RDIpUY NS IR g o] equeg
3R ' SIUPE J-0[IRD UGqUIEZ 'RINE ] 'eIEIR0 0 RINE RS 2Ol ety
L0 09 *o3301 4 e e g todd g jbrany ey Ty tpneg fosseg
l POE0H
[EiEna ErEadway ‘oyodsen | sjueinp sisiBEaunep .
ouessod 12 yBun) idwsay) e nBspeul ouadsel EonjEue-ad £0°c04
[ muawenadid pona ——
JaundiED |ap aU0IZE||00 |p EInpaamd EYECUEL EanEUE-2ud o .
AL-0apdd 0E (1 )ps o Eap geR e dy
QEAIESI0D 2 co'sog Euent L0-€0g 1 [E1-QIADD] GO PSEISIP SRIARI0I0S J0 SisoubElp f10qm0qe] 2 Ul
ol "auodwe) s1e) swos ns sypucjodde oiznis) sauioy 12d eyEpdondde uou sucidwes 1p epuenb e onEus-aud SR, "ENEGE]] LA PUR SpURLLS elejy-rue ddi) sddasng
e gz pearyy f, 295eqd [E2A[UE-LIs sy doy SuonuIygads
NOIEIOOE| 18P EZZEINDIE Ip O 2 B)ENb B SqUSIWENSU0D ; IauEwIepad,, dnoig Yot g pue gse ] 143 Pt fges uaneg
SUEUMLIZISR UOU |p D05 || EIUSWINE ERE] SUSIh IO 35 (] Z0°Z0g put song droyioqe], dnoig Buppiom 903 2 4o JEyeq ue wowmss
& R qETu faenk Buizr y
15y dewpes e Buyaa,, ujEays |0 BB
L] I—— |2quz| “o115e GULY "EIAIQ 5 Ty IEZ3T 6IJER PULLS ‘GIUTRED
OUEDUELW $ylad 0 0dwa) Ip EZUEDURW Jad B1E) LOU (0T ‘ea0z eieung 'addas Bagueg "tane jpaooeag
sucisuzdwes |p ws|qoid sesonoid
ond & oooey & ooyioads oddon & pelns) 9P suCIZESILNWIOD .
Ip cibGent auazed |ap & oalpaw |ap sued ep €L’og
LEp 1ep sucizeisidiau eyebegs [auozensys)) eonEus—isod
SRIQIED USG 0UDS UoU USBES)
1uoo apadid &) syoued 2 5| s nusaiyns ouusy uou nogEledo LL'Loa
syad nuabies) 1sp suoizenusouos eie|Begs EonEUE
NSRS [P sUoZEIqED eE|Beqs EonEuE oLLog
FuawepaucD opEodde uou 1awnd EonEuE &0LDE
HOLS P 2140 BI[E
[ERSN00 UoU EINEIadWE) & 300 B||E SUSIZIZOdSS ‘0EUILEILOD 20'Log
SIUSIQUE] EIELS SPUOS & JaNd |p SU0IZEAISSUOD &
L0g
ENIE[EW B al0g
E|jau & susized syoisd Sjenn ooles oyenbape
[uUEnBs5] oL1215S S|EUAEW 109
U0D SU0dWE] |Sp SUDIZEUNLEIL0D |p CI4OS) EDjEUE-21d
1P 1U3151JJAs ERUEnE BUN B8 N53 SU31A UoU EonEuE-31d + 109
[ONEIUIE SIENSIEW P BW U000 P SISS5S -
£°108

anap uou auodwe) i) oyendoidde uou aEpaEwWw EanELE-a1d

130



["IpLODas UhD|E

18 OUEIDNUE & OUEI0 0sUSE U 2uE 6 10d '0)008150 SUSs |E U0
a0 £ oul sUodWE) SISsUr a3usIzEd ELLSLYISEW SIESSEQTE]
WHEWENM_Uwh& Na_ijm a3 Uou WIU Thmtcmum m:._TWUOhQ

Euk By susdwes |sp oyuswens|sd Ip ossasoud Eoneus-2d

LO-AE | 59 PO O TR o

155k 25k dd 10202 2k 1es deay g
(PG, 50U [E2IY30] PUL 'SE0IPUN 'S3P 0 MO HEs (B4 00-5HYE]
0103 PAGU-ELOZ 10 quas [Eabufieydoss pur jeabuiiydosey
i Bumaoing,, "y FAPRIE e 0IR|EARD "0 'E0) g el 10

