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Abstract 
 
 
Vaccines are considered public health tools of proven effectiveness and safety. However, their 
post-marketing use can be related to the occurrence of adverse events (Adverse Events 
Following Immunization: AEFI). Proper assessment of causality is vital for decision-making, 
in that it allows a balancing of known benefits with possible but unverified risks. An increasing 
number of recent cases contributed to highlight the problem of the AEFIs evaluation process 
and identify possible reasons why the causal link ends up by being almost always excluded. 
The reasoning behind such process is standardized and systematized by the application of the 
2019 WHO algorithm: a method for individual causality assessment for AEFIs, widely used 
worldwide by regulatory authorities and pharmacovigilance departments. Increasing cases of 
serious and sometimes lethal AEFIs systematically valued as non-correlated to vaccines, have 
led to questioning its validity. The algorithm presents some criticalities, leading to the non-
recognition of the vaccine’s responsibility in having caused the AEFI, thus to an increase in 
false negatives. The aim of the research is to investigate these criticalities. The analysis is 
conducted by following both the pharmacological and epistemological channels. The latter is 
fundamental in the foundational evaluation of the causal link(s) and for an overall evaluation 
of the algorithm, as it is conceived and methodologically structured. The foci of the research 
are: multifactoriality (ontology), evidential pluralism (epistemology) and voucher approach 
(methodology). Based on these criteria, I will suggest a possible revision of the algorithm by 
advancing a new theoretical framework. I will then present a case study to show how my 
proposal could increase the accuracy of the causality assessment procedure, thus reducing the 
likelihood of false negatives. 
 
Keywords: causality assessment; false negatives; multifactoriality; pluralism. 
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Introduction  
 
 
The global impact of the COVID-19 pandemic has led to an unprecedented interest in vaccines 
(their development, regulatory review, and safety monitoring) by the general public, decision 
makers, scientific communities and regulatory agencies (WHO, 2021).  
In the field of prevention of infectious diseases, vaccines are considered public health tools of 
proven effectiveness and safety. However, this interest is also due to the fact that vaccines are 
not risk-free since their use can be related to the occurrence of adverse events (Adverse Events 
Following Immunization, AEFIs).  
When a vaccine-AEFI debate spills over into the public and political arena, proper assessment 
of causality is vital for decision-making, in that it allows a balancing of known benefits with 
possible but unverified risks (WHO, 2001; WHO-HIS-EMP, 2013). An increasing number of 
recent cases of AEFIs contributed to increasing the attention to the problem of their evaluation 
and of the reasons why the causal link ends up by being almost always excluded.  
The reasoning behind such process is standardized and systematized by the application of the 
2019 version of the WHO AEFIs algorithm (developed in 2013). It consists in a method for 
individual causality assessment of AEFIs developed for the staff of national immunization 
programs, regulatory authorities and pharmacovigilance departments. The tool considers a 
number of factors in the causal analysis of a possible association between AEFI and vaccine, 
namely: the presence of possible alternative explanations, prior evidence in the literature, 
biological plausibility, plausible temporal relationship, frequency of the event reported in the 
general population, evidence against the vaccine-AEFI association. 
Despite its generalized use worldwide, increasing cases of serious and sometimes lethal AEFIs 
systematically valued as non-correlated to vaccines, have led to questioning its validity. The 
main opposing voices (Bellavite et al., 2020; H. Lee et al., 2020; Osimani B. & Ilardo, 2022; 
Puliyel et al., 2018) state that the algorithm presents some criticalities leading to the non-
recognition of the vaccine’s responsibility in having caused the AEFI.  
The aim of this research is to highlight and investigate the WHO algorithm’s criticalities 
underlining the flaws that characterize it both from a methodological and a conceptual point of 
view.  
In Chapter I will introduce vaccination as a fundamental tool for public health protection at 
global level in the fight against infectious diseases and the main stakeholders involved in the 
management of these issues and in vaccines’ safety monitoring. I’ll present the special role of 
the World Health Organization (WHO) in coordinating global public health surveillance to 
tackle epidemics and pandemics, in the development and distribution of vaccines worldwide, 
and in monitoring safety concerns and potential AEFIs. Then, by focusing on the European 
context, I’ll present the regulatory authority responsible in monitoring Adverse Events 
Following Immunization (AEFIs): the European Medicine Agency (EMA). At the national 
level I will refer to the Italian Medicines Agency (Agenzia Italiana del Farmaco, AIFA). I will 
discuss the key role of Pharmacovigilance systems in the early detection of (new) AEFIs, and 
then I will underline the differences between pharmacovigilance for drugs and for vaccines. 
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This will cast light on the paramount importance of ensuring an effective system for detecting 
(new) signals in case of vaccines. Since vaccines are administered to healthy individuals this 
implies that safety criteria should be more stringent than those associated with treatments 
administered to subjects whose health is already more or less severely compromised by a 
pathology. 
Chapter II will focus on causality assessment. Since, in AEFI spontaneous signaling systems, 
causal inferences operate on two levels, I will first distinguish between population-based and 
individual causality assessment by then focusing on the latter. I will present the current methods 
used for individual causal assessment and the criteria for both the quality of causality 
assessment and the causal diagnosis of adverse events (AEs). Then, I will describe the method 
used to assess individual causality for the medicinal products and the old system used to assess 
AEFI causality to highlight the differences between these systems and the current WHO 
algorithm. Finally, I will go on to present the WHO 2019 algorithm, by underlining that, as it 
is conceived and structured, it seems to underestimate the complexity of the analysis context in 
which it operates, leading to increased false negatives. 
In Chapter III I will address the biocomplexity in the occurrence of AEFIs by using the related 
available medical-pharmacological literature. Most of vaccines’ severe AEFIs are linked to the 
interaction of the vaccine with the innate immune response. They occur as excessive or distorted 
inflammatory or immune responses that can degenerate into possibly irreversible pathologies 
and/or lethal outcomes. Understanding how the immune system works in helping to protect the 
body from infection clarifies how and why reactions to the vaccine occur (WHO, 2013). 
Therefore, I will first provide a definition and categorization(s) of AEFIs, and then, I will divide 
the discussion into three different sections: immunological, immunopathological and 
pharmacological.  
In Chapter IV I will address the ontological and epistemological underpinnings of causal 
assessment. On the one hand, I will analyze the notion of causality on the basis of the 
philosophical literature on the topic. On the other I will present the epistemological dimensions 
of causal inference, that is the evidence required to justify it.  
In the first section I will describe causation accounts and I will underline the need for and 
importance of adopting a pluralistic approach to the notion of causation. If a flexible and wide 
notion of cause is embraced in causal assessment procedures, this helps in minimizing the 
possibility of false negatives. I will then make a distinction between monocausality and 
multicausality. I will talk about the concepts of context sensitivity, individual uniqueness and 
individual variability, that make individual causality assessment highly complex and 
characterized by strong uncertainty. Finally, I will describe the different types of causes and 
causal relationships that could obtain.  
In the second section I will distinguish between token-level (singular) and type-level (general) 
causality, and then discuss the relation between the two.  
Regarding the evidential criteria required for causal assessment, I will distinguish between 
clinchers vs voucher methods by stressing the capacity of the latter in supporting a decrease in 
false negatives especially in a context of risk detection. This advantage is also given by a 
method that is based on evidential pluralism rather on the hierarchy of evidence.  
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Finally, I will introduce the concept of logical probability by referring to how individual 
causality assessment is performed in the medico-legal context.  
Chapter V consists in an epistemological analysis of the WHO algorithm. The aim is to 
highlight and analyze the criticalities that characterize it and lead to an increase in the likelihood 
of false negatives. The current algorithm establishes the causal link in a rigidly deterministic 
way by excluding a priori the possible co-causal role played by the vaccine (contributing cause, 
i.e., neither necessary nor sufficient) in the occurrence of the AEFI. In fact, this approach, by 
imposing an epistemological procedure similar to a sort of differential (causal) diagnosis, tends 
to lead towards the identification of a single direct cause (the cause) (the disease is thus defined 
as monocausal), underestimating the role of interacting, mediating and moderating causes. The 
vaccine is almost never a direct and necessary cause of the event.  
The foci of my research are: 
 

i. multifactoriality (ontological aspect). This is a necessary element in the causal diagnosis 
of AEFIs since most AEFIs are pathological manifestations with multifactorial etiology. 
They are due to the presence and interaction of multiple co-causes, jointly contributing 
to the occurrence of the event.  

ii. evidential pluralism (epistemological aspect). The use of only one type of evidence to 
support a causal relationship increases the likelihood of false negatives (failure in 
detecting possible causes of the observed event) (Landes et al., 2018). This justifies the 
need to gather and consider more and different types of evidence (all heterogeneous 
evidence) to reduce the likelihood of false negatives thereby increasing the accuracy of 
the algorithm.  

iii. voucher approach (methodological aspect). Non-conclusive evidence is admitted 
(Osimani, 2020; Osimani & Mignini, 2015), and no scientific proof/certainty is required 
for taking action (decision-making under uncertainty).  

 
The analysis proposed will be conducted by following two main methodological channels, 
pharmacological and epistemological, expanding from the main scientific literature on the 
subject. 
From a pharmacological point of view, the complexity underlying vaccines’ mechanism of 
action in relation to the AEFIs’ manifestation (vaccine’s characteristics, complexity of 
biological systems, functioning of the immune system, microbiota involvement, genetic 
susceptibility, etc.), is dissected in order to highlight the need for a multi-factorial approach 
(Chapter III). 
From an epistemological point of view, the tools provided by the philosophical literature on 
causality and the adoption of a multi-causal and evidential pluralistic approach, lead to the 
necessity to support the pharmacological evaluations mentioned above (Chapter IV). In 
addition, and above all, the epistemological tools will prove to be fundamental in the qualitative 
evaluation of the causal link(s) underlying the algorithm’s functioning and their adequate 
categorization, as well as for an overall evaluation of the algorithm as it is conceived and 
methodologically structured. 
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The contribution of my research aims to add useful elements to highlight the algorithm’s 
criticalities and then suggest its possible revision.  
The proposed alternative(s) would aim at a system that:  
 

i. is more ‘flexible’ and ‘inclusive’, in which the use of a single evidence does not preclude 
the admissibility of the next one: in the algorithm the order of the questions and the 
obligation to respect this order for categorization limits and invalidates causal 
assessment; 

ii. embraces a ‘dynamic’ theory of causality (Bertolaso, 2016) applicable at the individual 
level, e.g., the dispositionalist view (Anjium and Mumford, 2018), based on the idea 
that a cause increases the probability of the effect at the individual level. 

iii. allows to take better account of the multifactorial nature of AEFIs where multiple causal 
factors are involved and all the factors involved are to be considered as contributing 
causes of the event, so the cause can only be established not in absolute terms but by 
reasoning in probabilistic terms. For example, "the co-cause X contributed with a higher 
probability than another co-cause Y to the occurrence of the AEFI”.  

iv. considers probabilistic counterfactual dependence – e.g., how likely would it be that this 
person would have died if he had not taken the vaccine? This way to reason is necessary 
considering the underlying uncertainty that characterizes science, specifically the 
individual causality assessment of AEFIs.  

 
Uncertainty should not constitute a reason to absolve possibly related causes under 
consideration, even if no scientific proof is yet available (precautionary principle). 
In the WHO algorithm the judgment is dichotomic and the responsibility of the AEFI must be 
attributed to a unique cause. Regulators therefore tend to look for the cause. However, in the 
presence of a multifactorial disease, there is no unique cause by definition. It is therefore 
essential to reconsider the causal assessment procedure.  
The requirement of a unique cause necessarily leads to the exclusion of any contributory cause 
as a possible factor in the occurrence of the AEFI. This naturally leads to a considerable amount 
of cases in which no causes are held responsible for the AEFI, since none of them has been the 
only cause producing it.  
The present research aims to correct such distortions, by drawing on a multilevel analysis (i.e., 
ontological, epistemological and methodological levels). This analysis produced both 
theoretical and practical deliverables. On the theoretical side, I developed a new framework 
characterized by: (i) new ontological and epistemological criteria, (ii) a new methodological 
structure, and (iii) a new categorization. On the practical side, I developed a new algorithm, 
correcting the above mentioned distortions. Such tool offers a consistent and systematic 
procedure for causal assessment of individual AEFIs, thus increasing its reliability and 
accuracy.  
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CHAPTER I 
 
 
 
1. Global public health and vaccines in the fight against infectious diseases 
 
 

“Immunization is a key component of primary health care.” 
(WHO, 2022c) 

 
Health and the fight against infectious diseases are among the main current global challenges 
(food and nutrition security, water quality, scarcity, water/climate-change nexus) (HRC, 2023).  
Immunization is a pivotal tool for the prevention and control of serious and life-threatening 
diseases, especially for the most fragile patients (AIFA, 2014), underpinning global health 
security (Blough, 2021).  
Health is a public good that needs to be achieved and maintained at a global level (A. Müller et 
al., 2020). In the Oslo Declaration of 2006, it is emphasized as “one of the most important, still 
broadly neglected, long-term foreign policy issues of our time” (Ministers Of Foreign Affairs 
Of Brazil France Indonesia Norway Senegal South Africa And Thailand, 2007).  
In 2012 the World Health Organization (WHO) published a list of 10 Essential Public Health 
Operations (EPHOs) as part of their action plan to strengthen public health capacities and 
services worldwide (WHO Regional Committee for Europe, 2012), which was updated in 2015 
(WHO Regional Office for Europe, 2015).1 The main objectives are disease prevention and 
health promotion globally. 
Global health may be described as “a synthesis of population-based prevention with individual-
level clinical care” (Koplan et al., 2009), and like medicine and other branches of sciences, 
has the following fundamental tasks: 
 

(1) to control spatiotemporal patterns of a medical/health issue worldwide to advance a 
better understanding of it and assess its global impact;  

(2) to study the determining and influencing factors associated with a medical/health issue 
that has global impact;  

(3) to generate new knowledge and theories on a global health issue, influencing factors, 
and advance global solutions; 

(4) to set up evidence-based global solutions, including strategies, frameworks, 
governances, policies, regulations, and laws; 

 
1 It includes: (i) surveillance of population health and well-being; (ii) monitoring and response to health hazards 
and emergencies; (iii) health protection, including environmental, occupational, food safety and others; (iv) health 
promotion, including action to address social determinants and health inequity; (v) disease prevention, including 
early detection of illness; (vi) assuring governance for health; (vii) assuring a competent public health workforce; 
(viii) assuring organizational structures and financing; (ix) information, communication, and social mobilization 
for health; (ix) advancing public health research to inform policy and practice (WHO Regional Office for Europe, 
2015). 
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(5) to disseminate and share knowledge through education, training, publications, etc.; 
(6) to apply global health knowledge, theories, and intervention strategies in practice to 

solve a global health issue. 
 
As we have seen with the Corona Virus Disease (COVID-19), the outbreak of epidemics and 
pandemics is an issue of public health concerns that frequently goes beyond national borders 
(Šlosarčík et al., 2020).  
Throughout history, vaccination has been an important public health intervention contributing 
to the fight against life-threatening infectious diseases (leading to their eradication and/or 
reduction of their spread) such as meningitis, tetanus, measles, smallpox, wild poliovirus, and 
so on around the world (WHO-HIS-EMP, 2013).  
Vaccines are considered effective for collective prevention in combating a disease if a high 
percentage of the population is vaccinated, in which case the protective effect is multiplied 
thanks to what is called herd immunity. Mass vaccinations, by reducing the number of people 
who can become infected, make it more difficult for the microbes to spread and reproduce.  
In addition, since the decisions that people make about their health are mainly based on 
individual rather than collective motivations, vaccination is a protection tool that is both 
individual and collective (ISS, 2011).  
 
 

1.1. Brief historical overview of vaccines in the fight against infectious diseases 

The holder of the title of ‘father of vaccines’ is the famous English physician Edward Jenner 
(1746 - 1823) who in 1796 discovered the first vaccine to prevent smallpox. From the 
observation of people infected with cowpox he noticed that those who had contracted the virus 
and recovered from it did not get sick with the most serious human variant (smallpox). He thus 
took the purulent material from a sick person with cowpox and injected it into another person, 
to whom after a few months he injected the human smallpox pus, which, as hypothesized, did 
not take root. This was the proof that the inoculated person had become immune to smallpox. 
Jenner’s discovery was so relevant that in 1799 Luigi Sacco (1769 – 1836) spread Jenner's 
vaccination in Italy. Others did the same throughout Europe. This helped in reducing the 
smallpox mortality within a few years to the point that childhood vaccination was made 
mandatory in Bavaria (1807), Prussia (1835), Denmark (1810), Sweden (1814) and Italy 
(1861). However, although mortality was drastically reduced in the early 1900s, epidemics 
continued to occur to the point that in the 20th century the smallpox was still a widespread 
infectious disease that killed so many people. Thanks to the intervention of international 
cooperation, which involved the United States, the USSR and India, with more widespread 
vaccination campaigns, it came to the point that in 1979 the WHO declared smallpox as 
eradicated (Hotez, 2021).  
During the 19th and 20th centuries, other vaccines have been developed to protect people against 
once-commonly fatal infectious diseases (for further information see Tab. A in Appendix). The 
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20th century has seen the achievement of numerous results in the field of public health thanks 
to the development of vaccines and international cooperation between countries, UN agencies 
and scientists, that have brought polio, and measles nearly to global eradication (Hotez, 2021).  
The 21st century has been characterized by more and more new challenges in the fight against 
newly emerging and re-emerging infectious diseases, more specifically: outbreaks of new 
epidemics (SARS, Ebola, avian influenza, swine flu, Zika), the persistence of old epidemic 
diseases (malaria, AIDS), the return of almost eradicated infectious diseases in developed 
countries (measles, tuberculosis), as well as the consequences on public health of new migration 
patterns, the erosion of governance structures in many low-income countries, the raising of 
antibiotic resistance and “the shift in the vaccination paradigm in many developed countries” 
(Melchor et al., 2020; Šlosarčík et al., 2020) – see Tab.1. 
 

Time Frame 
 

Infectious disease 

11/2002-
05/2004 

SARS (Severe Acute Respiratory Syndrome) – the first epidemic disease (caused by an 
unknown coronavirus in humans) –: broke out in China and then spread to Hong Kong, 
Singapore, Vietnam, Canada and beyond (26 nations around the world) threatening the 
global population (NHS, 2019). In 2003, 8,098 reported illnesses cases and 774 deaths 
worldwide with a mortality rate of about 10% were reported. Several vaccines are being 
tested in animals and are in an early phase of human research should SARS re-emerge (The 
College of Physicians of Philadelphia, 2022). 

02/2003-
11/2006 

The reemerge of avian influenza A(H5N1) in China (the first case of human infection was 
identified in 1997 in Hong Kong). This epidemic mainly infected poultry and did not evolve 
to spread among humans (ISS, 2006). A H5N1 vaccine was stockpiled by the U.S. 
government (The College of Physicians of Philadelphia, 2022). 

04/2009-
04/2010 

H1N1 flu (or swine influenza) – the first pandemic of the 21st century –: broke out in Mexico 
and then reached other parts of the world causing thousands of deaths and infections, mostly 
in the American continent. The WHO's handling of the pandemic sparked criticism at the 
time (Abeysinghe, 2017). The WHO was accused of having changed the definition of 
pandemic (Flynn, 2010) as it was influenced by pharmaceutical industries, which were 
interested in increasing profits on their patented drugs and flu vaccines (Godlee, 2010), with 
the serious consequence of "having exposed millions of people to the risk of unknown side 
effects for insufficiently tested vaccines" (Grippe, 2021; Watson, 2010). 

09/2012-today MERS (Middle East Respiratory Syndrome) epidemic (caused by coronavirus similar to 
SARS virus): primarily affected the Middle East (Saudi Arabia), but also spread in several 
other countries (United States, Philippines and Netherlands in 2014, South Korea and United 
Kingdom in 2015, and Kenya in 2016) and continues today (Harrison, 2006; Melchor et al., 
2020; Šlosarčík et al., 2020).  

2013-2016 Ebola hemorrhagic fever epidemic in the west Africa. 
2015-2016 Zika fever epidemic: triggered an intensive response that followed institutional and legal 

frameworks already established during previous global epidemics, and that was 
characterized by an interplay between political, medical, and scientific communities 
performed within national, European, and global frameworks (Harrison, 2006; Melchor et 
al., 2020; Šlosarčík et al., 2020). 

Table 1: Overview of major epidemics/pandemics in the 21th century. 
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In 2020 the global impact of the COVID-19 pandemic on people's health has led to an 
unprecedented interest in vaccines’ development, regulatory review, and safety monitoring, by 
the public, policy makers, scientists, scientific institutions, and regulatory agencies (WHO, 
2021). 
 
 
 
 
 
 

2. The network of actors in managing public health and vaccines’ safety 
issues  
 
Science and public health policy are in a complex ever closer relationship. In 2020 the SARS-
COV-2 has emerged as “the most multilateral virus ever" (J. M. Müller, 2021) and the COVID-
19 outbreak as the most challenging global health crisis of our time.  
In such an unprecedented critical situation, political and scientific institutions worldwide were 
urgently called to act (Berkman, 2020; ET, 2020). Never before science has been so much 
requested and so crucial in informing policymakers, and in turn never before political decisions 
have been so systematically dependent on scientific advice and technical expertise (A. Müller 
et al., 2020). The pandemic has indeed emphasized more than ever before the complex 
interplay among diverse institutional actors in the management of health emergencies: 
policymakers, regulatory agencies, scientific international institutions, academia and 
research centers, the media, healthcare professionals, and the public. The distinct roles and 
expertise of such agents implies a strong reliance on trust and epistemic delegation  – see 
UNESCO dialogue, 30 March 2020 (UNESCO, 2020). 
Therefore, when a pandemic (e.g., SARS-CoV-2) or an epidemic (e.g., Zika) outbreak, a 
network of actors is involved in its management with the aim to improve health, along with the 
rules and norms governing their interactions (Frenk & Moon, 2013) – see also (Szlezák et al., 
2010). With a focus to the European context, these include: 
 

(i) Global actors:  
- the World Health Organization (WHO); 
- other United Nations and multilateral agencies with health components (e.g., the 

United Nations International Children’s Emergency Fund (UNICEF), the World 
Bank, the regional development banks, etc.); 

- civil society organizations, multinational corporations, foundations, academic, 
clinical care and PH institutions (non-governmental organizations);  

- innovative and influential hybrid organizations, such as the Global Alliance for 
Vaccines and Immunization (GAVI Alliance), UNITAID and the Global Fund to 
Fight AIDS, Tuberculosis, and Malaria, which are governed by representatives both 
from within and from outside national governments (Frenk & Moon, 2013). 
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(ii) European actors:  
- the European Council: composed by the European Union (EU) Heads of State it 

defines the general political direction and priorities of the EU;  
- the European Commission (EC): the executive body – it proposes new EU legislation 

and watches over its implementation; 
- the European Parliament: endowed with legislative powers, together with the 

Council, and with budgetary powers; 
- Community Agencies (e.g., Centre for Disease Prevention and Control (ECDC), 

European Food Safety Authority (EFSA), European Medicine Agency (EMA), etc.); 
- Executive Agencies (e.g., European Agency for Health and Consumers (EAHC), 

etc.). 
 

(iii) National actors: public institutions in charge of foreign affairs, public health and 
global health, research, and science advice (e.g., National Public Health Institutes 
(NPHIs), National Regulatory Agencies (NRAs), etc.). 

 
In the following sections I will present some of the institutional actors mentioned above, 
focusing on those who have the most important roles in the issue of global public health and 
vaccines’ safety. 
 
 

2.1. Global actors: The WHO  

Historically speaking, in the wake of multiple epidemics and pandemics, international 
institutions to facilitate cooperation emerged (Melchor et al., 2020). In the global health system, 
the role played by the WHO is central. The WHO is the only actor built on the universal 
membership of all recognized sovereign nation states (Frenk & Moon, 2013). It is an 
international2 Intergovernmental Organization (IGO)3 which exerts international functions with 
the aim of improving global health and helps generate more efficient information and 
surveillance systems by strengthening its global monitoring and alert systems (Brown et al., 
2006).  
The idea of a permanent institution for international health can be traced to the foundation of 
the International Sanitary Office of the American Republics, then the Pan American Sanitary 
Bureau and finally the Pan American Health Organization back in 1902 (Brown et al., 2006). 

 
2 Some other examples of international organizations are the United Nations Children's Fund (UNESCO) as one 
of the United Nations (UN) 17 specialized agencies, the International Monetary Fund (IMF), the Organization for 
Economic Cooperation and Development (OECD), the World Trade Organization (WTO), etc. 
3 The term 'intergovernmental' refers to the relations between the governments of sovereign nations, with regard 
to public health policies and practices (Brown et al., 2006). An IGO is “an organization established by a treaty, 
agreement or any other instrument under international law, and often possessing international legal status” and 
it is mostly composed “of sovereign nation states, but other international actors may be also involved” (Elorza et 
al., 2021).  
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In 1945 an international conference ratified the creation of the United Nations and voted for the 
creation of a new specialized health agency. In June 1948 the first World Health Assembly in 
Geneva (Switzerland) formally created the WHO (Brown et al., 2006).  
Since 1995, the WHO Secretariat has played a decisive role in responding to threats posed by 
new, emerging, or re-emerging communicable diseases that have taken on an increasingly 
global dimension. The key to the global strategy to tackle epidemics across borders is the 
concept of global public health surveillance (PHS), which has been expanded and formalized 
by WHO and its technical partners (Calain, 2007) – for further information see Tab. B in 
Appendix). It is applied to the detection and monitoring of diseases’ outbreaks.  
The WHO was also involved in the development and distribution of vaccines worldwide, and 
in 1949 together with the United Nations Educational, Scientific and Cultural Organization 
(UNESCO) established the Council for International Organizations of Medical Sciences 
(CIOMS) (an international, non-governmental and non-profit organization). Vaccines have 
been recognized as a special group of medicines with specific issues for monitoring and safety 
assessment, and this has led over time to the creation of various WHO sub-working groups and 
the implementation of initiatives aimed at vaccine safety – see Tab.2.  
 

 

Date 
 

WHO sub-working groups 
& initiatives 

 

 

Tasks & goals 

1999 Establishment of the Global 
Advisory Committee on 
Vaccine Safety (GACVS). 

Advise WHO on vaccine-related safety issues and enable it to 
respond promptly and efficiently to vaccine safety issues with 
potential global importance (GACVS & WHO, 2009). 

2000 Launch of the Brighton 
Collaboration (international 
voluntary collaboration).  
 
 
 
Creation of the Global Alliance 
for Vaccines and Immunization 
(GAVI). 

Provide globally accepted standard case definitions for assessing 
AEFIs, so that safety data across trials and surveillance systems 
can be compared.  
Facilitate the development, evaluation, and dissemination of high-
quality information about the safety of human vaccines. 
 
Bring together the public and private sectors with the shared goal 
of creating equitable access to new and underutilized vaccines for 
children living in the world's poorest countries. 

2005 Establishment of the 
pharmacovigilance technical 
working group on vaccines by 
CIOMS. 

Develop standardized definitions (or other guidance documents 
relevant to vaccine safety) to contribute to the harmonization of 
vaccine pharmacovigilance among the different groups and bodies 
concerned (e.g., vaccine industry, regulatory agencies, national and 
international public health agencies, academia, etc.), and the 
provision of expert advises to other vaccine pharmacovigilance 
initiatives. 

2012 Launch of the WHO-led Global 
Vaccine Safety Blueprint 
project4 by CIOMS. 
 

Ensure a minimum capacity in vaccine safety for low- and middle-
income countries, promote enhanced pharmacovigilance activities 
in countries with specific needs, and establish a comprehensive 
technical support structure (to be achieved in 2012-2020). 

 
4https://www.who.int/groups/global-advisory-committee-on-vaccine-safety/topics/global-vaccine-safety-
blueprint#:~:text=In%202011%2C%20WHO%20and%20a,pharmacovigilance%20systems%20in%20all%20cou
ntries.  

https://www.who.int/groups/global-advisory-committee-on-vaccine-safety/topics/global-vaccine-safety-blueprint#:~:text=In%202011%2C%20WHO%20and%20a,pharmacovigilance%20systems%20in%20all%20countries
https://www.who.int/groups/global-advisory-committee-on-vaccine-safety/topics/global-vaccine-safety-blueprint#:~:text=In%202011%2C%20WHO%20and%20a,pharmacovigilance%20systems%20in%20all%20countries
https://www.who.int/groups/global-advisory-committee-on-vaccine-safety/topics/global-vaccine-safety-blueprint#:~:text=In%202011%2C%20WHO%20and%20a,pharmacovigilance%20systems%20in%20all%20countries
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WHO Collaborating Centre for 
International Drug Monitoring 
(i.e., the Uppsala Monitoring 
Centre, UMC) creates a 
vaccine dictionary (IVB-WHO, 
2012).  
 
 
Approval of the Global 
Vaccine Action Plan (GVAP) 
by the 194 member states of the 
World Health Assembly. 

 
Oversee the WHO programme operations, including (i) collecting, 
evaluating, and reporting information from member countries on 
the benefits, harm, efficacy and risks of medicines; (ii) cooperation 
with member countries in the development and practice of 
pharmacovigilance; (iii) alerting member countries' NRAs to 
potential medicines safety issues through the WHO reporting 
process (WHO, 2013) 
 
Enable more equitable access to existing vaccines for people in all 
communities to prevent millions of deaths by 2020. 

2017 Approval of the new resolution 
on strengthening immunization 
by the health ministries of 194 
countries. 

Improve monitoring and surveillance systems, expand 
immunization services beyond childhood and strengthen 
international cooperation to achieve GVAP goals (in 2018 
approximately 86% of children worldwide (116.3 million) received 
three doses of diphtheria-tetanus-pertussis (DTP3) vaccine) 
(WHO, 2013). 

2020 Creation of the 2030 
Immunization Agenda 
(IA2030)5 by the WHO. 
 
Set-up of a global strategy for 
vaccine safety, i.e., the Global 
Vaccine Safety Blueprint 2.0 
(GVSB2.0)6. 

Extend the use of vaccines and address vaccine-related challenges 
over the next decade.  
 
 
Define priorities in vaccine safety for 2021-2023 and beyond. 
Support the establishment of effective pharmacovigilance systems 
on vaccine safety in all countries (WHO, 2013). 

Table 2: The most important WHO working sub-groups & initiatives for managing vaccine safety. 

 
The WHO plays a central role in the global health system, in the fight against infectious 
diseases, in the development and distribution of vaccines worldwide. Together with scientific 
health agencies and regulatory agencies that operate at national and European level, it provides 
advice to policymakers called upon to make important decisions on public health. Moreover, it 
closely collaborates with vaccines manufacturers, health officials, researchers, and others to 
monitor safety concerns and potential Adverse Events Following Immunization (henceforth, 
AEFIs). 
 
 

2.2. European and National Actors 

In the development of policy proposals and the legislative process, the EU institutions and 
agencies draw on evidence and advice. This is a complex and diverse picture and there are a 
number of ways that they do this, including through expert advisory groups and various 

 
5 https://www.who.int/teams/immunization-vaccines-and-biologicals/strategies/ia2030  
6 https://www.who.int/publications/i/item/9789240036963  

https://www.who.int/teams/immunization-vaccines-and-biologicals/strategies/ia2030
https://www.who.int/publications/i/item/9789240036963
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consultative processes. As EU competences in social matters continue to develop, EU 
policymakers are increasingly turning to executive or regulatory agencies outside the 
Commission's structure, even more so in health-related areas (Perman & Vos, 2010). 
Among the public health agencies that advise the EC there is ECDC (EU decentralized agency 
based in Solna, Sweden), whose mission is to work "to strengthen Europe’s defenses against 
infectious diseases by identifying, assessing and communicating current and emerging threats 
to human health posed by infectious diseases” (ECDC, 2022a). Another example is EMA (EU 
decentralized agency based in Amsterdam, Netherlands), whose task is to evaluate and 
supervise the use of medicines across Europe to protect and promote public and animal health 
and provides a scientific assessment of applications for the marketing of medicines. Member 
States and/or the EC can request scientific advice on medicines from EMA, which is an example 
of “softer, more responsive and reflexive modes of governance” (Perman & Vos, 2010). 
The distribution of competences and tasks among public health agencies is intimately linked to 
the governance structure of the health system, where aspects such as the degree of centralization 
or the weight of the public sector vis-à-vis the private sector come into play (Rechel et al., 
2018), which sees the organization of the provision of public health services vary in different 
countries (M. Reiss & Czypionka, 2022). Public health functions are fragmented across 
institutions, organizations, and levels of governance in many countries.  
National governments, with their ministries, departments, or specialized health agencies, 
coordinate their responses to common health challenges through a variety of mechanisms 
(Frenk & Moon, 2013). They are responsible for the implementation of the national 
immunization programme and also draw on their domestic arrangements for seeking scientific 
advice (The Royal Society, 2022).  
National Public Health Institutes (NPHIs), like the Italian National Institute of Health (i.e., 
Istituto Superiore di Sanità, ISS), are “science-based governmental organizations that serve as 
a focal point for a country's public health efforts, as well as a critical component of global 
disease prevention and response systems”(Schutte et al., 2021) – see also (D. L. Heymann, 
2008). In the situation of the Sars-CoV-2 virus, they monitored the spread of the pandemic and 
provided scientific evidence, when available, for decision-making in relation to non-
pharmaceutical and other measures (e.g., testing and diagnostics, guidelines for healthcare 
professionals and general practitioners, etc.) (Schutte et al., 2021). 
Advice on pharmaceuticals and biological products at national level is given by National 
Regulatory Agencies (NRAs), which are responsible for ensuring that these products are 
properly evaluated and meet international standards of quality, safety, and efficacy. Each EU 
Member State has its own national competent authorities (e.g., Austrian Agency for Health and 
Food Safety (AGES), the French National Agency for the Safety of Medicine and Health 
Products (ANSM), Italian Medicine Agency (AIFA), etc.). Among their functions there are: 
marketing authorization of medicines that do not pass through the centralized procedure (that 
is managed by EMA), post-marketing surveillance and monitoring of AEFIs. 
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EMA cooperates closely with NRAs in EU Member States, Medicines Regulatory Authorities 
in the European Economic Area (EEA) countries7 and the EC in the so-called European 
medicines regulatory network8, a partnership that encouraged the exchange of knowledge and 
best practices in order to ensure the highest standards in medicines regulation (EMA, 2022b). 
 
 
2.2.1. The European Medicine Agency (EMA) 
 
Any medical product is subject to rather complex regulations that rule its development phases, 
its approval for use, circulation, and possible suspension or withdrawal from the market 
(Osimani, 2007).  
Founded in 1995 with the purpose to harmonize the work of existing national medicine 
regulatory bodies, EMA is a scientific decentralized networking agency of the EU9 responsible 
for “ensuring efficacy and safety of human and veterinary medicines across Europe and 
promoting research and innovation in the development of medicines” (EMA, 2022b).  
The Agency fulfills its tasks by enabling medicines’ development and access, assessing 
applications for marketing authorizations, monitoring medicines’ safety throughout their 
lifecycle, and providing information to healthcare professionals and patients (EMA, 2020b). It 
guarantees the scientific evaluation, supervision, and safety monitoring of medicines in the EU 
involving thousands of experts who carry out the work of its seven scientific committees, that 
assess medicines along their lifecycle from early stages of development, through marketing 
authorization to post-marketing safety monitoring (EMA, 2020b, 2022d). 
As regards the procedure for the authorization of medicines in the European market, there are 
two main pathways: a centralized route and a national route. The centralized procedure consists 
of pharmaceutical companies submitting single marketing authorization applications to EMA’s 
dedicated Committees10, whose evaluation (in terms of quality, safety, and efficacy of the 
medicinal product) forms the basis for the authorization of medicines across the EU and the 
EEA (EMA, 2022a). Many new innovative medicines are evaluated by EMA and the EC legally 
authorize the marketing of all centrally authorized products in all EU Member States (as well 
as in the EEA), taking a legally binding decision based on EMA’s recommendation (EMA, 
2022a). 
EMA and the EU Member States constantly monitor and supervise the safety of medicines 
authorized (i.e., post-marketing surveillance or pharmacovigilance) to ensure that their benefits 
outweigh their risks. The aim is to protect patients and take prompt action (e.g., changing the 
information available to patients and healthcare professionals, restricting use or discontinuing 

 
7 EEA includes Iceland, Liechtenstein and Norway that are not member of the EU. 
8 https://www.ema.europa.eu/en/about-us/how-we-work/european-medicines-regulatory-network  
9 The U.S. Food and Drug Administration (FDA) has much more centralized functions. 
10 The applications for human medicines are sent to the Committee for Medicinal Products for Human Use 
(CHMP), while the applications for veterinary medicines are sent to the Committee for Medicinal Products for 
Veterinary Use (CVMP). 

https://www.ema.europa.eu/en/about-us/how-we-work/european-medicines-regulatory-network
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a medicine) if new information indicates that the medicine is no longer safe and effective (EMA, 
2020b, 2022a).  
The Agency tasks are listed in Fig.1 (EMA, 2022d); while the activities performed by EMA in 
the safety monitoring of medicines are listed in Fig.2 (EMA, 2022a). 
 

 
Figure 1: EMA’s tasks. 

 

 
Figure 2: EMA’s activities in the safety monitoring of medicines. 

 
EMA played an even more important role in monitoring drugs’ safety across Europe with the 
creation of the Pharmacovigilance and Risk Assessment Committee (PRAC) in 2012 (EMA, 
2022b).  
EMA with the collaboration of ECDC makes use of the EudraVigilance reporting system whose 
reports are then transmitted to the WHO's global database (Vigibase) to make them available 
to all relevant international regulatory authorities in the field of pharmacovigilance11.  
EudraVigilance stands for European Drug Agency Vigilance and is the central EMA database, 
established in December 2001. It contains reports of suspected individual adverse reactions 
(i.e., Individual Case Safety Reports, ICSRs) of authorized and investigational medicinal 
products in the EU, coming from regulatory authorities of all EU Member States and 
pharmaceutical companies. It is considered one of the pillars of the European Risk Management 

 
11 In the USA the FDA in collaboration with the CDC (Center for Disease Control and Prevention) makes use of 
the VAERS (Vaccine Adverse Event Reporting System) reporting system as part of the national vaccine safety 
surveillance program. 

Develop guidelines and establish standards.

Coordinate the monitoring of pharmaceutical companies' compliance with their pharmacovigilance 
obligations.

Contribute to international pharmacovigilance activities with authorities outside the EU.

Inform the public about the safety of medicinal products and cooperates with external stakeholders, in 
particular patient representatives and healthcare professionals. 

Assessment of how to manage and monitor the risks associated with a
medicine once authorized.

Continuous monitoring of suspected side effects reported by patients and
healthcare professionals, identified in new clinical trials or reported in
scientific publications.

Periodic assessment of reports submitted by the marketing authorisation
holder on the real-life benefit/risk balance of the medicinal product.

Assessment of the design and results of post-authorization safety studies
required at the time of authorization.
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Strategy12, allowing: (i) a rapid exchange of safety information between competent authorities, 
(ii) the simultaneous sharing of safety information, and (iii) the early identification of warning 
signals (Unisi, 2015).  
However, not all aspects of medicines regulation in Europe fall within the competence of EMA, 
rather under the remit of NRAs (for further information see Tab. C in Appendix). Among them 
there are the authorization of most medicines in Europe and the important task of ensuring the 
safety, efficacy, and quality of (bio)pharmaceuticals.  
 
 
2.2.2. The National Regulatory Agencies (NRAs)  
 
Many of the old medicines available today have been authorized at national level in the EU, as 
they were marketed before the creation of EMA, and nowadays many of the generic medicines 
and medicines available without a prescription are also evaluated and authorized at national 
level. The authorization procedures can happen thought (EMA, 2022a):  
 

(i) mutual-recognition procedure, whereby a marketing authorization requested by a 
company and granted in one Member State can be recognized in other EU countries; 
or 

(ii) decentralized procedure, whereby a medicine that has not yet been authorized in the EU 
can be simultaneously authorized in several EU Member States. 

 
Unlike EMA, NRAs of individual Member States are centralized structures with the task of 
ensuring that products released for public distribution (pharmaceutical and biological products 
like vaccines and medical devices) are correctly evaluated and comply with international 
standards of quality, safety, and efficacy (WHO, 2022b). The NRA is usually the only agency 
with the mandate to ensure the safety, efficacy, and quality of vaccines (WHO, 2013). All its 
functions are described in Fig.3 (WHO, 2013).  
 

 
12 A joint project of EMA and NRAs to strengthen pharmacovigilance at European level. 
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Figure 3: NRAs functions. 

 
Post marketing surveillance, or pharmacovigilance, implies the collaboration with the National 
Immunization Programme with the following objectives:  
 

(i) identify urgent problems for investigation and action;  
(ii) detect signals for potential follow-up and research;  
(iii) estimate rates for serious AEFIs (for comparison between products, to determine risks 

and benefits of immunization and to validate pre-licensure data);  
(iv) identify programmatic errors and batch problems;  
(v) create awareness of risks among health professionals. 

 
As an example, in Italy the AIFA is the national public body that regulates medicines for 
human use (AIFA, 2022a). Among its strategic priorities in the Activity Plan for the year 
2019 is the contribution “to the promotion and protection of health through the regulation of 
the placing on the market, use and supervision of pharmaceutical products for human use” 
(AIFA, 2019).  
The supervision of pharmaceutical products is assigned to the Post-Marketing Surveillance 
Area (one of the organizational areas of AIFA13), that is divided into four offices (see Tab.3). 
It has the functions of coordinating the pharmacovigilance group and activities and of 
participating in the working groups of the EC and the Council of the European Union on 
pharmacovigilance and in the transposition processes of Community legislation and in national 

 
13 AIFA has also other Areas (e.g., the Pre-authorization area, the Medicines Authorization Area, etc.); for further 
details see (AIFA, 2022b). 
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standardization processes, in collaboration with the Offices concerned and the Ministry of 
Health (AIFA, 2022b).  
 

Post-Marketing Surveillance 
Area Offices 

 

Functions 

Pharmacovigilance Office  - participation in the work of PRAC; 
- assessment reports for national and European PSUR procedures and, on 

behalf of PRAC, Post-Authorization Safety Studies (PASS), Referrals, Drug 
Utilization Studies (DUS) procedures; 

- management of Non-Urgent Information (NUI) system and Rapid Alert 
System (RAS); 

- providing citizens, patients and healthcare professionals with important 
information on the safety of medicines; 

- preparation of measures to revoke the MA for security reasons. 

Signal Management Office - collection and evaluation of reports of suspected adverse reactions; 
- management of the national pharmacovigilance network, relations with 

EudraVigilance and relations with the WHO database; 
- signal analysis activities; 
- adoption of measures for the implementation of regulatory actions deriving 

from safety signals. 

Risk Management Measures 
Office 

- adoption of risk minimization measures; 
- preparation of Risk Management Plan (RMP) assessment reports of 

medicines registered nationally or mutually recognized or centralized. 
Scientific Information Office - training and information activities on medicines for health professionals; 

- guidelines for the authorization and control of scientific information; 
- coordination of the Independent Drug Information Centre. 

Table 3: AIFA’s Post-Marketing Surveillance Area Offices. 

 
Regulators, therefore, to have a control over the safety of post-marketing (bio)pharmaceuticals 
rely on pharmacovigilance systems, which monitor every potential new signal and proceed 
through the collection and analysis of spontaneous AEFI reports made by health workers, 
doctors, and vaccinated people. 
Adverse events surveillance at national level involves also National Pharmacovigilance Centres 
(NPCs), National Immunisation Programmes (NIPs), AEFI Review Committee and other 
support groups. NPCs are part of the so-called WHO Programme for International Monitoring 
of Drugs (PIDM) – established in 1968 –and are responsible for case reports sent to the WHO 
Individual Case Safety Report (ICRS) database that is managed by UMC (WHO, 2013).  
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3. Vaccine safety pharmacovigilance 
 
In clinical practice, in the context of adverse events (AEs) that can occur in persons following 
a pharmaceutical product administration, it is essential to identify if the medical product is 
responsible for its occurrence. 
The methodological procedure, and its epistemological underpinning are of great importance in 
a system where more and more pharmaceuticals are flooding the market (Pande, 2018).  
This consideration becomes even more relevant when it comes to vaccines and their safety, 
since, unlike drugs which are administered to treat diseases, vaccines are generally administered 
to healthy subjects (mainly infants, children, adolescents and even adults) for prophylactic 
purposes.  
The risk-benefit balance of vaccines implies more stringent constraints. There is a lower 
tolerance for risks from vaccines and the potential problems that could occur following the 
administration of a vaccine are less acceptable to society, especially if we refer to mandatory 
vaccinations14 (WHO-HIS-EMP, 2013). According to Autret-Leca et al. (2006) “safety of 
vaccines must be excellent to make vaccine's strategy acceptable, since it usually has a deferred 
individual benefit but immediate adverse drug reactions (ADRs)” (Autret-Leca et al., 2006).  
From the public health perspective, vaccination brings with itself important benefits, namely 
the prevention of epidemics and epidemics, and the reduction of morbidity and mortality due 
to the infectious disease in the target population (Tavares Da Silva et al., 2015). However, 
although vaccines are considered among the safest tools of medicine that help protect against 
diseases, they are not risk-free and their use is related to the occurrence of AEFIs, that may 
involve serious health problems often resulting in hospitalization and/or permanent damage or 
death of the patient. 
However, at the time of regulatory evaluation and registration of vaccines information on the 
risk of rare serious vaccine reactions is limited and NRAs sometimes find themselves in front 
of decisions based on limited vaccine safety data (PAHO, 2021). After post-licensure vaccine 
administration, serious unknown and rare AEs can occur. All this translates into a great need to 
detect and investigate any AEFI in order to anticipate and minimize risk. 
Pharmacovigilance is the institution established internationally with the aim to assess the risk 
associated with medical treatments and monitor the incidence of AEs potentially associated 
with them. The aim is to promote safer use of (bio)pharmaceutical products and prevent their 
possible harmful effects in the population (Budhiraja & Akinapelli, 2010) by monitoring the 
way the medicines work, and their risk-benefit balance (Herdeiro et al., 2021; Pani, 2015). 
Therefore, once a vaccine is authorized, immediate, effective and constant monitoring is 
essential to identify the emergence of (new) potential AEFIs and to promptly assess possible 
safety issues associated with its use (PAHO, 2021). The declared aim is to protect public health 
and strengthen public confidence in vaccines and decision-makers (WHO-HIS-EMP, 2013). 

 
14 There is a current increasing trend whereby more and more vaccines are made mandatory in several countries. 
This implies that every individual must get vaccinated (except for a few specific identified groups) not only to 
protect themselves but also those around them, especially the most vulnerable to the diseases, thus reducing the 
risk of diseases spreading among other people in the community. 
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3.1. Pharmacovigilance 

Pharmacovigilance is considered one of the most important scientific disciplines within public 
health (Beninger, 2018). Its golden objective is “to enhance patient’ safety and quality of life, 
and strictly preserve public health by identifying, preventing, or decreasing the harmful effects 
and risks related to the use of health products in humans” (Herdeiro et al., 2021). 
The objectives of pharmacovigilance are summarized in Fig.4. 
 

 
Figure 4: Pharmacovigilance objectives. 

 
The birth of pharmacovigilance can be traced back to the thalidomide case, which represents 
the largest pharmacological disaster in history, having caused serious congenital 
malformations, especially in the limbs, in about 10,000 newborns. In 1961 the Australian doctor 
McBride sent a letter to the Lancet journal in which he suggested a connection between 
congenital malformations observed in many newborns and the hypnotic and antiemetic drug 
thalidomide, at the time widely used in the treatment of nausea and vomiting typical of the early 
stages of pregnancy.  
The cardinal principles of pharmacovigilance are present, namely: 
 

(i) observation of an unexpected and serious AE in a patient population treated with the 
medicine;  

(ii) communication to the scientific community based on the mere suspicion that there may 
be a causal relationship with the medicine; and  

(iii) need to share information.  
 
Pharmacovigilance is based on active and passive surveillance systems on the one hand and on 
periodic safety reports [i.e., Periodic benefit risk evaluation report (Pbrer), Risk Management 
Plan (RMP), Post-authorization safety study (Pass)], that manufacturing companies must send 

early detection and identification of previously unknown, rare, serious adverse reactions
(not detected during premarketing studies)

detection and identification of drug interactions

recognition of the increase in the frequency of known adverse reactions

identification of risk factors or pre-existing conditions that may foster adverse reactions
(e.g. age, sex, genetic factors, comorbidities, polytherapy, etc.) and possible mechanisms
underlying adverse reactions

assessment of the quantitative aspects of risk/benefit analyses

providing information on the safety and efficacy of medicinal products in clinical practice

patient education and information
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during the "life" of the product, according to the provisions of Good Pharmacovigilance 
Practices (GVP), on the other.  
After the thalidomide tragedy, spontaneous reporting (i.e., passive surveillance) shifted from 
non-systematic (unorganized, unsolicited, unregulated) to systematic (organized, solicited, 
regulated). Spontaneous ADRs/AEs reporting systems (anecdotal and voluntary/organized), 
represent the main sources of information on (bio)pharmaceutical safety in post-marketing 
surveillance together with epidemiological studies (case-control, cohort studies), prescription 
data, and other methodologies, such as PEM (Prescription Event Monitoring) and record-
linkage. These methods can be used either to formulate hypotheses (Hypothesis-Generating 
Methods), i.e., identifying unknown ADRs/AEs, or to verify hypotheses (Hypothesis-Testing 
Methods), ascertaining their validity.  
The main purpose of reporting an AE is to "learn from the experience" and share that experience 
so that others "can prevent" the same unwanted event from happening (Leape, 2002).  
 
 
 3.1.1. The European legislation for Pharmacovigilance 
 
In 2008 the worrying data on adverse drug reactions (ADRs) and often fatal consequences 
reported by the impact assessment report published by the EC (EC, 2008)15 underlined the need 
to strengthen pharmaceutical regulations in force up to that time16. The aim was the promotion 
and protection of public health by reducing the number and severity of ADRs and improving 
the use of medicines through different types of intervention (Pani, 2015).  
The changes aimed at increasing the effectiveness, speed and transparency of 
pharmacovigilance interventions have been introduced in 2010 through two new 
pharmacovigilance regulations [see AIFA website: Pharmacovigilance Regulations17], namely 
(AIFA, 2012): 
 

 
15 It was estimated that: 5% of all hospital admissions are due to an adverse drug reaction (ADR); 5% of all patients 
already admitted to hospital have an ADR; ADRs are in fifth place among the causes of death in hospital; in the 
EU, approximately 197,000 deaths per year from ADR have been estimated; the social cost of ADR in the EU is 
around €79 billion per year (AIFA, 2012; Pani, 2015; Unisi, 2015). 
16 The changes needed included: (i) clearly defined roles and responsibilities for all parties; (ii) ensuring a robust 
and rapid European system in taking the necessary pharmacovigilance decisions; (iii) increasing the participation 
of patients and healthcare professionals; (iv) improving the reporting systems of decisions taken and giving 
adequate justification for them; (v) increased transparency; (vi) better information on medicinal products; (vi) 
increasing the efficiency of pharmacovigilance systems; (vii) strengthening of the European pharmacovigilance 
Network; (viii) strengthening of company pharmacovigilance systems; (ix) increased proactivity/planning of 
activities to be conducted; (x) rationalization of activities between Member States, e.g., through a sharing of the 
same activities with sharing of the work carried out, avoiding, or reducing duplication of activities. 
17https://www.aifa.gov.it/normativa-di-riferimento-
farmacovigilanza#:~:text=La%20normativa%20europea%20in%20materia,attualmente%20in%20fase%20di%2
0recepimento 

https://www.aifa.gov.it/normativa-di-riferimento-farmacovigilanza#:~:text=La%20normativa%20europea%20in%20materia,attualmente%20in%20fase%20di%20recepimento
https://www.aifa.gov.it/normativa-di-riferimento-farmacovigilanza#:~:text=La%20normativa%20europea%20in%20materia,attualmente%20in%20fase%20di%20recepimento
https://www.aifa.gov.it/normativa-di-riferimento-farmacovigilanza#:~:text=La%20normativa%20europea%20in%20materia,attualmente%20in%20fase%20di%20recepimento
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(1) Directive 2010/84/EU entered into force on 21 July 2012, which applies to medicinal 
products authorized through a national or mutual recognition or decentralized 
procedure; and  

(2) Regulation 1235/2010/EU entered into force on 02 July 2012, which applies to centrally 
authorized medicinal products. 

 
With the adoption in 2010 of EU Regulation 1235/2010 and Directive 2010/84 / EU, European 
legislation on pharmacovigilance has been standardized among the various member countries 
(Osimani B. & Ilardo, 2022).  
The reference text for pharmacovigilance in Italy is represented by Legislative Decree no. 219 
of 24 April 2006, in particular by Title IX, which transposes Directive 2001/83/EC in Italy, and 
which does not apply to ADR reports found during clinical trials, rather to ADR reports in 
observational studies. All Title IX (Articles 129, 130, 131, 132, 133, 134)18 of Legislative 
Decree 219/2006 has been replaced by the new legislation (AIFA, 2012; Unisi, 2015). To 
summarize the main changes made by the new legislation (AIFA, 2012; Unisi, 2015):  
 

(i) the modification of ADR’s definition: the old definition (i.e. "Harmful and unintentional 
reaction to a medicinal product used at doses normally administered to humans for 
prophylactic, diagnostic or therapeutic purposes or to restore, correct or modify its 
physiological functions") is replaced by the new one (i.e. "Harmful and unintended 
effect resulting from the use of a medicinal product"), with which adverse reactions 
resulting from therapeutic error, abuse, misuse, off-label use, overdose and occupational 
exposure are also reported;  

(ii) greater involvement of patients and citizens in pharmacovigilance: they can report 
suspected adverse reactions directly via web in all EU countries (in Italy this was already 
possible before by a paper form);  

(iii) strengthening of EudraVigilance database;  
(iv) increased transparency and timeliness of crucial info on pharmacovigilance issues;  
(v) carrying out additional monitoring on medicines in the appropriate list provided by 

EMA, including medicinal products containing new active substances (not present in 
medicines authorized in Europe on 1 January 2011), biologics and biosimilars, products 
whose authorization is subject to special conditions or authorized in exceptional 

 
18 Art. 129 defines the role and tasks of AIFA, to which the national pharmacovigilance system belongs; Art. 130 
defines the provisions concerning the AIC's holder (obligation to register and notify ADR, identification of a 
person in charge of the pharmacovigilance service, submission of periodic safety update reports, etc.); Art. 131 
defines the tasks of the Head of the pharmacovigilance service of the company holding the AIC; Art. 132 defines 
the obligations of the structures and Healthcare Professionals and subsequent AIFA obligations (appointment of 
the Head of pharmacovigilance of the structure, reporting obligations and methods for health professionals, 
inclusion of the report in the database (National Pharmacovigilance Network), conservation of cards, updating 
methods, role of AIFA in ensuring the immediate availability of information to the AIC's holder and the inclusion 
of serious ADRs in the EudraVigilance network); Art. 133 defines the suspension, revocation or amendment of a 
marketing authorization for pharmacovigilance reasons; Art. 134 defines checks on compliance with 
pharmacovigilance rules. 
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circumstances, products subject to safety studies after the granting of the marketing 
authorization (AIC);  

(vi) possibility of requiring AIC holders, at the time of granting or subsequently, to conduct 
further studies on the safety and/or efficacy of the medicinal product;  

(vii) establishment within EMA of PRAC, in which all Member States are represented, with 
the task of: 1) covering all aspects of risk management arising from the use of medicinal 
products for human use, including identification, assessment, reduction and 
communication of adverse reactions’ risk; and 2) providing recommendations to the 
CHMP and the CMD (Coordination Group for Mutual recognition and Decentralized 
procedures) on any emerging situation in pharmacovigilance and in relation to risk 
management systems and monitoring their effectiveness. 

 
Under the new legislation, all reports of adverse reactions (including reports from 
pharmaceutical companies) flow into the European database with a different timeline depending 
on the severity of the reaction (within 15 days for serious reports and within 90 days for non-
serious ones) and the data are made accessible to the public. While the monitoring of the data 
collected in EudraVigilance is carried out by EMA in cooperation with Member States (the data 
flowing into national pharmacovigilance networks are transmitted to EudraVigilance), the 
monitoring of data originating at national level is carried out by the Member State involved 
(AIFA, 2012).  
As an example, I focus on AIFA in Italy. The report form compiled by doctors, pharmacists, 
nurses, other health professionals, patients, citizens, and so on, must be sent to the Head of 
Pharmacovigilance of the Health Facility to which they belong or of the competent Health 
Authority for the territory, who, according to Legislative Decree 219/2006 Title IX art. 132, 
after verifying the completeness and adequacy of the data, provides:  
 

(i) the insertion of the report no later than seven days from the date of its receipt in the 
database of the national pharmacovigilance network (RNF, Rete Nazionale di 
Farmacovigilanza). For the purposes of transmission of data, in addition to cases falling 
within the definition of a serious reaction, must also be considered cases where the 
reaction is fatal, caused or prolonged hospitalization, caused severe or permanent 
disability, endangered the life of the patient, caused congenital anomalies and birth 
defects;  

(ii) verification of the actual forwarding of the message, relating to the insertion, to the 
region and to the pharmaceutical company concerned;  

(iii) the communication to the reporter of the inclusion in the RNF and of the numerical code 
issued by the system to refer to for sending subsequent updates (in case of adverse 
reactions with a fatal outcome, the Head of pharmacovigilance is required to acquire 
from the reporter a detailed clinical report to be sent to AIFA within 15 days). 

 
From RNF serious and non-serious reports are transmitted not only to EudraVigilance but also 
to the WHO-UMC and in this case all reports are indistinctly sent every week (Pani, 2015). 
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As reported in the AIFA website, data monitoring activities are aimed at identifying changes in 
risks or new risks through signal analysis, i.e.: "information coming from one or more sources, 
including observations and experiments, which suggests the existence of a new potentially 
causal association, or a new aspect of a known association, between an intervention and an 
event or series of related, adverse or beneficial events, considered sufficiently likely to warrant 
verification" (AIFA, 2012).  
The methodology for signal identification and signal management process has been defined in 
the Implementing Regulation (EU) 520/2012 of 19 June 2012 on the performance of 
pharmacovigilance activities provided for by Regulation (EC) No. 726/2004 and Directive 
2001/83/EC of the European Parliament and of the Council (AIFA, 2012). 
 
 
3.1.2. Passive and active surveillance 
 
For both drugs and vaccines, signal acquisition is divided into active and passive 
pharmacovigilance (EMA, 2020a). A signal is defined as an “information that arises from one 
or multiple sources (including observations and experiments), which suggests a new potentially 
causal association, or a new aspect of a known association, between an intervention and an 
event or set of related events, either adverse or beneficial, that is judged to be of sufficient 
likelihood to justify verificatory action” (CIOMS, 2010). 
Generally, active pharmacovigilance is practiced in the phase of placing new products on the 
market for a more or less long period (e.g., clinical trials and other sources); passive 
pharmacovigilance in the later stages [it proceeds through spontaneous reporting systems (R. 
Chen et al., 2005; R. T. Chen et al., 1994)].  
Regulatory authorities have the important task of proactively monitoring medicines’ safety and 
do so mostly through the collection and analysis of spontaneous reports made by healthcare 
professionals, doctors, and vaccinated people. The analysis of spontaneous reports establishes 
a relationship between the medicine taken by the patient and the AE occurrence (imputability) 
(Autret-Leca et al., 2006). The strength of spontaneous reporting lies in the fact that it 
investigates the (bio)pharmaceutical product for the entire duration of its life in the market, 
extending the study to the entire population of patients to whom it is administered, without 
being limited to a single hypothesis a priori (as in the case of pre-marketing studies). This 
method is indicated to detect rare adverse reactions or events (i.e., not identifiable before a large 
number of patients are exposed to the (bio)pharmaceutical product) or medicines interactions 
or cases in which there is a long latency between the administration of the (bio)pharmaceutical 
product and the development of the adverse reaction or event (Osimani B. & Ilardo, 2022). 
The fundamental methodological distinction between active and passive pharmacovigilance is 
due to the signal generation mechanism (Biagi et al., 2013; Golder et al., 2016):  
 

(i) in active pharmacovigilance, there is a pre-established post-vaccination follow-up 
period, thanks to which all AEs recorded by vaccinated subjects are reported; 
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(ii) in passive pharmacovigilance, reporting is delegated to the free initiative of the 
vaccinated (and/or vaccinating or treating doctors), and for this reason it is 
systematically affected by under-reporting.  

 
Spontaneous reporting is indeed fundamental to detect subject safety issues, and consequently 
to improve people health protection by generating alerts, but it presents the disadvantage of 
under-reporting. It is difficult to underestimate the real frequencies of ADRs – 1 to 10% of 
severe ADRs are reported [an important help may come from pharmacoepidemiology studies 
that confirm the alerts identified by spontaneous reporting (Autret-Leca et al., 2006) – they aim 
at denying or confirming and quantifying the signals in terms of risk]. 
The reasons for the persistence of under-reporting of AEs in pharmacovigilance are historically 
recognized; first, the cumbersome nature of the bureaucratic procedure and the daily lack of 
time on the part of the sanitary workers (Osimani B. & Ilardo, 2022).19  
Osimani and Ilardo (2022) report that a study in the British Journal of Clinical Pharmacology 
(Inácio et al., 2017) estimates that only 6% of ADRs are reported in case of spontaneous 
reporting. In reality, the degree of under-reporting greatly varies greatly depending on the 
severity of AEs and the treatment administered. They range from 68% of events reported for 
polio cases following polio vaccinations (severe and easily identifiable) to 1% for cases of skin 
rash following MMR vaccines (Osimani B. & Ilardo, 2022; Rosenthal & Chen, 1995).  
In a review of 37 studies dedicated to under-reporting, Hazell and Shakir (2006) calculated an 
overall median of 94% under-reporting (IQR: 82-98%), with very high proportions also for 
severe effects (Osimani B. & Ilardo, 2022).20  
The proportion of under-reporting varies not only according to the mildness or otherwise of the 
adverse effect but also to its similarity with phenomena that can also be associated with other 
factors, including the symptomatology that the treatment intends to cure; see also the Brighton 
Collaboration initiative. Although the mildness of the AEs seems to justify its non-reporting, it 
should however be noted that many effects that appear harmless prima facie (as temporary) 
may indicate the onset of diseases, for example autoimmune, whose clinical manifestation will 
emerge at the clinical level after some time. If duly reported, these cases, once aggregated, can 
help to anticipate the identification of the causal link between AE and pharmacological 

 
19 In addition to work overload in outpatient practices and hospitals (resulting in marginalization of AE reporting 
work), the following should be mentioned (Osimani B. & Ilardo, 2022): 1) uncertainty regarding the causal 
relationship; 2) the fear for some doctors of having made prescription errors and therefore of being investigated; 
3) the excessive bureaucratization of the process, lack of available forms and ignorance of reporting pathways and 
rights by patients; 4) some doctors even believe that serious reactions to the drug have already been documented 
once placed on the market, and therefore their reporting has no scientific or statistical value. 
20 The under-reporting rate is typically calculated by comparing the number of reports recorded in a given 
spontaneous reporting system, over a given period of time, with the number of AEs identified by (Osimani B. & 
Ilardo, 2022): (i) active pharmacovigilance, (ii) “intensive monitoring” in hospital settings; (iii) cross-checking 
procedure of different sources such as death certificates, health benefits registered in insurance databases, hospital 
discharge notes and health records; (iv) comparison with controlled clinical or epidemiological studies (clinical 
trials, post-marketing studies, etc.) that detect the manifestation of AEs in the treated and control groups. 
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treatment, considerably reducing potential irreversible damage (Kohl et al., 2005; Osimani B. 
& Ilardo, 2022; Rosenthal & Chen, 1995; Verstraeten et al., 2001). 
Recently, many have expressed the importance and need to strengthen pharmacovigilance, 
including the medicines commission of the ABDA (‘Bundesvereinigung Deutscher 
Apothekerverbände e. V.’, i.e., Federal Union of German Associations of Pharmacists)21, and 
the Uppsala Monitoring Centre in Sweden. The choice to practice mere passive surveillance, 
i.e., based exclusively on spontaneous reporting, was considered inadequate (Osimani B. & 
Ilardo, 2022). 
 
 
3.1.3. Risk management & risk assessment  
 
The risk analysis paradigm includes three interrelated elements which are risk assessment, risk 
management and risk communication – see Fig.5. These are key tasks carried out by scientific 
organizations to provide the best possible information for public decision-making, especially 
in emergencies. 
 

 
Figure 5: The risk analysis paradigm: risk assessment, risk management and risk communication 

(Calvo & Zuñiga, 2011). 

 
From the perspective of the management of a single risk we can say that it consists of risk 
detection and assessment (identification, understanding and monitoring of the risk – it serves 
to provide support for decisions on managing risks), and risk minimization and communication 
(communication of the risk and action to reduce it) (Calvo & Zuñiga, 2011). The comprehensive 
risk management system is the so-called Risk Management Plan (EU-RMP), consisting of two 
parts: pharmacovigilance and risk minimization (Calvo & Zuñiga, 2011; EMA, 2022c; PAHO, 
2021). 

 
21 The U.S. Food and Drug Administration (FDA) has much more centralized functions. 
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The aim of risk management is to address uncertainties in the safety profile of the 
(bio)pharmaceutical at different points in its lifecycle, and to plan accordingly (EMA, 2022c). 
More specifically it aims to ensure that the benefits of a particular medicinal product (e.g., 
reducing death, reducing hospitalization, protecting people from serious illnesses, etc.) exceed 
the risks (e.g., AEs, side effects) “by the greatest achievable margin for the individual patient 
and for the target population as a whole” and “this can be done either by increasing the benefits 
or by reducing the risks” (Sottosanti, 2015). 
A fundamental step is risk detection and assessment. A distinction must be made between 
identified risk and potential risk. The former is defined as an untoward event for which there is 
sufficient evidence of a link with the given (bio)pharmaceutical, while the latter is an untoward 
event for which there is reason to suspect a link with the given (bio)pharmaceutical, but in 
which this association has not been confirmed (EMA & HMA, 2017). Examples of potential 
risks are: (i) signal arising from a spontaneous adverse reaction reporting system; (ii) AEs 
observed in clinical trials or epidemiological studies for which the magnitude of the difference, 
compared with the comparison group (placebo/active substance/unexposed group), on a 
parameter of interest raises a suspicion, but is not large enough to suggest a causal link; (iii) an 
event known to be associated with other active substances belonging to the same class or which 
can be expected to occur based on the properties of the (bio)pharmaceutical; and so on (Cobert, 
2013b; Sottosanti, 2015).  
An identified risk or a potential risk is considered important if it has an impact on the risk-
benefit balance of the (bio)pharmaceutical and/or have important implications for public health. 
This depends on risks’ severity and on its impact on the individual and on public health. Thus, 
once the risk has been identified, it should be monitored. The pharmacovigilance plan should 
propose actions to address identified safety issues (i.e., relevant identified risks, potential risks, 
and missing information) (Calvo & Zuñiga, 2011). 
However, the fact that a (bio)pharmaceutical has a potential risk does not mean that a causal 
relationship between the medicinal product and the identified risk has been recognized. When 
a potential signal of a serious risk is identified, it will be important to assess it effectively. In 
the evaluation process of an AEFI, an essential part is the search for the existence or not of a 
causal link between the vaccine administered and the subsequent pathological phenomenon 
(Bellavite, 2020). If the regulatory authority determines that the (bio)pharmaceutical is 
associated with the risk, it can take a range of actions, including requiring changes to the 
labeling of the medicinal product, or requiring the development of a Risk Assessment and 
Mitigation Strategy (REMS), or collecting additional data to better characterize the risk, or 
withdrawing the medical product from the market, etc. (Cobert, 2013b).  
However, faced with a potentially high risk, to which, due to the few confusing and/or uncertain 
data available, it is difficult to give more precise contours, the most reasonable course of action 
should be to take precautionary measures in order to minimize the risk and protect the health of 
individuals. This is the application of the precautionary principle.  
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3.1.4. The precautionary principle  
 
Normally, the drug is withdrawn from circulation as soon as its risk-benefit profile becomes 
unfavorable, regardless of the type of evidence that attests to it. For example, if the suspicion 
of carcinogenicity for an analgesic emerges, experimental evidence should not be awaited 
before taking countermeasures, as the risk of carcinogenicity is not adequately balanced by the 
benign action of the drug, especially because there are many analgesics on the market that could 
possibly replace it. It will therefore be sufficient that the available evidence supports the causal 
association between drug and potential harm with sufficient probability, where this threshold 
of sufficiency is determined by the differential between benefit and risk (Osimani, 2013; 
Osimani B. & Ilardo, 2022). Such an adaptive response to risk monitoring as a function of 
expected benefit is nothing more than an application of the precautionary principle (Osimani 
B. & Ilardo, 2022). 
The precautionary principle is a norm of expected loss minimization, and it is invoked in case 
of decisions under uncertainty (Osimani, 2013).  
The most common definition of the precautionary principle is that of the 1998 Wingspread 
conference, known as the "Wingspread Statement", namely: 
 

“When an activity raises threats of harm to human health or the environment, 
precautionary measures should be taken even if some cause-and-effect relationships are 
not fully established scientifically”(Wingspread Conference on the Precautionary 
Principle, 1998). 

 
The precautionary principle is detailed in Article 191 of the Treaty on the Functioning of the 
European Union (TFEC Art. 191, 2007) and in 2000 the EC wrote:  
 

"The precautionary principle applies where scientific evidence is insufficient, 
inconclusive or uncertain and preliminary scientific evaluation indicates that there are 
reasonable grounds for concern that the potentially dangerous effects on the 
environment, human, animal or plant health may be inconsistent with the high level of 
protection chosen by the EU" (EUR-Lex, 2000). 

 
The precautionary principle allows uncertain evidence to underpin risk management and 
prevention measures. With this rule, the requirement of causal link between the source of danger 
(e.g., vaccine) and potential damage (e.g., AEFI) is weakened, namely: the causal link does not 
have to be certain, but it may be probable (well-founded suspicion), and the probability of 
causal link can be as low as the expected damage is high with respect to the estimated benefit. 
The precautionary principle allows risk whose causal link with the pharmaceutical product is 
uncertain to be included in the risk/benefit assessment22 (Osimani, 2013). 
 

 
22 Risk-benefit assessment is based on a comparative weighing of therapeutic importance and efficacy on the one 
hand, and of the severity and frequency of risk on the other (Osimani, 2010). 
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3.2. Vaccines vs Drugs 

The CDC defines a vaccine as a preparation that is administered (as by injection) to stimulate 
the body’s immune response against a specific infectious agent or disease (CDC, 2021). 
Vaccination makes our body able to recognize, through the development of immunological 
memory, the foreign agent (the pathogen) against which the vaccine is directed and to trigger 
an immune response.  
In the federal FD&C Act (Federal Food Drug and Cosmetic Act, 2011; U.S. Federal Statute, 
1944) vaccines are defined as “a unique class of pharmaceutical products that meet the 
statutory definition of both a drug and biological product”, but which differ from other drugs 
and biologicals “in how they are administered to a large population, in particular, young 
healthy people to prevent rather than treat disease, their mechanism of action, and their 
risk/benefit profile” (Gruber & Marshall, 2018).  
Unlike drugs, which are administered to sick subjects in order to treat them, vaccines are (bio)-
pharmacologic preparations (biopharmaceuticals), administered to healthy subjects (mainly 
infants, children, teens, but also adults) to protect them from harmful diseases before they come 
into contact with them (prophylaxis) (IOM & Vaccine Safety Committee, 1994; WHO 2001; 
WHO-HIS-EMP 2013), and the perceived need depends on disease burden. 
Drugs, unlike vaccines, may be subject to challenge/dechallenge/rechallenge, while vaccines, 
unlike drugs, have the following elements: (i) herd immunity, (ii) disease eradication, (iii) data 
on vaccine distribution (batch), (iv) each product is different because of brand product specific 
manufacturing techniques, and (v) lot-by-lot surveillance is needed (Chatterjee, 2011).  
The basic differences between vaccines and drugs are described in Fig.6 (Chatterjee, 2011; 
WHO, 2004):  
 

 
Figure 6: Main differences between vaccines and drugs. 
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Shared features between vaccines and drugs include: (i) the potential for adverse effects and for 
interaction with diseases and other medicinal products, (ii) the composition made from several 
ingredients and (iii) the need to comply with safety, efficacy, and quality standards. 
Vaccines, as well as all medicines, are not without risks and although the majority of the most 
well-known adverse effects are usually mild, self-limited, and reversible, some vaccines have 
been associated with adverse effects that, although often rare, may be very serious or even 
lethal.  
Vaccines may cause adverse reactions because they are "defective" or "contaminated", or 
because of administration errors, or because the recipient responds in an inappropriate way to 
the "pathogenic" stimulus. Since they are administered to a vulnerable (children) and healthy 
population, strict vaccine safety oversight is crucial. The WHO underlines that “a higher 
standard of safety is expected of immunizations compared with medications that are used to 
treat people who are sick (e.g., antibiotics, insulin)” (WHO, 2022a).  
 
 

3.3. Vaccine pharmacovigilance  

Pharmaceutical regulatory approval is structured into three phases (clinical trials of 
subsequently larger dimensions and with inclusion/exclusion criteria oriented from time to time 
to establish the correct dosage, toxicity and efficacy of the medicine), followed by post-
marketing monitoring, more intense in the first years following approval and then gradually 
more and more spaced over time. 
Because of its greater vaccination coverage, thus greater diffusion of its administration, it is 
more likely that vaccine is associated with safety problems (WHO, 2013).  
Vaccine pharmacovigilance is defined by the CIOMS & WHO as “the science and activities 
relating to the detection, assessment, understanding, prevention, and communication of adverse 
events following immunization, or of any other vaccine - or immunization-related 
issues”(CIOMS & WHO, 2012). It is also essential for: (i) the acquisition of important 
information for the improvement of vaccines; (ii) the formulation of new generation vaccines; 
and (iii) the reduction of health expenses in therapeutically addressing the adverse effects 
(which can sometimes also be important) and not leaving alone the people who could be 
affected by these effects (WHO, 2013). 
As we mentioned earlier, NRAs are responsible for post-marketing pharmacovigilance and thus 
for carrying out these tasks, by playing a critical role in an immunization safety system.  
Post-marketing AEFI surveillance components are enumerated in Fig.7. (WHO, 2013). 
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Figure 7: Components of post-marketing AEFI surveillance. 

 
Pharmacovigilance aims at the early detection of AEFIs to promptly enable accurate risk 
assessment and appropriate response (risk-management) to new identified risks associated with 
the vaccine in order to minimize both the negative effects to the individuals’ health and the 
potential negative impact on the immunization of population (Al-Worafi, 2020; Budhiraja & 
Akinapelli, 2010; CIOMS & WHO, 2012; WHO Vaccine Safety Basics, 2022). The process of 
evaluating AEFI relationships in early warning systems involves the search for the existence or 
not of a causal link between the given vaccine and the subsequent pathological phenomenon 
(Bellavite, 2020): i.e., causality assessment.  
The implementation of efficient pharmacovigilance activities is essential to globally promote 
and protect public health, particularly by reducing the significant burden of morbidity, mortality 
and associated increased healthcare costs, triggered by the occurrence of adverse reactions to 
(bio)pharmaceuticals (A. Santoro et al., 2017). 
 
 
3.3.1. The role of AEs post-marketing monitoring 
 
Vaccines used in vaccination campaigns are expected to be effective and safe.  
Information on the risk of rare serious vaccine reactions is limited to the time of regulatory 
evaluation and registration of vaccines (authorization procedure) (PAHO, 2021). Pre-marketing 
experimentation is inherently insufficient to detect all safety concerns (WHO, 2001), for diverse 
reasons (Osimani, 2014c; Osimani B. & Ilardo, 2022):  
 

i. They are mainly structured to assess the efficacy of the medical product experimentally, 
while AEs are detected only in a descriptive and observational manner. 

ii. Vaccines’ safety experiments are often conducted by comparisons with adjuvant and 
not a true placebo (e.g., the safety of HPV vaccine Gardasil was tested in 6 clinical trials, 
in 5 of which the control group received Aluminum Hydroxy phosphate Sulfate, while 
in only one of which physiological solution was used as placebo – see Bellavite, 2020). 

iii. The population sample studied can never be large enough to identify rare or delayed 
adverse effects (Autret-Leca et al., 2006), that indeed require very large samples, whose 
recruitment, however, would make the approval process of a drug too cost-
disadvantageous. 
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always sufficient to detect possible medium or long-term effects of the vaccination. 
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These are, as such, knowable only in the medium to long-term. However, given that 
waiting several years before making the medicine available to those who could benefit 
from it could be just as disadvantageous as rushing to place on the market a product that 
is not adequately screened in terms of risk-benefit, the medicine receive market approval 
as soon as it is considered that the available evidence on the risks and benefits is 
sufficient in relation to the severity of the disease that the medicinal product promises 
to cure or treat – except for the possibility of suspending or withdrawing the medicine, 
or limiting its use to certain groups of patients, as soon as signs emerge that could 
reverse the benefit-risk profile in a negative way. 

v. Since these AEs are unknown (latent risk), studies, even observational, cannot be 
designed to identify the connection of these effects with the investigated medicine in a 
statistically significant way.  

vi. When an AEFI is attributable to a vaccine, it is important to determine whether there is, 
for that particular AEFI, a predisposed set of subjects (by age, population, genetic, 
immunological, environmental, ethnic, sociological or underlying disease conditions) 
(WHO, 2001), however, pre-registration experimentation has limits with regard to the 
selection of subjects: inclusion and exclusion criteria do not allow many risk factors to 
be identified (e.g., age, specific pathologies, interactions with other drugs), and the 
participation of comorbidities or elderly individuals and pregnant women is generally 
limited. Thus, such predisposition information is more likely to be identified through 
"real-world evidence". 

 
Hence the need to continue monitoring pharmaceuticals after they have been placed on the 
market and gather as much information as possible about how they work in a real-life context.  
 
 
3.3.2. Why vaccines pharmacovigilance differs from drug pharmacovigilance? 
 
AEFI monitoring versus ADR monitoring is an even more sensitive issue because (Osimani B. 
& Ilardo, 2022): 

 
a) A vaccine is generally administered prophylactically to healthy people (mainly children) 

and in this case the attention to possible risk factors is proportional to the differential 
between the subject’s health status at the time of vaccination and the risk that s/he runs 
by not vaccinating. Thus, a prophylaxis tool administered to healthy people who have a 
low probability of contracting the virus in a severe or disabling form will have to exceed 
a very strict tolerability threshold. 

b) Vaccines today are also realized through the use of new technologies, such as the mRNA 
technique, that is new both from the "galenic" point of view and from the 
pharmacokinetic-pharmacodynamic one, therefore burdened by a radical uncertainty 
regarding the (patho)physiological mechanisms that the administration of gene material 
can generate in the short/medium/long term, and the resulting clinical outcomes. In these 
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circumstances it is essential to identify any signal that may be indicative of latent 
pathophysiological phenomena.  

 
Other reasons lie in three main points (Budhiraja & Akinapelli, 2010), which I report in Tab.4 
below. 
 

 
Table 4. Reasons why pharmacovigilance for vaccines is different from pharmacovigilance for 
medicines – see (Budhiraja & Akinapelli, 2010). 

 
Vaccine pharmacovigilance and the causality assessment procedure of AEFIs are more 
challenging and complex than those for medicines. The tool used for causality assessment of 
AEFIs must be appropriate and accurate to avoid the potential of errors that would put the safety 
of individuals at risk. 
Hence, special attention should be paid to how causality assessment is performed to adequately 
help healthcare professionals and regulatory authorities identify problems with immunization 
in order to protect people's health from AEs during immunization.   
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CHAPTER II 
 
 
 
1. Causality assessment 
 
Causality assessment is a key element in identifying new signals (new emerging AEs) (Naidu, 
2013), and this is where its understanding represents a greater challenge. It is a crucial element 
in AEFI risk assessment, by playing a key role in informing decisions around vaccine 
recommendations and regulatory action (Shimabukuro et al., 2015; WHO-HIS-EMP, 2013).  
Causality assessment provides the basis for the evaluation of the benefit-risk profiles of a 
(bio)pharmaceutical product and is crucial for both public health policies and any possibly 
injured individuals. In fact, regulators use such info for the implementation of public health 
policies (such as withdrawal of the vaccine from the market, suspension or block of vaccine’s 
administration to the general population (vaccination campaign), limitation to certain subgroups 
of the population, or the initiation of further investigations to more-in-depth study the observed 
event, etc.) and for attributing responsibility.  
Regulatory authorities23 legally mandate causality assessment because it is needed to:  
 

(i) establish if the AE should be considered in the signaling review and in the determination 
of the benefit-risk balance (Cobert, 2013a); 

(ii) distinguish the events that are causally related to the medicine from coincidental events 
– in the former case the events are iatrogenic and avoidable (Pulyel, 2018); 

(iii) warn patients, investigators, healthcare professionals (HCPs) (Cobert, 2013a; Cobert et 
al., 2019) following the identification of potential risk factors with possible 
contraindications related to vaccination; and  

(iv) demonstrate that risk has been effectively managed (Hussain et al., 2019). 
 
Usually, adverse reactions following the administration of (bio)medical products occur in a few 
patients, while others are unharmed. For such occasional events, attribution of causality is 
particularly complex (Pulyel, 2018). 
Inferring causality is a judgmental process that establishes whether a cause-effect relationship 
exists. In AEFIs spontaneous reporting systems causal inferences operate on two levels, 
namely:  
 

1. Population (general) level: causality assessment of AEFI consists in the analysis of 
groups of reports that communicate the same event. This leads to vaccination 
strategies/recommendations, where the quantitative aspect (incidence) is important to 
assess the benefit/risk ratio (different in subgroups of the population). The questions 

 
23 In the United States the FDA, in Europe the EMA, at the national level e.g., the Italian Medicines Agency 
(AIFA), and other Health Agencies. 
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asked may be (IOM & Vaccine Safety Committee, 1994; Kramer & Lane, 1992; WHO, 
2019): 
 

- ‘Can It?’, i.e., ‘Can the vaccine cause the observed AE, at least in certain people 
under certain circumstances?’. The focus is on potential causal propositions for 
populations. 

- ‘Will It?’, i.e., ‘How frequently will vaccine recipients experience the AE as a result 
of the vaccine?’. The focus is on predictive causal propositions for populations. 

 
2. Individual (singular) level: causality assessment of AEFI consists in the analysis of a 

single report. The questions asked may be (IOM & Vaccine Safety Committee, 1994; 
Kramer & Lane, 1992; WHO, 2019):  
 

- ‘Did It?’, i.e., ‘Given an individual who has received the vaccine and developed the 
AE, was the event caused by the vaccine?’. The focus is in on the individual in whom 
a health outcome has already occurred: retrodictive causality (ex post 
reconstruction). 

- ‘Will It?’, i.e., ‘Will the next person who receives the vaccine experience the AE 
because of the vaccine?’. The focus is on predictive causal propositions for 
individuals. 

 
At the population level the hypothesis of a causal association between the administration of a 
vaccine and the occurrence of an AEFI is tested; while at the individual level prior evidence is 
used and examined, and logical reasoning (inductive and abductive) is applied to determine a 
causal association between the use of a vaccine and an AEFI in a particular individual.  
In the analysis of individual reports of AEFI the evaluation of the causal link presents 
difficulties (e.g., complexity of the nature of the AE, individual variability, polytherapy, 
comorbidity, characteristics and mechanism of action of the vaccine, immune system’ response, 
scarcity of info on genetic characteristics, vulnerability, exposure to risk factors of the 
vaccinated, lack or incompleteness of data on the vaccine, poor quality data etc.), which make 
the causal assessment process very challenging.  
In the next sections I will describe both the general and individual level of causal analysis, and 
I will then focus on the latter. 
 
 

1.1. Causality assessment at the general-population level  

In pharmacovigilance, the assessment of the general causal link moves along four fundamental 
steps (Chandler, 2019; Osimani B. & Ilardo, 2022): 
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1) Signal detection: identification of possible causal relationships (hypothesis generation) 
based on databases (e.g., EudraVigilance), through the use of various data analysis 
techniques (S. J. W. Evans et al., 2001; Szarfman et al., 2002); 

2) Signal validation: evaluation phase of the signal’s importance (in terms of severity and 
frequency) in order to determine the costs-benefits of further investigations (post-
marketing studies);  

3) Signal assessment: causality assessment; 
4) Signal evaluation: confirmation or refutation of the causal hypothesis on the basis of the 

evidence acquired (A. M. Loughlin et al., 2012). 
 
At the population level, causal knowledge may derive from experiments (e.g., causality is 
demonstrated by RCTs) or from observational studies, i.e., associations. The association is 
defined as statistical dependence between variables of a population or a sample in which the 
degree of disease in those with specific exposure is higher or lower than the rate of disease 
among those without exposure.  
An analysis of groups of reports that communicate the same event is performed, which 
essentially depends on the aggregation of data relating to individual manifestations of AE 
(Osimani B. & Ilardo, 2022). Any AE that has been observed after vaccination should be 
reported promptly, regardless of the individual causal link’s assessment. The reports contribute 
to the aggregate estimation of the possible association between the AE and the 
(bio)pharmaceutical product. In turn, these support the implementation of public health 
evidence-based policies (Osimani B. & Ilardo, 2022). 
 
 
Can it? 
 
The causality assessment procedure determines the likelihood of a causal association between 
the event and the vaccine received, and it helps determine if an AEFI is attributable to the 
vaccine or the vaccination programme, and what steps (if any) need to be taken to address the 
event (WHO, 2022a).  
The etiological link between those exposed to the vaccine and an AE is examined (Mota & 
Kuchenbecker, 2017): it will be tested if a given exposure (e.g., the use of a vaccine) determines 
an increase in the incidence of the pathology (e.g., the observed AEFI) among the exposed 
population (ECDC, 2018).  
The causality assessment at the population level is intended to answer the question ‘Can it?’ 
(‘Can the given vaccine cause a particular event in the population?’) (WHO, 2019), that is 
typically addressed through controlled epidemiological studies. The Hill criteria (A. B. Hill, 
1965) have been established and applied with the purpose to answer to this question.  



 36 

The question ‘Can it?’ is usually answered in the affirmative if the relative risk (RR)24 is greater 
than 1, provided that it can be shown that systematic error (bias) and random error (sampling 
variation) are unlikely explanations for the results (IOM & Vaccine Safety Committee, 1994; 
WHO, 2019). On the other hand, based on the combined evidence of one or more controlled 
epidemiological studies of high methodological quality and sufficient statistical power (sample 
size), if no association is detected between a vaccine and a particular AE, this can be judged 
favorable to the rejection of a causal relationship (IOM & Vaccine Safety Committee, 1994). 
However, epidemiological studies are often not reported for many vaccine-AEs, thus, an 
affirmative answer to ‘Can it?’ can occasionally be obtained from individual clinical cases. If 
there is evidence that the vaccine caused the AE in one (or more) individual case(s) in such a 
way that ‘Did it?’ can be strongly answered in the affirmative, then it is logical to conclude that 
the vaccine can cause the event. On the other hand, however, given a rare AE and the well-
known problems of under-reporting in passive surveillance systems, the absence of convincing 
case reports cannot be invoked to respond in a negative way to ‘Can It?’. It is insufficient to 
reject a causal relationship since what has not been reported may have in fact occurred (IOM 
& Vaccine Safety Committee, 1994). 
 
 
Will it?  
 
‘Will it?’ concerns the analysis of both general and individual causality. At the general level it 
refers to the frequency with which a vaccine causes a specific AE, more specifically to the 
percentage of vaccinated who will experience the AE as a result of the vaccine administration 
(quantification). At the individual it refers to the probability that a certain vaccine’s recipient 
will experience the AE due to the vaccine (IOM & Vaccine Safety Committee, 1994).  
The answer to this question is estimated based on the magnitude of the difference in risk 
(attributable risk)25, that depends both on the background incidence of AE (i.e., among non-
vaccine participants) and on the RR of its occurrence in vaccine recipients compared to non-
participants. Thus, even when RR is high, the difference in risk will be low if the event is 
extremely rare (IOM & Vaccine Safety Committee, 1994). Such causality assessment is 
essential for risk-benefit considerations because the difference in risk expresses the probability 
of the risk of an AE caused by the vaccine. However, ‘Will it?’ causality depends on the 
evaluation of ‘Can It?’ causality, and this means that if the evidence is insufficient to conclude 
that a vaccine can cause a given AE, then it is also insufficient to conclude will do it 
(predictions). Furthermore, when an affirmative answer to ‘Can It?’ is based only on clinical 
cases rather than epidemiological studies, no quantitative estimate of ‘Will It?’ is possible (IOM 
& Vaccine Safety Committee, 1994). 
 
 

 
24 The ratio between the rate of occurrence of the AE in vaccinated persons and the rate in otherwise comparable 
unvaccinated persons. 
25 The incidence of AE among vaccine recipients minus the incidence of AE among non-vaccine participants. 
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1.2. Causality assessment at the individual level  

Although it is not easy to establish a causal relationship between an observed AEFI and a given 
vaccine based on a single AEFI case report (it is much easier to determine causality in 
population studies using aggregate analyses), the individual level of analysis is critical for 
(Osimani B. & Ilardo, 2022):  
 

(i) signal detection: the identification of a possible new vaccine-AEFI causal relationship, 
(new signal, new emerging AEs or incompletely documented previously);  

(ii) the collection of evidence on possible risk factors (of a clinical or personal – age, gender, 
etc. – nature) with consequent possible contraindications related to vaccination;  

(iii) better evaluation of the benefit/harm profiles of the medical product;  
(iv) the regulation of decisions of medico-legal nature where the existence of a causal link 

between two phenomena (the observed AEFI and a given vaccine) is an indispensable 
requirement to match certain diseases, or health outcomes, the recognition and 
attribution of legal responsibilities regarding the post-vaccination clinical course in a 
vaccinated individual and, in case of any damage, to compensate medical and/or 
financial damage following vaccination.  

 
Individual causation analysis is about whether an exposure caused a particular event in a 
specific individual. It consists of diagnosing the cause of AE (ex post reconstruction, or causal 
diagnosis) and finding a causal explanation of the adverse outcome (‘Did it?’). 
In assessing causes in the singular case, one refers to what science, i.e., established knowledge, 
says to identify the causal factors involved, and then one compares the singular case with the 
general case to judge which factors are responsible (Rizzi, 1994). In such a process, along with 
the use of general causal laws to explain singular causal interactions, counterfactual and 
abductive reasoning intervenes: How likely would the individual under examination had been 
in the same current conditions, if he had not taken the pharmaceutical product? Are there factors 
that explain the AE better than the vaccine administration? (Osimani B. & Ilardo, 2022). These 
inferences are based on the clinical and subclinical conditions of the subject before and after 
drug administration and on general notions of (patho)physiology, genetics, immunology, etc., 
to identify the most plausible explanation of the particular event. 
To standardize this reasoning and avoid arbitrariness, algorithms have been developed to aid in 
attributing causation. However, as with all algorithms, the danger of systematic distortions of 
the inferential process is always lurking. The current WHO algorithm for post-vaccination 
causation assessment is affected by such problems (Osimani B. & Ilardo, 2022) and flaws that 
I will describe in the next sections.  
In the following section, since in addition to algorithms there are other methods for individual 
causal evaluation, I will deal with describing them briefly. 
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1.2.1. Three ways to assess individual causality in pharmacovigilance 
 
Common methods to assess individual causality are generally classified into three categories 
(Berneker & Ciucci, 1982; Bierer, 2014; Lane, 1984; Lane et al., 1987), which are: (i) global 
introspection; (ii) construction of algorithms (branched logical trees), and (iii) Bayesian 
analysis. 
 

 
Global introspection 
 
The first method is the most common. It consists in the expert judgment based on previous 
knowledge & experience (Bierer, 2014). According to it, the evaluator tries to consider the 
relevant factors and to evaluate them appropriately in order to arrive at an overall decision. This 
is usually expressed as a "yes" or "no" response. However, it can be difficult or impossible to 
first possess all the relevant facts and then properly consider and weigh them all at once 
(Kramer, 1986). As Bierer (2014) underlines, the main challenges regard: (i) there are no 
standardized tools to arrive at conclusions regarding causality; (ii) this method is subjected to 
fallibility of human judgments (missing/misinterpretation of information). 
 

 
Algorithms  
 
The second approach regards structured algorithms presented in the form of flowcharts or 
questionnaires. Based on the evaluator's answers, a qualitative score is assigned to the cause 
effect relationship (Bierer, 2014). It is used to give a categorical probability assessment as 
certain/definite, probable, possible, or unlikely – they have been shown to both improve the 
reproducibility and validity of causality assessments, and to make such assessments more 
responsible (Hutchinson & Lane, 1989; IOM & Vaccine Safety Committee, 1994).  
The advantage of such a method is that it is transparent and consistent, although it presents 
some challenges, like reduced ability to apply clinical judgment, and adherence to the scores in 
place of judgment with algorithms that include scoring (Bierer, 2014). 
 

 
Bayesian analysis  
 
The third approach quantifies causality. It involves the Bayes' theorem, that calculates the 
posterior probability of the vaccine’s causality [the probability that the event was caused by the 
vaccine] from estimates of the prior probability [the probability that the vaccine caused the AE 
before observing the particular facts of the individual case – it is often based on epidemiological 
data, if available, and the posterior probability combines this background information with the 
evidence in the individual case to come up with an estimate of causation (Bierer, 2014)]. The 
theorem calculates a set of likelihood ratios for each relevant element of the observed case (they 
are constructed using information on individual cases), where each likelihood ratio is calculated 
by dividing the probability of observing what actually happened, assuming that the vaccine was 
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the cause, with the probability of observing the same event given the non-vaccine causality 
(IOM & Vaccine Safety Committee, 1994).  
This method provides a direct estimate of the ‘Did It?’ probability for a given case and is 
responsible in terms of documenting the estimates of the components that go into the calculation 
of posterior probability. However, such Bayesian analyses are often complicated and time-
consuming, and in addition, the quantitative expression of assessor uncertainty is often highly 
subjective, even if based on expert advice, as the data needed to estimate the anterior likelihoods 
and likelihood ratios of the component may not be available (IOM & Vaccine Safety 
Committee, 1994). 
 
Bierer (2014) states that "due to problems of reproducibility and validity, no single method is 
universally accepted as the gold standard” (Bierer, 2014). However, the current WHO 
algorithm used for individual causality assessment seems universally accepted. 
Before introducing the WHO algorithm, in the next sections I will first discuss the criteria for 
quality of causality assessment, and then show what are the criteria for causal diagnosis of AEs.  
 
 
1.2.2. Criteria for quality of causality assessment 
 
The medical-pharmacological field on which regulatory authorities make decisions is 
characterized by strong uncertainty and complexity. Pharmaceutical decisions are affected by 
several forms of uncertainty, “which are sharpened both by the high stakes at play and by the 
complexity of the epistemological procedures needed to provide the necessary information to 
make these decisions” (Osimani, 2013). The WHO (2005) writes:  
 

“Poor quality causality assessment can lead to erroneous conclusions, crises and loss of 
confidence in the national immunization programme” (WHO, 2005b).  

 
Therefore, in such a context, the quality of causality assessment is of great importance and 
depends on:  
 

(i) the quality of the AEFI case report; 
(ii) the effectiveness of the reporting system; and  
(iii) the quality of the causality review process (WHO, 2001), more specifically, of the 

method used for the assessment of whether a particular vaccine is likely to cause a 
particular AEFI.  

 
Regarding point (i), most case reports fail to provide sufficient details for a critical causality 
assessment (Agbabiaka et al., 2008). Incomplete information and therefore the loss of 
potentially valuable information can make evaluation of causality difficult or impossible (Rehan 
& Chopra, 2009).  
Regarding point (ii), much of the evidence about individual causality comes from passive 
"spontaneous reporting" systems, which have been shown to have problems with both false 
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negative and false positive results: i.e., many of the reported cases are probably not caused by 
exposure to the (bio)pharmaceuticals under examination, while many events caused by 
(bio)pharmaceutical are not reported (under-reporting) (Faich, 1986; Tubert et al., 1992). This 
inevitably undermines the analysis of causality at the individual level (IOM & Vaccine Safety 
Committee, 1994). The well-known problem of under-reporting translates into the failure to 
identify (new) serious or severe AEFIs and has a strong impact on public health decisions, 
possibly causing an increase in morbidity and mortality among the population. Chatterjee 
(2011) identified the following barriers to reporting (Chatterjee, 2011):  
 

(a) not considering the event as related to immunization;  
(b) not knowing about the reporting system and process;  
(c) lethargy – procrastination, lack of interest or time, inability to find the report form;  
(d) fear that the report will lead to personal consequences;  
(e) guilt about having caused harm and being responsible for the event;  
(f) uncertainty about reporting an event when not confident about the diagnosis. 

 
Hence, many cases are not reported. It must be said, however, that the absence of convincing 
case reports cannot be invoked to reject a causal relationship since what has not been reported 
may actually have occurred (IOM & Vaccine Safety Committee, 1994). 
Point (iii), then, with regards to the method used for causality assessment, the tool should be 
valid. It should be conceived, structured, and used correctly to provide a point of view as 
complete, accurate, scientific, and objective as possible. Lee et al (2020) states that “if the 
causality assessment is not scientific or objective, the assessment results will be inconsistent, 
and consequently the compensation program will no longer have credibility” (H. Lee et al., 
2020).  
Moreover, according to Chatterjee it is essential to ensure that vaccine safety monitoring and 
causality assessment utilizes system that meets vaccine specific needs (Chatterjee, 2011). 
When a vaccine-AEFI debate spills over into the public and political arena, proper assessment 
of causality is vital for decision-making allowing a balancing of known benefits with possible 
but unverified risks to protect the health of individuals (WHO, 2001; WHO-HIS-EMP, 2013). 
 
 
1.2.3. Criteria for AEs causal diagnosis 
 
First, a distinction must be made between AE and adverse reaction. The first is any new clinical 
phenomenon that occurs after a medicine’s administration, and not necessarily an adverse 
response to it; the latter is a harmful and unintended response to a medicine. 
In the diagnosis of an AE, the basic criteria for causality should be considered and everything 
in the report should be analyzed, noting what data are not present in the report (Cobert, 2013a). 
The basic criteria for causality are shown in Fig.8 below. 
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Figure 8. Basic criteria for an AE’s causal diagnosis – see (Cobert, 2013a). 