-1 #9 2-A20-5dY'S 4= fapgeqead 303 sayeBou-asiey 2y Buneunsy

madsos uoidwes 1ad pmadiss semays | 109G BOGI00 05 52 Tels ST IIEL ! ! ) v
T el ) e e 2507 D5UINGT URYELA UL ‘T L0t 101t 'S IR PIICICUELY &,
Epuns o SgusbiEal iewnd U Ip 0IUSIWI|E) B EINAOR J—
Y SP UST SUCIZECYDWE Ip SAIND 1P E2USDURW EDNEUE
SUDIZES] B WT .
)2 1IE 1L LoD B NESHED H0US [SUoZEoyjdwE ] ol k0’519 freTan AR R
01 OUEERED JIEPE UOU 18Nd & SpUos 47 4] EonlEuE co5lg e L8 ey ) a0 T bt
EJENS|S EPUELOR B EINAD 1 EZUETUEW EONIEUE g . . I
12 =P P Ep P Had W £0°518 gag dd g0z wlopies sowsondog
2oiod EzUEnIESSD Lo'sa PUR SWIOJI 'S955301d 13- ACT-SHYE 104 52135 oubei (B0 unww)
EEOUELL Bp BYESHED BIELS SUDIZEAISSUOD [S01nISS] ED)||EUE Pue Pl SRR, T LIesE G ey oy sedapy ty leawsag
OJEILI0] UoU S[Eunslad [SUDiZEIRER] EonjeuE_js0d [SIR e
ap usq uod ainpasoud ‘EyEnb ojonuod zo-blg
EZUSDUEW “IUEWN B0 LS BR EIESHED SUDIZEUIWE LoD EONEUE ZEIISEL IR . . .
T a5-p57 1202 e
EINIENEYTNE Lo-bLa |k PR Do T, FINAEAIE WG] 0 TRIT UE U] SRS BL-IACD
EE S 0ss5000d || SiUEInp Suoidwes SUizE SYIUSpl EIELS sod wzjey go yoedwr sy |, H pRSY | YIt]g H IRy Yy ueyy ' AR
SAESE SIESN odsIp UoU &5 TUOIEIDgE|
IER ALY SP SUSIZEIUSWIAOW & (UodE] SIESH 018G SIA0R 20°e19
IDIPEW [ SUOIZEJUSILIACIL & SUOIZEASSUOD)E0eus-a1d
Ip 2ifojadn 2| wod | IquEducs ouas suodwE] Ip e
1y v L L A e A AL S S __.u._._ 81851 DA O IE s __.n__
W_J_gmr__wu_m _T WO_WIO__ {==luodwe] _T WH_M_NUM N_Emtcm mn .m—.m
18] 2IEsnoED ghd sucidweo |sp gyEnk esseq EonEus-2ud S0Eld e RIOEIS ST Sy o1
OUDIEIOTE] [P EYEWNE s[RI =L Bl Vv w8 B e
ELESD 'BUSdWwEs eojwoieus syed lauoidwes oyuswens)aid $0ELT | TIPSO SE OIS iy
Bl EIdWUE) B EIEZUShjjUl SUOIEZEIN|EN (EDEUE-s0d
caojod =
.WHW__N_J NT EJESNED WEO_NNH_J_N_-. _T WH_OO_I_T H=gal) NCNIHMDQ m”_“- MUFm
suoidwes s bosoe) 1ad zo-€1g
EDI0IEUE SEd EZUSDS0UOD BESIEDSIEIEIURW EONEUE-2ud 4 il o
-0l dd aquaaop) 0Z0ZH (L1 T TSGR RS ARG
weduEll 8nBasa 15d : e ne|sd : a3 Buggaadanau) pue 353 | B sy Buiseoy 'suswizeds poon Bupng
S|EUSIEW P EZUSIUEL ULISS] 1P IWSI5IS 0I0] | UOD SARELIS|E GOELE 1P U3 150 1551 1P BirUIS) BiEauEw Eopeus-sud Lo'Elg ul 53BUR|RY] (7 SUIMROI0D-MWoIpUhS fioieidsay Ny 1A
SUEPIEA 120 SWSIZU) SIEIONE| GUOASE 104 Bunso 1, 04 'O T Ao | es ], 0 a0 A ed-utn, 'n L
L -
- Z0°¢1g 2Lp-a1 34! gm0 0202 p] 51 1es
23581 Uh Ip oyEj|nEl || sieodu |50 o 1p gagegead £ 0an A opeyang pesi 4o jovamep espseing + b1 Bl | Eouny3ig
(W47 HUSPIOSSIP HEYNS UGS Hoieioqe) [ ooy o U 2 Do YT 45 USSR WAL M 5]  S9Ue g
(% L) s od REYRSN LoD NOIEISgE] 705 BIPSW WA, awaey g uesng faseg 7 omeg (40wl L S espd o emeg
F - E B Eufieydosen] put
d i o8t o= AR F FFGY HF LELAIADD Yals, NNty JO Fquing |l Y ™ P
suodwe; | ouchBass syo o ied suoizewioy s Bues 207148 4 d SUS = wmm_h =y .mur_wEmzm:oom Lo'lg |eaBufseydeoan up 53Rz vy uenIRY UIEY] BrEIRwA o B ey saaebapy
EIE|BA3Id BIEIE § SUCIDWED P BIUEND B 35 [I7d) Bon)EUe ORISR s tE= S IRE =000 | ey Busnen sioin 4 4o siaifeiy,, ong 1103 REEnil PUS Yy o1
opendondde .
an’olg
ENE|EW E]|S, -
=UEIER corma
E NT [E S=12fp LoD .
UodSIP 325) 1P UELEA 5900 SUDISIZS DIEDISW [hE EOh|EUE k0019
y=0d neynsy
woidwes jad jobuis 1od | woidwes md ip leueE|nws 18] £0og
<--[2inebape uou sinyuoy] odwsy suciRPU (I 4) EoNEUE
odwsy 2 Bunsa Ip eygoedes zo'og 5 0Lg-pgadd mom;m ._mo,m.e&%éq.mz&zsm
. enzpesp am) dpssey | soeng pue aensoy BuBew) s | fegeiogey
sumznpl ¢--husbealip aenbape uou aimo) [ 4)EonEUE FUSRRIIMLED R0 42w Bndeas o auswieda fauskirug
OENIS00E PIEQUELS ISIEUE IP 018 WI0J UN E2USS Lol 3 0l g1-01A0S Buizeubrg antwiou) I, 1A, L 003 pUE

13612 g Ip Szusnbas & puabes) Ip e1auss [ JEonEuE

w3 g

g ey o svydossyg

S|EUSIShUoD

SUSIQWE & 0dLUS] 1P 0aUN BP IESNED JUELIN 0L

L0 E08 [FELSEEot L W T F=rr =y

uduy put 6

nzouBeI] o FAWTPNES M L, P BUISSHRRY SR GBI I At
nsea,, 05 HN2E 1 1930 Ty 100

131



158150 212210 ond BESE] 2 KD L) opousd |SU ey Inoisd

(esspap a1 Auaeue,

LEOT 5k s e

[FIENBapE SUISLOEEIL & S1USIqUE

. : ETU-LE0
SIERSJUISIP IUIW 2] SIEZR0SE] OIUSWIZURISIR] SUSizUSasd Loea 5L ~del souny 0Z0E T9)GE 106 Soiz WET SRE | EINEE PAREBIN-S5IES JO
1p 2insiw opuanGe: ETEoE I T P TS0 [t o e, L Gl o S s, Do 4o 155
TE0E [CFIEEY
onEy susmousWEDS|0D || ! Lo'ocg TEBL Sm..ﬁ...,z:.su ._Z__._%m.ﬁ,o.u..nw__“%:o.ﬁ._ waig “.“w._»nm.% mmfm
£ EqEISd oIl 2,0 UoU SUouSd nEnSSpE UoU SLohijeue EZELIETZ oI T TIPSO | o paeoy ueyn pseisiiod aedan 1 wisgsid 2198iedemul,, '3 501
sulojEnEdig | USWE S 00 ESES EOMEUE g [P, tmoudeg y 337600 SHIPLAl LA FPRARUY 3 SOUGLA-2 NG
R B
P SLESIIEE Y SUGEUSAId BRs joamod 1ap sucssey | PO B€E b o=t VPl (Wl
NEP [5p SUDIzE1Id18IU]) 150 EpIND SauU) 210010 i nuabEa) a0 ILoIZELILEILOD Ip Bdegoud BYE EaEUE . b s PP D p s | p