 
Other important factors to be considered are the following (Bierer, 2014; Cobert, 2013a):  
 

i. patient’s characteristics and past medical history by conducting appropriate physical 
examination and investigation; 

ii. nature of the reactions during this correlation (immediate vs long term);  
iii. clinical and pathological features of the events;  
iv. animal toxicology data;  
v. existing information about the pharmaceutical product and/or same class of medicines;  

vi. possibility of drug interactions. 
 
Moreover, while assessing causality, necessary and sufficient causes to trigger an AE, potential 
contribution of “inactive” ingredients and formulations need to be kept in mind together with 
difficulties and confounding variables such as (Bierer, 2014; Cobert, 2013a): incomplete 
information, quality of information on the report, availability of data; multiple drugs taken 
(polypharmacy), drug interactions, variability of clinical responses, diagnostic tests and 
procedures, intercurrent illness, underlying illness mimics AE, commonly occurring 
spontaneous events (e.g. nausea, vomiting, diarrhea, rash, pruritus, drowsiness, insomnia and 
so on).  
There is also the possibility of cascade or secondary AEs/causality. I report below the example 
of a case of clinical practice provided by Cobert (2013a): 
 

“Patient takes a drug which produces anemia and has a myocardial infarct due to the 
anemia: Is the anemia considered an AE related to/caused by the drug? There is no clear 
answer.  
A 65-year-old male, obese, smoker, hypertensive, type 2 diabetic (poorly controlled) 
with hypercholesterolemia starts a new drug and has an inferior wall myocardial 
infarction 8 days after starting. Is it related to the drug?  
 

(i) his parents both smoke and have elevated cholesterol, and are 98 years old alive 
and fairly well; 

pharmacology & previous knowledge of the observed AE related to the pharmaceutical product under examination

previous exposure (prechallenge) to the suspect medicine – positive 
prechallenge (AE occurred in past when patient exposed to 

medicine) vs negative prechallenge (AE did not occur in past)

(medical/biological) 
plausibility – plausible 

biologic or pharmacologic 
explanation

preexisting, underlying or 
concurrent conditions, or 

diseases

association (time and place) of the AE & the 
pharmaceutical product – time to onset vs 

time medicine was administered

likelihood or 
exclusion of other 

causes
concomitant 
medications
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(ii) he only took one dose and stopped because it gave him headaches, the terminal half-
life is 20 minutes;  

(iii) his 20-year-old dog died the day before and this was very stressful;  
(iv) he worked in his garden for 5 hours the day of the attack”.  

 
This example shows that causality assessment is very tricky. The identification of a new AEFI 
and therefore the assessment of a causal link between a vaccine and an observed AEFI is of 
enormous importance but also very difficult to establish.  
In the following sections I will first describe the current method used for assessing individual 
causality for the medicinal product and then the old system used for assessing AEFIs causality 
in order to highlight the differences between these systems and the WHO algorithm. 
 
 
 
 
 
 
2. The method used for individual causality assessment for medicinal 
products (excluding vaccines) (WHO) 
 
Causality assessment tools for AEs after drug administration (applied to drugs, small molecules 
with defined half-lives, temporary effects, and a defined causality window) do not translate 
easily into use for vaccines and AEFIs (McClenathan & Edwards, 2019). They include: Naranjo 
algorithm with its drug reaction probability score (Naranjo et al., 1981), Karsh and Lasagna 
scale (Karch & Lasagna, 1975), Kramer’s algorithm (Kramer et al., 1979), Modified Kramer 
Method (Kramer & Lane, 1992), Roussel Uclaf Causality Assessment Model (RUCAM) 
algorithm (Danan & Benichou, 1993), Alden algorithm (Sassolas et al., 2010), and the World 
Health Organization–Uppsala Monitoring Center (WHO-UMC) system (Edwards & Aronson, 
2000; Nebeker et al., 2004; UMC, 2018).  
The best-known algorithms [Naranjo and Lasagna – see (Agbabiaka et al., 2008; Ralph 
Edwards, 2017)] and the causality assessment system developed by the World Health 
Organization together with the Uppsala Monitoring Centre (WHO-UMC) put causative 
association between an ADRs and the intake of any medicine on a 4-value probability: certain, 
probable/likely, possible, unlikely, as well as two situations of non-decidability: 
conditional/unclassified and unassessable/unclassifiable where in the first case the search for 
further data is encouraged, while in the second it is established that it is impossible to find 
further information (UMC, 2018) (see Tab. D in Appendix). Regarding the certain category a 
high standard irrefutable proof is called for, while the probable/likely and possible categories 
represent the balance of proof. This is the standard of proof relevant to medicine and 
pharmacovigilance (Puliyel et al., 2018). 
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The checklist is based on: (i) presence of a sufficiently close temporal succession between 
drug’s administration and the appearance of the AE; (ii) plausibility of alternative hypotheses.26 
The plausibility of the effect with respect to the pharmacological mechanism of the medicinal 
product does not come into play. Since this is a "side" effect, potentially originating from 
alternative metabolic pathways to the one on which efficacy is based, the relative 
pharmacological mechanism may be completely irrelevant with respect to any adverse 
reactions. Excluding the plausibility of a causal connection between drug and side effect on the 
basis of known mechanisms related to the desired effect is methodologically unfounded 
procedure (Osimani B. & Ilardo, 2022). 
For vaccines, checklists drawn up on the basis of those formulated for medicines have been 
used for years. However, for a decade now these have been replaced by an algorithm that shows 
strong elements of systematic distortion of the evaluation procedure, radically invalidating its 
validity and reliability – see Puliyel et al., 2018.  
 
 
 
 
 
 

3. The old AEFI classification system (WHO-Brighton) 
 
The identification of an AEFI and the evaluation of the possible causal link with a given vaccine 
is of enormous importance but also very difficult to establish. 
To assess the AEFI’s causality up to 2005, reference was made to the WHO’s six-category 
classification in which AEs were analyzed considering the Brighton criteria following a step-
by-step guide, characterized by the compilation of a checklist containing questions on the event 
under consideration (see Tab.5), and the classification of the causal link according to a five-
value scale: very likely/certain, probable, possible, unlikely, unrelated, in addition to the case 
of non-decidability: unclassifiable – see Fig.9 (WHO, 2002). 
 

 
26 For medicinal products whose administration is repeated over time (i.e., not in a single dose), treatment can also 
be discontinued, and administration resumed: if the disorder disappears and reappears in conjunction with the 
intake of the drug, the evidence of the causal link is overwhelming (Osimani B. & Ilardo, 2022). 
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Figure 9: The WHO-Brighton classification and the criteria for assessing the causal link between vaccine and 
AEFI. From: WHO. (2002). Adverse Events Following Immunization (AEFI): Causality Assessment. AIDE 
MEMOIRE. 

 

 
Table 5: Checklist for the evaluation of the causal link between vaccine and AEFI. From: WHO. 
(2002). Adverse Events Following Immunization (AEFI): Causality Assessment. AIDE MEMOIRE. 
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This categorization was based on the standardized generic scheme developed by the WHO in 
collaboration with the UMC for medicinal products [see previous section (WHO-UMC, 2018)]. 
As can be seen in point 2 of the checklist (Tab.5), in a first phase of the assessment of the 
cause-effect association some guiding principles (or causality criteria) of Bradford Hill are 
examined (Bradford Hill,1965; WHO, 2001).27  
This system was abandoned in 2013 with the revision of the criteria by the WHO and CIOMS 
(Council for International Organizations of Medical Sciences) and the development of the 
dedicated algorithm (Tozzi et al., 2013; WHO-HIS-EMP, 2013).  
The reason for this choice has never been made explicit by the WHO. Before proceeding with 
the description of the characteristics of the algorithm and its criticalities, it is worth particular 
attention to retrace some of the events that led to this revision. 
 
 

3.1. Moving from the old to the new system: the Quinvaxem controversy 

The decision to revise the AEFI evaluation criteria followed a controversy over the safety of 
the pentavalent vaccine Quinvaxem (Crucell), which was introduced and administered to 
children in January 2008 in Sri Lanka, only to be withdrawn in April 2008 due to reports of five 
deaths and episodes of serious adverse events. In order to investigate these events, a WHO 
Panel of Experts was established and, in their report (December 2008), a modified classification 
of AEFIs, in which the probable and possible categories had suddenly disappeared. The deaths 
were then classified as follows: three as unlikely, one unrelated and the other unclassifiable. As 
Puliyel et al. (2018) point out, experts classify the three deaths in the unlikely category, although 
there is no alternative explanation capable of justifying the observed clinical event, instead of 
classifying them as probable. 
In December 2009, following the government's decision to reintroduce the vaccine and 
reinforce the immunization program, a petition was filed in the New Delhi High Court written 
and signed by doctors and government political advisers in which they challenged the reasons 
used by the government to introduce the vaccine and also its effectiveness, claiming that data 

 
27 In particular: (i) consistency of findings, the association is confirmed by different studies (in different contexts); 
(ii) strength of association; (iii) specificity of association: is the event exclusively linked to the investigated 
phenomenon or has it verified also in conjunction with other pathological phenomena?; (iv) biological plausibility, 
the association under consideration is compatible (biologically plausible or explainable) with current scientific 
knowledge; (v) temporal relationship, the time window between administration and AEFI is sufficiently limited. 
Other possible indicators of causality according to the Bradford-Hill criteria are: (vi) biological gradient/dose-
response — however, specific characteristics of the test population, routes of exposure, individual susceptibility 
and synergistic or antagonistic effects may make characterization of some biological gradients difficult (Fedak et 
al., 2015); (vii) coherence between epidemiology and laboratory findings, the association is compatible with 
available previous knowledge on observed effect and/or exposure (Dyda et al., 2018); (viii) experimental evidence, 
regarding causation it obviously provides a strong indicator of causality; (ix) analogy, evidence of an association 
between an agent similar to the one under consideration and the observed effect may strengthen the causality 
hypothesis; for an analysis of the epistemological foundations of the Bradford-Hill criteria and for their 
systematization, see (Landes et al., 2018). 
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from the countries where the vaccine was administered had revealed that there was no real 
benefit to children (Saxena et al. 2009). 
In October 2010, the GACVS (Global Advisory Committee on Vaccine Safety) commissioned 
groups of experts from the ACCA (Advisory Committee on Causality Assessment, Canada), 
EU/VAESCO (Vaccine Adverse Event Surveillance & Communication of the European 
Union), CIOMS, and CISA (Clinical Immunization Safety Assessment, USA) to review the 
criteria and classification system of AEFI used until then (Tozzi et al. 2013). 
In 2012 the CIOMS-WHO report was published with the collaboration of Brighton, in which 
new tools are provided for the investigation of AEFI (CIOMS & WHO, 2012). 
Subsequently, in March 2013, the manual entitled "Causality Assessment for an AEFI: user 
manual for the revised WHO classification" was published, in which the algorithm developed 
ad hoc for vaccines was presented (WHO-HIS-EMP 2013). 
 
 
 
 
 
 
4. The new system of evaluation of causality between AEFI and vaccine: the 
WHO-CIOMS algorithm  
 
Regarding vaccines, in 2013 the WHO developed a dedicated method that represents the current 
system mainly used by regulators for causality assessment of an AEFI (WHO-HIS-EMP, 2013), 
and that sees its updated version in the edition published in 2019 (WHO, 2019). It is intended 
as a guide for a systematic and standardized global causality assessment process for individual 
AEFIs, performed at national and subnational level by members of the AEFI National 
Committee or Immunization Programme Managers. It is increasingly used by researchers and 
epidemiologists worldwide, in Lower Middle-Income Countries (Sebastian et al., 2019; Singh 
et al., 2017), but also in developed countries. It is widely utilized in Italy (Lombardi et al., 2019; 
Stefanizzi et al., 2019), Germany (Mentzer et al., 2018), Canada (MacDonald & Law, 2017). 
Moreover, it is recommended by the Brighton Collaboration Group for the analysis of vaccine 
safety data in pregnancy (Jones et al., 2016).  
The WHO algorithm consists of four standardized parts with the following procedural order 
(WHO, 2019; WHO-HIS-EMP, 2013):  
 

1. Eligibility. This first part is intended to determine if the AEFI case satisfies the minimum 
criteria for causality assessment. This means that one should be able to positively 
respond to questions like: Was the vaccine administered before the event occurred? 
What is the valid diagnosis?28 Did the diagnosis meet a standard case definition? (i.e., 

 
28 It consists in the selection of unfavorable or unintended sign, abnormal laboratory finding, symptom or disease 
that is thought to be causally linked to the vaccine (WHO, 2019). 
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the Brighton Collaboration definition, standard literature definition, national definition, 
or other approved definition). 

2. Checklist. This second part comprises systematically reviewing the relevant and 
available information to address possible causal aspects of the AEFI. Questions here are 
like: Is there strong evidence for other causes? Is there a known causal association with 
the vaccine (vaccine product/vaccine quality) or vaccination (immunization error or 
immunization anxiety)? Was the event within the time window of increased association 
risk? Is there strong evidence against a causal association? Are there other qualifying 
factors for classification? – some of the question groups also consist of detailed sub-
questions – see Tab.6. 

3. Algorithm. This third part identifies and determine whether there is a trend suggesting 
causality on the basis of the information gathered in the checklist. It guides in the 
classification of AEFIs. 

4. Classification. Based on algorithm, this last part consists in categorizing the entity of 
the AEFI association with the vaccine into four categories and then coming to a decision 
on causality. A case with adequate information for a causality conclusion can be 
classified as one of the following three categories: ‘consistent causal association with 
immunization’, ‘indeterminate’, and ‘inconsistent causal association with 
immunization’ (coincidental); while a case without adequate information goes into the 
category ‘unclassifiable’. 

 
Compared to the system previously used for attributing the vaccine-AEFI causal link, in the 
new system [see (Tozzi et al., 2013; WHO, 2019; WHO-HIS-EMP, 2013)] the Brighton 
classification is officially abandoned, and the scale turns into a dichotomous categorization: 
consistent vs. inconsistent (i.e., no link between the AEFI and immunization). Moreover, the 
category for undecidable cases is splitted into indeterminate29 and unclassifiable30. In the 
former further investigation is encouraged, while in the latter the event is definitively archived 
(Osimani B. & Ilardo, 2022). Thus, the inconsistent category includes reactions that will not be 
investigated as a new signal of a causal association category. This category is used to classify 
a broad variety of clinical situations that in the previous system would have been classified as 
‘probable’ or ‘unlikely’ or ‘unrelated’ (Puliyel, 2018) – three different categories of three 
different clinical situations. 
Unlike the procedure for drugs and the system previously used for vaccines, in the algorithm 
the following steps must be taken (see Fig.10): 
 

Step I: take into account evidence pointing to alternative explanations;  

 
29 This category includes reactions that may have been caused by the vaccine, but for which the causal association 
has not been previously documented.  
30 This category includes events with insufficient information to allow the identification of cause and therefore 
causality assessment. 
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Step II: evaluate the plausibility of the causal link, based on a known association between 
vaccine and AE and temporal link (at this stage manufacturing defects, storage or 
administration errors or psychosomatic reactions must be excluded); 

Step III: if there is no evidence of alternative explanations (Step I) and the association 
between vaccine and pathogenic effects detected is known (Step II), it should be 
evaluated whether there is strong evidence against causation; 

Step IV: finally, the responsibility of the vaccine must be excluded on the basis of 
etiological evaluations of various types: the event could have occurred even 
independently of the vaccine, that is, it is a symptom of a pathological disorder, 
independent of the administration of the vaccine, or is attributable to risk factors 
(e.g. toxins) to which the subject was exposed before receiving the vaccine dose; 
see Tab.6 and Fig.10.  

 

 
Table 6: Checklist for the assessment of causality. Taken from: WHO-HIS-EMP (2013: 34-35). 
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Figure 10: Decision algorithm. Taken from: WHO-HIS-EMP (2013: 34-35) 

 
In the 2013 WHO Handbook in which the algorithm is presented, it is stated: “a definite causal 
association or absence of association often cannot be established for an individual event […] 
However it is important to try to identify a possible new vaccine product-related AEFI, as well 
as if the event is preventable or remedial” (WHO-HIS-EMP, 2013). However, what the 
algorithm achieves is exactly the opposite. As it is structured, it seems to deny the possibility 
that any newly observed AE may be causally related to vaccination.  
Following this algorithm, it is understandable how AIFA could underestimate the reported 
cases. For example, in the third AIFA report we read on page 16:31  
 

“In the field of vaccine-vigilance, a specific algorithm is used, built and validated by the 
World Health Organization (WHO) [...] As of 26 March 2021, a total of 102 reports 
with a "death" outcome were included in the National Pharmacovigilance Network, of 
which 2 duplicates were excluded. (...) The evaluations of the cases accompanied by 
detailed and complete information suggest the absence of responsibility of the vaccine 
in most of these, as they are often subjects with intercurrent or previous pathologies and 
in polytherapy, with clinical fragility, such as: cardiovascular diseases (arterial 
hypertension, previous AMI, heart failure, cardiomyopathy), metabolic diseases 
(diabetes, dyslipidemia), oncological diseases, autoimmune diseases,  
neurodegenerative diseases (Alzheimer's disease), respiratory and mediastinal diseases 
(COPD, emphysema), kidney, liver, pancreatic diseases, diseases of the lymphopoietic 
system (plateletopenia, coagulation defects). At the time of writing, 64% of fatal reports 
(No. 64) have been evaluated with the WHO algorithm and 36% have not yet been 
evaluated. Compared to the total number of reports with fatal outcomes, the causal link 

 
31 https://www.aifa.gov.it/rapporti-su-sorveglianza-dei-vaccini-covid-19. 

https://www.aifa.gov.it/rapporti-su-sorveglianza-dei-vaccini-covid-19
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was uncorrelated in 38% of cases, undetermined in 22% and unclassifiable due to lack 
of information necessary for the application of the algorithm in 3%. The causal link can 
be correlated in only 1 report." 

 
Determining whether there is a consistent causal association between a given vaccine and an 
observed AEFI is not easy. There are very few or in any case very rare AEFIs that can be 
classified as certainly (or most likely) associated with a given vaccine in an individual [e.g., 
idiopathic thrombocytopenic purpura (ITP) was causally associated with MMR (measles-
mumps-rubella) vaccination (Miller et al., 2001)]. This difficulty is due to the complexity of 
the analysis context in which the algorithm operates, and to the fact that, as it is currently 
structured, it seems to underestimate this complexity.  
For this reason, the WHO algorithm has been criticized from both a conceptual and 
methodological point of view (Bellavite, 2020; H. Lee et al., 2020; Osimani B. & Ilardo, 2022; 
Puliyel et al., 2018).  
The available scientific evidence is often insufficient to conclude that the association between 
the observed AE and the vaccine administration is real, but also insufficient confidently to rule 
out a link, and the systematic study of such situations can be complex for several reasons, such 
as the occurrence of the effects many years after vaccination, etc. However, the algorithm 
express itself in absolutist way by excluding vaccine-AEFI link on the sole basis of one 
evidence (e.g., evidence of other cause(s) at Step I) and not considering the possibility of long-
term effects. The mechanisms underlying vaccines action in inducing an immune response are 
complex.  
Moreover, most AEFIs are multifactorial pathologies where a multiplicity of factors of various 
kinds (exogenous and endogenous) are present, interact in complex ways precipitating the AE 
and/or acting as cofactors (Bellavite, 2020), and vary from one individual to another. However, 
the algorithm seems to not to consider these aspects by underestimating the role of 
multifactorial causation, interacting causality, and vaccine-person interactions.  
The errors mentioned above increase the likelihood of false negatives, thus decreasing the 
accuracy of the tool. I will discuss in more detail all the criticalities that the algorithm presents 
in Chapter V. 
In the next chapter I will address the issue of understanding the complex mechanisms associated 
with AEFIs by making use of the medical-pharmacological literature. 
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CHAPTER III 
 
 
 

1. Biocomplexity in the occurrence of AEFIs  
 
The WHO algorithm for causality assessment of AEFIs may be overly simple and may not do 
justice the complexity of biological systems and the possibility of multifactorial causation, that 
is, complex disease causation, complexity of the immune response (including the genesis of 
autoimmunity), the role of genetic variants and of the microbiome in the modulation of immune 
reactions (Bellavite, 2020). 
The WHO states that “vaccines are undoubtedly the most complex medical products to 
develop” (WHO, 2022c) and EMA states that “there must be evidence to demonstrate that the 
benefit in terms of improvement of the immune response has been achieved without an undue 
increase in local and systemic adverse reactions” (EMA, 2005).  
Vaccines are biological product with the great benefit for being very important and necessary 
for the prevention of many serious infectious diseases (prophylaxis), but they also bring with 
them the potential risk of being responsible for the manifestation of equally serious, although 
often rare, pathologies. Beyond well-documented vaccine reactions, vaccines could be 
responsible for serious health problems where the available scientific evidence may be 
insufficient to conclude that the association is real, but also insufficient to rule out a link. As 
WHO points out, the systematic study of these conditions is made difficult by the fact that the 
frequency of a true reaction can be extremely low, the effects could be more or less mild, and 
the effects could occur many years after vaccination (WHO, 2013). It should be noted that many 
effects are rare, and that effects that appear mild/harmless prima facie (as temporary) may 
indicate the onset of diseases, such as auto-immune ones, whose clinical manifestation will 
emerge at the clinical level after some time.  
AEs may emerge from three types of phenomena, namely (Osimani B. & Ilardo, 2022):  
 

1. The same biomolecular mechanism that produces the expected effect is also responsible 
for the harmful effect (e.g., inhibition of the production of prostaglandins of 
antirheumatic drugs can induce gastric ulcer at the same time, as prostaglandins protect 
the mucous membranes of the stomach). 

2. The pharmaceutical product binds to more or less unknown off-target receptors, 
triggering metabolic cascades that interfere with the (sub)cellular mechanisms of organs 
or systems putatively not affected by the known pharmacological action. 

3. The pharmaceutical product generates a systemic response of the organism and/or 
interactions at different levels of the organism.  

 
These phenomena are linked to different causal processes: i.e., positive or negative feedback 
mechanisms, homeostasis phenomena, back-up mechanisms replacing those that are eventually 
inhibited by the drug [see (Joffe, 2011)]. In the context of these complex systems and sub-
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systems of functioning of the organism, (bio)pharmaceuticals can have paradoxical effects (e.g., 
producing, at least in some individuals, the exact opposite of what would be expected) or bi-
directional [e.g., producing an effect and its opposite, in different individuals, or in the same 
individual in different circumstances (Aronson & Hauben, 2006; S. W. Smith et al., 2012)] and 
effects that mimic the symptoms of the pathology and that for this reason are not identified as 
such.  
In general, the harmful effects of a (bio)pharmaceutical product are highly variable and are 
characterized by cumulative effects and mechanisms of causal interaction (Osimani B. & Ilardo, 
2022). 
In the analysis of AEFIs it’s also crucial to take into account: (i) the heterogeneous nature of 
vaccines, that is, different technology [live-attenuated, inactivated, subunit (recombinant, 
polysaccharide, and conjugate), toxoid, viral vector, mRNA] and composition of each vaccine 
both for the constituents that provoke the immune response and for the presence of different 
adjuvants, excipients, preservatives and so on; and (ii) the mechanism through which a vaccine 
induce a response by the immune system. The stimulation of the immune system by vaccines 
involves a complex interaction between vaccine antigens, adjuvant (if present), antigen-
presenting cells, lymphocytes, and multiple immune mediators (cytokines), and the various 
processes involved can induce an excessive or distorted inflammatory and immune response, 
resulting in the occurrence of inflammatory and immune pathologies – complex (multifactorial) 
diseases (Bellavite, 2020). 
Although serious immune-mediated AEs are generally rare and less common with the vaccine 
than with true infection, it is very important that they are carefully examined and evaluated for 
their potential causality. It is also essential that AEFI’s frequency is quantified, and the 
mechanism associated with vaccine is studied – investigation of whether AEFI has a 
biologically plausible mechanism (McClenathan & Edwards, 2019).  
For the treatment/prevention of diseases many fields of investigation are using precision 
medicine, that considers individual variability in genes, environment, and lifestyle for each 
person (F. S. Collins & Varmus, 2015).  
 
 

1.1. AEFIs: definition and classification 

An Adverse Event Following Immunization (AEFI) may be defined as "a medical incident that 
takes place after an immunization, causes concern and is believed to be caused by the 
immunization" (Budhiraja & Akinapelli, 2010). The CIOMS defines an AEFI as “any untoward 
medical occurrence which follows immunization, and which does not necessarily have a causal 
relationship with the usage of the vaccine” (CIOMS, 2012).  
An AEFI may be classified according to its frequency as (CIOMS & WHO, 2012):  
 

a) very common (≥ 1
10

; ≥ 10%);  

b) common (frequent) (≥ 1
100 

 𝑎𝑛𝑑 < 1
10

;  ≥ 1% 𝑎𝑛𝑑 < 10%);  
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c) uncommon (infrequent) ≥ 1
1,000

 𝑎𝑛𝑑 < 1
100

;  ≥ 0.1% 𝑎𝑛𝑑 < 1%);  

d) rare (≥ 1
10,000

𝑎𝑛𝑑 < 1
1,000

; ≥ 0.01% 𝑎𝑛𝑑 < 0.1%);  

e) very rare (< 1
10,000

;  < 0.01%).  

 
The identification of rare (occurring in 0.01% to less than 0.1% of immunized individuals) and 
very rare (occurring in <0.01% of individuals) AEs is insufficient at the time of vaccine 
licensing and more information will be needed for which AEFI surveillance has to be 
strengthened. 
It is possible to distinguish two types of vaccine adverse reactions according to their severity 
as follows (Autret-Leca et al., 2006):  
 

i. minor: usually occur within a few hours of injection, resolve after short period of time 
and pose little danger, local (including pain, swelling or redness at the site of injection), 
systemic (including fever, malaise, muscle pain, headache or loss of appetite);  

ii. severe: usually do not result in long-term problems, are rarely life threatening, can be 
disabling, and include seizures and allergic reactions caused by the body’s reaction to a 
particular component in a vaccine [e.g., antigen (live, killed, purified, inactivated toxin), 
stabilizers, adjuvant, preservatives, antibiotics].  

 
An AEFI is considered serious if it results in death or in persistent/significant incapacity or in 
disability/substantial disruption of the ability to conduct normal life functions (e.g., paralysis), 
or if it is life-threatening, or requires inpatient hospitalization or prolongation of existing 
hospitalization (e.g., encephalopathy, seizures, aseptic meningitis) (European Medicines 
Agency & Heads of Medicine Agencies, 2017). 
An AEFI can be any unfavorable or unintended sign, abnormal laboratory findings, symptoms 
or diseases, manifesting excessive biological stress caused by an extraneous material or an 
attenuated live virus. It may be causally related to the vaccine due to its contents being defective 
or contaminated because of preparation or storage inaccuracies, or administration errors (e.g., 
accidental intravenous injection – injection near a nerve plexus, or delivery of aluminum into 
the skin instead of muscle) (Bellavite, 2020). The WHO classifies AEFIs according to the 
causes of the event into the following five categories (CIOMS & WHO, 2012; WHO, 2020): 
 

1) vaccine product related reaction: AEFI caused or precipitated by vaccine due to one or 
more of its intrinsic properties (e.g., external limb swelling following DTP vaccination). 

2) vaccine quality defect-related reaction: AEFI caused or precipitated by vaccine due to 
one or more of its quality defects including the administration device provided by the 
manufacturer (e.g., failure by the manufacturer to completely inactivate a lot of 
inactivated polio vaccine leading to cases of paralytic polio). For new vaccines 
platforms, the knowledge of potential vaccine quality defects might be insufficient at 
the time of vaccine licensing and more information will be needed; the rapid scaling up 



 54 

of vaccine production poses additional potential risks and identification of the exact 
substance causing the event is needed. 

3) immunization error-related reaction: AEFI caused by inappropriate vaccine handling, 
prescribing, or administration and thus by its nature is preventable (e.g., transmission of 
infection due to contaminated multidose vial, bacterial abscess, severe local reaction, 
high fever or sepsis, BCG lymphadenitis, toxic shock syndrome, clusters32 of AEFI).  

4) immunization anxiety-related reaction: AEFI arising from anxiety about the 
immunization (e.g., vasovagal syncope in an adolescent following vaccination). A 
larger number of immunization anxiety-related reactions are anticipated due to 
numerous factors including older age groups, the different vaccinating environments, 
the novelty of the vaccines and their administration modalities. 

5) coincidental event: AEFI caused by something other than the vaccine, immunization 
error or anxiety but where a temporal association with immunization exists [e.g., fever 
that occurs after vaccination (temporal association) but is caused by malaria since 
malarial parasite has been isolated from blood]. 

 
It is also possible to distinguish two types of vaccine adverse reactions based on the 
involvement of one component of the vaccine rather than another: 
 

i. specific: if related to the antigen of a live attenuated virus vaccine (e.g., lymphocyte 
meningitis after anti-mumps vaccine); 

ii. non-specific: if related to a component different from the antigen (e.g., aluminum 
hydroxide involved in the "macrophagic myofasciitis", allergic reactions to neomycin, 
latex, egg, or gelatin). 

 
If the AE is caused by a vaccine adjuvant or excipient, rather than by its active component, it 
might spuriously influence the specificity of the association between vaccine and AE (WHO, 
2001).  
Most of vaccines’ severe AEFIs are related to the vaccine action involving an innate immune 
response linked to the early biological defenses to injected matter, and a more antigen-specific 
response, linked to the adaptive immune defenses (Bellavite, 2020). 
Understanding the complex mechanism underlying AEFI involves immunological, 
immunopathological and pharmacological considerations.  
 
 
 
 
 
 

 
32 A cluster of AEFIs is two or more cases of the same adverse event related in time, place or vaccine administered 
(WHO, 2004).  
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2. Immunological considerations 
 
In many cases an AEFI occurs as an excessive or distorted inflammatory or immune response 
that can degenerate giving lethal outcomes33, or may concern the onset of irreversible 
pathologies. Vaccines have nonspecific effects that upregulate or reduce both the innate and 
adaptive immune systems (Higgins et al., 2016). 
Understanding how the immune system works in helping protect the body from infection 
clarifies how and why reactions to the vaccine occur (WHO, 2013).  
The way the immune system responds to bacteria/viruses is very complex and has two 
complementary components: innate and adaptive immunity. 
 
 

2.1. Innate immunity 

Innate (or nonspecific) immunity is the immunity you were born with. It is rapid 
(minutes/hours), responds in the same way each time a new pathogen is encountered, is not 
antigen specific, and has no immunologic memory. Innate immunity includes anatomic (skin 
and mucous membrane), physiologic (temperature, low pH, and chemical mediators), endocytic 
and phagocytic, and inflammatory defensive barriers. It acts by identifying and destroying 
pathogens from the body and by neutralizing toxins produced by certain bacteria (Marshall et 
al., 2018). Thanks to pattern recognition receptors (PRRs) immune cells can detect and respond 
quickly to a wide range of pathogens that share common structures (e.g., pathogen associated 
molecular patterns, PAMPs), and recruit to sites of infection and inflammation through the 
production of chemokines and cytokines [e.g., tumor necrosis factor (TNF), interleukin 1 (IL-
1) and interleukin 6 (IL-6)]. The latter activate local cellular response to infection and mobilize 
many defense mechanisms throughout the body – their dysregulated production is associated 
with inflammatory or autoimmune diseases (Marshall et al., 2018). Part of the innate immunity 
is the complement system. When it is activated (biochemical cascade) pathogens became 
susceptible to phagocytosis, a process by which immune cells [e.g., macrophages, neutrophils, 
dendritic cells, mast cells, eosinophils, basophils, natural killers (NKs), innate lymphoid cells] 
swallow and kill them, and which can activate the adaptive immune response through the 
mobilization and activation of antigen-presenting cells (APCs). 
 
 

2.2. Adaptive immunity  

The adaptive immune system develops to protect us from pathogens present in our individual 
environment. Adaptive (or acquired/specific) immunity develops over time, it is antigen-

 
33 One of the main causes of morbidity and mortality worldwide are unfavorable clinical events caused by immune 
and non-immune mechanisms (Parida, 2013). 
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dependent, antigen-specific and has immunologic memory. The immune system recognizes 
specific antigens from bacteria and viruses and produces pathogen-specific immunological 
effector pathways which eliminate the pathogen (Marshall et al., 2018). During the primary 
immune response to the first encounter with a specific intruding pathogen, memory cells 
develop, replicate, and prepare the body to a second innate immune response. This kind of cells, 
by recognizing antigens on pathogens they have encountered previously, trigger a faster and 
more effective immune response than the first exposure, and confer lasting (often lifetime) 
immunity to that pathogen (Bonilla & Oettgen, 2010; WHO, 2013). The secondary adaptive 
immune response can clear pathogens before any damage occurs. 
The cells involved in the adaptive immune response are lymphocytes (i.e., a type of white blood 
cell, belonging to the leukocyte family), more specifically: 
 

1) T cells: they mature in the thymus and can differentiate into three different cell types 
(i.e., helper T cells, cytotoxic T cells, and suppressor T cells); and  

2) B cells: they mature in bone marrow and some of which can differentiate into activated 
plasma cells that help to fight the pathogen by releasing antibodies (i.e., protective 
proteins, also called immunoglobulins34).  

 
These cells fight the pathogen infection in two ways: B cells play a major role in the humoral 
(or antibody-mediated) immune response, while T cells in the cell-mediated immune response 
– see Fig.11. 
 

 
Figure 11: Immune regulation. 

 
 
2.2.1. Humoral immunity  
 
In humoral immunity, the mature, activated B cells secrete antigen-specific antibodies that help 
to neutralize extracellular pathogens. Antibodies can also attach to infected cells, but they 
cannot destroy host cells on their own.  
A naïve B cell produces a surface-bound form of antibody, known as immunoglobulin, whose 
exposed antigen binding site can detect potential pathogens. When an antigen corresponding to 
the antigen binding site binds to a naïve B cell, a differentiation process occurs that leads to the 

 
34Class of glycoproteins with high molecular weight. 
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generation of memory B cells and effector B cells, which produce the same antigen-specific 
molecules as the naïve B cell (Dornell, 2022). Thanks to the B cell antigen-binding receptor, 
the activated memory B cell recognizes and binds to a specific antigen, which is internalized 
and transformed into peptides. The activation of the helper T cells by MHC class II receptors, 
which secrete cytokines (e.g., IL-6, help B-cells, etc.), helps the proliferation and differentiation 
of the B cell into an antibody-secreting plasma cell (Janeway et al., 2001; Marshall et al., 2018). 
The secreted antibodies (i.e., IgA, IgD, IgE, IgG35 and IgM) can (Janeway et al., 2001):  
 

i. inhibit the cytotoxic effects or infectivity of the pathogen by binding to it 
(neutralization);  

ii. coat the pathogen by allowing accessory cells that recognize the Fc portions of antibody 
arrays to ingest and kill the pathogen (opsonization);  

iii. activate the complement cascade, where complement proteins can greatly enhance 
opsonization and can directly kill some bacterial cells. 

 
In sum, antibodies bind to the antigen on the surface of the pathogen, signaling it for destruction 
through complement activation, promotion of opsonin phagocytosis and elimination of the 
pathogen by immune effector cells. Then, antigen-antibody complexes are eliminated from the 
complement cell cascade (Bonilla & Oettgen, 2010; Marshall et al., 2018).  
IgA, IgD, IgE, IgG and IgM have different biological functions and recognize and neutralize 
specific pathogens (Schroeder & Cavacini, 2010), but are usually unable to eliminate a virus 
once infection has occurred (Marshall et al., 2018). In this case, cell-mediated immune 
mechanisms come into play. 
 
 
2.2.2. T cell-mediated immunity 
 
Cell-mediated immunity is directed mainly to viruses that survive in phagocytes and those that 
infect non-phagocytic cells, therefore to the elimination of virus-infected cells, but also of 
cancer-cells or cells infected by fungi or intracellular bacteria. Moreover, it can play an 
important role in transplant rejection (Marshall et al., 2018).  
Cell-mediated immunity doesn’t protect the organism with the involvement of antibodies, but 
it is primarily driven by T-cells, macrophages, and the release of cytokines. T-cells recognize 
intracellular target antigens thanks to APCs containing membrane-bound MHC class I proteins 
and the binding with the antigen lead to the activation of naïve T cells that maturate and 
differentiate into helper T cells [e.g., CD4+ release cytokines that can damage the target cell 
directly or help activate killer T cells and macrophages] or into killer T cells [e.g., CD8+ (or 
cytotoxic T cells) directly cause the lysis of target cells] (Dornell, 2022).  
In sum, cell-mediated immunity implies (Bonilla & Oettgen, 2010):  

 

 
35 They can be divided into structurally distinct subclasses with different abilities to fix complement, act as opsonin, 
etc. 
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i. activation of antigen-specific cytotoxic T cells that recognize infected cells and induce 
their apoptosis by showing foreign antigens or derived peptides on their surface; 

ii. activation of macrophages and NK cells, allowing them to destroy intracellular 
pathogens;  

iii. stimulation of cytokine (e.g., IFNγ) production that mediates the effective immune 
response. 

 
 

2.3. Passive vs Active immunity & Natural vs Artificially acquired immunity 

There are two main mechanisms for acquiring immunity, active or passive.  
Passive immunity refers to the transfer of active humoral immunity, in the form of "ready-
made" antibodies, from one individual to another. This kind of immunity (Marshall et al., 2018): 
 

(i) is immediate,  
(ii) lasts for a relatively short period (only for a few weeks or months),  
(iii) can occur naturally (e.g., by transplacental transfer of maternal antibodies to the 

developing fetus), or  
(iv) can be artificially induced (e.g., by injecting exogenous antibodies that are usually 

manufactured for this purpose and that are targeted at a specific pathogen or toxin).  
 
Artificially acquired immunity is used when there is a high risk of infection and insufficient 
time for the body to develop its own immune response, or to reduce symptoms of chronic or 
immunosuppressive diseases (Marshall et al., 2018). 
Active immunity refers to the production of antibodies against a specific antigen or pathogen 
after exposure to the antigen. This kind of immunity (Marshall et al., 2018): 
 

(i) takes time (usually weeks) to develop, 
(ii) can be natural (i.e., acquired through natural infection with a microbe) and last a 

lifetime, or  
(iii) can be vaccine-induced [i.e., attenuated (weakened) pathogens, inactivated organisms 

or specific proteins or carbohydrates known to induce immunity] and last a long time.  
 
Effective active immunization often requires the use of adjuvants that improve the immune 
system's ability to respond to antigen injection (Marshall et al., 2018). 
 
 

2.4. Pre-existing cross-reactive immunity 

When high serotype-specific and highly neutralizing antibody titers are produced, the host is 
protected against future reinfection and the disease is mild or asymptomatic; conversely, when 
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pre-existing antibodies are cross-reactive and non-neutralizing or with a narrow neutralizing 
spectrum, hosts may not be sterile protected or host protection may be limited to the serotype 
of previous viral infections and allow persistence of new mutant viruses (Jia et al., 2022; Warter 
et al., 2012).  
For most cases, pre-existing cross-reactive immunity result from: (i) a primary infection with a 
virus that sequentially resembles a secondary heterologous infectious agent, or (ii) previous 
vaccination (Boes, 2000; Jia et al., 2022; Warter et al., 2012), or (iii) exposures to certain 
commensal gut bacteria, such as pre-existing antibodies against HIV-1 gp41 (Liao et al., 2011; 
Williams et al., 2015). Commensal bacteria represent important sources of cross-reactive 
antibodies (Jia et al., 2022) – see autoimmune diseases caused by cross-reactivity between 
microbial and self-antigens (Rose, 2017; Zitvogel et al., 2016).  
Pre-existing antibodies may affect host immune responses in case of infection or vaccination 
(Cobey & Hensley, 2017; Zimmermann & Curtis, 2019). An example of known cross reactivity 
is that between Japanese encephalitis (JE) virus antibody and yellow fever (YF) vaccine. 
However, the knowledge on how cross-reactive antibodies affect vaccination outcome is 
limited36. It is supposed that cross-reactive antibodies could impact the antibody response to 
the vaccine at the time of vaccination in a concentration-dependent manner, altering both 
vaccine uptake and the innate immune response by APCs (Low et al., 2015).  
Cross-reactive B and T cells may have (Murray et al., 2022): 
 

a. Beneficial effects: 
- Cross-reactive T cells can be generated through T-cell triggering from high-homology 

epitopes, which then cross-react with high avidity during a secondary heterologous 
infection and can block pathogenicity by preventing invasive infection or can 
accelerate the rate of viral clearance by forming a "secondary-like" memory immune 
response with a greater magnitude of B cell help and T cell responses.37 

- Cross-reactive memory B cells and antibodies can be produced in epitopes of high 
similarity between a primary and a secondary heterologous infection; cross-reactive B 
cells specific for highly conserved epitopes can then continue to generate a rapid, high-
function memory-like response to heterologous infection, with the secretion of cross-
neutralizing antibodies that can prevent viral entry into cells.38  
 

b. Harmful effects: 
- Cross-reactive T cells can be generated in epitopes of relatively low homology and 

adversely affect a secondary infection with heterologous agents by prevailing in 

 
36 The effect of pre-existing cross-reactive antibodies has been widely studied for influenza infections (Auladell et 
al., 2019; Cobey & Hensley, 2017; A. Zhang et al., 2019) and flaviviruses (Andrade et al., 2019; St John & Rathore, 
2019). Some studies showed that pre-existing antibodies shape booster immune responses against influenza 
(Dugan et al., 2020; A. Zhang et al., 2019).  
37 For these cross-reactive mechanisms see coronavirus infections (Kundu et al., 2022; Loyal et al., 2023; Mateus 
et al., 2023; Swadling et al., 2022). 
38 For these cross-reactive mechanisms see for example studies on coronavirus infections (Kundu et al., 2022; 
Morgenlander et al., 2021), influenza infection (McCarthy et al., 2018) and vaccination  (Galli et al., 2009). 
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secondary infection response, competing for presented antigen, and interrupting the 
generation of high-avidity de novo T cell responses; cross-reactive CD8+ T cells can 
bind with low-affinity epitope from the secondary infectious agent, leading to the 
production of pro-inflammatory cytokines [interferon-γ (IFNγ), tumor necrosis factor-
α (TNFα)] without the induction of cytolytic effector functions (degranulation), 
resulting in immunopathology and reducing viral clearance.39  

- Cross-reactive B cells can be generated in epitopes of low homology and hinder 
responses to a secondary heterologous infection by distorting the response to 
antibodies with higher avidity for the initial infectious agent, reducing the production 
of de novo antibody responses.40 

- Low-avidity cross-reactive antibodies or low levels of high-avidity cross-reactive 
antibodies that cannot neutralize a secondary heterologous infection may bind to virus 
and aid viral entry into cells through Fc-receptor-mediated endocytosis, the so-called 
antibody-dependent enhancement (ADE).41 

 
 
 
 
 
 
3. Immunopathological considerations 
 
Defects in the adaptive and innate immune system can lead to immunopathological conditions, 
including hypersensitivity reactions, autoimmune diseases, and immunodeficiencies. 
 
 

3.1 Hypersensitivity reactions  

Hypersensitivity reactions are undesirable, exaggerated, or inappropriate, responses produced 
by the immune system in response to an antigen or allergen (Marshall et al., 2018; Vaillant et 
al., 2022), and may be classified into four categories (Gell & Coombs, 1963; Rajan, 2003): 
 

i. Immediate: Type I (or Anaphylactic Response). 
ii. Cytotoxic or antibody-dependent: Type II (or Cytotoxic-Mediated Response). 

iii. Immune complex disease: Type III. 
iv. Delayed type: Type IV. 

 
39 For these cross-reactive mechanisms see for example flavivirus infection studies (Duangchinda et al., 2010; 
Mongkolsapaya et al., 2003, 2006; Screaton et al., 2015; Welsh et al., 2010). 
40 For these cross-reactive mechanisms see for example common cold coronaviruses and SARS-CoV-2 
(McNaughton et al., 2022) and influenza virus studies (A. Zhang et al., 2019). 
41 For antibody-dependent enhancement mechanism see for example flavivirus infection (Goncalvez et al., 2007; 
Pierson et al., 2007).  
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Type I – the most common type – is an allergic reaction caused by re-exposure to a specific 
type of antigen (allergen) and is mediated by IgE antibodies. IgE bind to receptors on the surface 
of tissue mast cells and blood basophils (which contain histamine granules), causing them to 
sensitize. The subsequent exposure to the same allergen cross-links the bound IgE on sensitized 
cells resulting in activation of mast cells and their degranulation and secretion of histamine, 
platelet-activating factor (PAF), leukotrienes (e.g., LTC4) and prostaglandins (e.g., PGD2) 
(active mediators), causing vasodilation, vascular leak, contraction of the smooth muscles of 
the surrounding tissue, and inflammation [induced by enzymes such as tryptase causes tissue 
damage and tumor necrosis factor (TNF)] (Marshall et al., 2018; Vaillant et al., 2022).42 The 
most severe form of allergic reaction is anaphylaxis, in which mast cells suddenly release a 
large amount of histamine and subsequently leukotrienes (e.g., intense bronchospasm, laryngeal 
edema, cyanosis, hypotension and shock may be present). 
 

Type II is rare, takes 2 to 24 hours to develop and is mediated by IgG and IgM antibodies. 
Immunoglobulins damage cells by binding to molecules on the patient's cell surface and 
triggering phagocytosis or forming complexes that activate the complement system, leading to 
opsonization, red blood cell agglutination, cell lysis and death (Marshall et al., 2018; Vaillant 
et al., 2022).43 
 

Type III can take days, or even weeks, to develop. It is also mediated by IgM and IgG antibodies, 
which bind to soluble proteins (rather than cell surface molecules) forming antigen-antibody 
complexes, leading to activation of the complement system, followed by neutrophil influx, 
inflammation and degranulation of mast cells – the complement releases chemotactic agents 
that attract neutrophils and cause inflammation and tissue damage (Marshall et al., 2018; 
Vaillant et al., 2022).44  
 

Type IV – the second most common type – is cell-mediated, antibody-independent and usually 
take 2 or more days to develop. It is caused by overstimulation of T cells and 
monocytes/macrophages leading to the release of cytokines that cause inflammation, cell death 
and tissue damage [e.g., skin response to poison ivy (Marshall et al., 2018)]. 
 
 
 

 
42 Examples include bronchial asthma (Vandervoort, 2018), allergic rhinitis (Shamji et al., 2019), allergic 
dermatitis (Son et al., 2018), food allergy (Koike et al., 2018), allergic conjunctivitis (Fauquert, 2019), atopic 
eczema (Dou et al., 2019), drug allergy (Blumenthal et al., 2019), anaphylactic shock (K. Y. Wang et al., 2019). 
43 Examples include immune thrombocytopenia (E. Lee et al., 2019), autoimmune hemolytic anemia (Li et al., 
2019), autoimmune neutropenia (Vaillant & Zito, 2022), alloimmune HDFN or erythroblastosis fetalis (Leonard 
et al., 2019; Nassar & Wehbe, 2022), Goodpasture syndrome (Berends-De Vries et al., 2017; DeVrieze & Hurley, 
2022), myasthenia gravis (Jastrzębska et al., 2019), pemphigus (Buonavoglia et al., 2019; M. S. Evans et al., 2019). 
44 Examples include systemic lupus erythematosus (SLE) (Kuhn & Landmann, 2022), serum sickness 
(Owczarczyk-Saczonek et al., 2019), Arthus reaction (Gershwin, 2018; Ghazavi & Johnston, 2011), reactive 
arthritis (Cheeti et al., 2022). 
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3.2. Autoimmunity 

Autoimmunity involves the loss of normal immune homeostasis such that the body produces 
an abnormal response to its own tissue (Marshall et al., 2018). Some antibodies and T 
lymphocytes direct themselves against the normal components of the body (autoantigens) and 
for this reason are called autoantibodies and self-reactive T cells (JHU, 2023).45  
It is hypothesized that autoimmunity results from: (i) an alteration in a body tissue so that it is 
no longer recognized as "self" and is therefore attacked, or (ii) a failure or disruption of the 
mechanisms normally responsible for maintaining the self-tolerance of B cells, T cells or both 
– see (Charles A Janeway et al., 2001). A disruption of the usual control process occurs, 
whereby these lymphocytes, which are generally suppressed, are capable to bypass suppression 
and, together with autoantibodies, cause pathological and/or functional damage to the 
organ/tissue containing the target autoantigen (inflammation) (Marshall et al., 2018). Thus, 
autoimmune diseases (AiDs) develop, i.e.: chronic conditions characterized by hyperactive 
immune responses against self (abnormal immune reactions) (Gokuladhas et al., 2021).  
The exact mechanisms by which such alterations and abnormalities occur are not fully 
understood. However, we know that bacteria, viruses, toxins and certain drugs can play a role 
in triggering an autoimmune process in someone who has a genetic predisposition to develop 
the disease, and it is assumed that the inflammation induced by these agents somehow causes 
the body to "sensitize" (autoimmune reaction) in the tissues involved (Autoimmune 
Association, 2023).  
AiDs arise from complex interactions between polygenic46 and environmental risk factors, so 
they are generally classified as "complex heterogeneous diseases" factors (Gokuladhas et al., 
2021; Marson et al., 2015; Vyse & Todd, 1996). 
In addition, they may be classified into: (i) organ-specific and (ii) systemic (or non-organ-
specific) (Castro & Gourley, 2010). In the first type the autoimmune process is directed 
primarily against a particular organ or tissue47. In the second type the autoimmune process is 
widely spread throughout the body, so autoantigens are identified in almost all cell types in the 
body, and pathological damage involves many different organs and tissues48. 
 

 
Inflammation 
 
Poorly regulated inflammatory responses and tissue damage due to inflammation are often 
immunopathological features (Marshall et al., 2018). Inflammation is a process of normal 

 
45 Autoantibodies and autoreactive T cells may be present in individuals who have no clinical evidence of 
autoimmune disease – see new types of immunotherapy-based cancer treatment (JHU, 2023). 
46Thousands of single nucleotide polymorphisms (SNPs) associated with different AiDs have been identified 
(Gokuladhas et al., 2021). 
47 Examples include Hashimoto’s thyroiditis and Graves’ disease (thyroid gland), pernicious anemia 
(stomach), Addison’s disease (adrenal glands), type 1 diabetes mellitus (pancreas) (IDDM), vitiligo (skin), 
multiple sclerosis (brain, spinal cord, central nervous system), idiopathic thrombocytopenia purpura (platelet), etc. 
48 Examples include rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), dermatomyositis, etc. 
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response to infection and is necessary to rid the body of the pathogen, but, if it becomes 
uncontrolled, it can lead to chronic inflammatory diseases (e.g., RA, psoriasis, inflammatory 
bowel disease, asthma, etc.). In the pathogenesis and in the prevention of immunocomplex 
diseases, the complement works as a mediator, having a protective effect when it works in 
moderation against pathogens and at the same time promoting inflammation that, if not kept 
under control, can cause damage.  
Important elements in the inflammatory process are the overproduction of inflammatory 
cytokines (e.g., TNF, IL-1, IL-6) and the recruitment of inflammatory cells (e.g., neutrophils 
and monocytes) due to chemokines’ action. Recruited and activated immune cells produce 
additional mediators that induce changes in vascular permeability and pain sensitivity (Marshall 
et al., 2018). 
 
 

3.3. Immunodeficiency 

Immunodeficiency is a state in which the elements of the immune system (lymphocytes, 
phagocytes, and the complement) are compromised or absent and therefore the immune system 
fails to fight infectious diseases (Vaillant & Qurie, 2022). It can be specific or non-specific, that 
is, it can concern B and T cell abnormalities or abnormalities of non-specific components. 
Immunodeficiency conditions can be of two types (Marshall et al., 2018; Vaillant & Qurie, 
2022): 
 

(v) Primary, resulting from a primary, congenital or hereditary, defect that may affect innate 
or acquired immune function by inhibition of selected immune cells or pathways and is 
subdivided into varieties that cause: 
- T-cell deficiency: e.g., hyper-immunoglobulin M syndrome, characterized by high 

levels of IgM, defects in other immunoglobulins, defects in the gene encoding the 
CD40 ligand on T lymphocytes, impaired cooperation of B and T lymphocytes in the 
immune response; the inability of the B cell to interact with CD40 results in the 
inability of the B cell to switch from IgM production to other classes of antibodies 
(Yazdani et al., 2019).49 

- B-cell deficiency: e.g., X-linked agammaglobulinemia, due to a mutation in a gene 
on the X chromosome, causing no B cells and very low levels of or no antibodies 
(Hernandez-Trujillo et al., 2014). 

- both T-cell and B-cell deficiency: e.g., severe combined immunodeficiency disease 
(SCID), characterized by failure of early stem cells to differentiate into T and B 
lymphocytes, deficiency of the interleukin-2 receptor, defective genes encoding 

 
49 See also DiGeorge syndrome (or congenital thymic aplasia), interleukin-12 receptor deficiency, and chronic 
mucocutaneous candidiasis. 
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ZAP-70, Janus kinase 3, and the genes involved in the DNA recombination of 
immune cells receptors RAG1 and RAG2 (Chinn & Shearer, 2015).50 

- complement deficiency: e.g., hereditary angioedema – C1 inhibitor deficiency 
(Kirschfink & Mollnes, 2003).51 

- phagocyte deficiency: e.g., chronic granulomatous disease (CGD), characterized by 
a defective NADPH that interferes with the intracellular ability of neutrophils to kill 
engulfed bacteria species.52 

- immunoglobulin A deficiency, that results in a low level of one type of antibody, 
usually IgA, but levels of other immunoglobulins are normal (Moschese et al., 2019). 

 

(vi) Secondary, resulting from a secondary, or acquired cause, such as viral/bacterial 
infections, malnutrition, autoimmunity, or treatment with immunosuppression-inducing 
drugs [see e.g., acquired immunodeficiency syndrome (AIDS), caused by the human 
immunodeficiency virus (HIV), which directly infects helper T cells and indirectly alters 
other immune system responses (Chinen & Shearer, 2010; Notarangelo, 2010)]. 

 
 
 
 
 
 
4. Pharmacological considerations 
 
Vaccines are used to prevent diseases caused by pathogenic microbes such as bacteria (i.e., 
single-celled life forms that can reproduce quickly on their own) or viruses (i.e., 
ultramicroscopic infectious agents that replicate only inside the cells of living hosts and cannot 
reproduce on their own).  
Different types of vaccines work in different ways to protect the body, but with all kinds of 
vaccines, the body is left with a supply of memory cells (T and B lymphocytes) that will 
remember how to fight that virus in the future (CDC, 2021). 
 
 

4.1. Heterogeneity of vaccines 

A vaccine is a biological product that improves immunity to a given disease. Vaccines are a 
heterogeneous group of biological medicinal products intended for the prevention of 
communicable and non-communicable infectious diseases, containing selected antigens 
capable of inducing a specific immune response to pathogens or substances produced by them, 

 
50 See also Wiskott-Aldrich syndrome, immunodeficiency with ataxia-telangiectasia, and Major 
Histocompatibility Complex deficiency. 
51 See also recurrent infections (C3 deficiency, deficiency of membrane attack complex – MAC), and C2 or C4 
deficiency secondary to autoimmunity. 
52 See also leukocyte adhesion deficiency syndrome. 



 65 

which are relevant in the pathogenesis of the disease (WHO, 2013). Each vaccine combination 
of antigen, adjuvant and excipients is unique (Tavares Da Silva et al., 2015). 
Vaccines can be classified according to the antigen used in their preparation; those 
recommended globally fall into six main types of antigens, as you can see in Tab.7:  
 

 
Table 7: Vaccines classification. 

 
Live Attenuated Vaccines (LAVs) 
 
Many vaccines are made from the virus itself, weakened or killed, which causes antibodies 
to bind to and kill a live virus. Available since 1950, Live Attenuated Vaccines (LAVs) are 
antigenic preparations of attenuated pathogenic agents (bacteria or viruses). They contain 
pathogens modified to be of greatly reduced, disease-free or very mild virulence, which 
stimulate an excellent strong and long-lasting immune response in just 1 or 2 doses (they 
may not be suitable for those who are immunocompromised) (Physiopedia, 2022). Live 
microorganisms provide continuous antigenic stimulation, giving sufficient time for memory 
cell production (A. J. Pollard & Bijker, 2021). In the case of viruses or intracellular 
microorganisms in which cell-mediated immunity is usually desired, attenuated pathogens can 
replicate within host cells. 
The fact that LAVs contains living organisms raises some safety and stability issues. 
 
 
 
Inactivated Whole-Cell Vaccines (Killed Antigen) 
 
Inactivated whole cell vaccines consist of microorganisms (e.g., viruses, bacteria, other) that 
have been killed through physical (heat or radiation) or chemical processes. They are considered 
more stable than LAVs and the fact that they do not contain live components makes them free 
of the risk of inducing the disease against which they are administered. However, usually the 
protection they provide is not as strong as live vaccines. They may not always induce an 
immune response, and the response may not be long-lasting, so they may require several doses 
over time (Physiopedia, 2022; A. J. Pollard & Bijker, 2021).  
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Subunit Vaccines (Purified Antigen) 
 
Subunit vaccines are safer and more stable than LAVs, and, like inactivated whole cell vaccines, 
do not contain live components of the pathogen, but differ from them in that they contain only 
the antigenic parts of the pathogen, which are necessary to elicit a protective immune response. 
Rather than introducing a whole cell (inactivated/attenuated) vaccine into an immune system, 
a fragment of the pathogen (e.g., its protein, sugar, or casing around the antigen) is introduced 
to elicit an appropriate immune response (Physiopedia, 2022). The subunit used must be 
chosen carefully because not all components of a pathogen represent beneficial 
immunological targets (Merriam-Webster, 2022). The antigenic properties of the various 
potential subunits of a pathogen must be examined in detail to determine which combinations 
will produce an effective immune response within the correct pathway, but there is no guarantee 
that immunological memory will form correctly.  
This type of vaccine gives a strong immune response, can be administered to anyone who needs 
it and may require boosters for continued protection (A. J. Pollard & Bijker, 2021). Just like the 
previous ones, since they do not contain live components, they are considered safe. 
Within this category it is possible to distinguish protein-based vaccines, polysaccharides, and 
conjugates vaccines. 
Protein-based vaccines present an antigen to the immune system without viral particles, using 
a specific, isolated protein of the pathogen. Some examples include acellular pertussis (aP) 
vaccines and hepatitis B (HepB) vaccines. The former contains inactivated pertussis toxin 
(protein) and may contain one or more other bacterial components – the pertussis toxin is 
detoxified by treatment with a chemical substance or using molecular genetic techniques. The 
latter are composed of the hepatitis B virus surface antigen, or HBsAg, which is a protein 
produced by the hepatitis B virus. Recombinant technology is used that produces HBsAg 
without requiring purified human plasma from infected individuals, which increases the 
vaccines’ safety by excluding the risk of potential contamination of human plasma [an example 
are human papillomavirus vaccines (HPV), which consist of recombinant viral vaccine proteins 
containing highly purified virus-like particles]. However, the potential risk is that the isolated 
proteins, if denatured, can bind to antibodies other than the pathogen protein (Physiopedia, 
2022; A. J. Pollard & Bijker, 2021). Among the COVID-19 vaccines53 approved or authorized 
for use there are protein-based subunit vaccines (Novavax), that contain the spike protein of the 
SARS-CoV-2 virus (CDC, 2021). 
Polysaccharide vaccines create a response against molecules in the pathogen capsule, which 
are small and often not very immunogenic. Some bacteria are protected by a polysaccharide 
capsule, which helps them evade human defense systems when infecting. They tend not to be 
effective in infants and young children (under 18-24 months), and to induce only short-term 
immunity (e.g., a slow immune response, a slow increase in antibody levels, no immune 
memory) (Physiopedia, 2022; A. J. Pollard & Bijker, 2021).  

 
53 The following COVID-19 vaccines have been granted conditional marketing authorisation for use in the EU: 
Comirnaty (by BioNTech and Pfizer), Spikevax (by Moderna Biotech Spain SL), Vaxzevria (by AstraZeneca AB), 
COVID-19 Vaccine Janssen (by Janssen-Cilag International NV), Nuvaxovid (by Novavax CZ) (ECDC, 2022b). 
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Conjugate subunit vaccines, such as polysaccharide vaccines, create a response against 
molecules in the pathogenic capsule, but, unlike them, benefit from a technology that binds the 
polysaccharide to a carrier protein that can induce a long-term protective response, even in 
infants. Therefore, they may prevent bacterial infections for which polysaccharide vaccines are 
ineffective in those most at risk (infants) or provide only short-term protection. Moreover, they 
are considered safe since there are no known adverse reactions associated with them 
(Physiopedia, 2022; A. J. Pollard & Bijker, 2021). 
 
 
 
Toxoid vaccines 
 
Toxoid vaccines use the toxin produced by some bacteria, that is rendered harmless in the form 
of a toxoid, as an antigen to elicit an immune response targeted not at the bacterium but at the 
toxin (largely responsible for the symptoms of the disease). To increase the immune response, 
the toxoid is adsorbed to aluminum or calcium salts, which act as adjuvants, and it is possible 
that boosters are needed for a continuous immune protection (Merriam-Webster, 2022). 
These vaccines are stable, as they are less susceptible to changes in temperature, humidity, and 
light. They are not highly immunogenic and can trigger very rare local and systemic reactions. 
They are considered safe because: (i) they cannot cause the disease they prevent, (ii) there is no 
possibility of reversion to virulence, and (iii) vaccine antigens are not actively multiplying and 
do not spread to unimmunized individuals (Physiopedia, 2022; A. J. Pollard & Bijker, 2021). 54 
 
 
 
Viral vector vaccines 
 
Viral vector vaccines represent a relatively new technology. They use a modified version of a 
different virus as a vector to provide instructions to cells to stimulate an immune response; they 
deliver one or more pathogen genes encoding a target antigen with an unrelated engineered 
virus (e.g., adenovirus) (Physiopedia, 2022). When administered, genes are expressed in host 
cells and stimulated to generate the pathogenic-specific antigen that is exposed to the immune 
system to stimulate an antibody and cell-mediated immune response.  
Studies have focused on viral vector vaccines against diseases such as Zika, influenza and HIV. 
Viral vector vaccines were used against Ebola and SARS-CoV-2 viruses55. They have also been 
studied for gene therapy, cancer treatment and molecular biology research (CDC, 2021). 
 
 
 

 
54 Tetanus toxoid vaccine should be inoculated to all women of childbearing potential, both during pregnancy and 
outside it, to protect themselves and their newborns (WHO, 2013), and might be recommended for wound 
management in a pregnant woman if [greater than or equal to] 5 years have elapsed (Merriam-Webster, 2022). 
55 See Oxford-AstraZeneca COVID-19 vaccine which uses a non-replicating viral vector called ChAdOx1, and 
Johnson & Johnson Janssen COVID-19 Vaccine (CDC, 2022; Mayo Clinic, 2022; A. J. Pollard & Bijker, 2021). 
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Nucleic acid vaccines 
 
Nucleic acid (DNA or RNA) vaccines are preparations that use the genetic material [e.g., a 
strand of synthesized messenger RNA (mRNA)] of a disease-causing virus/bacterium to 
stimulate an immune response.  
mRNA vaccines use mRNA inside a lipid membrane created in a laboratory. It enters the cell 
cytoplasm, translates it into the antigen protein and instruct human tissue cells to produce a 
pathogen-specific protein (an antigenic substance, e.g., spike protein), which will be recognized 
by the human immune system as a foreign body, thus triggering an antibody and cell-mediated 
immune response. The mRNA lasts a few days and then is naturally broken down and removed 
from the body (Merriam-Webster, 2022; Physiopedia, 2022). 
DNA vaccines are currently in development, while mRNA technique has been studied for 
influenza, Zika, rabies and cytomegalovirus (CMV), and in the field of cancer research to 
trigger the immune system to target specific cancer cells (CDC, 2021). Several mRNA vaccines 
have been used for the prevention of COVID-19 as part of the WHO Emergency Use Listing 
(EUL) procedure56 (CDC, 2022a; Mayo Clinic, 2022; Pollard & Bijker, 2021). 
There is a debate in considering mRNA vaccines as conventional vaccines because of 
pharmacological differences. If mRNA vaccines were like conventional vaccines, after 
intramuscular injection most of the dose should remain in the muscle and the rest should drain 
through the lymphatic system, to then be captured by antigen-presenting cells and B cells and 
finally be completely eliminated in a few tens of hours at most (Bahl et al., 2017; Lindsay et 
al., 2019). These products should not show any relevant systemic disposition. Moreover, the 
resulting pathogen-specific protein (e.g., spike protein) is expected to remain attached to the 
surface of cells and not be released into the blood and tissues to meet ACE257 receptors with 
the possibility of causing organ damage (Cosentino et al., 2022).  
However, some studies have shown and discussed the opposite (Appelbaum et al., 2022; 
Baumeier et al., 2022; Cosentino & Marino, 2022; Magen et al., 2022; Ogata et al., 2022; 
Patterson et al., 2022; Röltgen et al., 2022; Trougakos et al., 2022; Yamamoto et al., 2022). 
There is a possible link between inappropriate S protein expression in susceptible tissues and 
subsequent tissue damage, whereby COVID-19-mRNA-vaccine-induced S protein appears to 
play a role in AEFIs (Cosentino et al., 2022). One of the explanations of AEFIs could be that 
mRNA vaccines induce excessive production of protein S in certain individuals, for too long 
and/or in wrong tissues and organs, and this event is currently unpredictable, since systemic 
biodistribution and disposition of the COVID-19 mRNA vaccine have never been studied so 
far (Cosentino et al., 2022).  
Moreover, it must be said that conventional vaccines contain antigens, which represent their 
active component and exert their effect by acting on endogenous targets (the immune system 

 
56 See Spikevax COVID-19 Vaccine by Moderna Biotech and Comirnaty COVID-19 Vaccine by Pfizer-BioNTech 
(CDC, 2022a; Mayo Clinic, 2022; Pollard & Bijker, 2021). 
57 Angiotensin-Converting Enzyme 2 is a peptidase existing both in soluble and membrane-bound forms that 
metabolizes angiotensin II vasoconstrictor in angiotensin vasodilator (1-7). If it is in membrane-bound form it is 
expressed in many organs including the gastrointestinal tract, kidney and heart. 
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cells), while mRNA vaccines do not contain antigens but the mRNA molecule, which is not 
able to trigger anti-virus immune responses unless is translated by endogenous cellular 
metabolism into an active portion (Cosentino et al., 2022). COVID-19 mRNA vaccines, for 
example, contain active SARS-CoV-2 S protein mRNA which is an active ingredient but also 
a prodrug58, that by intracellular translation determines the endogenous production of the viral 
S protein (Cosentino et al., 2022). Both vaccine-derived SARS-CoV-2 S protein mRNA and 
the resulting S protein show complex pharmacology and undergo systemic arrangement 
(Cosentino et al., 2022). Vaccine-induced S protein binds to ACE2 and may act as a possible 
trigger for platelet aggregation, thrombosis, inflammation, hypertension, and other 
cardiovascular diseases (Angeli et al., 2021, 2022). 
 
 

4.2. Monovalent, polyvalent and combination vaccines  

Vaccines can be classified according to their composition into monovalent and polyvalent. A 
monovalent vaccine contains a single strain of a single antigen – e.g., the measles vaccine, 
hepatitis B vaccine). A polyvalent vaccine contains two or more strains or serotypes of the same 
antigen – e.g., the oral polio vaccine (OPV) (WHO, 2013).  
Combination vaccines consist of two or more antigens in the same preparation, each of them 
can prevent different diseases or protect against multiple strains of infectious agents that cause 
the same disease (e.g., DTP vaccine, combining diphtheria-tetanus-pertussis antigens).  
There is no evidence that the administration of combined antigens overwhelms the immune 
system, increasing the risk of adverse reactions, however it is very important that these types 
of vaccines are thoroughly tested before their use in immunization programs because: (i) 
adjuvants may reduce the activity of one antigen and excessively increase the reactivity of 
another antigen; and (ii) there may also be interactions with other components of the vaccine 
such as buffers, stabilizers, and preservatives (WHO, 2013). 
 
 

4.3. Vaccines components  

Vaccines are mixtures of substances where each component adds a potential risk of an adverse 
reaction. Vaccines’ components include antigens, stabilizers, adjuvants, antibiotics, and 
preservatives (see Fig.12), which may also contain residual by-products from the production 
process (A. J. Pollard & Bijker, 2021). Adjuvants (e.g., aluminum salts) and conjugated proteins 
are present in some vaccines to improve immune response to vaccine antigens, most often in 

 
58A prodrug is defined as “a pharmacologically inactive substance that is converted in the body (as by enzymatic 
action) into a pharmacologically active drug” (Merriam-Webster Dictionary, 2022). Prodrugs lack the 
pharmacological activity of their active parts but may contribute to the overall safety and toxicity profile of the 
pharmaceutical product, which is why they are usually evaluated in the overall evaluation of the medicine 
(Cosentino et al., 2022; K. M. Wu & Farrelly, 2007). 
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killed vaccine. Antibiotics, stabilizers, and preservatives serve to reduce contamination during 
the production process and maintain their effectiveness during transport and storage (WHO, 
2013). Cases of allergy to any of these components may occur (Eldred et al., 2006; Mitkus et 
al., 2013). 
The WHO points out that “knowing precisely what is in each vaccine can be helpful when 
investigating AEFI and for choosing alternative products for those who have allergies or have 
had an AE known or suspected to be related to a vaccine component” (WHO, 2013). 
 

 
Figure 12: Vaccines’ components. 

 
 
Antigens  
 
Antigens are the components derived from the structure of pathogenic organisms, which, 
recognized as foreign by the immune system, trigger a protective immune response to the 
vaccine. As we have seen, vaccines are prepared with different types of antigens, using different 
scientific methods (e.g., attenuation, activation, recombination of DNA technology, etc.) 
(WHO, 2013). 
 
 
Stabilizers  
 
Stabilizers are used to keep the vaccine effective after manufacturing during storage. Among 
them are magnesium chloride MgCl2 (oral polio vaccine), magnesium sulfate MgSO4 
(measles), lactose-sorbitol, sorbitol-gelatin, etc.  
The stability of vaccines is essential and the factors that influence it are the temperature, acidity, 
or alkalinity of the vaccine (pH). Hydrolysis and aggregation of protein and carbohydrate 
molecules can render bacterial vaccines unstable, and instability can cause loss of antigenicity 
and decreased LAV infectivity (WHO, 2013). 
 
 
Adjuvants 
 
Adjuvants are a highly heterogeneous group of compounds with one or more mechanisms of 
action, with in common the ability to increase the body's response to vaccine antigens by 
stimulating the production of antibodies (Tavares Da Silva et al., 2015; WHO, 2013). However, 
only a few adjuvants are used routinely in licensed vaccines (e.g., aluminum salts) (A. J. Pollard 
& Bijker, 2021). 

Antigens Stabilizers Adjuvants Antibiotics Preservatives
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As we previously discussed, after exposure to a pathogen (or vaccine), there is an initial innate 
immune response that identifies the pathogen and triggers a series of rapid but non-specific 
pathways that direct the actions of the secondary adaptive response. The pathogen’s 
identification initiates the release of cytokines, complement and chemokines from effector cells, 
which, together with APCs, are responsible for crosstalk between innate and adaptive immune 
cells and determine the nature and extent of the adaptive immune response.  
An adjuvant interacts primarily with the innate immune response and, by modulating it, can: (i) 
influence the downstream immune phenotype, improving the quantity and quality of the 
downstream adaptive immune response, and (ii) contribute to the duration of the immune 
response to the vaccine antigen, and consequently the efficacy of the vaccine (Coffman et al., 
2010; Tavares Da Silva et al., 2015). 
Adjuvants are highly variable in terms of how they affect the immune system and how severe 
the adverse reaction they cause, due to the resulting overactivation of the immune system 
(WHO, 2013). Among the potential risks of adjuvanted vaccines are severe local and/or 
systemic reactogenicity, systemic inflammation, and rare AE such as autoimmune disease 
(Tavares Da Silva et al., 2015). For example, aluminum adjuvant in vaccines can produce 
chronic neuropathology in genetically susceptible individuals by several mechanisms (Morris 
et al., 2017).  
Understanding the mechanism of action of the adjuvant can provide worthwhile information on 
its role in the vaccine’ safety profile, supporting safety assessment. For instance, the 
characterization of biochemical and hematological markers can identify relationships between 
AEs, genetic disposition, and molecular and cellular responses of individual patients (WHO, 
2013). The identification of molecular responses and cell populations directly activated by the 
adjuvant can show whether or not there is a biologically plausible mechanism by which a 
vaccine/adjuvant could cause a particular AE.  
 
 
Antibiotics  
 
Antibiotics (e.g., neomycin, kanamycin, streptomycin) are used to prevent bacterial 
contamination of the tissue culture cells in which the viruses are grown during the 
manufacturing process. Only traces of antibiotics usually appear in vaccines – e.g., MMR 
vaccine and IPV each contain less than 25 micrograms of neomycin per dose (less than 
0.000025 g) (WHO, 2013). 
 
 
Preservatives  
 
Preservatives (e.g., thiomersal, formaldehyde, phenol derivatives) are added to multidose 
vaccines to prevent bacterial and fungal growth. Formaldehyde is used to kill viruses or 
inactivate toxins during the manufacturing process and is almost all removed in vaccines by 
purification process. The traces that remain present in the vaccine are several hundred times 
less than the amount known to harm humans, even infants (WHO, 2013).  
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Thiomersal is commonly used in vaccines, and since it is a thiosalicylate salt of ethyl mercury 
(neurotoxic and nephrotoxic), it has been subject to intense safety scrutiny by the Global 
Advisory Committee on Vaccine Safety. To date there is no evidence of toxicity when exposed 
to thiomersal in vaccines – the low-level traces that may be present in a vaccine seems to have 
no impact on the neurological development of newborns (Institute of Medicine (US) 
Immunization Committee, 2001; NCIRS, 2009; WHO, 2013). Mercury is harmful after 
reaching a certain level in the body, and there is evidence that mercury exposure in humans is 
linked to markers of inflammation and autoimmunity (K. M. Pollard et al., 2019).  
In people receiving a thiomersal-containing vaccine, minor reactions such as redness and 
swelling at the injection site may occur. Immune-mediated reactions to mercury-containing 
compounds are documented (Eneström & Hultman, 1995; Griem & Gleichmann, 1995; K. 
Pollard & Hultman, 1997), and among the manifestations there are contact allergy (i.e., delayed-
type hypersensitivity), and immediate-type hypersensitivity (i.e., allergy).  
 
 

4.4. Contraindications to vaccines 

All vaccines are contraindicated if there is a history of a severe allergic reaction after a previous 
dose of vaccine or to a component of it. Vaccine antigens and components can cause allergic 
reactions, that can be local or systemic and can entail mild-to-severe anaphylaxis59 or 
anaphylactic like responses (e.g., generalized urticaria, wheezing, breathing difficulties, 
swelling of the mouth and throat, shock, hypotension, etc.) (WHO, 2013). However, there is a 
possibility that the event will not be recognized (e.g., death can be attributed to another factor).  
Stone and colleagues (2019) outline several well‐known mechanisms of vaccines 
hypersensitivity, including IgE‐mediated immediate hypersensitivity reactions to vaccines or 
their excipients. They discuss a novel mechanism of an IgE‐mediated adverse reaction to 
vaccinations that is unique to gelatin‐containing vaccines known as galactose‐alpha‐1,3 
galactose or “alpha‐gal” hypersensitivity60. Moreover, they examine delayed‐type 
hypersensitivity mechanisms and address the issue of vaccine safety in the 
immunocompromised (McClenathan & Edwards, 2019) – see for a detailed discussion (Stone 
Jr et al., 2019). This last issue is increasingly important as a growing segment of the population 
is immunocompromised by drugs or biologics to control their underlying disease processes. 
In immunocompromised individuals (e.g., due to HIV/AIDS, congenital immune deficiencies, 
or drug treatments such as chemotherapy and high-dose steroids), the potential risks of vaccines 
must be weighed against the benefits, since they may also not respond adequately to the subunit 
and inactivated vaccination, and LAVs are potentially pathogenic (WHO, 2013). Individuals 
with compromised immune systems may not be able to eliminate attenuated pathogens in their 

 
59 A very rare allergic reaction, unexpected and potentially fatal if not treated adequately. Anaphylaxis should be 
distinguished from fainting and vasovagal syncope, as well as anxiety, which are common harmless AEs. 
60 Gelatin-containing vaccines have been shown to cause immediate-onset anaphylaxis in both adult and pediatric 
patients with known alpha-gal hypersensitivity (Stone et al., 2017; Stone Jr et al., 2019). 
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immune response, leading, for example, to prolonged infection – e.g., tuberculosis (BCG) 
vaccination may result in local lymphadenitis or disseminated infection. In symptomatic 
HIV/AIDS, LAVs (e.g., measles and yellow fever vaccines) are contraindicated (WHO, 2013). 
In children with asymptomatic HIV infection routine childhood BCG vaccination should not 
be given, but other vaccinations are not contraindicated. LAVs are contraindicated both for 
patients who are undergoing cancer treatment and for patients who have finished cancer 
treatment for less than six months.  
Attenuated agents have the very rare potential to return to a pathogenic form and cause disease 
in vaccinated people [e.g., the very rare and serious AEs of vaccine-associated paralytic 
poliomyelitis (VAPP); disease-causing vaccine-derived poliovirus associated with oral polio 
vaccine (VDPV)]. Problems may arise if LAV is grown in a contaminated tissue culture, so it 
can be contaminated with other viruses, such as retro viruses with the measles vaccine.  
In addition, LAVs may have a greater potential for immunization errors. For example, some are 
available in freeze-dried or powder form so they must be reconstituted with a specific diluent 
prior to administration, which carries the potential for programmatic errors if the wrong diluent 
is used; many require strict attention to the cold chain for the vaccine to be active and are prone 
to program failure when it is not adhered to. 
Another reason of concern regards the use of LAVs during pregnancy. In fact, if administered 
to pregnant women, in theory, they may be able to cross the placenta and infect the fetus, thus 
representing a theoretical risk to the fetus. Although there is no evidence of risk in pregnant 
women from vaccination with attenuated or inactivated viruses or bacterial vaccines (and also 
with toxoid vaccines), they are generally contraindicated, while seasonal inactivated influenza 
vaccines are considered safe, and thus are recommended for all pregnant women during flu 
season.  
 
 

4.6. How vaccines work  

As we previously discussed, when a disease-causing bacterium/virus invades the human body, 
the immune system recognizes it as foreign, usually detecting specific protein portions of the 
invading organism, known as antigens.  
Vaccines contain a form of the disease-causing agent, i.e., weakened or killed form of the 
microbe itself, or inactivated version of its toxins or protein from the microbe's surface. Once 
administered, a vaccine, using a harmless antigen, simulates the first contact with the pathogen 
by triggering a primary humoral and cellular immune response similar to that caused by natural 
infection, without causing disease. It presents the antigen to the immune system, allowing it to 
recognize the antigen as foreign and develop antibodies and memory T lymphocytes against it 
(CDC, 2021).  
To better explain the vaccines’ mechanism of action in stimulating the immune response, let's 
take as an example the case of a conventional vaccine with a protein antigen.  
After a vaccine is injected into the muscle, the protein antigen is absorbed by dendritic cells. 
The latter are activated (via pattern recognition receptors, PRR) by danger signals in the 
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adjuvant, and are transported to the draining lymph node. Here the major histocompatibility 
complex (MHC) molecules61 on the dendritic cell present vaccine protein antigen peptides 
resulting in activation of T cells (via their TCR receptor). They then drive the development of 
B cells in the lymph node resulting in maturation of the antibody response to induce different 
antibody isotypes. Short-lived plasma cells actively secrete antibodies specific to the vaccine 
protein, leading to the production of a rapid increase in serum antibody levels over the next two 
weeks (A. J. Pollard & Bijker, 2021). Memory B cells, which mediate immune memory, are 
produced, and long-lived plasma cells travel to bone marrow niches, continuing to produce 
antibodies for the next years (A. J. Pollard & Bijker, 2021). When the vaccinated individual is 
exposed to the antigen again in the future, a much stronger secondary immune response will 
result, destroying it before it can cause disease. CD8+ memory T cells encounter the pathogen 
again and proliferate rapidly, and effector CD8+ T cells help eliminate infected cells. 
In addition, since the primary immune response is weaker than the secondary response, some 
vaccines may require two (or more) doses, simulating a subsequent infection and triggering 
longer-lasting antibodies and stronger response (Ginglen & Doyle, 2022). 
A person capacity to respond to a vaccine, its reactogenicity and its safety profile is influenced 
by several factors including age (Tavares Da Silva et al., 2015). In adjuvanted vaccine antigens 
enhance the activation of innate immune responses in young people in a way that promotes the 
T cells help and the development of immune memory (Levy et al., 2004; Wood & Siegrist, 
2011), but the magnitude of humoral and cell-mediated immune responses decreases with age 
(Tavares Da Silva et al., 2015). In the elderly, antibody responses to vaccines are slower and 
not as strong as those in younger people, and T-cell subpopulations are not very sensitive to 
vaccines, thus impairing the ability to achieve protective immunity after vaccination (Gruver et 
al., 2007; Panda et al., 2010). 
In addition, pre-existing immunity to a specific antigen may cause lower or greater 
reactogenicity than re-exposure (Tavares Da Silva et al., 2015). The vaccine’s safety profile is 
also influenced by whether the individual is immunocompromised or has underlying 
morbidities and/or by his/her physiological state [e.g., during pregnancy the maternal immune 
system presents alterations [e.g., changes in local (deciduous) and peripheral immune 
responses) that affect semi-allogeneic fetal tolerance (C. la Rocca et al., 2014)]. 
 
 
 
 
 
 
5. The complex pathogenesis of AEFIs 
 
A vaccine may cause hyper-inflammatory or autoimmune adverse reactions, acting as a 
contributory cause (cofactor), together with other contributory causes (cofactors, or risk 

 
61 They are adaptive immune response proteins. 



 75 

factors). Hyperinflammatory states or autoinflammatory syndromes, characterized by 
exaggerated inflammatory response, develop as multifactorial diseases (Gül, 2018; Spadaro et 
al., 2019). The pathogenesis of autoimmune disease is characterized by a complex interaction 
between genetic and environmental factors, and immune and hormonal reactions 
(Colafrancesco et al., 2013).  
Regarding AEFIs, the WHO guidelines acknowledge that “sometimes there are multiple factors 
that may precipitate the effect (event) or may function as co-factors so the side effect (event) 
occurs” (WHO, 2019). This means that most vaccine induced AEFIs are diseases due to 
complex interactions between many different endogenous and exogenous factors.  
In such a complex context, the vaccine, which constitutes one of the several factors involved in 
the complex pathogenesis of an AEFI, may act as:  
 

a) A trigger: an agent that causes an event that would have happened sometime later 
anyway, and in doing so it can bring out an underlying or pre-existing condition or 
disease (e.g., an autoimmune condition triggered nonspecifically by the vaccine's 
immune stimulus). The vaccine may act by unmasking a predisposing condition 
(making it no longer latent) that would have led to the disease more slowly or would 
not even appear; both predisposing conditions and the trigger are contributing causes, 
with different pathogenetic mechanisms, [e.g., vaccine-induced immune 
thrombocytopenia in some people receiving AstraZeneca, see also (J. Reiss, 2015)]. 

b) A catalyst of a causal mechanism: anticipate the onset of an event, shortening the 
induction period62 for other agents. 

c) A preventive cause by postponing the onset of an event bringing out the induction period 
for another agent. 

d) A modifier of the effect acting synergistically, that is, going to interact with several 
agents involved in biochemical processes causing, for example, an excessive 
inflammatory response (cytokine storm) that precipitated the event. 

 
Furthermore, it must be noted that in the case of live attenuated vaccines, if, for example, the 
AEFI can be attributed to the pathogenesis of the attenuated vaccine microorganism and 
therefore not be distinguishable from the disease against which the vaccine is administered, a 
causal link is more plausible. In this case the identification of the attenuated vaccine 
microorganism in the patient's diseased tissues and/or body fluids would add weight to the 
causality. However, a vaccine adjuvant or excipient, rather than the vaccine’s active component, 
may cause the AEFI by spuriously influencing the specificity of the association between 
vaccine and AE (WHO, 2001).  
In such a context, as Bull (2007) underlines, “for any individual case report it is rarely possible 
to know with a high level of certainty whether the event was caused by the product” (Bull, 2007) 
or not. This is possible when the reaction is specific to the given vaccine, but an AE is rarely 
specific of a single medical product. Even in cases where the association of that event to the 

 
62 This is “the period between causal action and disease initiation” (Rothman, 1981), see Chapter IV. 
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vaccine is already known, we should always consider that each individual is unique and so is 
each context.  

 
 

5.1. Complex diseases 

When a disease is due to multiple contributing factors present in different combinations (e.g., 
complex genome-environment interactions) is considered complex and is defined as a disease 
with multifactorial etiology. Complex (multifactorial) diseases are caused by “a combination 
of genetic, environmental, and lifestyle factors, most of which have not yet been identified” 
(Craig, 2008). [I will define in more detail the concept of multifactorial disease in Chapter IV]. 
In 2002 the journal Science published a special issue (vol. 296, no. 5568) entirely devoted to 
the "puzzles of complex diseases". It included articles on the causes of diabetes and systemic 
lupus erythematosus, and also referred to common diseases by highlighting the challenge of 
trying to solve the multiple genetic, infectious and lifestyle factors and their interaction in the 
pathogenesis of these diseases (Bellavite, 2020).63 Immunological, genetic, viral, drug-induced, 
and hormonal factors can contribute to the development of autoimmunity, and among them 
genetic susceptibility and environmental triggers (e.g., infections) play a major role.  
 
 

5.2. Potential AEFIs induced by vaccine action involving innate immune response  

Immediately after inoculation of the foreign material, a local inflammatory reaction is initiated 
at the injection site, mainly involving phagocytic cells, and leading to the production of 
cytokines by epithelial, mesenchymal and nerve cells. For example, in the case of aluminum-
adjuvanted vaccines, the release of inflammatory cytokines (e.g., IL-1, IL-6, TNF-alpha) occurs 
a few hours after injection (T. Nakayama, 2016).  
At this stage a pathological reaction may occur consisting in an excessive inflammatory 
reaction. It happens when local inflammatory mediators (i.e., complement, cytokines, 
chemotactic factors) diffuse and amplify the reaction at the systemic level, leading to general 
and neurological symptoms in the first hours or days later. It is pathological as it causes negative 
side effects that exceed those necessary to achieve the protective purposes (Bellavite, 2020). 
After administration of yellow fever vaccine, for example, there seems to be a strong link 
between increased cytokine concentration and febrile reactions, lymphadenopathy, and 
generalized rash (Bae et al., 2008; McKinney et al., 2006; Rock et al., 2004).  
When fever exceeds a certain temperature, it is considered disease, i.e., hyperthermia. If the 
latter is equal to or greater than 39.5 °C is conventionally considered a serious adverse reaction 

 
63 Other examples of complex diseases may include kidney diseases, allergies, asthma, osteoporosis, connective 
tissue diseases, multiple sclerosis, scleroderma, coronary heart disease, and many more (Hunter, 2005).  
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to the vaccine, with the risk of causing convulsions64, that are generally considered relatively 
harmless (they do not lead to organic brain damage). However, if hyperthermia and febrile 
seizures are long-term (Patel & Vidaurre, 2013) there is risk of developing epilepsy (Pujar et 
al., 2018) and the brain may suffer from inflammation-related disorders65, respiratory distress 
and anoxia, which can also occur in patients with cardiovascular diseases (Bellavite, 2020). 
Only in extreme cases, brain degeneration and/or death can occur (Chungath & Shorvon, 2008; 
Crandall et al., 2019; Dlouhy et al., 2017; Hefti et al., 2016; Vestergaard et al., 2008). 
We must also note that some age groups may be more susceptible to certain AEs, as in the case 
of the onset of febrile seizures that peaks at 18 months of age (Waruiru & Appleton, 2004). If 
febrile convulsions occur in these age groups after immunization, it is crucial to distinguish 
between a potential risk triggered by fever resulting from vaccination and those that occur 
randomly due to common concomitant infections (Rowhani-Rahbar et al., 2013; Tavares Da 
Silva et al., 2015). 
 
 

5.3. Potential AEFIs induced by vaccine action involving adaptive immune response  

Following the triggering of the inflammatory state, vaccine’s function is the immune system 
activation through the presentation of the antigen by mononuclear phagocytes to lymphocytes. 
At this stage, pathological reactions consisting of undesirable responses due to hyper-
immunization, autoimmunity, allergy, and harmful infection (the latter in case of live viruses 
in immunocompromised patients) may occur. 
Diseases induced by hyper-immunization following the administration of vaccines are due to 
sensitivity to one of the vaccine’s components and exacerbation of atopic or vasculitis 
symptoms (Bellavite, 2020) – see also (Barbaud et al., 2013; Watanabe, 2017). An example of 
documented hyper-immunization reactions concern those that occurred in the Italian population 
following repeated administration of tetanus vaccine (Gentili et al., 1993). To avoid hyper-
immunization, and the associated risks, and the status of pre-existing immunity is unknown, 
laboratory tests should be carried out to determine the antibody titre and vaccination should be 
avoided if the antibody titre is high (de La Fuente et al., 2013). 
Among AEFIs one of the most worrying is the triggering of autoimmune diseases (Hua et al., 
2015). Manifestations of autoimmune diseases after vaccinations are often reported as case 
reports, case series, and experimental animal models (Ruhrman-Shahar et al., 2017; Shoenfeld 
et al., 2015). Vaccines have long been suspected of playing a negative role in inducing such 
diseases (Agmon-Levin, Arango, et al., 2014; Baker et al., 2015; Cerpa-Cruz et al., 2013; 
Colafrancesco et al., 2014; Guimarães et al., 2015; Haase et al., 2016; Perricone et al., 2013, 
2014; Rinaldi et al., 2014; Toussirot & Bereau, 2015; Zafrir et al., 2012), and many mechanisms 
have been suggested that could cause autoimmunity (Benoist & Mathis, 2001; Fujinami et al., 

 
64 See e.g., measles-mumps-rubella (MMR) vaccine (Demicheli et al., 2012; H. G. Lee et al., 2019), MMRV 
vaccine (Ma et al., 2015), DTP vaccine (Barlow et al., 2001). 
65 cell damage due to excitotoxicity or secretion of oxygen metabolites by microglia. 
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2006; Salemi et al., 2010; Shoenfeld et al., 2015; Wraith et al., 2003). Examples of confirmed 
associations between autoimmune disease and vaccinations include:  
 

i. Guillain-Barré syndrome66 and swine flu vaccine (Eisen & McBryde, 2009; Hurwitz et 
al., 1981; Juurlink et al., 2006; Langmuir, 1979; Lasky et al., 1998; Lehmann et al., 
2010; Olivieri et al., 2021),  

ii. immune thrombocytopenia (IT) and MMR vaccination (Beeler et al., 1996; Cines et al., 
2009; Jonville-Béra et al., 1996; Miller et al., 2001; Nieminen et al., 1993),  

iii. reactive arthritis and hepatitis B (Hassan & Oldham, 1994), 
iv. rabies and tetanus toxoid (TTd) vaccination (Aksu et al., 2006),  
v. systemic lupus erythematosus (SLE) and other autoimmune diseases and hepatitis B 

virus (HBV)/human papilloma virus (HPV) (Agmon-Levin et al., 2009) and anti-tetanus 
vaccinations (Ruhrman-Shahar et al., 2017) – see also (Bragazzi et al., 2017; B. Wang 
et al., 2017), 

vi. dermatomyositis, type 1 diabetes mellitus and anti-phospholipid syndrome and anti-
tetanus vaccination (CDC, 2010; Meyer et al., 2010). 

 
The pathogenesis of these diseases is very complex. If we take for example SLE, it is subject 
to: (a) environmental factors [e.g., viruses (Segal et al., 2017), bacteria (Qiu et al., 2019), drugs 
(Szczech et al., 2017)], (b) genetic susceptibility [e.g., HLA polymorphism (Molineros et al., 
2019; D. Santoro et al., 2010)], and (c) hormonal factors [SLE has indeed a significant 
prevalence in the female gender (Nusbaum et al., 2020)].  
The vaccine adjuvants may increase the risk of triggering autoimmune AEs, by increasing the 
immunogenicity of the injected antigens (Bellavite, 2020) – see (Cerpa-Cruz et al., 2013). 
Assessing the AEFI’s link with autoimmune disease is difficult due to complex innate and 
adaptive immune responses to vaccine components that may contribute to reactogenic 
responses (McGarvey et al., 2014). Autoimmune diseases can be induced by vaccines 
components through a number of mechanisms and can be classified as (Ruhrman-Shahar et al., 
2017):  
 

a. antigen-related (molecular mimicry) or nonspecific (bystander activation) (Perricone et 
al., 2013);  

b. adjuvant-related autoimmune/inflammatory syndrome, ASIA syndrome (Shoenfeld & 
Agmon-Levin, 2011);  

c. preservatives (or other components) related, allergic reaction/overdose (Petrovsky & 
Aguilar, 2004). 

 
Vaccine antigens can trigger both immunity against microbial antigens and autoimmunity if 
there is similarity between antigen protein sequences and protein sequences of body 

 
66 Disease in which the immune system mistakenly attacks a part of the peripheral nervous system but can also 
affect the central nervous system and respiratory muscles.  
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components or Human Leukocyte Antigen (HLA) receptors (i.e., molecular mimicry) 
(Colafrancesco et al., 2013; Cruz-Tapias et al., 2012; de Martino et al., 2013; Israeli et al., 2012; 
Rinaldi et al., 2014).  
Vaccine-induced autoimmune syndrome appears to be associated with genetic predisposition, 
e.g., HLA-DRB1/HLA-DRB4, following exposure to additional external factors or endogenous 
autoimmunity triggers (Shoenfeld & Agmon-Levin, 2011; Watad et al., 2017, 2018). 
The presence of aluminum adjuvant can increase local inflammatory responses and immune 
systemic response (Bellavite, 2020). Adjuvant aluminum particles can last a long time inside 
cells of the immune and nervous systems (Exley, 2020; Gherardi et al., 2016; Krewski et al., 
2007; Maya et al., 2016; Mold et al., 2016; Shardlow et al., 2020; Shaw, Seneff, et al., 2014; 
Shaw, Li, et al., 2014; Willhite et al., 2014), remaining in lymphoid organs and even entering 
the brain (Crépeaux et al., 2017; Shaw et al., 2013). For example, the abnormal long-term 
persistence of vaccine-derived aluminum hydroxide in muscle, i.e., macrophagic myofasciitis 
(Gherardi et al., 2001; Rigolet et al., 2014)), is characterized by chronic fatigue syndrome 
(Exley et al., 2009; Santiago et al., 2015), oxidative stress on the blood (Bonnefont-Rousselot 
et al., 2004), cognitive dysfunction (Passeri et al., 2011; Ragunathan-Thangarajah et al., 2013), 
hypotonia (H. D. Müller et al., 2009), child motor retardation (Gruis et al., 2006), sensory 
disturbances, loss of vision and cerebellar signs (Authier et al., 2001), and alterations of cerebral 
circulation (van der Gucht et al., 2015).  

For the possibility of these log-term effects, in the assessment of causality, the time window for 
autoimmune diseases should be sufficiently large (e.g., not less than 24 months) to not exclude 
slow-onset cases (Bellavite, 2020). 
An example of vaccine’s long-term effect may be the effect of the Hemophilus influenzae type 
b vaccine on the incidence of diabetes. It has been studied and the results showed that 
immunization from the age of 2 months is associated with an increased risk of diabetes (a 
potential chronic AE) (Eskola et al., 1990), underlining that vaccine-induced diabetes should 
not be considered a rare potential AE. In addition to diabetes, the incidence of many other 
chronic immunological diseases, including asthma, allergies, and immune-mediated cancers, 
has increased and in some cases may also be linked to immunization (Classen & Classen, 1999). 
In extreme situations, non-live vaccines may alter adaptive immune having detrimental non-
specific effects on infant health [see, e.g., the association between whole cell diphtheria-tetanus-
pertussis (DTwP) vaccine with an increase in all-cause infant mortality (Aaby et al., 2018; J. 
Higgins et al., 2016)]. Like DTP, BCG and measles-containing vaccines (MCV) may alter T-
cell and B-cell immunity (Messina et al., 2019). 
 
 
5.3.1. Antibody-dependent enhancement (ADE)  
 
Neutralizing antibodies are induced by the mechanism of action of many vaccines and prevent 
the pathogen entry into cells, avoiding infection. However, sometimes antibodies are unable to 
prevent cell entry and can increase a virus's ability to enter cells and cause disease to worsen 
through the antibody-dependent enhancement (ADE) mechanism (Offit, 2021). 
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When a vaccinated person is subsequently infected with the pathogen against which the vaccine 
protects, it is not necessarily ADE, but three different scenarios can occur (Offit, 2021): 
 

1. Mild disease: the person may experience some mild symptoms, that last only a few (1-
3) days (see e.g., many respiratory and gastrointestinal infections like influenza, 
COVID-19, and rotavirus) – in this case the vaccine worked. 

2. “Breakthrough” disease: this term is usually used for vaccinated people who become 
more severely ill, require hospitalization, or experience untoward outcomes, such as 
complications (e.g., pneumonia) or death – in this case the vaccine may not have worked 
at all or did not induce high enough levels of immunity to effectively impede infection. 

3. ADE: the antibodies generated by the vaccine bind to the virus and help it enter cells 
more easily than it would on its own, thus facilitating the infection of a greater number 
of cells, often causing more serious illness than if the person had not been vaccinated.   