TP 1P SU] ] 04| E06za| (sniw p 100 1P EUIgEdEId e =0 L0eza Slu-1o11 44 iz srquendas pz0z Tatle

pEEu ey e | Lo PP I ST P ST [ qos geswer op |, 51500 pue suniqaid WppI :53nst) gl-OlADD Mnisod

15d 152y sucizhoass 1ad puabuus nd prepues suodw) S Y, ISMSIGE T SIS0 ] PR ARy sandejogipg AE|SAREL, EAGYING US|
Flg-hg 99 quErg 0g0z L5 =7

. spuswop| | oloo0 SITED 2-ABD-EHY S WOL) Pk SN 10 SHRSTI P 0] EANER fEet

EI[E PE EINACE 1Y [P EZUSOUBW [SUOIZEIUSIISIACW) EOl)EUE 20z [T TS O TR =i pow aodsuea (i 42 3ouduy 241, 4504 T WA PYS PYSEEE "0 "d

TR a T T

2143 4 JUI WA BLUEL PUE JUIWSSISY,, IIUD HIRE] pUE

idwes 5p suszEuEEa [ o O 10 15 UL SIME R T3

Sanunup 1ed pogsioge| 1R |eocid 1Ip suoisney nuRiDy SuRpy IMEE S s ey

woidwes o
1ap opodzses jusd sunpasoid S|lap ezuenou] EogEUE—a1d €0°Lz9 | eazeRzddioagg fag o Heug pus
e TR SRR L FIAPE 3583 ¢ SEL-OIADD i
suEnk 107228 | T e e e e | HOd- 1 BALEBN-DEIE) UL UDIFI5ALGD IS
15d ajusoy hEU S[E A SjELSIEW 1P EluEnb EoneuE—a1d R : : 120§ 1bgiy ehupy weseydsng ndy yedg

Buipuq 2qoud & Buipuiq 1awud B roqbny Buizsapg 13y URESEUUY ALPURS DJEME|D Rl S0

E09249 U] RN ), EFUEYE Ty J5ind SRy e RuREuLE oy

[T 3000 INTIRUCE UG TR 1 BUNEH Il MU ARy

Z0°'9zg ‘ayBrzaug 1nIowD S0 d oYU | S 1P,

UoU |p ESHED B SIEAS UOU NUELER |

ouaueizuanbas
Ip HOUIS P ESNED B SIEAS|H UOU JUBNEA [RUSLER] S0nEUE

Lo"9zg

8|2 4 NInzoIwr HETPoLy IPSHIYD b 2 pEg seyD eloug
HI0I0 1OWDITE UGGEOFT | MILGohy [FRAILE 'SGLAUT CUNIN3C RIS
QB LD SAHUNPO MRy 425 SLP RydenL SPIIO IeT

aieyandiag

S BEZZINN ER P OUIOS IS|[EUE I HEUIYDOELL | B

1L0°5249 ZFEOZER oD o T o pemrel=d

TAO-THE 15 EREEEy PR G B SinEeg 120 1 J5 10N id
Eupsuanpu) 210350 4 fa 40 w143 ¥ TP UASGD ] UoEn[EAT
finazg f1oamI0gEY,, "HO W Tl UL ' ol E R8s 'dH g

SuoidwES [2p ElEnE = Blbojodn  SUnIdWED [3p SUCZa |20
Ip BonsIdws) B nefa) SjUSWEYE NEYNSEN [H0d) ESEUE

L0eZa

L0 P28

129090 0202
102-569H0° Tlag|on | Alqorgosgly oo 4o sy LSl QIADD
T SR

nefegs nep Ip cluswnss0)

T RCUTTIE T TeT e

1|5 cuoBGyuoos Sya pusfislsp U0 NOIEIOGE| | OpUOY E S

. Z0EZ9 504 5% & 40 MIQISE0 TY3 10 359 | BAISGd
O NEYMEN ISP SUSIZEDIUNWLOSD EIEDUEW EONEUE —ys0d B e sacie e S ST L EIEREAT B) MO PUE 5150 ] HOd- L Z-A00-SHYE 1M
SJE oS | uoo wisgond EonEus sod LD EZS i : ) sansay Faased 27184, T BUIPIRI g [PWiH ] 2useyas 'O weasuneag
oeoyenb sjeuosiad |p EzUESUEW RO FUE-SIdJESEUE 0220
iEnedsen1adzzaw & wodwe) EzUESUE W EDREUE—21d £0 Z2d
opEUY2 IEW sionnpoed siEnEUoD . . . .
01550 || A1E |1 B SIEAcd IUERIDOSID GUOS HEYNS &5 ] 90°zza LSS 2 [ERSIEW uaBE Sl p E2URoUEW EolEUE €0°zzd9 TZPaTE oz fine s alasiens P g B oSS
nusized ; SIEUSIEUIP EZUBSUEWL buiER ; ) . 49 UTRANIN T 42y 531 L 3
1= oIS 12p inpisa) ouEsn 1= sEusEw sousw o2 g | S0 68 P = i cyEnb sfEucsied |p Ezusousw edwsyseussisd | 10228 Pt Bt ‘oun .. U AL
1Sp s ISP NP 15 2=t 1 = 1puoy P oanzod ojonuos 1ad JELsEW P SZUBSUEW Jr0 A, BYISNLIEYC TS Pt 430 "0 PO " 954058 3% 1 1PYSUIA
Einpa20.d B en1oddos uou squsized c0lza
Sucidiies shElEe & 5gE Uou sioiEiede Z0lzgd oy . .
[ o) 55p2 A 1207 (ST 108 EOSNCISE MRSTIGM A SRS NS BY
1529 |2p nEnEN | 2 Squsized (2R oous poLZa eyeidoidde opow uenEUoU Lo'Lzg 1, Sa1an||E 4 pue T3 4 —dadb- 1 69 g-42 0SS o Bunge )
HED B BIEID0IOULIEIEUE SuSidWoD SUCIZEIN|En SIEIonEi 19, S|EUSIEW |SD SUCIZEDYIIES & O[|0NU0D (EONEUE EIN|EUE_sid S13zouBein) put gl -IADT, L UElof "0 xdiys ' 1o )injy s uasng
[FuoizejodiuEwoyodsuEn e 0aaE] 9
Hous] pussynEu wsuebio spuenb jaucize oydwe] sonEus 50029
[ &L 0028
oS | (eusEE O & SuopeesUee oyeUz-aid | E0/028 pas A
shulA SUoIZnoAS BpIdel 202 BRI ELPHOEI T : )
EyEnb P Y 2 IU0IZENSS 1P SYSIUDS] SIEZZNN lo0zZa Ny - R Z0'0z2a
rar-osy ddlozoz 57 g 1en Sreveds g sapin 1 sanseubeig
LB 90029 L0-0zg JenIRe I 0w WedEd 'FIns 2y BURI IR NS5 NORIHIIR
LD [OPUEUIQISD L4 BEINSH 18P SUCIZEIN|EM B 2B I0NEI,] CL-QIADD U H0d- L SWH-{eoi, IIGEpy YEOpqy 3 utiweye | tao)
FRIAENG15T) UORETI UIED SeRimn|og-UeRaIsEIE] | 951y 30l L[ey
oumEd |3p = B=gs L0 6L yaegbe L 243 w0 SANE 350 L 2MAIsed- 75 Yug, 22unledig,, eeueg L
aped gsu suoidwes | ciEnsdid By 0ou0S) || EopEUE Buyaag psuedo -y 1ng ey TIEL aEu g Ssnbpen wpep w oo
IUOIZEUILEIUOD
aEyAs B opow Ul |- aucidue sucizejodiuew] £0°819
0sz2001d |9p 158 SUEN S[ 1IZISAIP HUSIQUIE P
cuaz Bp anuedy Mg
2 ouojesoge| unuesaid yuebes) M sanpsos Ip anbunwoo Zo'81a bt et s i L= e e
1511030 IS, SUOIZE LIEIUCD B eba|oo nuabeal) aue i S
[Ar @ ELBBapUES sS) [a1S[oNnU Lo-e1g BB L, SHRTOL ] 8.5 SN Bile SEPE] BUISRES HETTMICINGT,