 
ADE can be caused by a pathogen and sometimes it is the result of vaccination. In this case the 
vaccine should no longer be used or should only be recommended for those who are not at risk 
of being affected by ADE. For example, after observing in children who had received a version 
of the measles vaccine (made by inactivating the measles virus using formaldehyde) the 
manifestation of measles infection with the development of high fever, unusual rashes and an 
atypical form of pneumonia, the vaccine was withdrawn from use. Those who received this 
version were recommended to be vaccinated again using the live and weakened vaccine against 
measles (in use today), which does not cause ADE (Offit, 2021). A more recent example of 
ADE following vaccination comes from dengue virus.67  
Some have put forward the idea of producing vaccines based solely on unique sequences of 
pathogens, thus frustrating the potential risk of cross-reactivity in existing vaccine formulations, 
but this approach hypothesized in the theory has not yet been put into practice (Bragazzi et al., 
2019; Kanduc & Shoenfeld, 2016). 
 
 

5.4. Risk factors in complex AEFIs causation  

As far as vaccines are concerned, the multifactorial nature of most AEFIs and the fact that 
severe reactions affect only a few individuals suggests in most cases vaccines are not the only 

 
67 In 2016, a vaccine was developed to protect against all four serotypes of the virus, with the hope that, by inducing 
immune responses to all four serotypes simultaneously, the vaccine could circumvent ADE-related problems 
following dengue virus disease. After the vaccine’s administration to 800,000 children in the Philippines, and the 
subsequent death of some of them after encountering the dengue virus, it was hypothesized that the children had 
developed antibody responses that were unable to neutralize the natural virus circulating in the community. So the 
vaccine was recommended only for children over 9 years of age who had already been exposed to the virus (Offit, 
2021). 
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cause of the event and further factors are necessary in the development of pathology. In general, 
we can distinguish: 
 

(i) patient-related risk factors:  
- those that the patient can influence, e.g., dietary habits, alcohol intake, pro-

inflammatory foods, smoking, poor or excessive hygiene, psychological status, 
anxiety, stress, etc.; and 

- those that the patient cannot influence, e.g., age, gender, genetic predisposition, 
immune defenses, comorbidity (coexisting pathologies within the body), intestinal 
microbiome disorders, liver function or kidney problems, congenital anomalies, 
inherited underlying disease, preexisting undiagnosed disease, etc.; 

(ii) medicine-related risk factors: dosage, frequency, type of medicine, excipients, 
concomitant therapies (intake of more meds), etc.  

(iii) socially-related dimensions: norms, beliefs and values, relationships (with family, 
friends and working team), physical environment such as climate, working place, social 
environment, economic status, etc.  

 
Among them, crucial is the role of the microbiome and genetic susceptibility in the complex 
mechanisms regulating the innate and adaptive responses to immunization. 
 
 
5.4.1. The role of intestinal microbiome disorders as a predisposing factor for AEFIs 
 
Maladaptive responses of the microbiome can lead to a wide variety of chronic inflammatory 
and auto-immune conditions (Gil-Cruz et al., 2019; Relman, 2020). It is known, for example, 
that allergic diseases and autoimmune encephalitis (Gholizadeh et al., 2019) as well as multiple 
sclerosis (Camara-Lemarroy et al., 2018) are correlated with alterations in intestinal microbiota, 
increased intestinal permeability and changes in bile acid metabolism.  
The gut microbiome actively affects multiple host functions, including circadian rhythmicity, 
nutritional responses, metabolism, and immunity (Hacquard et al., 2015; Lynch & Hsiao, 2019; 
Zheng et al., 2020). It is crucial in the training and development of major components of the 
host’s innate and adaptive immune system. On the other hand, the immune system coordinates 
the maintenance of key features of host-microbe symbiosis (Zheng et al., 2020). 
The interactions between the commensal microbiota and host immunity are complex, dynamic, 
and context-dependent, influencing immune homeostasis and susceptibility to infectious and 
inflammatory diseases (Relman, 2020; Zheng et al., 2020). Microbiome-immune interactions 
are involved in regulation of infection and commensal spread, in many ‘non-communicable’ 
gastrointestinal diseases68 and extra-intestinal disorders69.  

 
68 E.g., inflammatory bowel disease (IBD) (Zhang et al., 2017), celiac diseases (Valitutti et al., 2019). 
69 E.g., rheumatic arthritis (Maeda & Takeda, 2019), metabolic syndrome (Belizário et al., 2018), 
neurodegenerative disorder (Main & Minter, 2017), malignancy (Gopalakrishnan et al., 2018). 
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However, in most cases the mechanisms of these interactions are still relatively poorly defined, 
as well as the long-term impact that dysbiosis states of the neonatal period may have on adult 
immunity and the risk of immune-mediated diseases (Zheng et al., 2020). The intestinal 
microbiome may not be the trigger for disease but may contribute to systemic inflammatory 
reactions by propagating acute disease or causing it to transition to a chronic inflammatory state 
(G. C. Brown, 2019; Daulatzai, 2014; Henry et al., 2008; Relman, 2020). In a genetically 
susceptible host, imbalances in microbiota-immunity interactions in defined environmental 
settings may contribute to the pathogenesis of a multitude of immune-mediated disorders 
(Zheng et al., 2020).  
In case of increased intestinal permeability (e.g., caused by drugs, dysmicrobism, etc.), bacterial 
endotoxins that can be released from the gut can interact with immune cells triggering self-
reactivity, chronic inflammation, and tissue damage in genetically sensitive individuals 
(Gershwin, 2018; S. J. Lee & Lee, 2002). The intestinal bacterial flora alters substances that 
can convert into autoantigens and mistakenly trigger immune responses of the wall itself 
(Bellavite, 2020) – see the synergy between bacteria lipopolysaccharide (LPS) and 
inflammatory cytokines in neuroinflammation and neurodegeneration (Brambilla et al., 2013; 
G. C. Brown, 2019; S. J. Lee & Lee, 2002; Suzumura et al., 2006). Moreover, a 
breakdown/increase in intestinal barrier permeability and the translocation of commensal 
bacteria/endotoxins into non-intestinal organs could trigger various autoimmune pathways (G. 
C. Brown, 2019; Dehner et al., 2019; Henry et al., 2008).  
After vaccination, it is possible that an alteration in intestinal microbiome, especially with the 
loss of endotoxins in the general circulation, increases the susceptibility to a stronger and more 
severe reaction to the immune stimulus aroused by the vaccine (Bellavite, 2020). Therefore, 
first, it is important that before administering a vaccine the healthy state of the gut in an 
individual is verified, and second, in the context of the evaluation of the vaccine-AEFI causal 
link, it is essential to consider the role of microbiome as a possible susceptibility factor of AEFI.  
 
 
5.4.2. Genetic susceptibility  
 
One individual may experience a serious adverse effect while another cannot. This is a clear 
indication of the important role played by the underlying susceptibility factors, which 
predispose or prepare an individual's complex innate or adaptive system for an overreaction or 
distorted reaction. As we have discussed above, the intestinal microbiome can be a predisposing 
factor to the development of an AEFI. In addition to this and other factors, there is an 
increasingly emerging knowledge of genetic susceptibility to adverse effects (Bellavite, 2020). 
Some people have pre-existing genetically defined conditions (e.g., congenital 
immunodeficiency, viral receptor and cytokine variants, epileptic tendencies, defects in 
detoxification inhibitors and enzymes, etc.), resulting from specific genetic variations (often 
inherited from a parent) (Whitaker et al., 2015b), which contribute to the development of an 
excessive vaccine reaction (disease) but do not cause it directly. If, for example, we consider 
epileptic seizures, they are genetically complex diseases and are thought to be influenced by 
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variations in several susceptibility genes (J. Nakayama & Arinami, 2006), including those 
encoding acute phase cytokines (Nur et al., 2012). The role of predisposition as cofactor in 
determining vaccine risk (Bellavite, 2020) is demonstrated by the fact that the risk of febrile 
seizures post-vaccination, for example, is greater in individuals with a prior and familial history 
of the disease (Gvozdenovic et al., 2018; Vestergaard et al., 2004). For example, it is known 
that there are two loci involved in MMR-febrile seizure association: the interferon-stimulated 
gene IFI44L and the CD46 measles virus receptor, which also influence the magnitude of the 
measles antibody response (Haralambieva et al., 2017). In addition, in case of polymorphisms, 
for example, the role of mutations in the SCN1A gene it is known by the fact that the risk of 
post-vaccine seizures is increased in patients with Dravet syndrome – a severe epileptic 
encephalopathy (Scheffer, 2012; Verbeek et al., 2013, 2015).  
Studies show that vaccination is the trigger of the first seizure in about 50% of cases (Auvin et 
al., 2018). According to others, genetic or structural defects are an underlying cause of the onset 
of seizures in children after receiving a vaccine, which may act as a trigger70 (Verbeek et al., 
2014).  
Interesting is the initiative of some researchers who have created the Ontology of Genetic 
Susceptibility Factors (OGSF) framework aimed at providing a guide to represent different 
types of genetic susceptibility factors for vaccine AEs, such as HLA alleles, SNPs, genes and 
gene haplotypes (He, 2016; Lin & He, 2014; Xie & He, 2017). 
 
 
5.4.3. Precision medicine in understanding the mechanisms behind AEFIs 
 
The knowledge on the genetic predisposition to certain pathologies has paved the way for 
predictive or personalized medicine, which analyzes and interprets the DNA of an individual 
with the aim of knowing his/her genetic susceptibility to developing a certain pathology 
(Strianese et al., 2020). Such an analysis can assess the risk for a disease to develop. In this way 
it is possible to implement preventive measures to reduce the risk of the onset and/or severity 
of the disease or delay its onset.  
Many investigative fields in medicine are utilizing precision medicine (F. S. Collins & Varmus, 
2015), It is defined as “an emerging approach for disease treatment and prevention that takes 
into account individual variability in genes, environment, and lifestyle for each person” (UC 
Davis Health, 2023).  
When it comes to AEFIs, vaccinology needs to consider individual variation, understanding the 
genomics, metabolomics, proteomics, and the microbiome associated with AEFIs (Poland et 
al., 2013), particularly as more and more vaccines are available to prevent disease and new 
adjuvants become mainstream (Poland et al., 2013).  
Using precision medicine technologies help in more accurately identifying and defining 
population cohort, through increased understanding and knowledge of the underlying causes 

 
70 It should be noted that live vaccines can be safely administered to children with Di George syndrome, a 
congenital T cell defect associated with a deletion in chromosome 22 (deletion 22q11. 2) (Azzari et al., 2005). 
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and biological pathways of disease (Bilkey et al., 2019). Moreover, it would allow to be more 
precise on dosages, boosters, and schedules by offering an approach tailored to an individual, 
while preventing the disease, and thus decreasing the risk of certain adverse reactions to the 
vaccine in an individual (McClenathan & Edwards, 2019).  
In vaccinology, vaccinomics and adversomics study adverse side effects of vaccines, using 
immunogenomics and systems biology approaches, exploiting the tools of bioinformatics 
(Hagan & Pulendran, 2018; Haralambieva et al., 2019; McGarvey et al., 2014; Poland et al., 
2013; Sharma et al., 2019; Whitaker et al., 2015).  
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CAP IV 
 
 
 
1. Causality  
 
Causality is a fundamental concept in all natural sciences, and medicine makes no exception. 
Understanding and defining causality has been a topic of debate for philosophers, scientists, 
academics, jurists and more. Knowing causal relationships is essential for scientific 
explanations, for predicting, for interventions, and for attribution of liability (J. Reiss, 2015, 
2016a). Different levels of analysis address different questions regarding causality (see Fig.13). 
 

 
Figure 13: Causality investigation paradigm. 

 

Understanding and explaining event causality implies the analysis of how cause and effect can 
or should be linked. This has been a primary focus of scientific and epistemological discussions 
over time (Palinkas, 2014; Parascandola & Weed, 2001; Salmon, 1998; Susser, 1973; Zachos 
& Sparos, 2004). The debates involve both the ontology and epistemology of causation.  
The former concerns basic implicit assumptions in science about how the world is (Andersen 
et al., 2019): What is causation? What are causal relations? How is causation related to laws of 
nature, probability, action, and freedom of will? (Beebee et al., 2009). The second concerns 
what we can know about the world (Andersen et al., 2019): How causal claims can be inferred? 
When are correlation causal? How is causation related to perception, knowledge, and 
explanation? (Beebee et al., 2009). We need background knowledge and specific information 
to establish causal relations, but: How much background knowledge? What type of 
information?  
The philosophical literature has identified various concepts of causality. Epistemological and 
methodological literature is implicitly and/or explicitly based on such concepts. Obviously, a 
methodology that (implicitly or explicitly) adopts any but not the other concept of causality will 
inevitably end up by excluding from the set of causal phenomena events and phenomena that 
do not meet the requirements dictated by the concept of causality underpinning it. Therefore, 

Ontology

EpistemologyMethodology
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from a methodological point of view it is important that the notion of cause, which supports 
causal assessment procedures, is flexible and wide enough to reliably allow the correct 
identification of all causal phenomena, and at the same time minimize failures to detect such 
phenomena when they are present.  
In the present discussion, the emphasis on minimizing false negatives in the trade-off with false 
positives is linked to the fact we are dealing with a process of discovery (risk detection). The 
focus is on the failure to detect existing but yet unknown phenomena (latent risk), rather than 
on proving a specific hypothesis as in benefit assessment (hypothesis-testing). The two 
contexts, therefore, are asymmetrical epistemic situations (Osimani, 2014a, 2020; Osimani & 
Mignini, 2015). 
A narrow notion of causality will tend to decrease the cases in which the phenomenon is 
considered causal, so it will tend to increase false and true negatives. Vice versa, a wider notion 
of cause will tend to increase false and true positives. 
Now, it is clearly more efficient for a detection system not to lose signals whether positives or 
negatives rather than eliminating false positives. So, the optimization of efficiency for a signal 
detection system recommends the adoption of flexible tools for the identification of such 
signals. 
In our case, this translates into a notion of causality as wide as possible. This might imply that 
a pluralistic approach may be advisable instead of a monistic one.  
A monistic approach is one where the notion of causality is restricted to a set of few 
necessary/sufficient conditions for causation. A pluralistic approach to causality means that 
diverse notions of causality may be appropriate (in different contexts). Such an approach 
increases the probability of a positive causal assessment, with respect to a monistic approach.  
In this chapter I will present the ontological and epistemological notions which may be 
considered useful for the analysis of causal assessment in risk detection context, with a 
particular focus on the algorithm developed by WHO. The following table (Tab.8) illustrates 
the main dimensions of causation investigated in the ontological versus epistemological 
accounts of causality. 
 

The ontology of 
causality 

Causation accounts:  
- The deterministic regularity concepts of causality (sufficient cause, necessary 

cause, necessary and sufficient, component-sufficient) 
- Probabilistic concepts of causality 
- Causality as counterfactual dependence (including cases of redundant 

causation & the definition of causation as a causal chain) 
- Mechanistic approach 
- Dispositionalism 

Monocausality vs Multicausality: 
- Risk factors 
- Rothman’s multicausal model (including the concepts of induction period and 

temporal latency, interactive causes and synergistic interactions) 
Types of causes & Causal relations  

The epistemology 
of causality 

General vs Singular causality  
- Type-level causation (general) 
- Token-level causation (singular) 
- The relationship between general causation & singular causation 
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Clinchers vs Vouchers  
Evidence Hierarchies vs Evidential pluralism  
Singular causation assessment in the medico-legal field  

Table 8: The ontological & epistemological philosophical notions useful for the WHO algorithm’s 
analysis. 

 
In the following section I will begin by addressing the ontological question, then I will deal 
with the epistemological one. 
 
 
 
 
 
 

2. The ontology of causality 
 

 
Figure 14: The ontology of causality. 

 

2.1. Causation accounts 

Each of the major discontinuities of philosophy of science is characterized by a new definition 
of causality. Asking what cause means and what is causality does not find a univocal answer. 
Many theories of causality have tried to answer this question and have done so differently. We 
can distinguish the following causation accounts, as relevant for the present discussion:  
 

(i) regularity theories,  
(ii) probabilistic dependencies,  
(iii) counterfactual dependencies,  
(iv) mechanisms, and  
(v) dispositionalism. 
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These theories support diverse interpretations of causal claims (epistemological issue), thereby 
playing critical roles in medicine (J. Reiss, 2016a).  
 
 
2.1.1. The deterministic regularity concepts of causality 
 
Under the regularity view, causality is defined in terms of constant conjunctions of events, and 
it is possible to distinguish the following concepts of causes: (1) sufficient; (2) necessary; (3) 
necessary and sufficient; and (4) component-sufficient (INUS condition).  
 
 
Sufficient cause 
 
The concept of causality has been widely discussed as a specific relationship between two 
events C and E, where one has C because of E if the realization of C is always followed by that 
of E (the outcome always follows the cause) (D. A. Hume, 1739). Events are the relata of causal 
relations and are defined as event-types [i.e., kinds of event that can be instantiated in many 
places and times (J. Reiss, 2015)]. The causal relation is deterministic: ‘C causes E’ means that 
whenever C occurs E occurs. The criteria in the recognition of causes (which constitute a causal 
law) are (D. A. Hume, 1739):  
 

(i) contiguity in time and space between cause C and effect E;  
(ii) temporal precedence (C precedes E); and  
(iii) regularity of the association of cause C and effect E: constant conjunction (strong 

correlation) between cause and effect, where C is cause of E only if C is sufficient for 
E. 

 
A sufficient cause inevitably produces an effect. But the occurrence of such effect need not have 
been produced by it.  
Furthermore, most causes are not invariably followed by their effects. This is especially valid 
in so-called “soft-sciences”, such as sociology, economics, and medicine. Let’s consider, for 
example, the occurrence of a certain side effect such as an anaphylactic reaction after 
amoxicillin intake. The drug is a sufficient cause for developing the disease. However, not 
everyone develops allergic reactions because of amoxicillin exposure. Diseases are complex 
and some people may have, for example, a genetic susceptibility to the disease, while other not. 
In addition, another cause Z may alternatively cause effect E, so the presence of E does not 
imply the prior occurrence of A. Exposure to the drug is one of many different way(s) through 
which an allergic reaction can occur. Allergic reactions can occur as a result of exposure to 
other substances such as tree pollen, grasses, mold, insect bites or bites, food, any other 
medicine.  
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Necessary cause 
 
According to the regularity theory: (i) the same cause should always produce the same effect 
(at least under the same/similar conditions), and (ii) the same effect never occurs ‘but from the 
same cause’ (D. Hume, 1739). As Mackie (1965) reports, for a cause C to be necessary in the 
circumstances for the effect E, C must always: 
 

(i) precede the effect E, and 
(ii) be present if the effect E is present: you will never have E if you don't have C.  

 
However, the presence of C, does not necessarily imply that E will occur. For example, a person 
must be infected with HIV before s/he can develop AIDS. HIV is a specific cause of AIDS, so 
HIV exposure is a necessary condition to develop the disease. However, in medicine, we know 
that there are also HIV-positive people who never develop the disease. The same can be said in 
the case of malaria or tuberculosis. A person develops malaria or tuberculosis only when 
exposed to plasmodium malariae and mycobacterium tuberculosis, respectively. However, not 
all people who have the parasite in their body develop the disease. The presence of the pathogen 
is necessary for the disease to occur, but it is not sufficient to trigger the pathological reaction 
on its own. Other adjuvant causes could be necessary, such as particular processes of the 
immune system of the individual or precarious hygienic-environmental factors or malnutrition, 
etc. Therefore, you may need more than just HIV infection for AIDS to occur. The 
microorganism is one of the many causal factors (or components71) that must be present for the 
disease to occur.  
In the assessment of AEs following a pharmaceutical product administration in 
pharmacovigilance, some adverse health outcomes have causal factors without any component 
defined as a necessary cause. For example, in the case of fulminant hepatitis, one cannot 
immediately establish that the event is related to the drug, since other agents, such as hepatitis 
A or B viruses or cytomegalovirus may be also triggers of this kind of event (Mota & 
Kuchenbecker, 2017). 
 
 
Necessary & Sufficient cause 
 
The classical conception of causality assumes that all causes are deterministic. A cause C is 
both sufficient and necessary for the effect E to occur. This means that E will never happen 
without C, and E will always happen after C. The cause always leads to the outcome, and the 

 
71 These factors can be endogenous (e.g., a weak immune system is a potential causative factor that would facilitate 
the life of the plasmodium in the body by making it increasingly aggressive and leading to the development of 
malaria) or exogenous (climate, hygienic conditions, etc.). 
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outcome never happens without the cause. C is the cause of E if, in a perfectly stable system, 
any change in A induces a change in B (D. A. Hume, 1739). 
 

cause C ↔ effect E 
(Biconditional relationship) 

 
In addition, in such a relationship, we have specificity of the cause (E can only be caused by C) 
and specificity of the effect (C causes E only).  
Crucial limits characterize such conception of causality. These can be illustrated by analyzing 
the Koch's postulates. In the 19th century Charles Paul de Koch attempted to apply the classic 
deterministic view of causality to bio phenomena related to a large number of bacterial, viral 
and deficient diseases (e.g., rabies virus, cholera bacterium, malaria, tuberculosis, HIV, etc.). 
Such efforts resulted in the so-called Germ Theory of diseases. Koch's postulates state that 
(Berman, 2019; J. Reiss, 2016a; Verlato, 2022): 
 

(i) The agent must be present in every case of disease (necessary cause). It must be found 
in all the organism suffering from the disease and should not be found in healthy 
organisms. 

(ii) The agent must not appear in combination with any other disease (specificity of the 
effect). 

(iii) The isolated agent must induce the disease in a susceptible organism (sufficient cause). 
 

The application of these criteria to establish the causal pathogen-disease relationship implies 
that: the same cause gives the same effect. However, this is not the case. Koch himself, having 
found asymptomatic carriers of cholera, realized that postulate (iii) was too strong (J. Reiss, 
2016a). The virus may be necessary, but it is not sufficient for the disease to develop. More 
specifically: (a) not all infectious diseases have good animal patterns, (b) some microorganisms 
that are generally harmless (e.g., Staphylococcus aureus on our skin) can cause certain 
individuals to develop a pathology under certain conditions. When people are exposed to a 
pathogen (e.g., the tuberculosis bacillus) they do not necessarily become infected.  
To put it briefly, there seem to be many other factors that play a role in determining whether a 
particular individual becomes infected after being exposed, such as nutritional status or immune 
status that clearly have an impact for example in "causing" tuberculosis (MPH, 2015). However, 
all these other determinants are not explained by Koch's postulates. 
In clinical practice the kind of situation in which a cause is both necessary and sufficient for the 
effect to occur is very rare [see e.g., the gray baby syndrome following the use of 
chloramphenicol (Mota & Kuchenbecker, 2017), or some genetic diseases with a specific 
genotype mutation].72  

 
72 For example, a gene mutation in chromosome 15q23 (HEXA gene) is associated with Tay-Sachs disease. This 
is a rare autosomal recessive progressive neurodegenerative condition. This disease manifests in early childhood 
between ages two to ten, due to deficiency of the enzyme hexosaminidase A that causes the accumulation of 
ganglioside GN2 in the brain) (Demir et al., 2020; Ramani & Sankaran, 2022). Everyone with the mutation will 
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Causal structures are not one-to-one dependencies but complex networks of dependencies. A 
theory that considers the multifactorial context and therefore better fits in our picture is the one 
developed by John Stuart Mill and then advanced by John Mackie. This considers causes in 
their roles as components of “causal sets”. 
 
 
Component-sufficient cause 
 
In his book “System of Logic” Mill states that when we identify single events as causes, we 
choose one element from a complex set of conditions (Mill, 1843, 1862, 1956), where each of 
the members of the set is equally required to produce the effect. 
John Stuart Mill points out that in nature there could be multiple reasons (causes) for the same 
outcome and many event-types are not regularly followed by their effects unless certain 
conditions are in place. Mill’s criteria are the following: 
 

(i) a cause needs helping factors to produce its effects;  
(ii) effects can be produced by more than one cluster of causes,  
(iii) these clusters (background conditions) may contain absences (e.g., a sedentary life, lack 

of physical exercise), or standing conditions (e.g., genetic predisposition), as well as 
positive factors (e.g., cigarette smoking);  

(iv) for each effect(-type) there are alternative sets of conditions that can act as causes. 
 
Hence, following Mill causes are neither necessary nor sufficient conditions for their effects to 
occur. Mackie’s account of causes may be considered to follow Mill’s approach in that in his 
account a cause A is neither necessary nor sufficient for the effect B (Mackie, 1965), rather it 
is an event that fulfils the INUS (‘Insufficient but Non-redundant part of an Unnecessary but 
Sufficient’) condition: A is an insufficient but necessary component of a minimal condition, 
which is unnecessary but sufficient for B to take place (Mackie, 1965, 1974). Let’s consider, 
for example, the case of myocardial infarction. There is a multitude of factors participating in 
the causation of this disease and among them there are: hypertension (A), smoking (B), obesity 
(C), genetic susceptibility (D), lack of physical exercise (F). An INUS condition may be a 
combination in which these causal factors are involved: (ABC)∨(BDF)∨(ADF)⇔E; the effect 
E can be caused by different causal sets: (ABC) or (ADF) or (BDF) (Osimani, 2020). 

 
eventually develop Tay-Sachs, and no one without the mutation will ever have it (Ramani & Sankaran, 2022). 
Similarly, an inherited defect in a single gene (the Huntington’s gene) induces Huntington’s disease (a rare 
inherited disease that causes progressive degeneration of nerve cells in the brain), so that no one who has the gene 
escapes the disease, and no one with the disease does not have the mutated gene. However, in both cases within 
the time window from the presence in the body of the gene mutation/defect to the pathology’s manifestation in the 
individual, other causal factors may intervene, interfering and preventing the onset of the disease. An extreme 
situation may be the case in which an individual with a specific genotype mutation dies before the pathology occurs 
(premature death). Here, the presence of gene mutation remains at the potential level. We can say that the genetic 
factor may not be sufficient in itself for the development of the disease, whose development depends also on the 
context. 
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In the health sciences, a modern version of the regularity view based on Mackie’s archetypal is 
the so-called sufficient-component model formalized by Rothman, which is widely used in 
epidemiology, and especially for the study of diseases of multifactorial nature. As Zachos and 
Sparos (2004) underline, the basic difference between Mackie’s idea and Rothman’s model is 
that the former refers directly to deterministic laws, whereas the latter refers only indirectly to 
those laws. To put it briefly, according to Rothman: (i) the cause is an event that alone, or in 
conjunction with other events, causes a disease; (ii) the minimal set of components which 
inevitably causes the disease is ‘the sufficient cause’; (iii) each component of such sets is a 
‘component cause’ (Rothman, 1976, 2012a, 2012b; Rothman & Greenland, 2005).  
Mackie’s INUS conditions theory is considered a major theory of causation suitable for 
unravelling causes of disease (Osimani, 2020), however, it presents some problematic aspects. 
First, the theory doesn’t distinguish between genuine causes73 and ‘epiphenomena’74 (Mackie, 
1974; J. Reiss, 2015). Second, sometimes, even if a scientist finds a number of factors sufficient 
for the development of the disease (e.g., a complete knowledge of the patient's habits, family 
history, and so on), s/he cannot predict with certainty whether, for example, a smoker will 
develop lung cancer, but at the same time, it would not be wise to exclude smoking as a cause 
just because no such a complete set has been found. As Reiss (2015) points out, in such a 
situation even if there is no knowledge of the complete set many factors are accepted as bona 
fide causes. 
In addition, Mackie’s theory is a deterministic approach to the concept of causation. 
Determinism means here that in 100% of cases when you have a sufficient causal set (say XZY) 
you have the effect E. This implies exact reproducibility of the event and 
reduction/absence/explanation of variability75. However, there are events whose variability 
cannot be reduced/explained, i.e.: probabilistic events. In medicine, diseases generally have 
multiple sets of causes which do not invariably induce a given effect. In some cases, one of the 
causal factors can play a prominent role, overshadowing other factors and giving the impression 
of a deterministic event (e.g., germs in infectious diseases, poisons in intoxications, etc.), while 
in others the disease seems to be more of a probabilistic event (e.g., tumors, autoimmune 
diseases, etc.). The sufficient-component notion of causation attempts to explain probabilistic 
events (e.g., smoking as a cause of lung cancer) via unknown component causes (unknown 
deterministic variables are supposed to be present) (Parascandola & Weed, 2001). However, in 
such a complex context, a cause may not be an INUS condition, rather it may only increase the 

 
73 A genuine cause obtains on account of a direct causal relation of the form: ‘X→Y’ (a cause is immediately 
followed by the final event). 
74 These are events that are the result of a common cause. This is the situation of a causal fork: a third variable Z 
causes both X and Y (‘Z → X’, ‘Z → Y’), and Z is a common cause (Reiss, 2015). If we have ‘X  Z → Y’, X 
and Y are correlated but do not have any causal relationship. 
75 In the environment of an experiment, variability can be reduced (sometimes almost to zero) by controlling the 
experimental conditions. Instead, in case of natural events for which the conditions can be investigated but not 
controlled, the variability can only be explained (e.g., Newton's theory accurately predicts and explains the orbits 
of the planets). 
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probability of its effects (J. Reiss, 2015). Another view of causal laws is indeed offered under 
the probabilistic account.  
 
 
2.1.2. Probabilistic concepts of causality 
 
There are several probabilistic theories of causality. However, they all agree on the idea of a 
probability-changing requirement: a cause is a factor that increases (or changes) the probability 
of its effect but may be neither necessary nor sufficient for its occurrence (Cartwright, 1979; 
Eells, 1991; Lagiou et al., 2005; Parascandola & Weed, 2001). The probabilistic approach 
introduces the notion of causality as a probable conjunction (Suppes, 1970), abandoning the 
idea of causality as a constant conjunction. 
Suppes (1970) states that (sets of) causes may be not sufficient for their effects but rather they 
make them more likely. The cause contributes to some extent to the occurrence of the effect. 
Given a contributing cause A the probability of the event B is greater than the probability of B 
given not-A. So, eliminating A does not eliminate B, but reduces its probability.  
According to many a probabilistic definition of causation is more consistent with scientific and 
public health goals (Kleinbaum et al., 1991; Kramer, 1988; Parascandola & Weed, 2001; J. 
Reiss, 2015, 2016a).  
A conceptual question may arise from the idea that a cause raises the probability of its effect 
in a causal homogeneous population76 (Lagiou et al., 2005), that is: Does a cause increase the 
probability in all causal homogeneous populations, in some populations, or on average? (Reiss, 
2016a). Nancy Cartwright and Eells talk about a very strong requirement, that is: contextual 
unanimity. Only those factors that raise the probability in all causal homogenous populations77 
can be considered causes (Cartwright, 1979; Eells, 1991). A slightly weaker version of this 
requirement states that causal factors raise the probability of the effect in some populations but 
do not lower it in any (Skyrms, 1980). Then, if we investigate biomedical practice, we can say 
that, if there is, e.g., a gene that makes some people immune to vinyl chloride, then the substance 
should not be considered carcinogenic even if it increases the probability of cancer for most 
people (Reiss, 2016a). John Dupré, by doing such kind of considerations, focuses on average 
probability increases, according to which only those factors that increase the probability of their 
effects on average should be called causes (Dupré, 1984). 
Average causal effects are what RCTs establish. However, as Reiss (2016a) underlines, whether 
a factor can be considered cause depends on the actual distribution of factors in a population: 
a treatment that is effective on average can be harmful to some (J. Reiss, 2016a). If the effect 
is different, it may mean that either something was different in the cause or in the background 
conditions, so if two (or more) patients with the same disease get different effects from the same 
treatment, there must be some causal relevant difference between them (E. Rocca & Anjum, 

 
 
77 “A population is said to be causally homogenous whenever there is no variation among the causes of an outcome 
of interest in the population. If sex is a causally relevant factor, a causally homogenous population is one in which 
every member is a woman or one in which every member is a man, etc.” (J. Reiss, 2015). 
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2020a). Here, the issue concerns the heterogeneity that characterize the various subgroups in 
the population, and statistical approaches cannot uncover all causally relevant information 
(Anjum et al., 2020). Hence, epistemologically speaking, the decisions that derives from the 
recourse to such a notion of cause are misleading for those subpopulations whose members are 
harmed by the treatment.  
Moreover, it is still debated about how to move from the detection of correlation to the 
affirmation that there is a causal relationship.  
The probabilistic notion of causation presents the following problematic and challenging 
aspects (Campaner, 2009; J. Reiss, 2015):  
 

a) causal relationships are asymmetric (if X is the cause of Y, then Y is not the cause of 
X), while the statistical ones are symmetric (if P (B | A) > P (B | ~A), then P (A | B) > 
P (A| ~ B). For example, you are more likely to be affected by an allergy in the presence 
of grass pollination, and pollination is more likely to be present if there is allergy, so the 
relationship of statistical significance is maintained in both directions while the causal 
relevance goes in only one direction; 

b) difficulty in determining whether A is relevant in relation to B and how it is, so 
determining whether or not it is necessary for the alleged cause to increase the 
probability of the effect occurring;  

c) difficulties in precisely defining the reference class78 of the analysis. 
 
 
2.1.3. Causality as counterfactual dependence  
 
According to Lewis, a cause is something that makes a difference, and the difference it makes 
must be a difference from what would have happened without it (Lewis, 1973b, 1986b). 
According to the concept of difference-making ‘a cause makes a difference to whether its effect 
obtains: without it, the effect would not have obtained’79 (Hall, 2004; D. A. Hume, 1739; 
Kment, 2010; Lewis, 1973a; J. Reiss, 2015). The important role of the causes as difference-
makers is attested by the fact that our causal judgments are often guided by counterfactuals 
(Lewis, 1973b).  
C and E are two distinct actual events, where E causally depends on C if and only if (Lewis, 
1973b, 1986b): 

 
78 Reference class is “a class of events or objects to which a probability or frequency refers” (Bandolier, 2022). 
The reference class problem “is usually regarded as one specifically for the frequentist interpretation of 
probability” and “arises when we want to assign a probability to a proposition (or sentence, or event) X, which 
may be classified in various ways, yet its probability can change depending on how it is classified” (Hájek, 2007). 
As Cheng (2009) points out: “statistical inferences depend critically on how people, events, or things are classified. 
As there is (purportedly) no principle for privileging certain categories over others, statistics become manipulable, 
undermining the very objectivity and certainty that make statistical evidence valuable and attractive to legal actors” 
(Cheng, 2009). 
79 On this definition of cause Mill based his method of difference applied in controlled experiments (Mill, 1874, 
1956).  
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(i) if it were the case that C occurs, then it would be the case that E occurs, and 
(ii) if it were the case that C does not occur, then it would be the case that E does not occur.  

 
The counterfactual is a conditional in the form: “If it were the case that C, then it would also be 
the case that E” (C □→ E). In the claim ‘event C caused event E’, the conditional counterfactual 
is: ‘if C had not happened, E would not have happened’ or, probabilistically, ‘if C had not 
happened, E would have had a lower probability of happening’, where both C and E describe 
singular (or token or actual) causation and where C is its antecedent and E is its consequent 
(Lewis, 1973a; J. Reiss, 2015). 
Lewis indeed aims to model singular causation, deterministic in mold and accompanied by a 
possible world semantics, rather than causal laws (J. Reiss, 2015).  
There have been many discussions over time that have questioned the adequacy of Lewis 
analysis of causality in terms of counterfactuals.  
First, there may be several possible ways of interpreting counterfactuals, and among them some 
can give rise to spurious non-causal dependencies between events (J. Reiss, 2015). Suppose, 
for example, that events C and E are effects of a common cause D. One is naturally led to the 
reason that there must be a causal dependence between C and E, so the counterfactual is:  
 

(i) if C had not occurred, then D would not have occurred (backtracking counterfactual), 
and 

(ii) if D had not occurred, E had not occurred.  
 
However, point (i) should not be used in the assessment of causal dependence, as it can lead to 
counterexamples and erroneous causal judgments. Not-backtracking counterfactuals should 
instead be used.  
Second, according to many, when two or more causes compete in their bringing about an effect 
(so when several alternative events compete to cause and effect) such a counterfactual theory 
of causation fails because of problems with cases of redundant causation (e.g., 
overdetermination) (C. Hitchcock, 2003, 2013; J. Reiss, 2015). This means that actual causes 
do not always make a difference to the effect (i.e., when there is another factor that would have 
caused the effect had it not been for the functioning of the actual cause). In such a context, Reiss 
(2015) underlines that factors can be causally relevant to an outcome without being the true 
cause.  
Since the reasoning behind this sort of circumstances bears several analogies to causality 
assessment for AEFIs, I present below the contribution of philosophical literature. 
 
 
2.1.3.1. Overdetermination 
 
Lewis distinguishes cases of symmetrical overdetermination from cases of preemption. The 
former are cases in which two processes terminate in the effect, with neither process preempting 
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the other (Donnan, 2018; J. Reiss, 2015). Let’s consider for example a situation in which a 
patient (P) receives two concurrent medicines, respectively B and C, and then develops a severe 
adverse health outcome (E). In probabilistic terms, in cases of overdetermination, a cause does 
not increase the probability of the effect because the effect will happen anyway, so there is no 
actual correlation between the cause and the effect (Donnan, 2018; J. Reiss, 2015; Williamson, 
2019).80 In cases of overdetermination, performing a counterfactual analysis of the type 'but for 
A, would B not have occurred?’ (i.e., the but-for-test81) fails to detect genuine causes (Stevens, 
2007).  
This type of situation may also occur in context of the AEFI’s causal analysis, and it is therefore 
essential to take it properly into account. 
 
 
2.1.3.2. Preemption & Causation as a causal chain 
 
Counterfactual considerations have been challenged also by cases of preemption. Preemption 
is sort of opposite to overdetermination. Overdetermination is the case of two or more causes 
independently able to produce the same effect. Instead, in the case of preemption we have one 
cause interrupting the course of events which would have led to the effect that it causes being 
produced by another cause [see also (Andreas & Günther, 2021; Dyrkolbotn, 2017; Hall, 2004; 
Lewis, 1986a, 1986b)]. 
For example, let’s suppose that there is a terrorist attack and two terrorists from different 
viewpoints shoot at a politician at short distance. According to standard counterfactual 
reasoning one cannot say that any of the terrorists is the cause of the death of the politician 
because the politician would have died from the shoot of the other terrorist (causal redundancy). 
The case of preemption can be exemplified by a terrorist shooting at the politician and the 
intervention of a truck passing by, which interrupts the trajectory of the bullet towards a target 
therefore saving his life. In this case, although the politician is still alive, one cannot say that 
the terrorist is not liable at least of attempted murder. The fact that the truck interrupted that 
bullet trajectory does not exempt the terrorist from his responsibility because if the bullet had 
not been interrupted by the truck, the natural course of the event would have led to the death of 
the politician. In this case the truck is a preempting cause, that is, something which interrupt 
the course of the event of another causal phenomenon.  
Lewis developed a theory of preemptive causation that allows to justifiably allocate causal 
responsibility in the face of preemption, by drawing on the notion of causal chain (Lewis, 
1986a). 

 
80 Even in cases of asymmetrical overdetermination, where you have a major cause (in the sense that it is sufficient 
by itself to cause the harm) joined by one (or more) minor cause(s) [i.e., cause(s) that is not sufficient to cause the 
harm, either individually or jointly with the other minor causes] there is no actual correlation between the cause 
and the effect (M. Moore, 2003). 
81 This is the condicio sine qua non (c.s.q.n.) theory (the traditional conditionalist theory, also known as the theory 
of equivalence of causes or natural causality) elaborated by the German criminalist Von Buri and known in the 
Anglo-Saxon legal systems as but for test (Franceschetti, 2017; Rossi, 2000) used for legal liability. 
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A medical example may illustrate the point. Let’s suppose that a person with breast cancer is 
administered with a vaccine and after three weeks s/he dies of heart failure. By drawing on the 
theory of preemption one would say that although the person would have died anyway because 
of cancer still the vaccine is the actual cause whereas the cancer is only a potential cause of 
death which has not been recognized because the heart failure produced by the vaccine 
preempted the neoplasia to further develop and lead to the death of the patient. So, the fatality 
is entirely inscribable to the vaccine even if the neoplasia could have potentially led to death at 
a later stage. As we will see in Chapter V the WHO algorithm instead treats actual and potential 
cause on a par, and wrongly applies a counterfactual reasoning which absolve the actual cause 
from its responsibility on the ground of the potential effect that the potential cause would have 
produced. 
As we will propose in Chapter V, a distinction between actual and potential cause in line with 
the preemptive theory of causation is required in order to properly address this sort of cases. 
The distinction between potential and actual cause has been emphasized in the philosophical 
literature precisely in connection with biological phenomena, such as the analysis of genetic vs 
other kinds of processes in biology [see e.g., (Waters, 2007; Woodward, 2002, 2004)]. Waters 
(2007), in particular, insists that in a context where multiple causes are present, such causes are 
not ontologically the same [i.e., ‘the fallacy of parity arguments’ (Waters, 2007)], but some 
causes are actual difference makers while others are not (regardless of epistemic context). He 
stressed an ontological difference between being a cause and being the actual cause: the former 
only entails that a factor is a potential difference maker, while the latter that it is the actual 
difference maker (Waters, 2007). Analogously, some causal factors are more salient (triggers) 
in particular cases than others (background conditions), and as such the former would count as 
causes.  
These epistemological distinctions will reveal to be crucial in addressing the implications of 
multicausality in individual causality assessment.  
 
 
2.1.4. Mechanistic approach 
 
The mechanistic approach is strongly linked with scientific explanation. There are many 
different mechanistic theories (see e.g., W. Salmon; S. Glennan; W. Bechtel; R. Richardson; A. 
Abrahamsen; Fr. Machamer; L. Darden; C. Craver; J. Bogen, and others) focusing on different 
notion of mechanisms and diverse goals and scopes of causal inference in the sciences. They 
share a fundamental characteristic that I describe as follows: 
 

(i) a risk factor A is cause of a medical outcome B if, and only if, A produces the outcome 
B by a mechanism of the appropriate kind. 

 
Some mechanistic approaches are specifically aimed at explaining the biological mechanisms 
of diseases. Among them, for example, W. Bechtel and A. Abrahamsen have turned to the 
explanation of the functioning of cardiac and cellular metabolism (Bechtel & Abrahamsen, 



 98 

2005; Bechtel & Richardson, 1993), while Peter Machamer, Lindley Darden and Carl Craver 
developed the ‘dualistic theory’ which is used in the field biology and neuroscience (Machamer 
et al., 2000). The intrinsic dynamism of mechanisms is emphasized with the introduction of two 
notions, that of activity and that of entity (and property of entities). The former is what produces 
change, while the latter is what is involved in the activities (Machamer, 2004; Machamer et al., 
2000). These are the main points: (i) the activities have a primary causal nature; (ii) entities 
must be appropriately located, structured and oriented, and the activities in which they are 
involved must have specific rhythm, duration, order; (iii) mechanisms are structured on several 
levels, hierarchically organized and their interlevel and intra-level characteristics can be 
analyzed (Campaner, 2006, 2009).  
These types of approaches are very important because in medicine understanding a disease 
means characterizing its symptoms, detecting its possible cause(s), experimentally identifying 
the actual cause(s) and showing the mechanism by which the cause(s) produce the disease.  
Mechanistic language is pervasive in the field of biomedical research. Let’s think about 
mechanisms of diseases (e.g., mechanisms of heart failure, cardiovascular disease, migraine, 
obesity, complications of diabetes, etc.), drugs and treatments/surgical interventions (e.g., deep 
brain stimulation (DBS), percutaneous coronary intervention, etc.) (Campaner, 2011).  
Mechanistic terms are also used to indicate pathologies that remain mysterious. For example, 
the mechanism of disease is sometimes a label for a pathology that is largely unknown and that 
researchers are trying to discover, and in many cases, it is the final goal of the investigation, 
something that needs to be further studied (Campaner, 2011) (e.g.  the development of 
peripartum cardiomyopathy or Paget's disease or the mechanisms linking infertility and 
congenital malformation).  
Moreover, it must be said that not all the mechanisms underlying diseases are known and/or 
easy to be identified, and if it were, many of them will probably never be fully known or will 
only be partially known.  
The knowledge of causal mechanisms is crucial to understanding causality. Gillies argues that 
we need mechanistic knowledge not only to establish causal hypotheses about the cause of 
illness, but also to develop an appropriate treatment and for evaluating the safety of a treatment 
(Gillies, 2018).  
A particularly relevant mechanistic approach to causality for the present discussion is the so-
called “dispositionalism” (Anjum, 2020). According to dispositionalism, the mechanism is a 
complex and contextual phenomenon and causality is potential (i.e., cause X has a tendency to 
cause Y). A particular individual or entity has a pre-disposition to determine the event, so there 
is a high probability that this cause produces the effect. These concepts are particularly useful 
for the context of individual causality assessment of AEFI since most AEFIs are multifactorial 
diseases, each individual has specific and different characteristics (dispositions), and vaccines 
may have the tendency of causing a given AE. In a person with a (genetic or acquired) 
predisposing factor, this factor may cause the AEFI (e.g., abnormal immune response) with the 
intervention of the vaccine (a vaccine may trigger autoimmunity).  
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2.1.5. Causal dispositionalism 
 
Causal dispositionalism understands causes as complex, intrinsic, tendential and context-
sensitive phenomena (E. Rocca et al., 2020). According to dispositionalists, since clinical 
practice deals with the individual patient (who is particular and unique), one should start from 
the particular and unique situation of the individual case to understand causality (Anjum, 2020). 
This perspective supports the idea that far from being a problem, heterogeneity and anomalous 
cases represent an epistemological advantage for causal investigation (Anjum & Rocca, 2020).  
According to Anjum (2020) causal singularism82, mutual manifestation83, and interference84 
must be emphasized. 
Causal dispositionalism is an ontological framework with an impact on practice in which causes 
are defined as dispositions (Anjum, 2020). It was first introduced by Mumford and Anjum 
(Mumford & Anjum, 2010), who then developed the so-called vector model to model causality 
in the single case (Mumford & Anjum, 2011).  
A disposition refers to a property, what something can do (e.g., ‘aspirin has a capacity to 
(causally) relieve headache’) (E. Rocca & Anjum, 2020b). The focus is on the intrinsic causal 
powers, abilities (Mumford, 1998) or stable capacities [as Cartwright (1989) call them], 
dispositions, or properties of a thing or of a system, that is, on the causal mechanism, 
interactions, and dynamics at work – detailed causal understanding of why and how something 
might or might not happen is sought (E. Rocca & Anjum, 2020b). More precisely, as Anjum 
(2020) points out: 

 
(i) A disposition is a type of property85, that can exist unmanifested (e.g., a substance is 

toxic even when it is not harming anyone); 
(ii) causality usually happens when dispositions manifest themselves (e.g., a fertile woman 

becomes pregnant, toxic arsenic kills, etc.); thus 
(iii) the dispositional property is a cause, and the manifestation is an effect; 
(iv) the ‘proof’ of a disposition’s existence in something or someone lies in its manifestation; 

but there are dispositions that we simply cannot know of until they are manifested, and 
perhaps not even then (e.g., a person might have early-stage cancer without manifesting 
any observable symptoms, but the causal process has nevertheless started). Thus, a 
disposition is not a mere possibility, rather it is a potentiality that comes out into the 
world as a real possibility in the properties of things (Anjum, 2020). 

 
82 This is the ontological view that causality happens in the unique particular context (Anjum, 2020), thus 
suggesting that there might never be two identical causal situations in practice (Anjum et al., 2020). 
83 This means that, for a manifestation to occur, there must always be at least two powers working together to bring 
it about; they may operate in pairs, interactions of greater adicity are also possible as well as interactions involving 
more than two powers. In such a context it makes no sense to consider one power as the operational power and the 
other as the one that simply stimulated or triggered it (Carruth, 2020; Mumford & Anjum, 2011). 
84 For causation there is always the possibility of interference I, which would prevent the effect E. There are two 
variety of interference that applies to natural causal processes and are subtractive or additive (Mumford & Anjum, 
2011). 
85 E.g., fragility, flammability, toxicity, fertility, etc. 
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All causal processes are intrinsic and specific, and effects occur in the individual as the result 
of multiple dispositions, many of which are unique to that individual (Anjum, 2020). 
Each person has a unique set of dispositions, which affect how we react to medicines, and a 
manifestation is the result of multiple dispositions working together (E. Rocca, 2020).  
Hume and the neo-Humeans (e.g., Lewis, Psillos and Beebee) are skeptical about dispositions, 
as they believe our knowledge of them is inferred from what we have already observed 
elsewhere. For example, we think that a particular glass of wine is actually fragile, because we 
have seen other wine glasses break from a very small impact elsewhere (Anjum, 2020). 
However, dispositionalists argue that dispositions (Anjum, 2020; E. Rocca & Anjum, 2020b): 

 
(i) are plausibly real because, even if they are not directly observable, they can explain 

what actually happens – the principles underlying the behavior of things (e.g., observing 
in a person that the arteries are clogged with arterial plaques one might see that they are 
disposed to reduce blood flow and therefore to heart attack and stroke); thus,  

(ii) “could reveal the direction in which the situation is heading: what tends to be” (Anjum 
e Mumford 2018a) and have a degree of tendency, which can range from very weak to 
very strong (e.g., something can be more or less toxic, and so on); 

(iii) are useful both to make prognoses for illness and recovery, and to make the correct 
diagnosis (i.e., you must choose the right treatment that aims at the right disposition: 
headache can be a manifestation of a series of diseases, it can be caused for example by 
stress or a brain tumor, so the treatment should reflect this difference); 

(iv) are intrinsic properties that: 
- belong to a particular individual or entity or process (it cannot be said that a drug 

works if it does not have an intrinsic property to produce its effect), or 
- emerge at the group level, that is: a number of dispositions are present, none of them 

are intrinsic to the individual, but rather emerge as a result of interactions with others 
– see also (Anjum & Mumford, 2018; E. Rocca & Anjum, 2020a). For example, if 
we consider a fertile woman that becomes pregnant, this manifestation is a result of 
multiple dispositions working together: i.e., manifestation partners for pregnancy 
(e.g., a fertile man’s sperm, the correct balance of hormones in the uterus, etc.); 

- can exist unmanifested and gives its bearer a power, ability, or causal capacity (e.g., 
a person may have a disposition towards a disease that never manifests itself). 

 
A tendency/disposition that is statistically weak, such as, for example, the tendency of oral 
contraception to produce thrombosis, in some individuals, could be very strong and in any case, 
however it cannot manifest itself alone or in isolation: causal production is a matter of complex 
interaction of multiple dispositions, many of which are represented by the background 
conditions (E. Rocca & Anjum, 2020b).  
According to dispositionalism, causality is complex, since it requires the interaction of one or 
more mutual manifestation partners (Anjum, 2020):  
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i. Mutual manifestation partners are a pair or set of dispositions that working in interaction 
with each other can produce an effect that otherwise neither they couldn’t do on their 
own.  

ii. Each of the manifestation partners are not treated as the cause and others as background 
conditions, rather all contextual factors that contributes to producing the effect are 
considered causes of the effect in virtue of their own dispositions. 

iii. Some of the dispositions might be necessary for the effect, while others might be 
triggers.  

 
As Rocca et al. (2020) underline, if, for example, we have the hallucinogenic drug N, N-
dimethyltryptamine, it is inactive when ingested, but once combined with a trigger (e.g., beta-
carbolines) it becomes bioavailable. On a dispositionalist view, both these substances should 
count as causes of the hallucinogenic effect (E. Rocca et al., 2020) – see also (Waters, 2007). 
Furthermore, given that the effect is the result of the complex interaction of different 
dispositions, the causal process will be highly context-sensitive. As Rocca and Anjium (2020b) 
points out, “what a disposition does in one context, together with a certain combination of 
mutual manifestation partners, will be different from what it does in another combination”. It 
is therefore important to understand the causal mechanisms, to know more about the 
dispositions of the patient who will interact with the treatment, as well as to examine the 
dispositions of the treatment, since they “will tell us how the treatment works in the body, but 
also how the various dispositions of the patient might interact with the treatment” (E. Rocca & 
Anjum, 2020b).  
In sum, causality is the result of the interaction of multiple dispositions and if we want to 
establish the causal link between an intervention I and an effect E in dispositionalist terms, it 
will mean trying to establish whether I has intrinsic properties (or dispositions), which, in 
combination with others, can possibly produce E (Rocca & Anjum, 2020b). I summarized the 
key features of dispositionalism in Fig.15 below.  
 

 
Figure 15:Key features of dispositionalism. 
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In the following section I will describe the vector model, since I think it could be useful if 
adopted in the WHO algorithm (Mumford & Anjum, 2011). This model represents that 
causality occurs in the only particular context and is a way to describe the quality of a causal 
situation (it does not serve to measure and quantify it) (Anjum, 2020). This is exactly the context 
of analysis in which the WHO algorithm operates. 
 
 
2.1.5.1. The vector model 
 
In “Dispositions and the Unique Patient”, Anjum (2020) describes the vector model that serves 
to represent the individual patient with his/her chronic condition (e.g., irritable bowel 
syndrome) – see Fig.16. The vertical line represents the current situation, on a quality space 
between two outcomes: F (e.g., lack of gastrointestinal symptoms) and G (e.g., continuous 
symptoms); while vectors represent the dispositions that are in place simultaneously and 
contribute to one of these results (Anjum, 2020). Two important features of dispositions are 
their degree of strength and direction.  
The length of the vector, as well as the type of disposition represented by it, varies from one 
individual to another. 
In Anjum’s system vectors are assigned a qualitative meaning: it does not reflect a 
numerical/statistical trend of how often the effect occurs in a particular population (Anjum, 
2020).  
 

 
Figure 16: Vector model. From (Anjum, 2020) 

 
For example, if the consumption of fatty meals disposes a given patient to gastrointestinal 
symptoms to a greater extent than the consumption of salt or sugar, this should be reflected in 
the length of the related vectors.  
In addition to the dispositions that induce individuals towards the onset of symptoms (or 
manifestations), one should also include those dispositions that eliminate the symptoms (e.g., 
regular exercise or a good night's sleep) (Anjum, 2020). Then, the resulting vector R shows 
whether the overall trend disposes towards F or G, and how much. The length and direction of 
the vector should be based on what is the case of a particular individual at a given time (Anjum, 
2020). Here, general scientific knowledge can only serve to suggest what causal dispositions 
might be at play in the case of this particular patient: e.g., we know that the symptoms could be 
caused by the type of diet, cardiovascular conditions, and so on. 
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In addition, it must be noted that different dispositions may compose in a simple additive way 
or may interact in a nonlinear way and produce a synergistic effect (i.e., the total effect is greater 
than the sum of the individual factors), or an antagonistic effect (i.e., the total effect is smaller 
than the sum of the individual factors) (Anjum, 2020)86. 
The vector model allows to illustrate the following features of causality (Anjum, 2020):  
 

(i) subtractive causal interference: the effect can be interfered with by removing a vector 
disposing toward the effect (Fig.17A); 

(ii) additive causal interference: the effect can be interfered with by adding a vector 
disposing away from the effect (Fig. 17B); 

(iii) different degrees of tendency: a disposition has a tendency towards its manifestation 
with a certain degree or intensity, so each disposition comes in various strengths 
(Fig.17C); 

(iv) threshold effect(s)/tip-ping point(s): it is a stage in the causal process where something 
conspicuous happens that we might be particularly interested in bringing about or 
preventing (Fig. 17D). 

 

 
Figure 17: A Subtractive interference. B Additive interference. C Dispositions with different 
strength of tendency. D A threshold effect T. From (Anjum, 2020). 

 
Particularly important for the purposes of the evaluation of AEs manifested in an individual 
following vaccination, are points (i) and (ii). Let’s take again a patient with gastrointestinal 
symptoms. Such symptoms can be counteracted subtractively, by reducing the intake of alcohol, 
sugar or processed foods, or additively, using probiotic supplements to improve the complexity 
of the intestinal microbiota (Anjum, 2020).  
Understanding the dispositions involved and the causal mechanisms by which they interacted 
to produce (or inhibit) the effect is particularly important to predict whether there are risks 
associated with the use of a given intervention. Side-effects are often rare, but they indicate 
dispositions in the patient that were able to causally interact with the medicine (Anjum, 2020) 

 
86 As Reiss (2016b) reports, these concepts had previously been offered by Mill through the presentation of two 
models to explain how factors combine, namely: (i) mechanical: causes combine additively (the contribution from 
different factors affecting an outcome simply add up); and (ii) chemical: causal factors interact: they combine 
interactively (J. Reiss, 2016b). The result of their interaction is different from the mere sum of their contributors 
(it may even be something totally different from the effects that would be expected from each of them: e.g., in 
pharmacology). 
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– see also (E. Rocca et al., 2019, 2020). Most medical treatments are cases of additive 
interference87. Causal processes can therefore be counteracted, subtractively or additively, and 
this means that even when the effect generally results from the cause, it is possible to have the 
cause along with some interfering agent that prevents the effect from happening (Anjum, 2020).  
Regarding point (iii), Anjum (2020) gives the example of a person taking oral contraception, 
that has a very strong disposition to prevent ovulation, but also a very weak disposition to 
produce thrombosis. According to dispositionalism, even if the thrombosis-drug correlation 
seems very weak statistically, it must count as causality because there is something in the 
intervention (an intrinsic disposition) that contributes to the outcome (thrombosis), to a stronger 
or weaker degree in combination with the proper manifestation partners (Anjum, 2020).  
Regarding point (iv) Anjum (2020) specifies that the threshold effect could be the point at which 
a disposition manifests itself (such as the phase during an illness in which a symptom occurs) 
and adds that the threshold is useful because it can help show if a patient is closer to the 
threshold of the disease. In this case, a small change in the cause could result in a big change 
in the effect, and the same change might not make a difference to another person who is in a 
more robust state of health. What triggers a disease is therefore not always the main cause of 
the disease but could simply be the "straw that broke the camel's back" (Anjum, 2020) (the 
vector model allows us to illustrate this). 
As Edwards (2018) writes, real-life causality is usually multifactorial and complex, and 
pharmacovigilance concerns data from complex health systems in which multiple 
interconnected factors evolve, and dispositionalism is applicable to complex data. This 
approach considers the innate characteristics (dispositions) of the medicinal product [i.e., its 
various pharmacological actions (pharmacodynamics), its distribution in the body 
(pharmacokinetics), and its interactions with other drugs] and the exposed patient [i.e., specific 
susceptibilities (e.g., genetics, age, sex); physiological state (e.g., body weight or pregnancy); 
co-morbidities, drug-drug interactions; social and environmental factors] (Edwards, 2018). 
Hence, as Anjum and Rocca (2020) suggest, dispositionalism should be considered for 
medicine, public health, and in particular pharmacovigilance. I believe that thinking of causes 
as dispositions may be of great help in the context of the individual causal analysis of AEFIs, 
because it can help in reducing the likelihood of false negatives and positives, thus leading to a 
positive causal assessment. 
 
 
2.1.6. Towards a pluralistic approach to causation  
 
Each account of causation often diverges on ontological issues (Tooley, 2009) and, as we have 
seen, is subject to counterexamples and/or limitations and critical aspects. As Williamson points 
out, such monistic theories of causality present difficulties and inadequacies in explaining the 
epistemology of causality (Williamson, 2006).  

 
87 This can be used when subtractive interference is not possible or sufficient to reduce the pathological 
phenomenon (Anjum, 2020). 
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Some philosophers have, thus, developed pluralistic notions of causality. Hall (2004) defines 
causation by combining two types of monistic accounts. Two events can be in a type of causal 
relationship that can be explained by a difference-making analysis, or they can be in a 
completely different type of causal relationship that can be explained by means of production 
(e.g., Salmon’s causal process theory, or Glennan’s mechanistic theory, etc.) (Hall, 2004). 
According to Williamson (2006), an analysis of causality in terms of just one of the indicators 
of causal relationships will fail to capture its whole, rather multifarious, notion (Williamson, 
2006). A multifaceted concept that considers the wide range of indicators is needed. 
Schaffner points out that it is necessary to trace and intersect the various notions of causality to 
constitute a valid causal analysis for biology and medicine (Schaffner, 1993). The idea that 
causal assessment should be based on combination of causality accounts is dominant in 
contemporary philosophical debate [see (Campaner, 2009; Campaner & Galavotti, 2007; 
Cartwright, 1999, 2004, 2007a; de Vreese, 2006; Galavotti, 2008; Godfrey-Smith, 2009; C. 
Hitchcock, 2003, 2007a; Parkkinen et al., 2018; Psillos, 2006; Russo & Williamson, 2007b, 
2007a; Stapleton, 2008; Weber, 2007) and others].  
In our context a pluralistic approach favors the adoption of a wider notion of causality, rather 
than the adoption of specific monistic definitions. Any method used for the assessment of a 
causal link that embraces only one concept of cause to establish the existence of a relationship 
will simply tend to increase both false negatives and positives.  
Higher flexibility in what is considered to be causal increases the chance of capturing more 
phenomena and is therefore more advisable in a context of signal detection, such as the one we 
are dealing with. 
 
 

2.2. Monocausality vs Multicausality 

Besides the adoption of different notion of causality, one should also consider the fact, 
especially in medicine, causal phenomena are rarely monocausal (e.g., genetic ones, in 
particular of chromosomal type). Most of the times, diseases are the result of multiple 
contributing factors (multicausality). Researchers increasingly consider pathologies in complex 
‘webs’ of causality (MPH, 2015).  
In general, defining a cause-effect relationship is not easy (Kramer & Lane, 1992), even more 
so in the context of complex systems such as those dealt with by the biomedical sciences, in 
which living organisms and their possible pathological modifications (diseases) constitute the 
summit of complexity in nature (Bellavite & Zatti, 1996). While in other sciences (e.g., physics) 
the laws governing the norm are studied, in medicine, especially in treating the patient, the 
focus is rather on deviation from the norm (e.g., pathophysiology).  
Monocausal theories assume that a disease is motivated by at least a single cause, i.e., the cause 
(Mota & Kuchenbecker, 2017; J. Reiss, 2016a; Verlato, 2022). In this case the disease is defined 
as ‘specific’. One cause is sufficient/necessary to explain the event. In this case we can also 
speak of a determining cause of the disease (deterministic view), for which the pathology is 
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defined as mono-factorial. The pathology is therefore generated by a cause capable of 
provoking by itself all the events that always lead to the appearance of the pathology [e.g., 
monogenic hereditary diseases (sickle cell anemia, cystic fibrosis, Duchenne muscular 
dystrophy, etc.), resection of a large vessel that causes hemorrhagic shock or ingestion of a high 
dose in a single intake of a poison, etc.]. 
In most of the cases health outcomes (pathologies) are multifactorial. Multicausal theories allow 
for multiple causal factors to underpin a disease etiology. According to the concept of 
multifactorial disease etiology, a disease (or pathological event) has more than one cause 
(multicausality), so much so as to speak of a causal complex or constellation of causes. When 
the disease is the effect of several causes, it is defined as ‘non-specific’. Chronic diseases (e.g., 
cancers, type 2 diabetes, cardiovascular illnesses, autoimmune diseases, etc.) are considered 
good examples of ‘multifactorial models of disease’. According to this view the causal basis of 
many diseases is too complex to identify single necessary/sufficient causes (Stegenga, 2018).  
The disease is the consequence of a more or less complex interaction of different factors that 
act simultaneously or in succession on the organism. The disease is the result of interaction and 
balance between multiple contributing and intermediate factors (Fedak et al., 2015) present in 
different combinations (e.g., complex genome-environment interactions). 
Living systems are characterized by dynamic stability due to a balance of interactions between 
multiple systems at multiple levels (e.g., gene, protein, pathways, subcellular, cellular, tissue, 
organs, systems) (Noble, 2002). A deviation from this balance leads to disease. In considering 
the biology of cancer, Bertolaso and Dupré state that, since different processes are involved in 
the development and physiological maintenance of the organism, understanding these 
interactions, the interdependence of processes, helps to unravel the complexity of the biological 
processes underlying cancer (Bertolaso & Dupré, 2018) – see also (Bertolaso, 2016). 
In such a context, the question ‘what is the cause of the observed pathological phenomenon?’ 
may have no single answer. If causation may be described from the perspective of the 
distinction between necessary and sufficient cause (Kramer, 1988) p. 256), on the other hand, 
a cause can also be multifactorial, in which case it is neither necessary nor sufficient for a given 
individual (Palinkas, 2014; Rizzi & Pedersen, 1992; Rothman et al., 2008).  
As we have already discussed, in the philosophical literature Mill was the first philosopher to 
admit and insist on the complexity and the plurality of causes. In his approach, a cause is a set 
of jointly sufficient conditions required to produce the effect, and there may be several 
independent causes of the effect so that the effect may be produced by one cause and sometimes 
by another. For example, coronary heart disease has smoking among its causes, but can also be 
brought about by a variety of (set of) conditions such as obesity, unhealthy lifestyle habits [e.g., 
carrying out a sedentary life), the intake of certain pharmacological drugs like Vioxx 
(Rofecoxib), diabetes, hypercholesterolemia, hypertension, familiarity (genes), and so on].  
As we have seen in Chapter III, most AEFIs are multifactorial pathologies (e.g., 
hypersensitivity reactions, autoimmune diseases). They do not come from a unique cause but 
can be induced by more than one causal mechanism, each possibly involving the presence of 
multiple causes (or risk factors) of various kinds (exogenous and endogenous) that jointly 
interact in a complex way (Bellavite et al., 2020; Rothman, 2012b; Rothman & Greenland, 
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2005). As we will see the WHO algorithm adopts a monocausal view on causation and is 
therefore inappropriate to adequately address the challenges posed by individual causal 
assessment of AEFIs.  
The concept of multifactorial disease etiology (multicausality) allows to explicitly recognize 
the different roles of co-causes, or risk factors. Co-causal relationships can be essential for the 
onset of the disease or aggravate the existing disease by intensifying its manifestations, prolong 
its course, delay its healing, accelerate its evolution, favor the appearance of complications, or 
anticipate the unfortunate outcome. 
 
 
2.2.1. Multiplicity of causes (risk factors) and their possible categorization 
 
Risk factors may be exogenous (extrinsic factors) and/or endogenous (intrinsic factors). The 
latter are internal causes of the system (organisms), such as alterations of the genetic heritage 
or congenital malformations, while the former are causes external to the system such as:  
 

i. infectious factors: viruses, bacteria, protozoa, etc.,  
ii. chemical substances: taken under medical prescription or voluntarily, substance abuse, 

exposure to environmental pollution, occupational hazards or chemicals used in 
agriculture, food industry, etc.,  

iii. physical factors: radiant energy (ionizing radiation, UV rays), kinetic energy (various 
traumas), thermal energy (burns, hyper- and hypothermia), electrical energy (discharges 
electric, electrocution).  

 
In the presence of endogenous factors, originating from the organism, whether physiological or 
pathological, we speak of endogenous causality, while in presence of exogenous factors 
(causes), that come from the outside world, we speak of exogenous causality (Little, 2023).  
Co-causes can be categorized as predisposing or adjuvant intrinsic (individual, organic) 
factors, and/or predisposing extrinsic (environmental) factors, which favor the onset and 
evolution of a pathology increasing the susceptibility of an organism to get sick (WHO, 2009; 
Zhou & Rupa, 2018). 
Predisposing intrinsic factors are genetic factors: genes that regulate the probability of 
occurrence of certain diseases in a given individual. This is the so-called genetic susceptibility 
or hereditary predisposition (familiarity), for which the cause of the disease is not inherited but 
the risk of developing it is increased with regard to average susceptibility in the population 
(e.g., autoimmune diseases, inflammatory diseases, allergies, some neoplasms, etc.).  
Adjuvant intrinsic factors include age, sex, previous or concomitant diseases, hormone levels 
like estrogens or glucocorticoids levels (e.g., high levels of cortisol can increase blood pressure, 
increase blood sugar, downregulate the immune system – T and B –), and so on. 
Predisposing extrinsic (environmental) factors can be:  
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(i) nutritional conditions: e.g., protidic-energetic malnutrition and vitamin deficiency with 
consequent defective immune response/infections, or exaggerated caloric intake/obesity 
that can lead to hypertension, musculoskeletal diseases;  

(ii) work activity: e.g., exposure to particular toxic agents may increase the risk of 
developing certain pathologies;  

(iii) lifestyles/behavioral habits: e.g., smoking, alcohol consumption, use of illicit 
substances; 

(iv) sexual habits: e.g., sexual promiscuity (occasional unprotected intercourse with 
different partners) increases the risk of infections by particular pathogens, such as HIV, 
HPV, candida, herpes, gonococcus, treponema, trichomonas. 

 
External factors are causes that contribute to the development of the disease and can be 
combined with internal genetic features, pathogenic elements and physiological causes into 
effective causal complexes (Rizzi, 1994).  
Vaccines are exogenous factors, where their stimulation of the immune system involves a 
complex interaction between its components, antigen-presenting cells, lymphocytes, multiple 
immune mediators (cytokines), and the various processes involved can induce an excessive or 
distorted inflammatory and immune response, depending on the context.  
 
 
2.2.2. Context-sensitivity, individual variability & individual uniqueness 
 
Any analysis of causality is strongly dependent on the specific context: causation is highly 
context sensitive. Context sensitivity means that the effect is the result of the joint interaction 
of various causes (Osimani, 2020). When it is said that a cause is context-sensitive it means that 
one cause in one context produces one effect while in another context it may produce another 
effect depending on the situation.  
The concept of context-sensitivity is essential in the clinical setting. Along this line some 
philosophers emphasize individual uniqueness and phenomenology (Anjum et al., 2020; 
Broom, 2020; Engebretsen, 2020; Kirkengen, 2020; M. Loughlin et al., 2018). Among the 
various approaches to the notion of causality that account for multicausal phenomena, 
dispositionalism is particularly useful in addressing the implications of multicausality in 
individual causality assessment. According to dispositionalism (Anjum, 2020): 
 

(i) the same disposition might tend to produce different effects; 
(ii) the effects are produced not by single but by multiple dispositions, thus  
(iii) the same causal intervention does not always produce the same effect; 
(iv) different contexts will give different effects,  
(v) two contexts are never exactly the same. 

 
Therefore, as Anjum (2020) underlines, all patients differ from each other in some dispositions, 
so: 
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1. each patient will represent a unique set of mutual manifestation partners for a treatment, 

so a patient will be a different mutual manifestation partner for treatment than another 
patient; 

2. even if the treatment works as expected in both patients (i.e., it has the same disposition 
in both) the two patients may get different side effects, or the treatment may work with 
different strength or momentum in each of them; thus, 

3. the manifestation of a disposition may be different in different contexts without the 
disposition of the intervention (i.e., the pharmaceutical product) being different: this is 
why the same cause does not always have the same effect.  

 
Each individual can be conceived as a unique and complex system consisting of possible 
combinations of different (risk) factors (or variables) at different levels (e.g., molecular, 
cellular, organic), which jointly contribute to the effect in presence of the investigated cause 
(Osimani, 2020), and vary from individual to individual (mutual causality).  
We are far from a perfectly stable system, the investigator finds himself having to search for 
causes by selecting them from a dynamic and continuous train of events (Rizzi, 1994). As 
Osimani (2020) points out:  
 

“Human beings are not gas molecules; their reactions to the same treatment may be 
largely dependent on contingent factors (variation of individual response in different 
circumstances: intrasubject, or individual variation), and on various systematic 
mediating and interacting causes. Mediators and moderators may (and generally do) act 
jointly and at different organ levels (genetic/genomic, proteomic, cellular), and also 
emerge dynamically within one’s own clinical history and social environment. 
Mediators and moderators may also non-additively contribute to modulating the causal 
effect through joint interaction” (Osimani, 2020). 

 
Individual uniqueness and individual variability must be emphasized by focusing to the whole 
patient experiencing the condition (Anjum et al., 2020). In clinical practice there are no two 
people with the same diagnosis of disease who have exactly the same characteristics. The fact 
that each patient is unique from a medical point of view (with different genetics, life habits, 
history, etc.) indicates that it is unlikely that there are ever two identical causal situations in 
clinical practice. If an AE occurs in one patient which is not statistically supported or which is 
not observed in other patients, this cannot exclude the possibility of causation in that patient.  
From a dispositionalist point of view, causal uniqueness is typical of causality and as such 
should be the default expectation in any causal assessment (Anjum, 2020). Causal inquiry 
begins from understanding the complexity of the patient’s context, which represents an 
indispensable source of (causally relevant) medical evidence. His/her uniquenesss, including 
medical data, condition, and narrative, are fundamental elements to generate causal hypotheses 
about the complex situation and all the dispositions that influence the medical condition (Anjum 
& Rocca, 2020). 
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Context-sensitivity, individual uniqueness, and individual variability make individual causation 
analysis highly complex and characterized by strong uncertainty. When causes are highly 
context-sensitive, as they are in the context of causality assessment of AEFIs, a plurality of 
causality methods/accounts is necessary to diagnose causality. 
A way to formalize the context-sensitive nature of causation is provided by Mackie and has 
been formalized by Rothman in his model of multifactorial causation. 
 
 
2.2.3. The Rothman sufficient-component model of disease causation 
 
The complexity of the pathogenesis of disease(s) is well underlined by the representation of 
causes in causal networks (or causal complexes or pies), the so-called sufficient-component 
model of disease causation proposed by Ken Rothman. This is a general model of causation 
that sheds light on several important principles of causation, also useful for the individual level 
of analysis (Rothman, 2012). The model is ontologically deterministic in the form of a report 
of minimal sufficiency and becomes epistemologically probabilistic as we do not know all the 
factors involved in a causal complex (Rothman & Greenland, 2005).  
By embracing the INUS account, Rothman’s model allows to uncover causes of an event E by 
removing from a set of sufficient conditions for E all those conditions not essential to its 
entailment (Strevens, 2003). According to Rothman: 
 

i. causes are neither necessary nor sufficient to produce disease (Rothman & Greenland, 
2005); 

ii. causes are insufficient components of sufficient causal complexes (Rothman, 1976). [A 
sufficient cause is not a single factor, but a complete causal mechanism (i.e., a minimal 
set of factors and circumstances that, if present in a given individual, will "inevitably 
produce disease”)]; 

iii. each single causal factor belongs to a set of conditions sufficient for the occurrence of 
the pathology and neither of them is cause of the relevant effect, though their 
combination is a cause; 

iv. multiple contributing causal factors may act together ('act in concert') to produce a 
health outcome, so that without each component in place the disease would not have 
occurred at that specific time (Rothman & Greenland, 2005); 

v. different individuals will have different sets of individual components that combine to 
produce a sufficient cause (MPH, 2015). 

vi. we can remove a cause C from any number of different conditions sufficient for E and 
check if E still occurs. 

 
In the graphical representation of the model (see Fig.18), each causal pie represents a causal 
mechanism for a given disease – a set of interacting causal components (Rothman & Greenland, 
2005). There are multiple mechanisms that cause any type of disease. In the three below, the 
disease (the coronary artery disease) may result from a variety of different ‘sufficient causes’. 
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Figure 18: An example of a general model of causation: the Rothman’s multicausality model. 

 
Each individual case of disease occurs through a single mechanism (or sufficient cause). A 
given causal mechanism (the whole pie) requires the joint interacting action of many component 
factors (each slice of the pie). Each component cause is an event or a condition that plays a 
necessary role in the occurrence of some cases of a given disease. For example, in the first pie 
chart in Fig.18, we have the risk factor ‘smoking’ together with other risk factors including old 
age, obesity and hypercholesterolemia, where all of them play a causal role in coronary artery 
disease. Some component causes may act in many different causal mechanisms. According to 
the first pie the presence of the four component causes is sufficient to produce coronary artery 
disease in the given individual. If any one of these components were absent, coronary artery 
disease would not occur. However, the sufficient cause I is only one way in which coronary 
artery disease could occur – “Different individuals will have different sets of individual 
components that combine to produce a sufficient cause” (MPH, 2015). The sufficient cause I is 
one possible cause, and there may be many other sufficient sets for coronary artery disease (see 
for instance pie II and III). Some components might be shared among different sufficient causes. 
Suppose, for example, that the sufficient causes II and III both contain female sex: this would 
mean that women are at an even increased risk of coronary artery disease. If a given component 
is present in all sets, this implies that it is a necessary condition for effect to occur.  
The multicausal model developed by Rothman can be very useful for individual causal analysis 
of AEFI as it underlines the complexity of disease pathogenesis and allows to develop multiple 
causal hypotheses on the causality of the disease. 
If we apply Rothman's model to the context of the WHO algorithm, we may have, for example, 
the following case: a person (i) receives vaccine X, (ii) manifests AEFI after a plausible time 
interval, (iii) has a pre-existing disease and (iv) had not had a negative health outcome up to 
that point. The AEFI may have been a coincidental event (Stephan et al., 2020) or there must 
have been a causal component (or causal factor) alone insufficient but necessary for the event 
to occur in that specific individual in that specific moment. The fact that the causal factor is 
defined as insufficient means that other component causes must interact with it to produce the 
disease and that blocking any of them could result in prevention of some cases of the disease 
(Rothman & Greenland, 2005). The fact that a causal component is identified as necessary 
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means that it plays a necessary role in the occurrence of the AE in that specific case (obviously 
it is not necessary in an absolute sense as that same event could have occurred also due to other 
causes and at a different time). At the level of individual causality, however, it is not possible 
to identify the necessary cause that explains the occurrence of a single case of the disease, but 
the idea of being able to identify a non-redundant component in the network of causes that 
caused the AE makes sense. In an individual, more than one causal complex could be 
hypothesized to explain the event by combining in a different way all the identified causal 
factors and considering the unknown ones that may have contributed. The idea of the 
multiplicity of causal networks or causal complexes implies that while a disease is well defined 
from a clinical point of view (e.g., lung cancer), the causative agents are classified according to 
a polythetic classification: e.g., lung cancer cases are not all characterized by the same factors 
but have in common a partial overlap of causes. 
In addition, the sufficient component model allows to consider the following notions, useful in 
the specific context of an individual AEFI causal analysis: induction period, temporal latency 
and catalyst and preventive causes (Rothman et al., 2008). 
 
 
2.2.3.1. Induction period, Temporal latency & Catalyst and Preventive causes 
 
The induction period is “the period between causal action and disease initiation” (Rothman, 
1981). If we consider the example of a person who is born with a genetic predisposition (causal 
component factor A) to lung cancer, the risk of lung cancer can be influenced by many 
component factors. At the age of 20 the disease has not yet manifested itself, but the person 
begins to smoke (B) and is exposed to air pollution (C) (MPH, 2015). At the age of 50 mutations 
appear (D). Once A, B, C and D have all turned up, the disease initiates. The induction period 
for A is 50 years, while the induction period for B and C is 30 years, for D is 0 years. Disease 
is inevitable once a causal mechanism is complete, but may not be immediately manifest, 
because (MPH, 2015):  
 

i. it may take time to become manifest: temporal latency (the time between disease 
initiation and disease manifestation/detection) (Rothman, 1981),  

ii. it might be fortuitously cured before becoming manifest,  
iii. death from other causes might intervene.  

 
Some agents may have a causal action able to shorten the induction time of other agents and 
other agents may be able to postpone the onset of an event bringing out the induction period for 
another agent (catalyst and preventive cause respectively). Let’s assume, for example, that 
exposure to factor A leads to event E after an average interval of 8 years, and exposure to 
medicine B may reduce this interval to 2 years. According to Rothman, it is not sufficient to 
argue that E would have occurred anyway, and therefore that B is not a cause of its 
manifestation. Since the time of the event is part of the definition of an event, we may argue 
that E would not have occurred at that time. This is the reason why “we consider any agent that 
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acts as a catalyst of a causal mechanism, shortening the induction period for other agents, as 
a cause” and “any agent that postpones the onset of an event, bringing out the induction period 
for another agent, a preventive causal factor” (Rothman, 2012).  
Rothman's model is just one way to consider the multiplicity of factors involved in the 
development of a health outcome [other ways include counterfactual models and directed 
acyclic graphs (Alexander et al., 2015)]. However, as we will see in the next chapter, because 
of its usefulness in unravelling causes of disease (multicausality analysis), its ability in 
highlighting interacting causality, catalyst and preventive causes, induction period, and 
temporal latency, it is particularly adequate to analyze causality assessment of AEFIs in 
individuals.  
 
 

3.3. Types of causes and Causal relations 

In the case of the individual causal assessment of AEFIs, in addition to the aforementioned 
issues (multicausality, Rothman's model), it is important to consider also different types of 
causal influence that the WHO algorithm takes into account only in some steps of the procedure 
in a rather arbitrary way. For example, the contributing role of preexisting pathologies is 
considered as a reason to exclude the responsibility of vaccines in causing AEFIs in the first 
step of the algorithm. If someone affected by thrombophilia is hit by venous thrombosis after 
immunization, the preexisting pathology allows the exclusion of the vaccine responsibility in 
causing the thrombosis and the algorithm stops here. 
Other types of causal influence not adequately taken into account by the WHO algorithm are 
contributory cause, indirect, mediating, modifying, moderating cause(s), hasteners and 
delayers. In the following I elaborate on this. 
 
 
Contributory cause (CC): partial cause  
 
The definition of contributory cause (CC) stems directly from multicausal approaches to 
causality. If effects are the result of multiple causes, then each of them may be considered to 
contribute to the outcome, without necessarily determining it. When neither of the causes is 
sufficient to bring about the effect, then each of them is considered a CC. 
According to this definition, a cause that contributes to the production of the effect is partly 
responsible for the effect, and in turn the effect is partly dependent on this cause. CC is indeed 
a partial cause (Scheffler, 2003), and as such it merely raises the probability of the effect. 
The notion of CC is particularly important in our context, since it is indispensable in distributing 
responsibility of harm after vaccination, among different possible contributing factors. 
Considering multicausality a cause X may not be a necessary nor a sufficient condition for an 
effect Y (Mackie, 1965), but it contributes in some way to the effect. Here the definition of a 
contributory cause (CC). A cause is CC when it is not sufficient to bring about the event Y, 
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since other causes are also needed for the effect to occur, but it helps in some way to bring it 
about. If CC was sufficient, the other causes would not count as causes.  
In contrast to this concept is the notion of full cause, which is the sum of all partial causes. A 
full cause is the conjunction of all possible causal complexes for the effect (Mackie, 1965). In 
practice it concerns all the possible explanatory hypotheses for the event, each including 
different combinations of the causal factors present in the individual (known and not) and 
therefore also different mechanisms that may have led to the event.  
A CC may act in several ways: by aggravating a preexisting condition (pathology) or by 
intensifying its manifestations, prolonging its course, delaying its healing, accelerating its 
evolution, favoring the appearance of complications or anticipating the unfortunate outcome. 
Potential contributing factors include mediators, but also (genetic, environmental, stochastic, 
etc.) modifiers that contribute to the occurrence of the effect without being directly linked to it. 
To introduce these two types of causes, it is first necessary to distinguish between direct and 
indirect causation. 
 
 
Direct (immediate) vs indirect (mediated) causality 
 
Another distinction, which will reveal to be relevant in our analysis of the WHO algorithm for 
AEFI’s causality assessment, regards direct and indirect causality. Direct causality refers to the 
concatenation of effects represented by a regular and continuous series of phenomena, such that 
the final event can be traced back to the original cause. The causal influence of one event on 
another is direct (Spohn, 1990). Instead, if (new) co-causal factors are inserted leading to a 
different event (intermediate event) we are in presence of indirect causality. Thus, we can 
further differentiate between immediate causality and mediated causality. The former is when 
a cause is immediately followed by the final event, while when the influence of the first cause 
on the final effect of a concatenation is mediated by other events in between (intermediate 
event), we are in presence of mediated causality (Spohn, 1990) – see Fig.19.  
Therefore, a cause can be indirect and unknown (Bierer, 2014), i.e.: intervening/mediating, 
moderating (Koeske, 1992; Kramer, 1988; Susser, 1973). If for example we have a causal chain 
like this: X → Z → Y, the node X is a cause of Y, but it affects Y through Z, so although there 
is a causal link between X and Y, this is an indirect causal relationship (Z is a 
intervening/mediating variable) – see also (Pearl, 2009). We have a one-directional causal chain 
with an indirect causal link from X to Y (Leng et al., 2020). 
 

 
 Figure 19: Example of a mediator (Z). Z lies on the causal path from X to Y; the path X→Z→Y 

contributes to the total effect of X on Y; X causally influences Y. 
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Causal factors which contribute to the effect without being directly linked to it include 
mediators, but also modifiers. 
A situation in which we are in presence of a modifier is when an effect Y may fail to directly 
follow its cause X because the intervening factor Z prevents it from doing so by modifying the 
timing (or modalities) of the outcome Y (J. Reiss, 2015). Thus, effect modification occurs when 
Z intervene by modifying the causal relationship between X and Y. An intervening factor is 
independent of the original event and occurs in time between the original event and the resulting 
damage. Potential effect modifiers may be conceptualized by using current knowledge, prior 
experience and the investigation of questions like “For exposure E, disease D, and factor X 
(potential effect modifier): is there a link between E and D? Is it biologically plausible that the 
link between E and D differs for levels of X?” (PSU, 2022).  
A contributory factor may also be defined as a moderator when it amplifies or weakens the 
effect between X and Y. For example, this is the case when the effect of one factor changes 
intensity at various levels of the other factor, e.g., in presence of hypoxia the negative 
chronotropic effect of vagal stimulation increases (leading to deceased heart rate). This is an 
example of quantitative interaction. Another case may be when the effect of one factor becomes 
opposite (increase vs decrease) in the various levels of the other factor such as acetylcholine, 
administered to an isolated artery, that determines vasodilation (decrease in blood pressure) if 
the endothelium is intact, or vasoconstriction (increase in blood pressure) if the endothelium 
has been removed. This is an example of qualitative interaction. 
Considering all the above, as Corraini et al. state, effect modification, interaction, and mediation 
although conceptually different are potentially interdependent notions (Corraini et al., 2017). 
Faced with a pathological manifestation of a multifactorial nature (AEFI), different types of 
causes and causal relationships should be considered by the investigator to avoid an erroneous 
rejection of the vaccine-AEFI causal link hypothesis, which leads to an increase in the 
likelihood of false negatives. If all available types of causes and causal relationships were 
considered in the causal procedure underlying the WHO algorithm, its reliability would 
considerably increase.  
 
 
Hasteners & delayers 
 
A special type of interactive factors is called hasteners, or delayers – depending on their action. 
The former makes the effect occur earlier and is typically preempting cause of what it hastens, 
while the latter makes the effect occurs later and typically blocks a would-be preempting cause 
of what it delays (Touborg, 2018).  
In typical cases we usually judge that hasteners are causes of what they hasten, and delayers are 
not causes of what they delay; while in atypical cases we intuitively judge that a hastener is not a 
cause of the event it hastens and a delayer is a cause of the event it delays (Schaffer, 2005; 
Touborg, 2018). According to Rothman any cause of death corresponds to a mere hastener 
(Rothman et al., 2008). 
Let’s consider the following case study to illustrate the point. 
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Natalie Morton (UK) died (event Y), after receiving Human papillomavirus (HPV) 
vaccine (cause Z). In a first moment, given the temporal relationship and the apparent 
state of health of the girl, the authorities stated that the vaccine was responsible for her 
death. However, later the autopsy detected the presence of a preexisting pathology 
within her body, a malignant chest tumor in an advanced stage (cause X), the tumor had 
heavily infiltrated her heart. In presence of this alternative explanation to the death, 
authorities stated as follows: "The medical evidence suggests the vaccine was not a 
contributing factor in her death" because, given the severe condition of the tumor, the 
death of the girl would have occurred sooner or later (Bowcott, 2009; WHO, 2019). 

 
However, although Z did not directly cause Y, it may have acted by modifying the timing or 
modalities of Y, for example by triggering biochemical mechanisms in the body that anticipated 
the event. If one makes this kind of consideration(s), it can be argued that the death could have 
happened a little earlier because of Z. If the effect would not have happened just when it did 
happen, but a cause just made a tiny contribution, such cause is a hastener (or delayer). 
 
 
 
 
 
 
3. The epistemology of causality 
 
Understanding causality, defining what causes are, how we can find them and how to identify 
a causal relationship are at the core of pharmacovigilance and medical practice (patient safety).  
When referring to causes of disease (or adverse health outcomes), the targets of investigation 
vary depending on the context. A clinician, for example, is mainly engaged in researching the 
causes of disease-manifestations in the patient to treat him/her; the medical student is more 
inclined towards general causal relationships; a scientist is looking for causal relationships in 
the attempt to establish or confirm a causal link “somewhere in the train of events that lead to 
a disease” (Rizzi, 1994).  
These goals are achieved by explicitly or implicitly adopting different views on the kind of 
evidence which is needed to justify causal inference.  
The following section is devoted to illustrating such issues with a particular focus on the 
distinction between singular and general causality and on the evidential requirements currently 
established by the scientific community for the assessment of causal claims in medicine (see 
Fig.20). 
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Figure 20: The epistemology of causality. 

 

3.1. General vs Singular causality 

In the medical context causality assessment can be implemented by (Dragulinescu, 2012):  
 

(i) the epidemiological study of frequencies at population level, and/or  
(ii) pathophysiological evaluations in laboratories at microstructural level, and/or  
(iii) medical diagnoses (e.g., ‘this case of renal failure was caused by aspirin 

intoxication’).  
 

Data from points (i) and (ii) are used to infer causal laws (or general causal statements: e.g., 
general causal knowledge of the nature of human physiology) which, depending on the type of 
evidence, can be probabilistic (e.g., ‘smoking causes cancer with such-and-such probabilities’) 
or deterministic (e.g., ‘aspirin ingestion greater than 5 g/day induces an inflammatory response 
in renal interstitial tissues’) (Dragulinescu, 2012). Epidemiological evidence is usually used to 
formulate probabilistic causal laws, while microstructural laboratory evaluations serve for laws 
without exception entering the black-box (mechanisms).  
General ‘causal laws’ are used in medical diagnoses to draw singular causal conclusions about 
a particular organism.  
Hence, causal explanations entail reference to and discernment between singular and general 
causality (Rizzi & Pedersen, 1992). [Between causes that relate to the singular case and the 
straightforward allegation that a certain, regularly occurring relation is a cause-effect 
connection, i.e., such-and-such is a cause of this type of event (population-based, general 
causality) (Mackie, 1965, 1974; Rizzi, 1994; Rizzi & Pedersen, 1992; Wulff et al., 1986)]. 
Some philosophers have contributed to the causation debate in this regard and to the 
understanding of causal concepts – among them see for instance (Halpern & Kleiman-Weiner, 
2018; C. Hitchcock, 2007b; C. R. Hitchcock, 1995; Pearl, 2000; Woodward, 2004). 
Stressing such discernment is of paramount importance to causal reasoning in medicine where 
singular causality can be described as a relationship between a concrete sequence of causally 
related events in the specific patient [the individual event, a particular object or entity in the 
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sequence is called token (Russo & Williamson, 2011; Williamson, 2013)], while general 
causality means various categories of causal relationships between the types of events, as in the 
etiology of a disease88 (Rizzi & Pedersen, 1992).  
The causal analysis can therefore take place on two different levels: 
 

1. Token-level: analyzes individual events. Individual causality refers to events that 
actually happened. The focus is on the individual in whom a health outcome has already 
occurred aiming to explain ‘what did happen’ (‘retrodictive’ causality, ex-post 
reconstruction). 

2. Type-level: analyzes population event. General causality relates to the laws of coverage, 
that indicate which antecedents can produce certain events, and are therefore eligible, 
to make predictions about the succession of events (Summerer, 2013) (‘predictive’ 
causality, ex-ante perspective). The focus here is on ‘potential’ causal propositions for 
populations. 

 
General causal claims are central to scientific inquiry and play an important role in prediction 
and control (Pearl, 2000, 2009; Woodward, 2004), but also serve as basic knowledge needed to 
address issues of actual causation. Actual causal claims play also a crucial role in science, 
especially in interpreting empirical findings to support general causal theories, and are 
fundamental in practical and social contexts, especially those involving explanation and 
attribution of responsibility (D. A. Lagnado et al., 2013). 
In the following sections I will first describe type-level causation and then I will move on token-
level causation, which is the focus of my argumentation. Then I will discuss the relation 
between token and type level causation. 
 
 
3.1.1. Type-level causality (general) 
 
In the field of biomedical and social research, scholars often seek to establish causal laws, that 
is general statements of the form: ‘X causes Y’ (e.g., ‘smoking causes cardiovascular disease’), 
where both X and Y refer to type-level events that can be instantiated multiple times. Social 
scientific generalizations like these may serve to explain the occurrence of an event, to predict 
a future event and to give advice (Cartwright, 1994; Hempel & Oppenheim, 1948; Roberts, 
2004).  
Type-level causality relates to the existence of a causal law that indicates a regular and 
repeatable connection between phenomena. General causal relations can obtain repeatedly, 
since they are true properties, event-types, or variables, rather than individual (token) events. 
Event-types can be described as types of objects or entities (Russo & Williamson, 2011; 

 
88 Rizzi & Pedersen (1992) reported the following example: “'cranial fracture with dural laceration leads to 
meningitis' is a statement of general causality between event types. It means that if an event is of the type 'cranial 
fracture with dural laceration', then it will be highly likely to cause 'meningitis' in the individual person, who has 
acquired cranial fracture with dural laceration”. 
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Williamson, 2013), or as “classes or categories of events that are referred to under a common 
descriptive label” (Rizzi & Pedersen, 1992) or as “universals, having appropriate tokens as 
instances” (Scheffler, 2003).  
Causal claims operating on this level are like ‘smoking causes lung cancer’, ‘exercise prevents 
cardiovascular disease’, ‘preparation X may cause bone-marrow depression’ (Rizzi & 
Pedersen, 1992) or ‘paracetamol calms the febrile state’. Some claims can be generally true 
even if they have some exceptions, some general claims will be lawful truths, others not 
(Grinfeld et al., 2020).  
General causal relations between event types appear under idealized conditions, e.g., in 
laboratory set-ups, or experiments such as controlled trials (RCTs), where ceteris paribus 
conditions can be controlled (Wulff, 1981).  
In the ex-ante perspective (prognosis), the causal knowledge based on scientific laws serves to 
represent a probable or seriously possible future outcome, allowing to predict an event of the 
type that has occurred (Summerer, 2013). In this context predictions should be formulated in 
terms of certainty or high probability (Hart & Honoré, 1985; Summerer, 2013).  
 
 
3.1.2. Token-level causality (singular) 
 
Individual level causation, or ‘token’ or ‘actual causation89’, holds between token events in a 
particular concrete case. Causal inferences operating on the toke-level are like ‘Robert’s 
smoking caused him to develop lung cancer’ (Grinfeld et al., 2020; C. R. Hitchcock, 1995) or 
‘swallowing this paracetamol pill calmed this febrile state’ (J. Reiss, 2015).  
At the token-level one applies the general causal law to the specific concrete case and provides 
a causal explanation of the concrete event, that should be endowed with adequate explanatory 
force (Hart & Honoré, 1985; Summerer, 2013). The analysis consists in the identification of an 
antecedent theoretically suitable to determine an effect similar to the actual one, and then goes 
on to define if that specific antecedent has intervened in the causation (exclusively or combined 
with other factors) of that specific effect. One identifies a token event through established 
concepts (scientific laws – general causality). For example, as Rizzi and Pedersen report, the 
concrete event 'patient X has developed meningitis at time t', falls under the concept 'a person 
suffering from meningitis', that defines an event type (Rizzi & Pedersen, 1992). In other words, 
one searches the general case (or reference case90) and compares the singular case to it, in order 
to explain causal relationships in the singular case (Rizzi, 1994; Rizzi & Pedersen, 1992). 

 
89 The term has been used extensively in the tort law literature [see e.g., (Wright, 1985)], and became firmly 
established in the philosophical lexicon with Pearl (2000) (Baumgartner & Glynn, 2013). 
90 The reference case is defined by Rizzi and Pedersen as: “a catalogue which serves as a guideline for the causal 
search, and from which are drawn causes, complexes, and effective causal relations. […] The reference case may 
be framed as the comprehensive proposition of causal factors and connections, all of which are duly possible or 
potentially competent of producing the effect, which includes a demarcation of the proper causal field” (Rizzi & 
Pedersen, 1992). The latter represents “the way we conceptualize the time-space context within which the causal 
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While the use of universal causal laws is necessary to predict future events with certainty or 
high probability, for the ex-post perspective of singular causal explanation it is not sufficient to 
grasp the meaning of a given antecedent. [It is useless to reiterate the limits of a deterministic 
and strictly nomological-deductive causal explanation91 since it is not able to clarify the causal 
link with respect to the single event]. Questions like these may arise: How likely would it have 
been that the individual was in the same condition as today, if he had not taken the 
(bio)pharmaceutical product? Are there factors that explain the adverse event better than an 
explanation based on vaccine administration? Such inferences are based on the clinical and 
subclinical condition of the subject before and after the administration of the 
(bio)pharmaceutical product and on general notions of (patho-)physiology, genetics, 
immunology, and so on, in order to identify the most plausible explanation of the particular 
event (Osimani B. & Ilardo, 2022).  
In the view of an ex-post reconstruction (causal diagnosis), the imputation of a concrete event, 
while requiring reference to scientific laws, takes place on the basis of counterfactual judgment 
and therefore of the comparison between real course and hypothetical course (Hart & Honoré, 
1985; Summerer, 2013). The decisive moment of confirmation of the causal hypothesis 
provided by scientific laws, namely the passage from the sufficient condition to the necessary 
one, is guaranteed by the imputation formula of the conditio sine qua non (c.s.q.n.), based 
precisely on mental elimination and counterfactual judgment which allow to arrive at a 
judgment endowed with logical probability through the exclusion of alternative causes 
(Summerer, 2013). Counterfactual is a hypothetical reasoning characteristic of induction and 
critical proof (logic).  
Therefore, as Summerer (2013) points out, according to this conception, scientific laws serve 
(on a general and generalizing level) to make predictions, while the c.s.q.n. aims (on a concrete 
and individualizing level) at the reconstruction of a causal relationship and the explanation of 
an event. In this context the rational credibility of the explanation is decisive (Summerer, 2013). 
Today causality is ascertained through the conditionalistic theory (c.s.q.n.) with the corrective 
of subsumption under scientific laws. Individual causal assessment makes use of 
epidemiological content and strength, universal and frequentist laws (inductive/Bayesian 
approach - probabilities and statistics), exclusion of alternative causes, abductive and 
counterfactual reasoning (Casali, 2010).  
 