WESIE RS WISRG P ST TG JNES| raEERY o

132



ing.

dent reporti

- INCI

Annex E

JHOIZIHISJ0

ardl ‘OHDIEIOGE| IP SUOIZENSD2E Ip ] 1ad izina.d IDDEUUONE] [3p LEID
BUOIZEII3 B|3U PRI 1uoIdWED 19p 3UCIZa01 BYj2U IPIEIN 16 U0 aqRE oD o OALIE Ip GLEID woidweo 1op eubasuos ejjau nuajgoad
Sidl rzusfun einpasoid uog oyessaa01d
OUEYS & SUDIdLIED GRCNU || & OLI0IEICGE]
auoduwe) auciznady [EP CANASIL DIEYS & UOU sucidwes AUOIIWED CyUBLILEWS
PLdIl suCizE0dsIp & RIEUE 15p suoizessa00ud £ 1ad SUCREUSWINGS OLOIEIOGE| |5U oLoIEIOgE|
12015 | W02 NGNEdWIoD JNYUIC Ip E3SaI40l | SUOIZELSSI 1P 1dWa) cquawne oo qnedwos ouos uou wodwe) 1| wodwe isp ooues W ssspusid ond uou ouoiEIoge] | OiEUZZEBEWIL & DINASOY Ul SUDIdWED Ul auoiduwies SUOREYA00E SYZd
£1d1 159 || unbasa
EpUaIzE ouuey aya pebbos & woidwea nep anElado
ainpaooud 3)|3p onads NS AU AUOdWE] suDiRNSd) | OPUBIIOIIUI 03 0AUIOD 0BE0S (9P BS0N | IUOIZNISHIUSNA0R 13p BZUSDS0UO00 WO O3EHUSP) UOU Buoduwed un Ip ol
Zidl (uojdiwes 13p 0alEs
i esald @ BalUSA 1P UOREISDD 3] 2IEZZID0)SN uoidwes 1ep euBasuog OE||BEQS OUOIRIOGE] |31 lpeiBgz
AUl [E U0aya Ip sjeucnsal ns puanaul dwa lep oyeds ) oguelef s uou | wodwey | uoo U U SE| BIS/INE oiE|Beqs oucieioge| uwoidwes eufiasuos | duwa) eje 210 74 © ol pEyodsE]
[TE:]) [CEE=EE ‘onaljad |p ojund [ opingsalip ewnd a19558 ouossoduoidwes | aynads auoides
2Eibls 2119058 £a] LOYUAIU0D O)|OLUOD WOIWED 19 S103USIU0S || OUE|OUDD 10N, 13p Eale [ [ EImEsadwa) Ip nuslweed [3p opuD9as [5p SUOREUSLIACIL
& aualysab 1p e BUOIZENIE & SLC UOU DUOIEIDGE| 9P SEu0siad 3 BySang | 155aw & inaled ouyuan |8 epUewY cuoBuss woldwes 'OUOIEIOGE] B Oypads auala & 8 BUOIZRAISSUDD UEd
oLHI "OUOIEIOqE] | 0518 OLOdsE R |1 1ad a10jueUCD
CUSEIEp OPIEI | sucidwes jap coued ulesaud Bjlau opIel 13UCIPI HOYURIUCS 1P EZUSSSE 0ienBape |au 155w ouoBuan uou uordwes |
EHl
Awess suoiznady | suazed | iad ousa agels p egissoduy 1E2IIUSP! uou Wodwey
[
awesa auoyady | suaeed || 1ad oyisa anjige)s ip ey)giEsodun [ouon0os o] EauEl oidwasa) 1uop! uou uoduwey
241 QUSRI IP HEPUSIZE BINpaacad
E||ap aucizeaydde exan00 Bl aeyda)os 1ad
nuapuadip | 1N E IELW EPUELL EAIpALL AUODIZANT a[epadsa ulousanan jap Bwnd oynfaza uou auoduey
a4 [aunduwe) || slea1azy 2
auadiey (e 055200k | B alapaap aaap 15] ajuabin eansoubelp e nusbin wodwey I
|2 1 u0a E2usbin 1p eynoud a)jap auoizenapul OUUEY Lo usized pow | ossasoe ansafiad o wajqosd Y Ip EINILIDY E| Jand 31 1P OIEIIL DUSWINU [S(ENSIEW Ip B2USIED] 98] :ajeuosiad auodwe) su auodweyonalad suonoasa ZvEd
SHI BUDIZELIEE || 9P [suoizEN 228 1p 858 | SJURINP NEP
aed Bp EyENS suDIZEIdWOD | oUedURL Dldwasa] auaized AUONEILIUSP Ip 41008
I BUDRELS{3 OANENFMILLE
1p idwiay jap ojusiwefingoed & auadwe eBojIgoslLy U a[EuDsIad joL0IEIOE| Ip LEESS
[2p Fusuanoud Ip EININNS EIEREINOD AElnul apanoud E|8p ouiaul e Suodwey Ip Ezuasse alPUDS1ad ‘ENSUaE | 9p CIBBEWES &
£41 AUCIZEEal 1581 |ap auoiziozaid ‘og)pail puncubjaeg
Ip 1dwiag 1ap oyuawebnond & suoduwey |3p & SH21EId [UOIZELLIOYUI SUCI2E(|02
slwesa suozyady Bl izaon | jap ezusiuanoud 1p BINUINNG BIENEUOD Sjuaized |9p_SUCIZEINUSPI I LOUT ‘ajusized [ ORLE(SI 3]l [P SUCIRESID onabifios sucizeaynuap 1vzd eanijeue-aly 24
Zdl BUOIZENSIIE | SSEJ LI OLIOIEIOTE|
19P sjeucnsab WSS NS NUSSUl BEp |Honssod BONELLICHI BN
€ SIE[|DHUOD P SUDRRIISIE IP ENALE & BUOIZENSDVE Ip 0 B30EYIED E]S)| SUDISSILISEL
OEDIpap O ajeuosiad B pioa)os AzE) Ul &juazed |ap eayeIGRUE Bl|ap OIE1S DQUALLLIESU] uoD auoizeysaid suomzeyousd Zoid
[£.]] ‘Z-AD0 5SS Jad a1Ej028|0ly
auodie | Eaynou
1P EPSYOE UCD O BAREWLICHUI LIEETTEITRTE)
a10elado ayed ep 01ES OJUALLASY] 1 114 BUDIZE 33008 e ] suoize;saud Bsaigon 1oL JUCIZRIBUIE 14
[ 9[euusTa0 1pu=ar
3 JAILLIHHOI INOIZY  NIIZ¥d NS 01134 3ZN3N9ISNOD YNV OLN3AZ 3 spiments HRUOLAI VLALLY | ALy | 0SS300ud | 35V
Jiaod elAmELY LIAILLY ' al 130 35v4 al