 
3.1.3. The relationship between general causation and singular causation 
 
The link between general and singular causality is object of vivacious debates in philosophy of 
science (S. R. Smith, 2007). We can however distinguish between two lines of thought, namely 
(S. Glennan, 2011):  

 
relations take place” (Rizzi & Pedersen, 1992) and the significance of a single causal factor for the outcome (e.g., 
meningitis) is judged according to it. 
91 In a nomological-deductive model for a scientific explanation, explanation is intended in terms of deduction 
from "laws of nature”, from a "causal law". 
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(i) the generalist view which holds that the veracity of individual causal claims is subscribed 

to by general causal laws: singular causal relations obtain because they are instances of a 
general causal regularity (or law);  

(ii) the singularist view which states that singular causal relations can obtain even if they are 
not instances of causal regularities (or laws), and it is singular causal relations that make 
general causal statements (or causal generalizations) true, since the latter do nothing but 
properly describe a pattern of singular instances of causally related events.  

 
Among those who embrace the singularist view, the most discussed were Ducasse and 
Anscombe.  
Ducasse (1926) argues that it is sufficient that a particular event has occurred only once for the 
cause to be defined, and thus it is not necessary to imply the assumption that the same (or a 
similar) event has ever occurred before (Ducasse, 1926). According to Ducasse, causation is 
perceived rather than inferred (Ducasse, 1965).  
Anscombe argues that true singular causal claims do not describe instantiations of universal 
regularities (Anscombe, 1981). Causality consists in deriving an effect from its causes and an 
analysis in terms of necessity or universality does not tell us that effects derive from their causes 
(Anscombe, 1971). She holds the conceptual priority of singular causal concepts over the 
general concept of cause. This is based on the rejection of the thesis according to which the 
perception of a causal relationship derives from or is originally connected to the concepts of 
necessity, universality, law, and prediction: the causes of an event are often known, although it 
is not known if there is a general law of connection, and, in many cases it is much easier to 
identify with almost certainty the causes of an event already realized than to make a prediction 
about future effects of a cause (Anscombe, 1971; Santoni de Sio, 2008). Thus, it is not true that 
our knowledge of causal relationships can only come from the observation of regularities, but 
causality can be perceived directly (Anscombe, 1981; Gijsbers, 2021; Sosa & Tooley, 1993) 
and can be observed in the individual case (Anscombe, 1971; Ducasse, 1926, 1965, 1968).  
If so, causation must be present in the single observed cause-and-effect pair, and thus the truth 
of the individual causal statement is independent of obtaining any universal regularity (Gijsbers, 
2021; Sosa & Tooley, 1993).92  
Lewis and Humphreys suggest first trying to analyze singular causal claims in terms of the 
probability of a single case, and then trying to understand general causal claims as 
generalizations about singular causal claims (Humphreys, 1989; Lewis, 1986a). However, they 
do not tell us how the general causal claims relate to singular causal claims (Carroll, 1991; C. 

 
92 Gijsbers talks about the existence of ‘a thick causal experience’ that the regularity theory cannot explain 
(Gijsbers, 2021). For ‘a thick causal experience’ he means “an experiential episode of a subject that prima facie 
justifies belief in a statement of the form ‘c caused e’ without relying on belief in a causal regularity linking events 
of types C and E (where c is an event of type C and e an event of type E)” (Gijsbers, 2021). According to Gijsbers, 
‘a thick causal experience’ must be local in an epistemic sense, i.e., “the experience must be such that knowledge 
of distant events cannot adversely affect its ability to justify the local causal claim”. Such a local causal experience 
can play its justifying role regardless of what we learn about distant events (Gijsbers, 2021). 
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R. Hitchcock, 1995). The general causal statement ‘smoking causes lung cancer’ is true because 
it generalizes about true singular causal claims (e.g., Martha's smoke caused her cancer, John's 
smoke causes him cancer, and so on), however in probabilistic causal generalizations it is too 
strong to assume that every instance of the singular causal relationship obtain: not everyone 
who smokes gets lung cancer (S. Glennan, 2011). Indeed, general causal claims are association 
of aggregated data: Marta smoke & Marta dies; Peter smoke & Peter died; John smoke & John 
died; X smoke & X died.  
According to Hitchcock, X is a cause of Y if X increases the likelihood of Y (compared to a 
certain alternative Z, and across a sufficient range of background contexts), but from this it 
follows nothing strictly about actual events X and Y (e.g., “it is possible that smoking increases 
the probability of lung cancer even though in a certain population all and only non-smokers 
develop lung cancer”) (C. R. Hitchcock, 1995). In contrast, singular causal claims entail that 
the events X and Y occur: the claim "David's smoking caused him to develop lung cancer” 
would not be true unless “David smoked and David developed lung cancer” (C. R. Hitchcock, 
1995). Therefore, as Hitchcock (1995) states: 
 

“…if general causal claims could be analyzed in terms of singular causal claims, general 
causal claims should have implications about the instantiation of the event-types named. 
By modus tollens, claims of general causation cannot be reduced to claims of singular 
causation”.  

 
According to Scheffler “token causation is ontologically and methodologically prior to natural 
laws and type causation” (Scheffler, 2003).  
Weber argues that neither the individual case is reducible to the generic nor the generic is 
reducible to the individual case, rather, each level must be analyzed independently. The causal 
relationships of a single case must be analyzed in one way, and generic relationships in another 
(Weber, 2007). 
Russo and Williamson, basing their argument on the analysis of causal inference in the case of 
autopsy, argue that inferences are neither universally top-down nor universally bottom-up, but 
instead a mixture of the two (Russo & Williamson, 2011).  
Top-down means that epistemic access to causal relations flows from the generic level (the top) 
to the single case level (the bottom) (Russo & Williamson, 2011). To infer, for example, that 
exposure to medicinal product X is a cause of the occurrence of adverse event Y in person P, 
we first learn that exposure to medicinal product X is a cause of the occurrence of event Y from 
repeated observations of particular exposures and particular events together with theoretical 
knowledge about the underlying mechanism. Then this generic causal claim is particularized to 
the individual case by applying further evidence that exposure to drug X produced event Y, 
along with any further knowledge regarding the mechanism involved in that particular case 
(Russo & Williamson, 2011).  
Bottom-up reflects the vision of those who maintain that causal relations are directly perceivable 
(Anscombe, 1971; Ducasse, 1926, 1965, 1968). Epistemic access to causal relations flows from 
the individual level (the bottom) to the generic one (the top) (Russo & Williamson, 2011). If 
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we consider for example the mechanistic causality approach, here causal relations are analyzed 
in terms of physical processes manifesting conserved quantities93, or of connections in 
complex-systems mechanisms94, or of dispositional capacities in the setting of a nomological 
machine95, linking token cases. Single-case causal relations are analyzed96, and a generic causal 
relation can be considered as a generalization of underlying single-case relations (Russo & 
Williamson, 2011).  
According to Russo and Williamson, if, for example, the physician must determine that Marta’s 
heart attack was a cause of her death, s/he needs evidence both that there is ‘a viable biological 
mechanism linking heart attack and death’ and that the heart attack made a difference to her 
death.  
Glennan (2011) expresses himself in favor of the singularist view of causal relations, but 
contrary to Russo and Williamson he argues that ‘a viable biological mechanism linking heart 
attack and death’ is a generic explanation of a mechanism, and not all heart attacks cause death. 
The fact that heart attacks on some occasions are linked through a physiological mechanism to 
a person's death makes heart attack a prima facie candidate for the cause of a particular death. 
But to establish heart attack as the cause of Marta's death, it would have to be shown that it 
made a difference in the specific case. The fact that the heart attack caused Marta's death 
depends on the details of the adverse event, the state of the person's other vital systems, and the 
place, time and circumstances of the event. It should also be shown that if Martha had not had 
a heart attack, she would not have died, so if, e.g., Marta suffered from sepsis and sepsis caused 
a failure of several organs including the heart, and that, given all these conditions, the heart 
attack did not make a difference to Marta’s death (S. Glennan, 2011).  
Glennan argues that a singularist view of causation is well supported by the mechanical 
approach because it suggests that: (i) causal interactions are mediated by mechanisms, and 
mechanisms are specific systems of interacting parts, where these interactions happen at a 
particular place and time, and (ii) generalizations are generalizations on the behavior of 
mechanisms, and are true “because mechanisms do or would behave in the way described on 
actual or hypothetical occasions” (S. Glennan, 2011).  
Glennan’s account is particularly relevant in the present context since it provides the essential 
guiding principles for the establishment of individual cases of AEFIs. 
 
 

3.2. Clinching method vs Vouching methods for causal inference in medicine 

In addition to various approaches to causation, one should consider that also the notion of 
evidence and the requirements assigned to evidence in scientific inference are object of a 
vivacious debate in the philosophical and methodological literature. Cartwright, for example, 

 
93 See (Dowe, 2000; Salmon, 1998) 
94 See (S. S. Glennan, 1996) 
95 See (Cartwright, 1999) 
96 See (Cartwright, 1989) 
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makes a rough distinction between clinching methods and vouching methods (Cartwright, 
2007b). 
Clinching methods require conclusive (irrefutable) evidence for warranting a causal conclusion: 
evidence that ‘clinches’ the conclusion (Cartwright, 2007b). In medicine experimental evidence 
(mainly randomized controlled trials, RCTs) is considered as such (i.e., strong evidence). In 
fact, clinchers are elitist since they value evidence for the degree to which they exclude random 
and systematic error (Osimani, 2020). This kind of approach deductively forces its conclusions 
and deliver an acceptance/rejection verdict on the hypothesis under investigation based on 
modus tollens reasoning (i.e., hypothesis testing) (Osimani, 2020).  
In Evidence Based Medicine (EBM), for example, evidence is put to test before entering the 
court (Osimani, 2020). Clinical decisions should be evidence based, and in EBM “causally 
relevant evidence is taken to be statistical and population-based, generated from large clinical 
studies” (Anjum et al., 2020). RCTs are considered the gold standard for establishing causality 
(J. H. Howick, 2011) because, thanks to their experimental design, and if well conducted, they 
are best at isolating a causal factor from potentially confounding factors and seeing if it makes 
a statistical difference in the outcome (Anjum et al., 2020). These methods were developed to 
test the efficacy of pharmaceutical products and with the aim of basing the care of individuals 
in general knowledge of which is the most effective intervention in a studied population (Rocca 
& Anjum, 2020a). The focus is on false positives. For the need to control for confounders, they 
make use of strict inclusion and exclusion criteria for recruiting the participants. However, 
while these controlled conditions increase the reliability of the experimental results and the 
confidence that the observed outcome is due to the tested intervention, this limits the external 
validity of the study (Anjum et al., 2020). Anjum et al. (2020) note that in the face of chronic 
and/or elderly patients, and/or pregnant women or even children, it is not obvious that the 
clinical trials results apply directly with respect to dosage, efficacy and/or safety. This means 
that while evidence-based policy is well informed about what is happening in the study 
population, causally relevant information about the unique local context is ignored or lost 
(Cartwright & Hardie, 2012). 
In addition, it is doubtful that the methods for evaluating the efficacy of treatments are equally 
effective in assessing the causal relationships between pharmaceutical products and suspected 
AEs, especially because we are dealing with unintended and unwanted consequences of 
interventions (Osimani, 2014b). 
Some epidemiologists [see e.g., (Papanikolaou et al., 2006; Vandenbroucke, 2008)] have 
recognized the distinctive virtues and weaknesses of randomization in efficacy vs. safety 
assessment. According to Rudén & Hansson (2008) the focus of research in risk detection is on 
false negatives, rather than on false positives (Hansson & Rudén, 2008). Therefore, focusing 
and relying only on methods that have been developed to test efficacy may result in neglecting 
relevant issues when it comes to safety (Osimani, 2014a). As Osimani (2014a) points out, the 
exclusive use of RCTs to justify causal claims is wrong both for the type of information they 
provide and for the type of information they are unable to incorporate or account for (Osimani, 
2014b). 
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In contrast to clinching methods, there are vouchers. These are methods whose results cannot 
force any conclusion, but only suggest or support it more or less strongly (Osimani, 2020; 
Osimani & Mignini, 2015). These methods ‘merely vouch’ for their conclusions (Cartwright, 
2007b): they do not definitively refute/prove a given hypothesis, but rather aim to provide a 
way to assess the degree of plausibility of a given hypothesis given a set of data (i.e., graded 
judgment) and, possibly, to measure it probabilistically. A voucher doesn’t require conclusive 
evidence but evidence that can help make a case for a conclusion (i.e., evidence that 'speaks' of 
a causal relationship), and that can be combined with evidence of different kinds from other 
methods to secure the conclusion of causality (Cartwright, 2007a, 2007b). They are flexible 
enough to incorporate several and different types of evidence in the inferential framework 
(Osimani, 2020).  
This type of approach admits a plurality of causal indicators (e.g., signals at the molecular level, 
at the epidemiological level, etc.) to infer causality. A type of evidence, which if taken 
individually would not be sufficient to allow any significant inference, could be gathered and 
jointly support a given hypothesis, strongly indicating the hypothesis of a causal association 
between the pharmaceutical event and the observed AE, without nevertheless being conclusive 
(Landes et al., 2018; Osimani & Mignini, 2015). This is a particularly appropriate approach 
when causes are highly context-sensitive (such in biology or the social sciences). Those who 
are mainly concerned by these aspects and, more generally, by defeasibility of scientific 
inferences are opponents of the EBM, who advocate a pluralist methodology (Osimani, 2020). 
They are opposed to giving RCTs a privileged role in establishing causality and to consider 
difference-making necessary/sufficient to establish causality, but neither statistical evidence, 
nor evidence on mechanisms supporting it are per se sufficient to establish causation, rather 
they are both necessary (Osimani, 2020) – see also (Anjum & Mumford, 2018; Clarke et al., 
2014; Osimani, 2013; Russo & Williamson, 2007a).  
The emphasis on evidence hierarchies that strongly favor RCTs over other types of evidence 
and the regulator's relative dependence on such standards, however, compromises the efficient 
use of heterogeneous evidence (Osimani, 2014a). This, if applied to the context of the WHO 
algorithm, translates into the increase in the likelihood of false negatives.  
 
 

3.3. Evidence Hierarchies vs Evidential pluralism 

The current evidence-based paradigm holds that the best evidence of causation comes firstly 
from the randomized experimental designs (RCTs) and secondly from controlled observational 
studies, thus underestimating the role of evidence coming from the individual patient, which is 
thus considered non-strong and non-causal (Rocca, 2020) – see Fig.21. RCTs are considered 
the gold standard level of evidence and as such they provide strong evidence, in contrast with 
e.g., anecdotal studies which are said to provide weak evidence.  
Strong evidence is defined as that type of evidence which provides direct proof of the truth of 
a causal claim. Examples include experimental evidence, repeatable and with consistent results 
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[high-quality scientific studies: experimental evidence, produced by studies such as RCTs, or 
other experimental clinical trials (non-randomized, or randomized and uncontrolled), meta-
analysis of RCTs, etc.; and observational evidence, produced by epidemiological studies (or 
analytical observational clinical trials – cohort, case-control –, etc.)]. 
Weak evidence is a type of evidence that is consistent with a causal statement but does not 
exclude other (contradictory) claims. An example is anecdotal or circumstantial 
evidence, based on the assumption that two coexisting factors are linked even though 
alternative explanations have not been explored (this is used for generating hypotheses which 
can then be tested with experimental evidence). 
 

 
Figure 21: Evidence Hierarchies: the order of importance increases from the bottom up. 

 
Since our knowledge of pathophysiological mechanisms is at any given time incomplete, and 
may be also wrong (J. H. Howick, 2011), there is this tendency to emphasize population-based 
statistical evidence over mechanistic knowledge to determine whether an intervention works.  
However, many clinicians and philosophers of medicine have expressed perplexities with 
respect to this paradigm, by arguing that statistical approaches cannot uncover all causally 
relevant information (Anjum et al., 2020). Moreover, correlations produced by population 
studies are not necessarily causal. According to some philosophers, in order both to establish 
whether the correlation is causal or not and to find out how an intervention works, knowing the 
mechanism(s) by which the cause brings about the effect is necessary [see in this regard the 
Russo-Williamson epistemic theory (EBM+) (Russo & Williamson, 2007) where both 
statistical evidence and evidence of mechanisms are necessary to establish causality]. Causal 
relationships can be established only if the theoretical knowledge coming from the laboratory 
and clinical science is also used (Anjum et al., 2020). 
However, by requiring multiple criteria to be jointly satisfied in order to establish causation, 
this sort of pluralism goes in the direction of the one allocated by Cartwright with her plea for 
a vouching approach. Instead, the spirit of Cartwright’s appeal to vouching methods is one 
where different sorts of possibly inconclusive items of evidence can independently contribute 
to increase or decrease the degree of support of a given causal claim under investigation. This 

Meta-analyises/Guidelines

Systematic Reviews

RCTs

Observational studies 
(Cohort/Case Control studies, 

Case series, Case reports)

Mechanistic reasoning (in 
vivo/in vitro studies)

Clinical judgement/Expert 
opinion



 127 

sort of approach is best suited to optimizing all available evidence in delivering a causal 
judgment as evidence comes in. 
This is in line with the conception in medicine that a variety of different types of evidence is 
helpful in determining whether an observed correlation is causal, i.e., evidential pluralism. This 
interest is even more justified if we are in the context of collecting, analyzing and evaluating 
evidence on pharmaceutical safety. AEs represent a particularly vulnerable issue for the health 
system and a crucial ethical problem for decisions regarding (bio)pharmaceutical products 
(Osimani, 2014b).  
Many have addressed the issue of safety evaluation in pharmacology with a vision of 
philosophical work on causality and causal inference from statistical data (Osimani, 2014a). 
This is mainly because current evidence standards have tended to emphasize internal validity 
of studies and hence randomization, ignoring alternative paths to causal assessment, such as the 
joint support of different types of evidence to a given hypothesis (Osimani, 2014a).  
Using solely one type of evidence to support a causal relationship increases the likelihood of 
false negatives (failure in detecting possible causes of the observed event) (Landes et al., 2018). 
As Osimani (2014b) stresses, this may be detrimental to safety assessment since much of the 
evidence for harms comes from anecdotal reports, case series, or survey data. Anjum (2020) 
points out that individual reports of the same adverse reaction (aggregate cases) can indicate 
the possibility that drug-X caused the AE. The fact that among those who took drug-X only one 
patient experienced a certain AE may be evidence of causality: “if causality happens in the 
particular case (ontologically), this means that each individual patient represents a valuable 
source of evidence (epistemologically), also for causality” (Anjum, 2020). 
The above-mentioned "lower level" evidence is ever more considered a valid source of 
information that contributes to assessing the risk profile of medications  (Benson & Hartz, 2000; 
Golder et al., 2011; Hauben & Aronson, 2007; J. Howick et al., 2009; Osimani, 2014a). 
Along experimental evidence would be more appropriate to consider other and different kinds 
of evidence to support and strengthen a causal hypothesis [see (Krieger & Smith, 2016; J. Reiss, 
2009, 2012). Therefore, the integration of information coming from different sources of safety 
signals such as spontaneous case reports, literature, data-mining, pharmaco-epidemiological 
studies, post-marketing trials, drug utilization studies, non-clinical studies, late-breaking 
information, etc., should be adopted to perform an accurate causality assessment avoiding an 
increase in the likelihood of false negatives (Osimani, 2014b).  
Some philosophers of science have suggested the adoption of a pluralistic approach to causal 
inference together with an inductive rather than hypothetico-deductive inferential paradigm 
(Landes et al., 2018). Osimani and Mignini (2015) argue that inductivist approaches, like 
Bayesian Hypothesis confirmation, fare better than hypothetico-deductive ones (EBM) in 
causality assessment and scientific inference in pharmacology, especially when dealing with 
harms (Osimani & Mignini, 2015). Bayesian methods are flexible in terms of the type of 
evidence which can be considered, and also allow to use evidence vouchers, useful for decisions 
in the field of uncertainty. An interesting and useful application of a Bayesian approach in 
medicine and pharmacology is represented by E-Synthesis, a methodological tool for 
aggregating multiple types of evidence (e.g., cell-data, clinical-data, epidemiological studies, 
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etc.) to jointly contribute to hypothesis confirmation (Osimani, 2020), i.e., the assessment of 
causal link between pharmaceuticals and AEs in probabilistic terms. More specifically, it 
consists in a Bayesian epistemic network, which formalizes scientific inference 
probabilistically (Osimani, 2020): it “uses probabilistic knowledge about statistical models in 
order to output a probabilistic estimate that a given individual might be affected by a given 
ADR” (de Pretis et al., 2019) and “has the virtue of being able to be adapted to various 
theoretical stances on causality (counterfactual vs. process theories vs. regularity vs. 
inferentialist theories of causality)” (Osimani, 2020).  
 
 

3.4. Singular causation assessment in the medico-legal field  

In the regulation of decision of medico-legal nature the existence of a causal link between two 
phenomena is an indispensable requirement for the recognition of liability and insurance or 
compensation benefits. The causal link represents the etiological link between a given event, 
whether it originates from a human action or the natural course of events, and the occurrence 
of a certain consequence relevant to the legal system (Monateri & Gianti, 2016). 
In the pharmaceutical domain practice, causality assessment is the process of finding out if the 
pharmaceutical product is responsible for causing the observed damage/adverse health outcome 
to the patient. 
The concept of causal responsibility plays a major role in the legal domain since it is a necessary 
condition for the attribution of the agent’s legal, and moral responsibility (Grinfeld et al., 2020; 
Hart & Honoré, 1985; D. Lagnado & Gerstenberg, 2017; M. S. Moore, 2009; Santoni de Sio, 
2008; Tadros, 2005; Usher, 2018). The concept of causal responsibility is typically grounded 
in the notion of token causation (Grinfeld et al., 2020). The purpose of the lawyer is to make 
causal statements about particulars, that is to establish that on some particular occasion some 
particular event was the effect (or consequence) of some other particular event (Hart & Honoré, 
1985). This process does not involve the formulation of laws, but rather the application of 
generalizations already known or accepted as true to particular concrete cases.  
Judgments of causal and legal responsibility are graded (Grinfeld et al., 2020). This implies that 
some causes are treated as stronger than others (O’Neill et al., 2022) and that more 
responsibility is usually given to an agent for a given effect when the latter is a direct result of 
its action, rather than when it is the result of a long causal chain (Brickman et al., 1975; Hilton 
et al., 2010; D. Lagnado & Channon, 2008; McClure et al., 2007; Spellman, 1997).  
In forensic science different medico-legal criteria are used in the evaluation of the causal 
relationship (Zappaterra, 2018). The criteria developed in medical literature for establishing 
individual causal claims reflects the considerations advanced by philosophers. This more or less 
directly support the revision of the WHO algorithm (see Tab.9).  
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Medico-legal criteria Description 

Criterion of scientific 
possibility 

This should be analyzed preliminarily, representing the first step of the 
counterfactual reasoning. In relation to the many peculiarities of the individual 
cases, reference is made to scientific laws (coverage laws). On this basis a 
preliminary possibility of admissibility of the link or its exclusion can be reached, 
where it is scientifically impossible that the hypothesized action may have played 
a causal role, even with the support of any competing factors. In the event of a 
possible or probable link, the other evaluation criteria are considered for a 
possible judgment of certainty or a higher degree of probability. 

Chronological criterion 

This consists in judging whether or not the time interval elapsed between the 
harmful action and the appearance of the first manifestations of a given disease 
is compatible with the existence of a causal link. There may be immediate, 
mediated or late links. 

Topographic criterion 
This concerns the verification of the correspondence between the anatomical 
region affected by the harmful action and the site of the disease onset. There may 
be a direct, indirect and backlash relationship (e.g., embolism). 

Criterion of qualitative 
&quantitative efficiency 

This assesses whether the damaging agent is qualitatively and quantitatively 
sufficient to cause the damage.  

Etiological criterion (or 
harmful eligibility) 

A proportionality between cause and effect is sought and a compatibility between 
the nature of the harmful action and the species of the damage occurred, between 
the dose or force applied and the magnitude of the effects found. Eligibility can 
be absolute (the cause is sufficient) or relative (co-causes are needed). 

Criterion of 
phenomenal continuity 

This verifies, in logical and chronological succession, the clinical manifestations 
(symptoms) of the harmful cause, taking into account, not only the characteristics 
of the course of the induced pathology, but also the connotations of any 
pathogenic causal factors that intervene or overlap with the usual clinical 
framework 

Criterion of statistical 
probability 

This can provide data in favor of causal hypothesis, but alone does not appear 
sufficient to constitute proof of the existence of the causal link. It can be used to 
refute or support a hypothesis or the conclusive judgment of a probabilistic type. 

Criterion for excluding 
other causes 

This is of substantial importance to verify whether causes other than that on 
whose etiological role it is necessary to investigate are possible of being proposed 
in the determinism of the event. An accurate analytical procedure of each 
available element must be conducted to see if the pathological picture observed 
can be explained etiogenetically in a way different from that reported or 
hypothesized. In the case of multiple hypotheses, the aim is to highlight whether 
a factor, even if apparently scarcely significant, may have played a competing 
role with the pathological pre-existences in the determinism of more striking 
implications. 

Circumstantial & 
clinical anamnestic 

criterion 

The examination of circumstantial data (characteristics of place, time, etc.) and 
the accurate collection of the description of disorders and clinical manifestations 
accused can confirm or deny a possible causal link. 

Anatomical-
pathological criterion 

The ascertainment of the cause of death at the time of examination or autopsy is 
sometimes a fundamental element and by itself probative, other times it is 
negative or doubtful. 

Table 9. Medico-legal criteria in the evaluation of the causal relationship (Zappaterra, 2018). 
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The medical-forensic field consider situations in which there is a cause versus many co-causes. 
A cause (or efficient cause) is defined as the antecedent necessary and sufficient to produce the 
effect, while co-causes are those factors that intervene in determining a phenomenon (others 
modify the final outcome in a chained sequence), that otherwise would be not achievable in 
absence of one or more (pre-existing, simultaneous or supervening) co-causes – see Art. 41 of 
the Italian Code of Criminal law97 (Cod. Pen. Art. 41, 1930).  
The analysis of individual causality consists in: (a) the identification of an antecedent 
theoretically suitable to determine an effect similar to that concretized, and (b) determining if 
that precise antecedent has necessarily intervened in the causation (exclusive or combined) of 
that precise effect. Here we make use of the following tools: epidemiological content and force 
of the laws of coverage (universal/frequentist laws), exclusion of alternative causes and 
counterfactual reasoning (e.g., ‘What would have happened if the commissive antecedent had 
not really occurred?’) (Casali, 2010).  
The legal field resorts to the so-called theory of scientific causality (Concas, 2017; 
Franceschetti, 2017; Lebiu G. et al, 2017). The particular event must be explained on the basis 
of general laws of coverage, which in some cases are universal (i.e., an event is always 
accompanied by another event), in others can be only statistical98 (i.e., a certain event is 
accompanied by another event in a high percentage of cases: the event is only probable, albeit 
to a considerable extent) (Rossi, 2000). The latter explain the causal link only in a certain 
number of percentages of cases. In the case in which there is no satisfactory knowledge on the 
mechanism of the phenomenon, the statistical explanation may help to lead to the identification 
of a penally relevant causal link, on the basis of the evidence gathered (Rossi, 2000). 
The establishment of the causal link by the judge therefore implies the recourse (in most cases) 
to statistical laws, and has a probabilistic character (Rossi, 2000). The use of the terminology 
‘possibility of existence of causal link’ is an important aid in the definition of the causal link, 
and it is done according to the following scale: impossible, unlikely, possible, highly possible 
and certain. The validity of the link from the legal side will exist exclusively in the last two 
cases (Lebiu G. et al, 2017). For example: patient X is given therapy D, in 40/50/90% of cases 
the patient is saved, in 1/60% etc. s/he is not saved; to explain the causal link only those laws 
that explain a particularly high percentage of cases close to 90/99% can be used. Thus, the 
action of an agent is cause of the observed event when, according to the best science (universal, 
scientific laws, and statistical laws) and experience of that historical moment, the event is a 

 
97 Art.41 regulates cases in which the event is the result of several different causal factors, by stating that: “The 
presence of pre-existing or simultaneous or supervening causes, even though independent of the act or omission 
of the offender, shall not exclude a causal relationship between his act or omission and the event” (Cass. Pen. Sec. 
IV no. 3922, 2021; Criminal Code. Art.41, n.d.). It affirms the unsuitability of co-causes to break the causal link 
between the agent’s conduct and the event (Rossi, 2000). However, since the production of the event is not always 
connected in a linear way to the agent's conduct but it can be the result of a plurality of factors (antecedent, 
concomitant or subsequent), which can affect the cause-effect mechanism (Lebiu G. et al. 2017), the legislator 
added a second comma according to which the co-causes "shall exclude the causal relationship when they were in 
themselves sufficient to bring about the event." 
98 This is the most frequent case since it is practically impossible to find as many universal laws as there are the 
conditions involved in the production of an event. 
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certain or highly probable consequence of the agent’s action, since without it the event would 
not have occurred (Franceschetti, 2017). 
However, even if we have a law that explains 99% of cases, in the concrete real case a problem 
arises: the single case submitted to the knowledge of the judge can be that case 1 in 100 (1/100) 
that is not explained by the law that instead explains 99% of cases, and it is precisely for this 
reason that we cannot use the abstract percentage of the law to conclude about causality in in 
single case. Thus, we must not use statistical probability (i.e., the abstract percentage number 
of cases), but we must lower the law in the concrete case.  
 
 
3.4.1. The requirement of logical probability 
 
The causal link is explained by procedural certainty, i.e., "beyond any reasonable doubt" 
(BARD)99 (Art. 5 Legge n. 46, 2006). This principle is equivalent to "a high degree of rational 
credibility, which exists even if the alternative hypotheses, although abstractly formulable, have 
nevertheless remained without adequate confirmation in the procedural results and extraneous 
to the natural order of things and normal human rationality" (Giglio & Radi, 2022).  
Through the Franzese sentence of the Criminal United Sections (Cass. Pen. Sec. Unite n.30328, 
2002), the requirement of 'a degree of probability close to certainty' is replaced by 'a degree of 
probability close to 100'. The sentence establishes the usability of causal laws with a much 
lower probability coefficient if they are supported by other evidence that can corroborate their 
validity (Brocardi, 2022). To establish and justify the existence of a given probability as to 
whether or not there is a hypothetical causal link, the concept of logical probability is therefore 
used.  
As Marani (2014) points out, statistical probability of verifiability of the event in a given 
specific case alone is not sufficient to assert responsibility for the event to the agent’s conduct. 
Rather, in the first place, a causal explanation of the event, abstractly applicable to the specific 
case, is hypothesized based on a sufficiently valid statistical or universal law of coverage. Then, 
it is necessary to verify, through a judgment of high logical probability, the reliability, in 
practice, of the causal explanation hypothesized (Marani, 2014). This happens on the basis of 
the procedural evidence, that, if the commissive conduct supposed due to the event was not 
completed, and excluding the interference of alternative causal courses, the event, with a high 
degree of rational credibility, would not have occurred, or would have occurred much later, or 
would have had less harmful intensity (Marani, 2014).  
The judge, therefore, will have to evaluate on a case-by-case basis the existence and incidence 
of other factors, according to common logic (Brocardi, 2022). This is the so-called logical-
scientific probability theory (Monateri & Gianti, 2016). 
To better understand the difference between statistical probability and logical probability let’s 
consider, for example, the case of a sexual HIV infection with a very low probability, e.g., a 
probability of 5% in cases of a woman who has suffered sexual violence by a man with HIV 

 
99 BARD establishes the need for a high degree of probability of guilt – see (Art. 5 Law no. 46, 2006). 
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virus. Now, if the woman dies from HIV, the event is attributable to the conduct of sexual 
violence perpetrated by the carrier of HIV. If we were to look at the statistical probability, we 
would have to deny the causal link because we would have to say that the statistical data 
associate 5% of cases, it is not a certainty close to 100, and therefore we would have to deny 
the causal link. The logical probability, on the other hand, means applying this law in the 
concrete case and if in the concrete case it is ascertained that the woman has never had any 
other sexual relationship with anyone, has not had blood transfusion, has not come into contact 
with blood, this speaks for. However, if it is ascertained that there have been no other potential 
sources of transmission of the HIV virus, in this case even the law that explains a low number 
of cases in the concrete case will explain the causal link BARD and therefore there will be a 
certainty, which is not a statistical certainty of the law but an evidential certainty, that of the 
individual process. This means applying the law from an abstract dimension to a dimension of 
procedural certainty.  
Analogical considerations hold in medical liability. If, for example, a wrong therapy is followed 
by death 40% of the times, this does not mean that in the individual case the probability of a 
causal link between the death of a patient and the medica error is 40%. If there are no other 
causal factors that explain the death event acquired at the process, it means that the judge will 
say that the case constitutes one of those 40 cases that are covered by the abstract law. 
Therefore, one should not look at statistical probability, at the law that explains an abstract 
number of cases, but at logical probability, which means obtaining certainty from a procedural 
point of view. This means affirming that the conduct was the cause of the event ‘beyond any 
reasonable doubt’ and that there are no further causal factors of explanations of the event. 
The causal link, therefore, must be investigated according to a counterfactual analysis capable 
of leading to a high logical probability and a rational and scientific credibility of the fact 
(Brocardi, 2022; Lebiu G. et al, 2017). Logical probability does not define the causal link in 
and of itself, but rather the criterion by which to proceed with the evidential determination of 
that link, which must make it possible to base a conviction on the point with a high degree of 
rational credibility (Marani, 2014). In such a context, causal laws provide a statement relating 
to the connection between certain types of phenomena and, through it, the necessary 
argumentative basis for the application of the conditional counterfactual formula which is 
indispensable (Hart & Honoré, 1985; Summerer, 2013). 
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CAP V 
 
 
 
1. The WHO algorithm for individual causality assessment of AEFIs: an 
epistemological analysis 
 
As Rocca et al. (2019) point out, the practical challenges that pharmacovigilance must face, 
specifically how to ascertain, collect, confirm, and communicate the best evidence to aid 
clinical choice for individual patients, derives in part from profound key issues regarding the 
epistemology of pharmacovigilance (E. Rocca et al., 2019). In such a context, the recourse to a 
plurality of methods and theories and their integration with different sources of evidence is 
necessary.  
In pharmacovigilance the current tool widely used worldwide for individual causality 
assessment of AEFIs is the 2019 WHO algorithm (developed in 2013) – see Chapter II. The 
main opposing voices (Bellavite et al., 2020; H. Lee et al., 2020; Osimani B. & Ilardo, 2022; 
Puliyel et al., 2018) questioned its validity, stating that the algorithm presents some criticalities 
leading to the non-recognition of the vaccine’s responsibility in having caused the AEFI.  
Given what discussed in Chapters III and IV, the aim of this chapter is to highlight and 
investigate the WHO algorithm’s criticalities underlining the flaws that characterize it both 
from a conceptual and a methodological point of view. The criticisms already reported in the 
relevant literature will constitute the starting point of my analysis.  
I will start from a critical description of the algorithm with its mandatory sequential steps 
(WHO, 2019). I will proceed by identifying from time to time the aspects considered 
problematic.  
Using the tools provided by the philosophical literature on causality (ontological, 
epistemological, and methodological, see Chapter IV) and by embracing both a multi-causal 
and an evidential pluralistic approach, I will stress the necessity to support/enhance/modify the 
pharmacological and immune-pathological evaluations discussed in Chapter III (i.e., 
complexity underlying vaccines’ mechanism of action in relation to the AEFIs’ manifestation, 
complexity of biological systems and of vaccine-person interactions, and so on), which 
highlights the need for a multi-factorial approach.  
In addition, and above all, the epistemological analysis will prove to be fundamental in the 
qualitative evaluation of the causal link(s) underlying the algorithm’s functioning and their 
adequate categorization, and for an overall evaluation of the algorithm as it is conceived and 
methodologically structured. 
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2. Critical description of the WHO algorithm 
 
As can be seen from the diagram in Fig.22, if the first question is answered affirmatively (i.e., 
that there is an alternative explanation – e.g., a preexisting/concomitant pathology or genetic 
susceptibility or congenital anomalies, and so on) the analysis procedure is immediately 
interrupted by classifying the AEFI as inconsistent. This leads to the a priori exclusion of the 
AEFI-vaccine causal link without other indicators being considered. For example, the WHO 
manual reports the case of death of a teenager girl who had been administered the human 
papilloma virus (HPV) vaccine, in which the vaccine’s responsibility was excluded on the sole 
basis of the evidence produced by autopsy examination that had found the presence of a 
malignant mediastinal tumor.  
Moreover, this exclusion occurs without temporality being considered, except in the second 
part of Step II. It is then a very limited interval of time: this prevents the detection of reactions, 
even very serious ones (such as autoimmune reactions), which can arise even after weeks or 
months (Bellavite, 2020) – long-term effects are not considered. 
 

 
Figure 22: The 2013 WHO decision algorithm. Taken from: WHO (2013: 34-35) 

 
Only those reactions already previously recognized as associated with the vaccine under 
examination and that occurred within an "appropriate" time interval (causality criteria) will be 
able to overcome the entire Step II and therefore to be classified as consistent. 
Then, the transition from Step II to Step III is possible only if:  
 

(i) there is no evidence for other causes and the reaction has been previously recognized as 
associated with the vaccine and the answer to the temporal question is negative, or 

(ii) there is no evidence for other causes and the reaction has not been previously recognized 
as associated with the vaccine (the time question will be bypassed automatically). 
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In Step III it is necessary to verify whether there is evidence against the vaccine-AEFI causal 
link. As in Step I, the algorithm appears to require evidence to rule out the vaccine-AEFI causal 
link instead of proving it. It represents another exclusion criterion related to evidence published 
in literature that rejects a statistically significant association between the disease and previous 
vaccinations (i.e., epidemiological studies). Evidence at the population level is directly used for 
assessing causality at the individual level. Thus, the possible lack of evidence in literature would 
lead to the exclusion of vaccine-AEFI causal link, even if in that particular case there is 
biological plausibility and a plausible time interval for a consistent association.  
Such a rigid use of the exclusion criteria applied to Step I and Step III (respectively the "other 
cause" for AEFI and the negative evidence in literature for the vaccine-AEFI causal link) can 
lead to evaluation errors or questionable interpretations (especially if the clinical situation or 
autopsy is not clear and decisive). For example, any concomitant pathology may be considered 
as the cause of AEFI, without considering the possible interaction between this pathology and 
the effect of the vaccine as a possible contributory cause of AEFI (most of which are 
multifactorial diseases) (Bellavite, 2020). 
The assessor then moves to Step IV only if there is no evidence of other causes and: 
 

Option a: 
- the reaction has previously been recognized as vaccine-associated, and  
- the response to the time question is negative, and  
- there is no strong evidence against a causal association. 
 

Option b: 
- the reaction has not previously been recognized as vaccine-associated, and  
- there is no strong evidence against a causal association. 

 
In this last step, if the event is considered classifiable but does not meet case definitions100 it is 
classified as inconsistent. This means that an AEFI not yet previously recognized as such, but 
potentially categorizable as indeterminate, therefore subject to further investigation, is instead 
filed as not linked to the vaccine (Puliyel et al., 2018).  
In addition, it must be noted that Step IV is repetitive, as it asks again about alternative 
explanations for the AEFI (e.g., acute illness, other pre-existing health conditions or exposure 
to a potential risk factor or toxin, and concurrent medication). However, unlike Step I, it looks 
for a pre-existing pathology as a contributing factor that may have precipitated the event. This 
means that a pre-existing pathology should no longer be considered the cause (i.e., the unique 
explanation for the AEFI), but one of its possible causal factors. The potential role of 
contributing causes, therefore, is not totally ignored, but it is almost impossible or very difficult 
to get at this point of the analysis without the vaccine being excluded in the previous stages (see 

 
100 It means that it does not fall within the standard definitions established by the Brighton Collaboration, 
recognized and adopted internationally, concerning events already previously identified after vaccination; e.g., the 
definition of encephalitis as a possible pathological inflammatory manifestation of the central nervous system 
(CNS), temporally associated with administration of vaccines. 
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also Puliyel, 2018). Therefore, one could ask: Why does the algorithm repeat the same question 
posed in Step I to Step IV? Why did it not consider “the other cause” at Step I as one of the 
possible causes involved in the manifestation of AEFI? 
Moreover, it is important to note that each AEFI has distinct characteristics and therefore, 
depending on the type of AEFI, different factors and different types of evidence with different 
strength may be required for causality assessment. However, the current WHO system doesn’t 
provide specific causality assessment guidelines for individual types of AEFI (it provides 
general guidelines for all types of AEFI), which would be of great help to conduct more accurate 
causality assessments – see (H. Lee et al., 2020).  
Looking at the algorithm as it is structured it is clear that, unlike the previous system that 
favored the identification of AEFIs as it admitted a plurality of causal indicators (see Chapter 
II), independently sufficient to increase the probability of causation, the current system has 
stiffened the procedure by dichotomizing it in a binary scale (consistent/inconsistent) in which 
much of the information is lost due to the requirements jointly necessary to classify the link as 
consistent (Osimani B. & Ilardo, 2022). This procedure obviously tends to increase the number 
of false negatives. 
In the most recent version (WHO, 2019), the checklist has been revised with the addition of an 
additional question on vaccine product and a new section, the one on vaccine quality (see Tab. 
E in Appendix), and, since the algorithm proceeds by criteria jointly necessary for causal 
attribution, the greater the number of questions, the higher the probability that the causal link 
will fall into the inconsistent or unclassifiable categories (Osimani B. & Ilardo, 2022). 
The revised AEFI classification scheme appears to be designed to deny the possibility of a new 
vaccination related AEFI and it can be seen as a violation of the precautionary principle101 – 
see (Puliyel et al., 2018). The latter indeed dictates that when an activity raises threats of harm 
to the environment or human health (i.e., where there is evidence of risk), “even if some cause 
and effect relationships are not fully established scientifically”, precautionary measures (e.g., 
withdrawal of the pharmaceutical product from the market or suspension of the vaccination 
campaign to certain population’s subgroups) should be taken until complete scientific evidence 
is available – see European Union law (EUR-Lex, 2002b, 2002a) and Chapter II. 
In the 2013 WHO Handbook in which the algorithm is presented, it is stated: “a definite causal 
association or absence of association often cannot be established for an individual event […]  
However it is important to try to identify a possible new vaccine product-related AEFI, as well 
as if the event is preventable or remedial” (WHO-HIS-EMP, 2013). However, as we have seen, 
what the algorithm achieves is exactly the opposite.  
In sum, the WHO algorithm as it is structured is subject to strong biases of the inferential 
process (Osimani B. & Ilardo, 2022), and with its application it seems difficult, if not 
impossible, to recognize a causal vaccine-AEFI link in a single case. Looking at the algorithm 
and considering the topics covered in the previous chapters, what needs to be asked, and what 

 
101 It is one of the fundamental principles of the European Union that governs policies relating to the 
environment, health and food safety, whose characteristic is the prevention of risks in the face of scientific 
uncertainty. See also (Osimani, 2013). 
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I will address in the following sections, is what the algorithm implies and does not (but should) 
imply at the level of: 
 

1. Ontological conception of causality: what conception of causality do the WHO 
guidelines imply?  

2. Epistemological approach to causal inference: what conception of epistemological 
justification do the WHO guidelines imply? 

3. Methodology: what methodology do the WHO guidelines adopt? 
 
And again, what are the criticalities and ambiguities that characterize the WHO algorithm? 
 
 
 
 
 
 
3. What the current algorithm implies: causality assessment criteria  
 
In this section I will list and discuss what from my point of view the algorithm seems to imply 
first at the level of causal ontology, and then from the levels of epistemology and methodology 
– see Fig.23. 
 

 
Figure 23: What the algorithm implies at the ontological, epistemological and methodological levels 
of causality. 
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3.1. Ontological level 

 

3.1.1. Monocausality 
 
The concept of causality that the algorithm seems to adopt is monocausal: it looks for a single 
(unique) cause for the disease, i.e., the cause (see Step I). One cause (or a risk factor alone) is 
necessary/sufficient to explain the AE – i.e., one-to-one causal association (X→Y) (see Chapter 
IV). According to this view, the disease is defined as monofactorial and not as a complex and 
variable constellation of signs/symptoms with multiple factors underpinning its etiology (i.e., 
multifactoriality). In the medical sciences the former case tends to be rare, while the latter is 
the standard. By defining the pathological manifestation (e.g., the AEFI) as monofactorial, the 
algorithm underestimates the role of contributing causes (e.g., mediators). 
As we discussed in Chapter IV (see Mackie, Rothman) the causal basis of many diseases is too 
complex to identify a single necessary/sufficient cause (Stegenga, 2018). In general, cases of a 
single and well-defined etiology (e.g., genetic anomalies or infectious diseases) are rare, and 
anyway they find fertile ground in relation to other factors (Rothman & Greenland, 2005).  
In clinical medical practice most health outcomes, including AEFIs, are pathological 
manifestations with multifactorial etiology (see Chapter III): they do not come from an 
exclusive cause but can be motivated by more than one causal mechanism, each involving the 
presence of multiple causes (or risk factors) of various kinds (exogenous and endogenous) that 
jointly interact in a complex way either precipitating the AE or by acting as cofactors102 
(Bellavite et al., 2020; Rothman, 2012b; Rothman & Greenland, 2005). The complexity of the 
pathogenesis of the disease is well underlined by the representation of causes in causal networks 
or in causal complexes such as those proposed by Rothman (mainly used in epidemiology – 
general level of causality) (Mackie, 1974; Rothman, 1976; Rothman & Greenland, 2005) – see 
Chapter IV. 
For a context as complex as that of individual vaccine-AEFI causal link analysis, however, such 
a monocausal approach is not good. The algorithm appears too simplistic for a context as 
complex as that of AEFI, especially when compared with the WHO-UMC system for ADR and 
the old WHO-Brighton system for AEFI. In these systems, in fact, where even if an alternative 
explanation is available, a causal association with drug/vaccine is still considered "possible"103, 
and where it is recognized that the two causes could work synergistically (Puliyel et al., 2018) 
[e.g., genetic susceptibility factors and other individual susceptibility factors that make one 
susceptible to developing an AEFI (Berkovic et al., 2006; Soriano et al., 2015)]. 
Multifactoriality, therefore, should be considered as a necessary element in the causal 
‘diagnosis’ of AEFIs, and if so, since an effect can ontologically depend on many causes, and 

 
102 Co-causes may act as difference-makers or may be involved in a chain of reactions in which interactions 
between causes lead to the effect. 
103 The old system was in line with John Mill's theory that in nature there may be multiple reasons (causes) for the 
same outcome, and, if there are two possible causes at the same time, one of them could be the causal factor. 
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even different mechanisms of causality, an entity like the cause may simply not exist (Scheffler, 
2003). 
 
 
3.1.2. Deterministic regularity  
 
A view of causality that underpins the algorithm can be close to that of regularity that 
presuppose causation to be deterministic (see Chapter IV). Causality is interpreted as a 
deterministic causal regularity: if X causes Y, then X must always be followed by Y (i.e., 
constant conjunction). Thus, whenever X occurs, Y occurs (A→B, asymmetric relation), and X 
is cause of Y if it is a sufficient/necessary condition for Y in a two-way relationship (A⟷B). 
For instance, if we claim that "H1N1 vaccine causes Guillain Barré Syndrome (GBS)" it means 
that (IOM & Vaccine Safety Committee, 1994):  
 

(1) all people immunized with H1N1 vaccine will develop GBS – i.e., if all recipients of 
H1N1 vaccine develop the disease, H1N1 vaccine is a sufficient cause of GBS;  

(2) all cases of GBS are caused by exposure to H1N1 vaccine – i.e., H1N1 vaccine is a 
necessary cause of GBS if the disease occurs only among the recipients of H1N1 
vaccine. 

 
However, as I pointed out in the previous section and in Chapters III and IV, in medicine this 
view seems to be too simple, since many diseases are complex (i.e., multifactorial). Causal 
structures are not one-to-one dependencies but complex networks of dependencies. For many 
causes supposedly necessary for each effect there are several alternative causes, and for many 
conditions where a sufficient cause is believed to have been found, an exception can be found, 
and in most cases those factors identified as sufficient to produce the effect are sufficient only 
in the context of the background conditions that are assumed to be in place.  
Causality should therefore not be expressed in the form 'if X then always Y'. To say that not 
always a cause is invariably followed by its effect (e.g., smoking not always causes cancer, and 
there are cases of cancer in people who do not smoke), but that sometimes X leads to Y and 
sometimes you will have Y without having X, means that a cause is neither necessary nor 
sufficient for Y, and the constant conjunction becomes a possible conjunction (see Chapter IV). 
Returning to the previous example, therefore, a third point should be added, namely: 
 

(3) is there at least one person whose GBS has been caused or will be caused by H1N1 
vaccine? – i.e., H1N1 vaccine is a cause neither necessary nor sufficient; it is a putative 
cause. 

 
In most AEFIs a clinical cause may not be either necessary or sufficient for a given individual 
(Palinkas, 2014), but must be contributory (or partial). In such a context there is no answer to 
the question "what is the cause of the observed pathological phenomenon?". Since there is not 
just one possible cause, but several, each cause cannot be considered per se necessary/sufficient 
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(deterministic) to determine the disease (Puliyel, 2018; Bellavite, 2020), but rather probabilistic 
(see Chapter IV) – see Fig.24. A contributory cause may increase the probability of developing 
AEFI; thus, given A, the probability of AEFI is greater than the probability of AEFI given not-
A, so eliminating A you can reduce the risk of AEFI. 
 