133



2cHl 18ULEDE BPODIEQ EEEN =
AJIEL) 3uoduE] [9p BINEIDOE. B| SIEN)SYS 0Ian0ol OpIRY OB O38)3 § SuodWE) 1| |B SUOIZEIUSLNAOP EfjaU Sussaid UOU SUodWE) 053
LEHI ‘OO 08|
[Ep 1EYI232E & infass UOdWE) Bl DUOHUOD
aninfiasa pa psanan uodwe) g1y ouoyuos
U1 YOEY2 4P SUDIENIEES, € SUSLIENIZAUOD oajal || aunpoid & ojEzz|EUE
annBaza ep wodwey 1ap apaacud sp [ul oynad By uou 1puinb aYa 'OL0YEIOqE]
§28149] EANELIOJU| SUDIZENA00E 1P EwweBod Olan03l OpIENY [EP CANAZON CJE1S 3 UOU Suoidwes Bundiue) 0318431 E2USESE
gcHl DJEYINSL DnAaaL 1ad oucfuan auaisa ainpnis
CUUEY Uou [uaized nig E aUozEssa00d Bl Jad nelmul uoidwe 5 DUIFS OJEILEIL
SEHI 5L PR NEP 1P ainul,) Jad aquodsip
|2GE] I EWLCYOYI0E OUDIEICGE] 1P 5[ |EP Bujaey; jaEquca |1 ad
SUSIWE AP 1MIE0d EYNSN 13p AU0IZE|0dE 123, Bules) 1989003 Ip EIALE, 2P akpubas ep s 19p 51 pe suoizejeubas el 1ad omu EIELEN O B350d'HE{|IEW
2)USSU09 340 DoELIOM) ewweBoud oiEa BUOIZEARI P HOLE | oyquue jau nuaized 13p auonsa Bjjau oL |SILIENUEL 018 SUSIA NER 3P CIUSLILASUL | 1p Sy 30 MOdWIE) € IA0E|S1 NE 19p QUSWNAS OjeLs | aywen puaized 12 )58 |9p 0353 18P oinu) | dn mojjoy 3 ousga) BInga) ‘o) £
PEHI pinod oyedal oy5enb jap 151[EUE
uj oye00)|29 oalebau suaized | oynbas e ouoieioge| [P ONE SUSIA 153 | Ip EINEMa0aedde e osuelodwa) oysEnE BUCIZESRI IP 21013
£EHI DIELA 053 3RS0l A1UAIZE ] ajuaized alEnEIU0alY QUELLN 210118 0jELE Dlajal
ZEHI OpIE]L tAIUESE auoiadl [E1]8 WIES3 S35aI41 1P QUSLUIN [3P 03USLUNE [a3u23n,J|E-5 1 '] 038481 |9p SUOIZEDIUNWOD EIEPIEL
LEHI 1IE113 DUOE [2IUDY3]3] [1ALUNU | O OUOja]a]
|& ouopuadsy uou| yguadan puazed ajuaized B oaS0d 03153 SUDIZEIILNLIOD EJEIUEL
DEHI | LG U0 & [IIPUOJUCD FUBLLIIE] 3USS
EJEWEIYD | Ip USLINU U0 W0IdWES | EDLIUSPI'aalAIES
elddop eun oynaaon ouuey msbBios nig | uauome)sad g) efiols aya ouojEIogqe| uaized Bl niagal Ip OIUWEDS
EZ4HI z0d uaized | aucizEauInWos
Eunpasoud Bjjap opadsy |9p 2 z0d SUOJZEQIUNWOD OpJE Y A[EMUSAS 3 HEYNSN |30 |S|EUG SUIZEYEE] Zoed
1P afuna a7 "ai0jelado,)jap aued Hod
£p SUCIZEY|dWE 1 SRINGD SSp ISIEUE | SWN [E41 0NISS,[|9p SUOIZEIN[E 1y¥d|  -1s0d aseq £
az7dl 13330 | SJUALLE 3100 [EETET] ossaud uoidwes 1opuelaul, Buunosing,,
aueaulen 1ad @S [3p Qluaniaw cgsaiyon | nEBun)E suoizEEE) P dway P13 EISAIHOM P B3 SUSWIESU|IE SIEDUEW | , 291435 LI, SHOIEIOGE| [P HEP 19 SUOREIOqES 21012 | eyRpoil Ul UOIALES 19P ISIEUE | 1M
1ZHI OUEUALINE EIEN3 1550 elidoid ejap uong 1p 1p a1apiaap ond EAs|s EpUEIOD LB0IAIaS, Uoo woizesald
auoizessan0id g 1ad yuawnis ndoud ansinboe AUOIZENE A Ip 1dwa | oddo g auezaeue ep woldwes |p epuenb | LogEIoge| U sEzz)EUE pe gEpUEW ouobuan wodwe) | Ip 02t Ip USLLIOW Ul 'OL0YEIOgE] || auoizefiois suonsab GYEd
9zdl uodwey
19 800jan aucizessaanid e 1ad Lo Ioge| OUEAWNE cdiep
e ossand wodwe) 1ep ezusbin uoo ol AUOIZENE A Ip 1dwa | 1AI3E 21 18P BIMyIUICY ESIEDE | puabin pusized 1ep suonsab e sed 1nmEeal 1p E2UEIUEW
Gzl ISI/EUE DJUSLIEIUS]ES nuabeal |p ENsEDs
2l WCIdWED 3P BINIEIIZHONS P QUALINLS P p—
S[ENUEL EIMENSYNS 19UCDI 1P OJEI0P & UOU OUOE[NGLIE i i i
£ZHI ", BOIA9E,
OUDIEIDGE] [P 0NOpoId 0UaE) || AYUE CiED|E
unD aagal [ap ool & rufiasuoag 0auaa) IUOIZUSINUELLIODI | EUE
ajeuosiad jap ayed ep orddop ulojjosgucs S[7Ins , 308135, BLWIASIS
a0 5] NS HEYNSN 18P S|ENUEL GYUALINESUL | FUALL[ENUEL 1IPa5U QUaBuas BEP | [u) perul uodwes 18 [nE|a) NEP 19p DIUSLLNSE] DIE1S [2P EI[205 ‘EANIEUE 358 ¥ved
2edl CUALNNS O] aUCiZEaldwE | 1
PE UE0S3IONY PROSSNU [3p BY 2R3
B CIRPUE 3 15 342 COnaiuls Y || w0
ElLIZUS UT|
OLEUIYIOELL 3P EZUEIUEIL ‘auneladiia
nsenf jap 2 2 C0IU9E) SyUAA1AIU IEISINE SUDIZEAS) 1P 1wy e dad jjeuoisaB & 3 iwa)goud USRS Of3P DJUALLEUDIZUN|EL OJUALLNIE O)|3p 022 S)E PR 0350d0N0s auan g0 EWEd
(¥t ]] A[EWALNIE
izoubelp eiEus ouossal mabbos nid | ewiogened enje un ns oquswessaooidiy einenadid ip aiona
0zl AUOIZENSS Ip OAleBaU 00103 sl SUOIdWE |9p SUOREUIEINCD
BlLdI 242 Woidwes 1ap QuslE WS EUb sz
1zeds auoizeanes loanesuadwos osody
OHOIEIOqE| 1P [uIng 2R adn2a) & BN 0P Suanbasuad
o20youd suoksialE Rl dW SUOIZEIUALINIS uoa sjeunsiad || 1ad enlE Bpienk &
£INS EHELIPIOE 15 SUSEUSINUEILISRD euquadsip euoud ep oiffessedzayaads
-fiutea Ip ouswouay aielne Jad nuawnis 16N 1aneBau 1z(e) 8 nnisod SUOIZEWWICY 1P B)ISEA08U U0 S[eunsiad [ap BUIZE|USIINGS NE Hussasd suozeaydwe Ip
WCHdWED 1ap AUCIZESUSISID Ip 258 UL SUDIZUSNE | 15]EY HEYNS 1P SUCIZES)aY DlualLEs5aa0udly | sanouin oens] 041, oz | yuabeanooiBo|olg aesaiEw p Jano-RLED Ip OUSWOUSY
gLdl *AUSWEDNILIS OSMIYD BI0YUSIUOD
up anzeld aleys0dsel) SUOIRELILIELCD
amEyna 1ad uoize anuyapiajuendse eddea ‘uoeladobap ssans & eoneouBosIqQE) ‘02 U1 OYUOEE SUSIN YRy E2usyed
U0 3|E20] Ul AUIZENES a1eysods | huaized nid ns e IsoubEp | 12d I | WIdILIED SUCIZEULIEILCD Ip uciduwes [ep ound g 2EN53 15 AUOIZENSS EOlEUE a5E) ZWEd
idi woidwea 1ap suoizejadiuew
E| 3UEIND |0 3P 022N 0RO
NS & SUCIZEIUSLLNIS B|[3p O2ZINN OR300 NS
S[EUOEIad [9p SUOIZELLID) BUN SIEUSWS|dWIZ
*3UDIZELILIEUOS Ip &jUcy anbunjenb
AlEuIL 3 Jad 1100 NuaniaUl | fiap a1y p REUILEDD 1ayoeds B[eNA
IUDIZEJUSLLNIS 3]|3p S201IUI0J EIP B|[E EYSAI421 | 1B 13 e NEN | GIpUE1IE UOU SUQIZEDY|AWE I afina UE S U E22I[IN UaLInGS |6 IUDIHWED |30 AUOIZEUILEIUOD | IAIESI S3ILIE L) OIEANIELL AUSIA SU0IdWIED AUDIZEANIEL] BOL|EUE-35E) 1wed EDN|EUE-ISE £4

134



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 | — References for each Italian region.

REFERENCES EMILIA ROMAGNA

Regione Emilia-Romagna, " "PROGRAMMAZIONE REGIONALE PER
L'ATTUAZIONE DEL PIANO NAZIONALE PER LA VACCINAZIONE ANTI-
SARS-COV-2/COVID-19", 15 Febrary 2021.

https://www.cliclavoro.gov.it/Normative/DL-1aprile2021-n44.pdf

https://www.regione.emilia-romagna.it/notizie/2021/febbraio/covid-completato-

il-primo-studio-della-regione-sulla-variante-inglese-trovata-nel-27-9-dei-

campioni-analizzati

https://ambiente.regione.emilia-

romagna.it/it/notizie/attualita/2020/maggio/qualita-dellaria-e-covid-19-al-via-

uno-studio-epidemiologico

https://www.settesere.it/it/notizie-emilia-romagna-coronavirus-in-regione-

parte-studio-epidemiologico-su-operatori-sanitari-e-pazienti-oncologici-

n23609.php

https://www.iss.it/coronavirus/-
/asset publisher/ISRKHcCJJQ7E/content/covid19-al-via-due-studi-iss-per-il-

monitoraggio-immunologico-post-vaccinazione-in-italia

https://www.iss.it/coronavirus/-

/asset publisher/1SRKHcCJJQ7E/content/covid19-al-via-due-studi-iss-per-il-

monitoraggio-immunologico-post-vaccinazione-in-italia

https://www.openpolis.it/emilia-romagna-chi-sta-gestendo-lemergenza-covid-
19/

REFERENCES LAZIO

Regione Lazio, “Approvazione del piano regionale vaccinazione anti SARS-
CoV2: prima fase”, 24 December 2020.

https://www.cliclavoro.gov.it/Normative/DL-1aprile2021-n44.pdf

https://www.guotidianosanita.it/regioni-e-asl/articolo.php?articolo i1d=95226

https://www.salutelazio.it/campagna-di-vaccinazione-anti-covid-19

http://www.farmacista33.it/vaccini-partono-farmacie-in-lazio-regione-primo-

passo-verso-rete-vaccinale-di-prossimita-con-farmacie-e-mma/politica-e-
sanita/news--57304.html
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https://www.cliclavoro.gov.it/Normative/DL-1aprile2021-n44.pdf
https://www.regione.emilia-romagna.it/notizie/2021/febbraio/covid-completato-il-primo-studio-della-regione-sulla-variante-inglese-trovata-nel-27-9-dei-campioni-analizzati
https://www.regione.emilia-romagna.it/notizie/2021/febbraio/covid-completato-il-primo-studio-della-regione-sulla-variante-inglese-trovata-nel-27-9-dei-campioni-analizzati
https://www.regione.emilia-romagna.it/notizie/2021/febbraio/covid-completato-il-primo-studio-della-regione-sulla-variante-inglese-trovata-nel-27-9-dei-campioni-analizzati
https://ambiente.regione.emilia-romagna.it/it/notizie/attualita/2020/maggio/qualita-dellaria-e-covid-19-al-via-uno-studio-epidemiologico
https://ambiente.regione.emilia-romagna.it/it/notizie/attualita/2020/maggio/qualita-dellaria-e-covid-19-al-via-uno-studio-epidemiologico
https://ambiente.regione.emilia-romagna.it/it/notizie/attualita/2020/maggio/qualita-dellaria-e-covid-19-al-via-uno-studio-epidemiologico
https://www.settesere.it/it/notizie-emilia-romagna-coronavirus-in-regione-parte-studio-epidemiologico-su-operatori-sanitari-e-pazienti-oncologici-n23609.php
https://www.settesere.it/it/notizie-emilia-romagna-coronavirus-in-regione-parte-studio-epidemiologico-su-operatori-sanitari-e-pazienti-oncologici-n23609.php
https://www.settesere.it/it/notizie-emilia-romagna-coronavirus-in-regione-parte-studio-epidemiologico-su-operatori-sanitari-e-pazienti-oncologici-n23609.php
https://www.iss.it/coronavirus/-/asset_publisher/1SRKHcCJJQ7E/content/covid19-al-via-due-studi-iss-per-il-monitoraggio-immunologico-post-vaccinazione-in-italia
https://www.iss.it/coronavirus/-/asset_publisher/1SRKHcCJJQ7E/content/covid19-al-via-due-studi-iss-per-il-monitoraggio-immunologico-post-vaccinazione-in-italia
https://www.iss.it/coronavirus/-/asset_publisher/1SRKHcCJJQ7E/content/covid19-al-via-due-studi-iss-per-il-monitoraggio-immunologico-post-vaccinazione-in-italia
https://www.iss.it/coronavirus/-/asset_publisher/1SRKHcCJJQ7E/content/covid19-al-via-due-studi-iss-per-il-monitoraggio-immunologico-post-vaccinazione-in-italia
https://www.iss.it/coronavirus/-/asset_publisher/1SRKHcCJJQ7E/content/covid19-al-via-due-studi-iss-per-il-monitoraggio-immunologico-post-vaccinazione-in-italia
https://www.iss.it/coronavirus/-/asset_publisher/1SRKHcCJJQ7E/content/covid19-al-via-due-studi-iss-per-il-monitoraggio-immunologico-post-vaccinazione-in-italia
https://www.openpolis.it/emilia-romagna-chi-sta-gestendo-lemergenza-covid-19/
https://www.openpolis.it/emilia-romagna-chi-sta-gestendo-lemergenza-covid-19/
https://www.cliclavoro.gov.it/Normative/DL-1aprile2021-n44.pdf
https://www.quotidianosanita.it/regioni-e-asl/articolo.php?articolo_id=95226
https://www.salutelazio.it/campagna-di-vaccinazione-anti-covid-19
http://www.farmacista33.it/vaccini-partono-farmacie-in-lazio-regione-primo-passo-verso-rete-vaccinale-di-prossimita-con-farmacie-e-mmg/politica-e-sanita/news--57304.html
http://www.farmacista33.it/vaccini-partono-farmacie-in-lazio-regione-primo-passo-verso-rete-vaccinale-di-prossimita-con-farmacie-e-mmg/politica-e-sanita/news--57304.html
http://www.farmacista33.it/vaccini-partono-farmacie-in-lazio-regione-primo-passo-verso-rete-vaccinale-di-prossimita-con-farmacie-e-mmg/politica-e-sanita/news--57304.html

REFERENCES LIGURIA

https://www.cliclavoro.gov.it/Normative/DL-1aprile2021-n44.pdf

http://www.asl|5.liguria.it/PerilCittadino/COVID-
19INFORMAZIONI/CampagnavaccinaleCovid-19.aspx#2

https://www.regione.liguria.itthomepage/salute-e-sociale/info-
vaccini.html#:~:text=Persone%20con%20disabilit%C3%A0%20grave,-
(ai%20sensi%20della&text=vedi%20il%20tutorial-
.Numero%20verde%20800%20938%20818%20(dalle,alle%2018%20nei%20
giorni%?20feriali)

https://www.regione.liguria.it’fhomepage/salute-e-sociale/info-vaccini/elenco-

farmacie-liguri-aderenti-come-pvt.html

https://www.regione.liguria.itthomepage/salute-e-sociale/homepage-

coronavirus/donazioni-coronavirus.html

https://www.genovatoday.it/attualita/coronavirus/vaccini-calendario-liguria-

come-prenotare.html

REFERENCES LOMBARDY

Regione Lombardia, la giunta, “approvazione del piano regionale vaccini per

la prevenzione delle infezione da Sars-cov2”, 24 February 202.

Regione Lombardia, la giunta, “approvazione del piano regionale vaccini per

la prevenzione delle infezione da Sars-cov2”, 3 March 202.

Regione Lombardia, “la situazione attuale e il passaggio alla vaccinazione

massiva”, 1 April 2021.

Regione Lombardia, ATS Milano “vaccini anti sars-Cov2/Covid-19”, 25 March
2021.

https://www.cliclavoro.gov.it/Normative/DL-1aprile2021-n44.pdf

REFERENCES PIEDMONT

Carla Fasson, Paola Rossetto, “I punti straordinari di vaccinazione anti-
SARS-CoV-2 nel territorio regionale: implementazione di nuovi modelli
organizzativi in collaborazione con le aziende produttive per accelerare la
lotta al COVID-19”, 26 April 2021.
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https://www.cliclavoro.gov.it/Normative/DL-1aprile2021-n44.pdf
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https://lapugliativaccina.regione.puglia.it/web/lapugliativaccina/domande-
frequenti

REFERENCES VENETO

Regione Veneto, “organizzazione del piano di vaccinazione anti Covid-19”, 22
December 2020.

https://www.cliclavoro.gov.it/Normative/DL-1aprile2021-n44.pdf
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https://www.regione.veneto.it/web/quest/emergenza-

coronavirus?articleld=7435075

http://federfarmaveneto.it
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Annex K - Liguria template.

I =

[ __]

Ol (5] [P LIS SPLRER

AnBay |AISSYINAD T LTETSNOLS3H

X |

T LR 95 T o

_ | copa
04 PR FTRMCEH 3 OLLNIHR IO

DALLYEZINY' S0 OT1300k

e Jad IFLRIE s FiLn

I I_ ane
eECEdy ETE] LR LIEEOR0S
1219070303 10NLS

RiEEdEa 7 FlonB Gz2In P afEdEa FT]
WAWAE FLINVS ITENIDTYA FLIND 1
AP RN ONY IZIRAE CURIYS4E 910 910eLLUR) @ epod
® SzUepiEs 1 oBon
F3 = = sunizsayd
[ % X | Ee R BopRs
X X X

1SELIELIES IGELD ZEN B A 300 PR PRI FUELR-SUD[sEPpE  SUDEEDUSID-SU0Espe
DUNIAIONEY 10 5 LITVO0

I E3 [ [ |
o___m_ m_m._aw_mn_ m__._«s__w_ =coE.=wm__m_ [NOIZ¥TMO00.
T e aedtsE S0 SNCEIOSLD)
C_____ T ]
TIZENTIE 90T 37130 3MOLS39)

(15 3ueA 3|RU HNGUSP] GMH £L oUos 12 *
DI SINGUIEID OUWSIES 0INGUED [ECEE=ITg EENECE 3134013000
YIS0 FHOLLS3S 10 011300 ]
HAGGELENG 3/E0ZE00'D | Z1a H 100 E1/E2 B
0L 9H 02 espe Py
| SR ) [
WESAILIOE D009 DOEZ =E BEM Y LIDVIYD
EEE g ] S VRSB RS LRIRPACRE HOENIGUE
3134 71907100 ANOETE0ES 10 FLIDYdYI |
cueiice e e R o
90 ezed ajea0| elzied
GI5AE] P IBoA] sunissayoid
er e et
95-05 5505
| 1555 0955 6565 8565
99-03 5503 ¥9-03 £9-03
€
z we
L SpUEEE SEELE] GEERE] Wnissell |UsD ualjepadsn Loje|AgLIE OLNINEES e
RICIE] INOZFNITOFA 1D FLIHOIH e2UzpIsa. 1P 0Bon|
sunissaoud
aipebs 7 U3 75 82 aem eupiBoed
X £2U=p 8] Ip oban| =S
EDTLBEITED] [ueZipmib @ign NGRS
erzijod) X “ajeao| eizijod)y
X [EDFS suoissayod INOIZ¥10d0d ¥ 1130 INOZFLNINDTS 1D IH3LIHD
X x = (Be.yeiB0j0jed
25 ]
1pris
X X X X OELLIE "$S0 X X
180 BL0EBIGT0
I spuaize ETEEIE BREELE] (=) BI[Epadsn NoENgLIE EICEREES o EEEEE ETEEE
ANOETO0H3 1Id 7NgD 17 3NDIZFI0404 91130 FNOIZFI0TTY INDIS3ITT

148



SzUapIsal |p oBon|
U aupissajoid

|auoissayoud suoissajoud
U eiBojjed

| eBomed  gyBegBomed
i abues

auoizejous.d [puoiny
[a [ bey ip oiaunu
2I|IqIS5a008 & B2Z8)9 |[dUI0D

[E=ET) R
OLMNINDIS INEIS OIHILIHD

edLUE)s 2ualaJL00 e

dha 0IZ1A 155 3RELR)

SpJah DIaLINL WEUNE IAESRUI LjUED
auoiBa)oundeangoud

‘18)(epadso ouoe e
ITehd

SL0REaD o]Bpow BT B | SUo=aE NUeWns A0 SUDIRSDEUDRETINE T [ AUeLnS

SoLeid |p e

L1 IZIAH3S 3 YHNLLNYLSYHINI

[ [ X ] |

I e suopseh JUeLiop sU0hsah | PIB0[0[uepIds [T [SI00 A 11500 SU0saE (s IEZUe [DIW00e 0] | EOjpal] suo[sen LI0ANIOD BOLLT o ST =) EOEEE] ETEGE

FINYNHIADS 1d OT1300W

149



Annex L - Lombardy template.
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