 
Figure 24: Necessary, sufficient, and contributory causes. 

 
However, in the algorithm the distinction between deterministic and probabilistic causality is 
not sufficiently clear. By embracing a deterministic regularity conception of causality, the 
algorithm falls pray of Hume's fallacy, according to which causality exists only if A is sufficient 
in itself for B.  
In this way, the possible co-causal role of vaccines in multifactorial diseases (see Chapter III) 
is underestimated along with that of genetic susceptibility (or pre-existing disease) which, as a 
co-cause, would no longer be sufficient on its own for AEFI (see Mackie, Chapter IV). The 
vaccine may have contributed concretely to AEFI, e.g., to precipitate encephalopathy in patients 
susceptible due to genetic factors (Soriano et al., 2015). 
In line with the application of a probabilistic notion of cause at the individual level of causality 
assessment in the case of multifactorial diseases is also the Italian Cassation Court with the 
Franzese judgment104. 
 
 
3.1.3. A direct cause-effect relationship 
 
The WHO algorithm defined the term causal association as "a causal-effect relationship 
between causal factor and disease without factor intervening in processes" (WHO, 2019). It 
means that there is a clear, immediate connection between the events. 
In practice, here the algorithm is talking about causes as a chain of events (see Lewis, Chapter 
IV) looking for a direct cause-effect relationship. A direct cause, in fact, leads to the outcome 
in an unbroken chain or train of events, and the connection is immediate in the sense that the 
cause proximately resulted in the final event (i.e., proximate cause) (see Chapter IV) –it is the 

 
104 "[…] the presence of a risk factor is not in itself sufficient to ascertain the causal link with the individual 
occupational disease. It may be used to indicate mere potential, for the purposes of general causality, or to indicate 
the suitability, the general capacity of a substance to cause disease. But it cannot serve individual causality or to 
identify the link that binds a precise activity to a single harmful event” (Cass. Civ. Sec. Lav. n. 8078, 2016). 

• If disease Y manifests, then cause X must have preceded it;
without X, the disease Y never developnecessary cause

•If cause X occurs, then disease Y will also occur; in presence of
X the disease Y always developssufficient cause

• If cause X occurs, the probability of disease Y increases.contributory cause
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closest cause to the final event in a chain of events, it is basically the last cause resulting in the 
final event.105  
However, the vaccine is almost never a direct cause of the event, and it is not even said that it 
is immediate. In human biology, cases of direct causation are very rare, because of the existence 
of intermediate steps in any causal process. AEs may be influenced by one or more intervening 
factors (e.g., predisposing, enabling, precipitating factors, and so on) that indirectly cause them 
– see Chapter IV. Causal relationships may consist in indirect effects (non-linear interactions): 
the relationship between a cause and its effect is mediated/moderated by one or more factors 
that contribute to the occurrence of the effect without being directly linked to it (i.e., 
contributing causes). 
Moreover, it is not certain that the AE is immediate, but it could occur with a certain temporal 
latency with respect to the ‘event cause' – see Rothman, Chapter IV. 
At Step I, if, for example, a person is administered with vaccine Z and then the adverse event 
Y (e.g., death) occurs, and a genetic predisposition X is found, which would inevitably lead to 
Y in a time t10, the fact that the algorithm defines X the cause of Y means that the X-Y causal 
relationship is considered direct. It implies that the potential role of Z (or other possible causes) 
as intervening factor(s) in the processes that leads from X to Y is ignored. The vaccine, for 
example, could have intervened as an intermediary factor that increases the likelihood of 
developing Y or that anticipates the manifestation of Y to a time t5 by shortening the induction 
period of X106 – see Rothman, Chapter IV. In this case the X-Y causal relationship would be 
indirect, and not direct as the algorithm defines it, and consequently it would no longer be 
possible to consider X as the (direct) cause.  
By adopting the above new definition of causal association, the algorithm tends to 
underestimate the presence of different type of causal relationships and the mechanism by 
which they are mediated, thus also ignoring the counterfactual 'whether death would have 
occurred at that time (i.e., t5), if it had not been caused by the vaccine' – see also Puliyel et al. 
(2018).  
By underestimating interacting causalities, the algorithm classifies a causal association as 
inconsistent when there is another cause and as undetermined when the vaccine may be a cause 
but there is no evidence that it is the cause (Bellavite, 2020). Thus, many AEs in which the 
vaccine may have played a role as a co-cause remain unrecognized. For example, the 
contribution of vaccine in precipitating encephalopathy in patients who are susceptible on 
account of genetic factors, as well as sudden death after vaccination of an infant with pre-
existing heart disease, might not be considered as causally related to the vaccine (Bellavite, 
2020). 
 
 

 
105 In contrast, the underlying (or ultimate) cause is the first cause, that set the other in motion resulting in a series 
of events, each one causing the next. It is remote from its putative effect in a causal chain, it ultimately resulted in 
the final event. 
106 The vaccine can also help in aggravating a pre-existing pathology (reinforcing factor). 
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3.1.4. Deterministic counterfactual  
 
In the algorithm the counterfactual understanding of causality seems applied in a deterministic 
and monocausal way. At Step I, for example, assuming that the other cause (e.g., pre-existing 
pathology) may not be necessary for AEFI, but at the same time may be sufficient for it, one 
wonders if AEFI would have occurred in person X if it had not been for the pre-existing 
pathology (one wonders if it made the difference) (see Lewis, Chapter IV). The assessors 
therefore ask: ‘but for’ the existence of the pre-existing pathology (i.e., if the pre-existing 
pathology was not present), would AEFI have occurred in person X? Or, in other words: would 
AEFI have occurred in any case in person X without the existence of the pre-existing 
pathology? if person X had not had the pre-existing pathology would AEFI have occurred?  
This counterfactual, also known as the ‘but-for-test’ (or sine qua non), works under the 
assumption of determinism. The presence of the pre-existing pathology would mean the 
absence of the link of AEFI with any other causes in person X. The answer given by the 
algorithm is that the AEFI would not have happened but for the pre-existing pathology. The 
latter is indeed considered the cause of AEFI (i.e., it is necessary for it, it is the factor without 
which the event could not occur). It is not asked whether AEFI could have occurred anyway in 
person X due to the vaccine without the pre-existing condition.  
However, at the individual level, the counterfactual is based first on the patient's medical record, 
and then on hypothetical assessments based on well-known general laws, which should all be 
instantiated in the individual case. The event may be the product of non-necessitating and 
indeterministic cause(s). The pre-existing pathology, as well as the vaccine, are nothing more 
than one cause (a risk factor) among multiple causes involved in the occurrence of AEFI in 
person X.  
The pre-existing pathology could be a background condition and the vaccine a trigger. In 
situations where there are multiple causes for the event (including situations of 
overdetermination), the "but for the test" is unworkable. Each cause is a potential cause of the 
event, so there is no certainty as to which one actually caused AEFI. It is difficult to determine 
a single factor responsible for the outcome. This implies that, if according to the general laws 
we know that the pre-existing pathology may cause the observed AEFI, it is not said that in the 
specific individual X it has actually caused AEFI. Causation is potential: the pre-existing 
pathology usually causes AEFI, it is a putative cause.  
Therefore, the query may be whether the putative cause contributed materially to the outcome 
(David et al., 2005), but it is equally difficult to analyze the contribution of each individual 
cause to the entire harmful event and to determine which factor is more responsible and to what 
extent, due to the possibility of too many "but-for" causes. [In such cases the jurisprudence 
makes use of "joint and several liability" (tort law), i.e.: all the factors involved in causing the 
event are considered independently responsible for it]. 
Given that an AEFI is complexly determined and given the underlying uncertainty about what 
is that actually led to the event in person X, only a qualitative probabilistic answer to a question 
"what would have happened if" could be possible. Therefore, in Step I, if there is evidence of 
other causes, one should ask: ‘did the risk made by ‘the other cause’ probably cause AEFI in 
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person X? If person X had not taken the vaccine, how likely is it that AEFI would have occurred 
at that particular time due to the presence of the pre-existing pathology? Would AEFI have had 
a higher or lower probability of occurring?’  
 
 

3.2. Epistemological level  

 

3.2.1. Evidential monism  
 

The epistemological approach to causal inference that seems dominant in the algorithm is that 
of evidential monism (see Chapter IV): only one type of evidence is required to justify causation 
at each Step.  
For example, in Step II only evidence of other causes is used to exclude the vaccine-AEFI causal 
link, while in Step III only strong evidence against a causal association is used. In Step III, the 
use of the term strong recalls to the concept of "strength" of causal association, that is a Hill's 
causality criterion used in epidemiology, corresponding to probabilistic dependence causality 
indicator (see Landes et al., 2018). The type of evidence requested by the algorithm to justify 
its conclusions here is epidemiological (experimental107 or observational) evidence [see page. 
5, 23 and 32 (WHO, 2019)]. If in fact for the algorithm causality is regularity (ontological 
level), it is quite obvious that it tends to seek regularity to infer causality (epistemological). 
However, using solely one type of evidence to support a causal relationship increases the 
likelihood of false negatives (failure in detecting possible causes of the observed event) (Landes 
et al., 2018). This problem justifies the need to adopt a sort of evidential pluralism. Along 
experimental evidence would be more appropriate to consider other and different kinds of 
evidence, that could be combined in order to support a causal hypothesis and strengthen it [see 
(Krieger & Smith, 2016; J. Reiss, 2009, 2012)].  
 
 
3.2.2. Clincher approach 
 
The algorithm seems structured like a clincher method. This approach requires conclusive 
(irrefutable) evidence for warranting a causal conclusion: evidence that ‘clinches’ the 
conclusion (i.e., the causal relationship), rather than merely ‘vouches for’ it (Cartwright, 2007b) 
– see Chapter IV. In medicine clinical experimental evidence (mainly RCTs – the gold standard 
level of evidence –, see Chapter IV) is considered as such (i.e., strong evidence). Thus, if you 
don't have it anything less than this is not accepted as evidence. (Hence the problem of the 
admissibility of evidence in the algorithm that I will discuss later on).  

 
107 Experimental evidence produced by studies such as RCTs – or other experimental clinical trials (non-
randomized, or randomized and uncontrolled) –, meta-analysis of RCTs, etc. 
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Clinchers deductively force their conclusions, thus, as such, the algorithm, accepts/rejects the 
causal hypothesis on the sole basis of statistical evidence (i.e., hypothesis testing): H entails E, 
your evidence contradicts E, hence you may infer that H is not the case (Osimani, 2014c) – i.e., 
modus tollens: 
 

 
 

In Step III, the algorithm focuses on correlative (or difference-making) evidence alone [i.e., on 
causal association studies, epidemiological (experimental or observational) studies] and uses 
this evidence to exclude the vaccine as cause of AEFI [see page. 5, 23 and 32 (WHO, 2019)].  
However, such an approach is epistemologically and methodologically wrong. Difference-
making (or correlation) evidence may often not be sufficient by itself to prove causation. 
Correlation (or statistical association) does not imply causation: “correlation is (...) neither 
necessary nor sufficient for causation” [(J. Reiss, 2009),p. 24]. Despite this, the algorithm is 
justifying its conclusions on the basis of this type of evidence, that is evidence of treatment 
efficacy. Clinchers have indeed been developed to test the efficacy, they are not useful in case 
of AEs to pharmaceuticals (context in which the algorithm operates), and even more so in case 
of an individual analysis. In fact, RCTs: 
 

(i) focus on false positives, thus missing relevant issues when it comes to causal indications 
regarding AEs – risk detection research should focus on false negatives (Osimani, 
2014b) (i.e., on the problem of failing to see causality, cases where the vaccine is not a 
cause of AEFI, when in fact it is). This is important because RCTs study a limited 
number of treated patients, which may not be enough to detect a rare but serious adverse 
effect of treatment. It means that, since this type of error is a function of the statistical 
power of the study, a large sample size would be required to detect rare and serious AEs; 

(ii) are carried out on homogeneous groups of people selected according to pre-established 
inclusion criteria and studied under controlled conditions, for which the evidence 
produced provides evidence referring to subjects similar to the one under examination, 
thus limiting external validity. The evidence is limited to situations that are 
homogeneous to those in which it has been demonstrated, but not all situations where 
an event can occur are the same. Men are not all genetically and biologically equal so 
that what benefits one can hurt another and vice versa. The physiological 'mechanism' 
at work may not always be the same. The population studied is very different from the 
real-life treated population, making it difficult and problematic to directly apply clinical 
trial results to routine clinical practice cases in relation to dosage, efficacy, or even 
safety (Anjum et al., 2020) – the issue of external validity. Therefore, evidence from 
RCTs (although perfectly valid internally) must be extended to the target population 
with great caution (Osimani, 2014c); 
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(iii) provide information (understanding) of what works but not of what doesn’t work – the 
fact that an intervention works does not mean that there is a guarantee that it actually 
makes people better and that there are no possible harmful effects – understanding how 
the intervention works (i.e., the underlying processes) is crucial in protecting people 
against possible vaccines’ serious adverse effect; 

(iv) investigate a limited number of factors, thus failing to embrace the concept of 
multifactorial disease’s etiologies (Rizzi & Pedersen, 1992) – most AEFIs are 
pathological manifestations of multifactual nature (see Chapter III). 

 
Given what has been said so far, it follows that clincher methods are inadequate for the purpose 
of minimizing harms of health interventions. The application of a clinching approach (including 
the underlying hypothetico-deductive reasoning) in case of individual AEFIs' assessment is 
scientifically and methodologically wrong, causing a decrease of accuracy of the tool by raising 
false negatives. 
Despite this, the algorithm, while being aimed at an analysis of adverse events to vaccines, was 
structured according to the clincher methodology. This choice, although debatable, is not very 
surprising, as the evidence on which clinical decisions are mainly based, and which are 
therefore considered causally relevant, are statistical and population-based evidence (generated 
by large clinical trials) (Anjum et al., 2020), and also because, in the regulatory field, the 
guidelines for the approval, suspension and withdrawal of drugs are strongly based on 
hypothesis testing (Osimani, 2014a).  
However, in evaluating harms, you generally do not start with a specific hypothesis and then 
collect evidence to test it, but rather the reverse: you observe and collect evidence, which you 
are called on to explain in some way (Osimani, 2014b). In contrast to clincher, another type of 
approach, in my view, may be better suited to the context of analysis of AEFI. This method, 
called voucher, ‘merely vouch’ for its conclusions – see Chapter IV. It doesn’t require 
conclusive evidence but evidence that can help make a case for a conclusion (i.e., evidence that 
'speaks' of a causal relationship), and that can be combined with evidence of different kinds 
from other methods to secure the conclusion of causality (Cartwright, 2007a, 2007b). Single 
pieces of heterogeneous evidence, which if taken individually would not be sufficient to allow 
any significant inference, could be accumulated (over time) and jointly support a given 
hypothesis, strongly indicating the hypothesis of a causal association between the 
pharmaceutical event and the observed AE, without nevertheless being conclusive (Landes et 
al., 2018; Osimani & Mignini, 2015). 
 
 
3.2.3. Dichotomic procedure  
 
The current algorithm tends to establish the causal link in a rigidly dichotomic way. The 
algorithm is set up as a categorical causal assessment, i.e.: it accepts/rejects the hypothesis 
under investigation (hypothesis falsification) in a dichotomist way (i.e., black or white, yes or 
no, consistent or inconsistent, etc.) without degrees in-between (Osimani, 2020; Osimani & 



 146 

Mignini, 2015). The algorithm becomes a binary method that needs precisely clinching 
evidence otherwise it fails to make the inferential shot. Everything else is classified as 
indeterminate. Therefore, there will be many more indeterminate cases in a dichotomous 
approach than in a graded one. In the context of AEFIs, if a lot of cases go into the indeterminate 
category this inevitably leads to losing a lot of information.  
It is therefore necessary that the algorithm turns into a probabilistic causal evaluation tool, 
which no longer requires a clear-cut rejection or acceptance of the investigated hypotheses 
(Landes et al., 2018; Osimani & Mignini, 2015). 
 
 
3.2.4. Qualitative judgment 
 
The algorithm accumulates the evidence in a qualitative way, that is, it gives a non-numerical 
judgment, which therefore takes place on the basis of personal observation by the assessor. It 
assigns a qualitative value to the causal vaccine-AEFI link, i.e., 'consistent' or 'inconsistent'. 
Expressing oneself in qualitative terms allows the professional identity of clinicians (with its 
experience) to play an important role in the process of causal evaluation, which, in my opinion, 
makes this mode of judgment correct. A qualitative judgment is more useful than a quantitative 
one in cases where there is no previous knowledge on the fact under examination, which means 
there is little or no available data on it. However, in dealing with uncertain situations, qualitative 
judgment should open up many more possibilities than a dichotomous response. 
The reasoning around the causal link should be based on the ground of probabilistic causality 
understood in qualitatively terms according to logical probability – high degree of logical 
probability (see Chapter IV). 
 
 

3.3. Methodological level 

 

3.3.1. Methodological monism 
 
From the epistemological analysis it emerges that the algorithm tends to adopt methodological 
monism in assessing individual causality, preferring to focus on population-based evidence 
(i.e., what is known about “Can it?”, general causation) [page 10 (WHO, 2019)].  
The 2019 WHO manual states that “the evidence of a link between a vaccine as a potential 
cause and a specific event is derived from epidemiological studies” [see page 5 (WHO, 2019)], 
that may be experimental (mainly RCTs) and/or observational. In practice, the algorithm refers 
to hierarchies of evidence. Step III privileges the use of “Cochrane reviews, GACVS reviews, 
systematic reviews, etc.” [see (WHO, 2019), p. 32] to conclude the rejection of a causal vaccine-
AEFI relationship.  
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As we have already discussed the design of RCTs is considered to provide the strongest 
scientific evidence (i.e., necessary/sufficient) related to a causal vaccine-AEFI association. 
However, as we discussed in the epistemological section, while such studies are generally 
accepted as the most scientifically valid assessment of causal relationships, most are often too 
small to contribute useful evidence related to a vaccine-AEFI association. Many of the AEs are 
in fact so rare that even large multicenter randomized trials would be too small to detect them. 
As already mentioned, it is essential to base the causal judgment considering also, and 
simultaneously, single clinical cases, case series and uncontrolled observational studies. It is 
therefore necessary to gather different type of evidence and evidence from different sources 
(methodological pluralism). 
If we look at Step II one may argue that the algorithm shows a pluralistic evidential approach 
by focusing both on difference-making evidence (i.e., association studies) and mechanistic 
evidence (i.e., basic science studies, mechanistic knowledge – Hill's biological plausibility 
criterion) (Landes et al., 2018). The algorithm first looks for a known association between the 
vaccine and the observed AEFI [see page 25 (WHO, 2019)], and then, if “the Can it? question 
has no clear “yes” or “no” answer, biological plausibility may provide support for or against 
vaccine causality” [see page 11 (WHO, 2019)]. However, things are not exactly as they seem. 
The 2019 WHO guidelines, in fact, specify that “evidence regarding biological plausibility can 
never prove causality” and that “it can be invoked only when a laboratory finding or a 
symptom/sign are consistent with the natural history and physiopathology of the infection or 
antigen” (WHO, 2019).  
I will discuss the problem of underestimating biological plausibility later on. What is important 
to underline here is that with the first statement the algorithm explicitly gives little value to 
mechanistic approaches (studies on biological mechanisms) and at the same time with the 
second one, it greatly limits their use by the assessor. Consequently, a higher value is 
automatically given to experimental approaches (i.e., difference-making evidence), thus 
confirming the adoption of an evidential monistic approach, and excluding other valid 
approaches (i.e., lower-level (weak) evidence, e.g., anecdotal evidence). This may be 
particularly detrimental as much of the evidence for harm comes from anecdotal reports or case 
series (Osimani & Mignini, 2015) 
Moreover, as we have discussed in the previous sections, because of their limits and their 
inadequacy to be applied in an individual case, experimental studies cannot be considered in 
such an absolutist way as the main and only source of valid evidence to justify causation.  
The above confirms the need for the algorithm to adopt a pluralistic evidential approach and 
that, in doing so, it should integrate lower-level evidence with higher-level one (i.e., 
methodological pluralism). 
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4. What the current algorithm should imply: causality assessment criteria 
 
In this section I will list and discuss what from my point of view the algorithm should imply 
first at the level of causal ontology, and then at the level of epistemology and methodology – 
see Fig.25. 
 

 
Figure 25: What the current algorithm should imply (causality assessment criteria) at the levels of 
causal ontology, epistemology, and methodology. 
 
 

4.1. Ontological level 

 

4.1.1. Multicausality, context-sensitivity, individual uniqueness, and individual variability  
 
As discussed in Chapter IV, causality may be best conceived within a pluralistic frame.  
In Step I of the algorithm the fact that if there is an alternative explanation for AEFI (or if 
another factor is involved) the possible vaccine-AEFI causal link is rejected clearly indicates 
that multifactoriality is not considered. If it had been considered, the ‘other cause’ would not 
be sufficient to exclude other factors and the vaccine could be considered as a co-cause in a set 
of causes, each of which may play a role in causing the event.  
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It is essential to distinguish between what we can define as AND causality, OR causality and 
interactive causality. In the first case, two causes contribute to the event in the sense that both 
are necessary for the event to occur (if you do not have both the event does not manifest). In 
the second case, it is sufficient that one of the two causes is present for the AEFI to occur (each 
cause is per se sufficient). In the third case we are faced with multicausality for which two (or 
more causes) interact synergistically (reinforcing each other) to produce the event. Here the 
causes are not necessary for the event, but if both are present the probability that the event will 
occur in that individual at that time and with that intensity increases.  
However, the algorithm doesn’t do such distinctions, focusing only to the OR case (i.e., the 
presence of the preexisting pathology is sufficient for the AEFI to occur). Given the 
multifactorial nature of AEFIs and the other cases mentioned above, this should not be the case. 
Moreover, all the above suggest that further elements need to be considered, namely: (i) any 
analysis of causality is highly dependent on the specific context (context-sensitivity); (ii) each 
individual constitutes in itself a unique and complex dynamic system: each person is different 
from another one (individual uniqueness); and (iii) risk factors vary from individual to 
individual (individual variability, mutual causality) (see Chapter IV).  
In the case of vaccines, it is crucial to stress that we are in a situation in which the treatments 
under investigation are high context sensitive. The vaccine-person interaction(s) are important: 
the vaccine can lead to the AEFI by interacting with one or more different components present 
in the individual [factors that are different from person to person: e.g., other drugs 
(polypharmacy), predisposing genetic factors, ongoing inflammatory processes due to pre-
existing pathologies, immune system, metabolic pathways, etc.].  
The mechanism of action of the (bio)pharmaceutical product is studied and it is, in a certain 
sense, an objective fact, but how it works in every single person is uncertain. 
In the medical sciences, every clinical case is never the same as another one. It is therefore 
important that causal analysis focuses on the whole patient experiencing the condition (Anjum 
et al., 2020).  
In individuals with the same manifestation of disease, the disease may progress differently, the 
impact of a certain risk factor for that disease is experienced differently from person to person, 
the same treatment can have opposite effects on different individuals (i.e., it can have beneficial 
effects for some while for others it can be poisoning), etc. 
Context-sensitivity, individual uniqueness, and individual variability make individual causation 
analysis highly complex and characterized by strong uncertainty which further supports the 
need to make judgments according to a probability scale (such as those proposed in the old 
system – see Chapter II).  
Although they are crucial elements to consider in an analysis of causality at the individual level 
and in which AEFI is multifactorial, the algorithm seems to take none of these concepts into 
account. In fact, if we look at the algorithm (especially at Step I), as it has been conceived and 
structured, it does not seem to do justice to:  
 

i. The complex nature and variety of many reactions to vaccines (e.g., inflammatory and 
immune pathologies induced by vaccine) – complex disease causation. 
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ii. Complex mechanisms regulating immune responses. 
iii. The role of: 

a. Predisposing conditions (genetic or acquired factors) in modulating immune 
response. In medicine, it is known that a predisposing factor produces a 
susceptibility or disposition (a genetic predisposition and/or a variation in genes, 
such as particular polymorphisms) in the person to a disease without actually 
causing it. In other words, genetic susceptibility, contributes to the development of 
a disease but does not directly cause it. 

b. Alteration of the microbiome and of the intestinal barrier that may contribute to 
autoimmune or systemic inflammatory reactions by interacting with immune cells. 

iv. The role of other risk factors, endogenous (gender, age, etc.) and/or exogenous (viruses, 
bacteria, drugs, habits, environment, etc.) in contributing to the occurrence of the AEFI 
in the individual. 

 
If these complexities, conditions, multiplicity of risk factors, contributing and interacting 
causalities were properly and carefully considered and analyzed, it would be quite plausible to 
conclude that a vaccine may play a co-causal role, by contributing to precipitate an AEFI in a 
predisposed individual. In inflammatory and immune system diseases, interaction with 
underlying pre-existing diseases is the rule, so it is easy to do errors in causal evaluation using 
the algorithm as it is currently set. 
The WHO algorithm should also include the interdependence factors of all risk factors before 
decreeing a vaccine-AEFI non-correlation. It should be seen if all the other causes were not a 
risk factor in the encounter with the vaccine that may have acted worsening the situation.  
In this context, two philosophical approaches can be of great help to establish causality: one in 
which interacting causal factors leading to the event should all count as causes 
(dispositionalism, Chapter IV), and/or one that distinguishes between factors that are context-
related (background conditions) and factors that are more salient (triggers), and that would 
count as causes (see Waters, Chapter IV).  
 
 
4.1.2. Probabilistic regularity 
 
The concept of cause that, in my opinion, the algorithm should embrace is that of probabilistic 
regularity, and not deterministic. 
The probabilistic approach abandons the idea of causality as a constant conjunction in favor of 
causality as a probable conjunction. Causal relationships are accompanied by probabilistic 
dependencies: if X causes Y, the presence of X increases (or decreases) the probability of Y 
occurring (see Chapter IV). 
Approaching causality in probabilistic terms accounts for both multifactoriality (see Mackie, 
Rothman), and dispositionalism. 
Since most AEFIs are multifactorial, due to multiple contributing causal factors present in 
different combinations (some of which will be known but others will be unknown), and 
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regarding the possibility that vaccines may act as co-causes in determining AEFI (see Chapter 
III), there is not only one possible causality, but several, and each should be evaluated in the 
context given by probability (Edwards, 2012). The purpose cannot be to identify the 
determining cause, rather it would be better to resort to the concept of probabilistic causality, 
which deals better with cases of multiple causality, compared to deterministic ones.  
According to dispositionalism (see Chapter IV), causality is potential (i.e., cause X has a 
tendency to cause Y). Every causative factor is potential: e.g., in an individual with a (genetic 
or acquired) predisposing factor, this factor may cause the AEFI (e.g., abnormal immune 
response) with the intervention of the vaccine. A vaccine may accelerate or reinforce abnormal 
reaction or trigger it (a vaccine may trigger autoimmunity). Moreover, dispositionalism 
emphasizes the processual nature of a manifestation, i.e.: it is produced by two or more mutual 
disposition partners acting together, where a disposition is a thing’s property (causal power) 
towards manifestation, and the power is for the whole process (causal chain) that lead to the 
final event. 
 
 
4.1.3. Mechanistic causality 
 
The existence of different possible causal mechanisms that may have led to AEFI indicates that 
a mechanistic concept of causality should also be considered.  
A contributory cause (e.g., the vaccine) may be involved in a chain (or web) of reactions in 
which interactions between causes lead to the effect (see Chapter IV).  
With the concept of causality as regularity we see a black box regularity from A to B while with 
the concept of cause consisting of mechanisms, we enter the black box. A causal mechanism in 
fact explains what is going on between the intervention (e.g., the vaccine) and the outcome 
(e.g., the AEFI), i.e., the processes or pathways through which an outcome is brought into being.  
 
 
4.1.4. Variety in the types of causes and causal relationships, induction period and temporal 
latency 
 
In a complex context such as that of AEFIs, where they are the result of the interaction and 
balance between multiple contributing factors and intermediate factors, it is not possible to rely 
only on a direct cause-effect relationship (Fedak et al., 2015). 
However, the algorithm underestimates the role of interacting causation and more generally 
seems not to consider the types of causes and causal structures. But doing so is important for 
trying to define what kind of cause the vaccine may be (e.g., direct cause, indirect cause, 
contributing cause, interacting, mediating or moderating cause, and so on) and the type of causal 
relationship in which it is involved (see Chapter IV), and consequently attribute to it the degree 
of probability with which it may have contributed to the occurrence of the AEFI in the patient. 
The vaccine as a contributing cause, for example, can act by aggravating a pre-existing 
condition (pathology) or intensifying its manifestations, prolonging its course, delaying its 
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healing, accelerating its evolution, favoring the appearance of complications, or anticipating 
their unfortunate outcome.  
Furthermore, focusing on a unique cause responsible for the event, the algorithm does not count 
for phenomena of redundant causation. For example, when an event is determined by multiple 
causes acting in concert to produce it, it may be a case of overdetermination (see Chapter IV). 
This could be the case with AEFIs, but the algorithm seems not to take this into account. For 
example, if without the disease the person would have died from the vaccine and without the 
vaccine would have died from the disease at the same time then there would be perfect 
overdetermination.  
The WHO algorithm does not distinguish any of this, being very simplistic. In sum, it does not 
imply but should imply: 
 

i. Cases of redundant causation (preemption/overdetermination). 
ii. Indirect cases. 

iii. Contributory, interacting causes (mediating, moderating/modifying), including cases of 
synergistic interaction vs additional effect. 

iv. Intervening cause that anticipates the event [e.g., the disease leads to the effect in a time 
equal to 10 years (t10) the vaccine arrives and anticipates, accelerates and/or intensifies 
the pre-existing madness for which you die of disease and vaccine. Without vaccine it 
would have been at t10, with the vaccine at t5], or that postpone it. 

v. Temporal latency and induction period (see Rothman, Chapter IV). 
 

The WHO algorithm does not distinguish any of the types of causes and causal relations above. 
It is very simplistic. However, there are so many possibilities, and each cannot be treated in the 
same way. What needs to be asked is how do we formalize multifactoriality in the individual 
case? Case by case we should see, for example, the vaccine in what kind of causal structure it 
can be (causal models). With the proposal that I’ll make in the last section of this chapter, I 
intend to provide a tool that can distinguish them and treat them adequately. 
 
 
4.1.5. Probabilistic counterfactual  
 
The ascertainment of individual causality involves counterfactual and abductive reasoning. 
These inferences are based on clinical and subclinical conditions of the patient before and after 
administration of the vaccine and on general notions of pathophysiology, genetics, 
immunology, and so on, in order to identify the most plausible explanation of the event 
manifested in the individual (Osimani B. & Ilardo, 2022). 
Given the multifactorial nature of AEFIs (including cases of redundant causation – see Chapter 
IV), we know that a causal factor does not exclude other causal factors, and different types of 
causal relationships may be present. Given the individual context of analysis, we must also 
consider the context sensitive nature of vaccines, individual variability, and uniqueness. 
Consequently, in the algorithm, in order to categorize the AEFIs, a counterfactual reasoning 
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like the following should be applied: if the co-cause X (e.g., vaccine) had not been present, how 
much would have been the probability that the effect would have occurred in the individual at 
that particular moment? The counterfactual must be probabilistic exactly because of 
multifactorial nature of AEFIs.  
In the algorithm, as we have seen, the counterfactual is placed instead, and erroneously, in a 
deterministic way, and the time factor (e.g., long-term effect) is not considered.  
 
 

4.2. Epistemological level  

 

4.2.1. Voucher approach 
 
In the algorithm, conclusive evidence is needed to infer the vaccine-AEFI causal link, while a 
voucher approach is satisfied with evidence that is not necessarily conclusive (see Chapter IV).  
According to a voucher approach, for example, basic scientific evidence (e.g., experiments on 
molecules at the cellular level – mechanistic knowledge) cannot serve as conclusive evidence 
to say that the medicine causes the AE. These are laboratory-level studies, so you know that the 
drug acts that way at that level, but then at the clinical level it could take pathways in an 
individual's body that you do not know. So, such evidence would only serve as a causality 
indicator, in the sense that it indicates that there can be causality and not that there is causality 
in an absolutist way. 
This type of approach admits a plurality of causal indicators (e.g., signals at the molecular level, 
at the epidemiological level, etc.) independently sufficient to infer causality (e.g., mechanisms 
OR probabilities). There may be available many types of indicators, which, jointly or separately, 
support the causal claim that X caused Y (Osimani & Mignini, 2015), and you might also have 
multiple types of evidence. For example, in addition to evidence coming from population 
studies, Cartwright talked about four types of direct evidence that can speak in favor of 
individualized singular causal claims, namely: (i) presence of required support factors (i.e., 
other factors without which the cause could not be expected to produce this effect – moderator 
variables); (ii) presence of expectable intermediate steps (mediator variables); symptoms of 
causation (i.e., of the putative causes acting to produce the effect); and (iii) characteristics of 
the effect (Cartwright, 2017). 
If the algorithm were conceived epistemologically as a voucher, then multiple indicators of 
causality could be considered simultaneously [e.g., biological plausibility (mechanistic 
knowledge) + strength of the association (probabilistic dependence) + specificity (difference-
making) + counterfactual dependence + temporality] by cumulatively contributing to support 
the causal association.  
When you have more indicators of causality you do not express yourself in a dichotomous way 
(i.e., yes/no), but in degrees, that may be expressed in quantitative terms (e.g., you can ask 
yourself: how much is the probability that A caused B, from 0 to 10 or from 0 to 100?) or 
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qualitative terms (i.e., using a graded scale like: very likely, possible, probable, etc.). The 
hypotheses of the causal association therefore should be assessed in a probabilistic fashion [i.e., 
assessment of the degree of plausibility of a given hypothesis given a set of data – see (Osimani 
& Mignini, 2015)]. 
For example, in presence of an AE (e.g., death of a patient after vaccine administration), a 
physician will first recognize the presence of both a (generic) difference-making connection 
and a (generic) mechanistic connection to death (that explains the difference-making relation), 
applying this generic medical knowledge to the single case under examination. Counterfactual 
judgment is applied consisting in the comparison between real course and hypothetical course 
(Hart & Honoré, 1985; Summerer, 2013), but is not sufficient to assess the causal link in the 
specific case. It should also be essential: 
 

(i) to seek evidence of a biological mechanism able to explain the vaccine-person 
interaction, and then 

(ii) to show that the vaccine makes a difference in this case, namely that had the person not 
received the vaccine, s/he would not have died (i.e., probabilistic counterfactual: if the 
person had not received the vaccine what would have been the person's probability to 
die?). 

 
It therefore seems necessary to suggest converting the method on which the algorithm is 
currently based (i.e., clincher) to a method that adopts (Landes et al., 2018): 
 

(i) a pluralist approach to causal inference, allowing to consider all available knowledge 
integrating it with incoming data (different types of evidence)108; and 

(ii) an inductive (e.g., Bayesian methods of Hypothesis confirmation) and explanatory 
reasoning (i.e., abductive: inference to the best explanation/Peircean abduction) to infer 
causality, rather than the hypothetico-deductive inferential paradigm underpinning 
current practices. 

 
As Osimani & Mignini (2015) have pointed out, in the field of causal assessment and scientific 
inference in pharmacology, vouchers fare better than hypothetic-deductive ones (e.g., EBM) 
when dealing with harms.  
This is because they are methods whose results cannot force any conclusion, but only suggest 
or support it more or less strongly; they (Osimani, 2020; Osimani & Mignini, 2015):  

 
(i)  do not definitively refute/prove a given hypothesis, rather aim to provide a way to 

assess the degree of plausibility of a given hypothesis given a set of data (i.e., graded 
judgment) and, possibly, to measure it probabilistically; 

 
108 Vouchers appeal to the Principle of Total Evidence, as “an essential desideratum in non-monotonic reasoning, 
as opposed to the hypothetico-deductive paradigm” (Osimani, 2020) – see Chapter IV. 
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(ii)  are flexible enough to incorporate new possibly conflicting evidence in the inferential 
framework, without necessary eliminating old beliefs;  

(iii)  are particularly appropriate when causes are highly context-sensitive (e.g., in biology, 
social sciences, etc.). 

 
Context sensitivity means the joint interaction of various causes in determining a given effect 
and modulating its intensity (Osimani, 2020) (see Chapter IV). Saying that a cause is context-
sensitive means that one cause in one context causes one effect while in another context it may 
cause another effect depending on the situation. This implies that you may have evidence of 
causality in one context while in another not (e.g., a study in elderly where evidence of causality 
emerges vs study in children in which no evidence of causality emerges) with the consequent 
doubt whether it is causality or not. Using a voucher approach you can say, for example, that it 
could be causality only in the elderly and not in children (i.e., more flexibility), while with a 
clincher you must express yourself in absolutist terms (yes/no) and therefore be certain.  
In addition, it must be noted that crucial information on causal interaction comes from detailed 
case series, or from basic science (molecular studies; in vitro or in silico tests), rather than from 
experimental studies alone. The former, in fact, may contribute to a greater extent to the 
identification of specific subclasses in which the effect follows the treatment to a greater or 
lesser extent (Osimani, 2020), while the latter is evidence on whether (and to what extent) there 
is a causal link between two phenomena.  
A voucher approach, compared to a clincher, allows you to consider all the available evidence 
together to say that a causal link can exist in that specific context. 
 
 
4.2.2. Towards an evidential pluralistic approach 
 
As we have discussed, the algorithm tends to show a clinching approach. The algorithm in fact, 
as we have seen in the section on its description, requires specific causality criteria (and certain 
types of evidence) jointly necessary to classify the link as consistent (from Step II onwards) – 
i.e., AND structure [see also (Osimani B. & Ilardo, 2022)]. It does so in one of the two following 
possible pathways:  
 

1) Step I: You must have no evidence of other causes that explains the event109 
 

AND  
 

Step IIA: The causal link must be known110  
 

AND 
 

109 The question posed in Step I recalls to Hill's specificity criterion [see (WHO, 2005a)] – difference making 
causality indicator (Landes et al., 2018). 
110 The question posed in Step IIA recalls to the following Hill’s criteria: consistency, strength, and biological 
plausibility (WHO, 2005a) – i.e., respectively inferential patterns, probabilistic dependence, and mechanistic 
knowledge causality indicators (Landes et al., 2018). 
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Step IIB: Time link must be plausible111 
 

2) Step I: You must have no evidence of other causes that explain the event; 
 

AND  
 

Step IIA: The causal link must be known  
 

AND 
 

Step III: You must not have strong evidence against causation112
 

 

AND 
 

Step IV: if the AEFI considered classifiable, the event must meet case definitions. 
 

Given the above, we could say that the algorithm can be defined at a pluralistic but deterministic 
epistemological level: it requires all the types of evidence listed above to infer that there is the 
AEFI-vaccine causal link. This means that until you have them all you cannot say that the 
vaccine is responsible for the damage. This procedure obviously tends to increase the number 
of false negatives. 
This type of approach finds a parallel with the legal field. Think of a court case in which the 
judge has to establish the guilt of a defendant and conclude that s/he is guilty requires that the 
evidence to be produced must be proof 1 AND proof 2 AND proof 3. Because of the lack of 
only one of the three the defendant would not be convicted. This procedure makes it very likely 
that the accused will not be convicted when s/he may be guilty. This means that the likelihood 
of false negatives increases.  
It is therefore more difficult to establish the vaccine’s responsibility if the method necessarily 
requires proof 1 AND proof 2 AND proof 3, compared to a method that allows proof 1 OR proof 
2 OR proof 3. 
What I'm talking about is a pluralistic approach of evidence of the type ‘you can have this or 
that kind of evidence, and/or you can put it together’. You can accumulate evidence that alone 
may not be sufficient but together it is, and you can take various types of evidence in a 
probabilistic way. 
According to this view, pluralism should not be seen as a requirement, but as an opportunity: if 
you have more, the better.  
The algorithm was developed to avoid any kind of arbitrariness, but for this purpose, it increases 
false negatives. This kind of pluralistic approach allows us freedom in choosing the type of 
evidence to justify our conclusions, and in giving us the possibility to have all kinds of evidence, 
thus reducing the number of false negatives. 
 
 

 
111 At Step IIB the causality indicator is temporality. 
112 The question posed in Step III recalls to Hill's strength criterion (WHO, 2005a) – i.e., probabilistic dependence 
(Landes et al., 2018). 
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4.2.3. Probabilistic assessment & a fine-grade qualitative judgment 
 
If we consider that most AEFIs are multifactorial, it would be 'natural' to consider a graded 
notion. In the legal field, actual judgments of causal and legal liability in such contexts are 
graded (Grinfeld et al., 2020; D. A. Lagnado et al., 2013). 
Medicine is not an exact science; it is therefore affected by uncertainty. Moreover, the evidence 
for causal relationships in medicine is complex and fragmentary. Consequently, there are rare 
cases in which we can have conclusive evidence on an investigated hypothesis. All other cases 
would remain unresolved, and we would lose a lot of information if we limited ourselves to 
using only conclusive evidence. Therefore, to optimize the use of all available evidence, only 
probabilistic and graduated approaches remain. 
In the case of AEFI using only conclusive evidence inevitably leads to losing a lot of info. For 
example, for every available evidence the dichotomous approach will simply classify them as 
consistent or inconsistent; consequently, whenever evidence is considered inconsistent, it can 
never more contribute to supporting the hypothesis of causality.  
The probabilistic approach, being more “nuanced”, will tend to include much more info, thus 
giving more accuracy to the tool. With the dichotomous approach the probability associated 
with causation will be systematically biased downwards. 
How we assess causality should therefore be probabilistic and fine-graded.  
 
 

4.3. Methodological level 

 

4.3.1. Methodological pluralism 
 
This aspect overlaps with the epistemological one. In fact, as I have already said, the algorithm 
justifies the causal link on the basis of evidence hierarchies, which however is very rigid and, 
as we have discussed, has problems. 
The algorithm mainly bases its conclusions on evidence produced by experimental 
epidemiological studies, showing a preference towards this type of studies over others. 
Less strict criteria should be used to allow evidence from different types of studies, even those 
considered low-level evidence. One should not ask whether it is better clinical trial (randomized 
trial) or epidemiological study or basic sciences, but all of them (quantitative, qualitative, 
observational, experimental etc.) are useful to establish causality. Those studies labeled as 
weak-level evidence may give an important contribution to individual causal analysis.  
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5. Critical aspects 
 

5.1. The requirement of strong causation at Step I 

The requirement of strong causality recalls to the concept of strength of causal association, 
which has a probabilistic meaning. The algorithm, however, underestimates the distinction 
between strong causation and weak causation, thus failing to attribute to the concept of strength 
the right (i.e., probabilistic) meaning.  
At Step I, in fact, since 'the other cause' is one of the many contributing causes (or risk factors) 
involved in the AEFI, we cannot speak of a strong association between the AEFI and the 
detected pre-existing pathology rather than a weak association. The concept of strength should 
therefore be reconsidered. 
It is known that vaccines can lead to abnormal reactions to stimuli in conditions of individual 
(genetic or acquired) susceptibility, so one could say that the subject affected by the adverse 
outcome was a carrier of predisposing factors (genetic or acquired) that were strong enough to 
cause the disease with the intervention of the vaccine. 
 
 

5.2. A partial cause is not the cause 

At Step I, in case in the person a preexisting pathology (or a genetic predisposition or anomaly) 
is detected, the algorithm excludes in absolutist terms the vaccine as a possible cause of AEFI 
stating that the cause of AEFI in the individual is, for example, the pre-existing pathology.  
In a multifactorial context such as that of AEFI, in which other causal factors are present and 
operating, the pre-existing pathology is nothing more than one of the multiple causes involved, 
it is therefore a partial cause, and as such cannot be considered the cause. A partial cause (or 
contributory cause) in fact merely raises the probability of the effect, but it is nevertheless a 
cause. 
The algorithm not only defines a partial cause as the cause, but also bases its judgment of 
exclusion of the vaccine-AEFI causal link on a partial cause.  
In light of what has been said so far, this constitutes an error from the ontological and 
epistemological point of view.  
In a context where we can distinguish more than one factors that can be pointed to as 
contributing to the effect and that can be relevant to it, it is reasonable to deal with incomplete, 
partial causes (Scheffler, 2003), but in their totality. Whether you consider the vaccine or any 
other cause (e.g., the preexisting pathology) it is obvious that they are embedded in a set of 
cofactors that enable them to produce AEFI. So, it is all the more pointless to speak about the 
cause. Whenever we aim at identifying possible causal factors for the AEFI, one should cope 
with the idea that no cause in medicine stands alone (see Mackie, Rothman, Chapter IV). 
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5.3. The problem of considering causality assessment as a differential diagnosis 

The 2019 WHO user manual states that: 
 

“In doing causality assessment on an individual case report, it must be remembered that 
in essence one is conducting a differential diagnosis" [(WHO, 2019), page 7] 
 

“It is important to recognize that causality assessment of an AEFI in an individual 
patient is an exercise in medical differential diagnosis. A good clinician does not 
diagnose diabetes or coronary artery disease on the basis of conflicting or vague 
information. In the same way, an AEFI should not be causally linked to a vaccine 
without adequate information" [(WHO, 2019), page 34].  

 

“The algorithm aims to be a roadmap for decision-making of the reviewers, but it does 
not, and should not, take away the expert and deductive logical process inherent in 
linking a diagnosis to its potential cause” [(WHO, 2019), p.35]. 

 
A differential diagnosis is not necessarily about causality. Let's take the following example. 
The differential diagnosis process of an unconscious patient requires the doctor to resort to the 
Magnetic Resonance Imaging (MRI) that shows a brain hemorrhage, thus allowing the 
diagnosis of hemorrhage (Gots, 2005). Whether it occurred because the patient was taking a 
specific medication, or whether it was due to uncontrolled hypertension, or whether it resulted 
from a congenital aneurysm or a blow to the head is not part of the differential process. 
However, sometimes during the diagnostic process it can happen that if, for example, a 
significant elevated carboxy hemoglobin (COHbg) (e.g., 50%) is found in the patient, a 
diagnosis of carbon monoxide poisoning is made (Gots, 2005). In this case the diagnosis 
necessarily leads to a causal attribution, i.e.: poisoning by carbon monoxide. But this does not 
mean that a differential diagnosis determines causality. 
Here follows the consideration that the algorithm does not concern the AEFI’s diagnosis, which 
is expected at a stage prior to the causality assessment (i.e., Eligibility section), rather you are 
conducting causality assessment of the observed AEFI, that is you are trying to determine what 
caused the event. 
However, the current WHO algorithm imposes an epistemological procedure, similar to a sort 
of differential diagnosis, where one proceeds through a process of exclusion of an alternative 
hypothesis (one or more co-causes) until the identification of the cause (see Step I). A similar 
approach is questionable in a ‘causal diagnosis’ of an AEFI where the excluded hypothesis 
(e.g., vaccine) may be co-causally responsible for the AEFI’s occurrence.  
The algorithm, instead, should proceed by evaluating all the available causes to consider the 
contribution of each of them to the outcome under investigation.  
 
 
 
 



 160 

5.4. The fallacy of shifting of the burden of proof  

In the causal imputation of the AEFI the algorithm is influenced by strong bias in the dimension 
of the burden of proof (Osimani B. & Ilardo, 2022).  
The algorithm in fact holds the task of assessing whether AEFI may be causally imputated to 
the vaccine, thus if the vaccine is responsible. The algorithm should therefore ‘prove the fact’ 
by providing sufficient evidence to justify the claim that the vaccine caused the AEFI. 
However, the algorithm instead of providing evidence that proves the vaccine’s guilty/liability 
and therefore justifies a favorable conclusion on the causal vaccine-AEFI link, it presents 
opposite evidence: i.e., evidence that disproves the vaccine’s guilty/liability (thus proving its 
innocence) and therefore justifies a negative conclusion on the vaccine-AEFI causal link.   
In practice we could say that the algorithm defends the claim that this vaccine caused the 
observed AEFI in this person in a fallacious way by shifting the burden of proof, by requiring 
evidence that there is no causal correlation between this vaccine and the observed AEFI in this 
person – see Step III. At Step I the evidence presented and used to disprove the vaccine’s 
liability is evidence that proves that another fact can explain the event alternatively to the 
vaccine.  
At Step II the shift of the burden of proof occurs by another fallacy: the so-called fallacy of 
argument from ignorance. Step II is the only one in which "positive" evidence is sought to prove 
the fact. However, as we saw in the section where we described the algorithm, such research is 
based on known knowledge (information in the literature and scientific basic research that can 
confirm the vaccine-AEFI causal link). Beyond those vaccine reactions that are well 
documented113, for others (the AEFI is 'new' and/or rare and/or the vaccine is new) the available 
scientific evidence is often insufficient to conclude that the association is real, but also 
insufficient to confidently rule out a link.  
However, in absence of evidence of a vaccine-AEFI causal association the algorithm asserts 
the veracity of the claim ‘the vaccine is not the cause of the AEFI in this person’ based on the 
lack of evidence to the contrary. It means that, since there is no evidence against this claim, this 
claim is true: since there is no evidence that the vaccine is the cause of AEFI, the vaccine is not 
the cause of AEFI. We cannot say that the claim 'the vaccine is not the cause of the AEFI in 
this person' is true because we don't know that it's not. With this conclusion, the algorithm does 
not classify the AEFI as consistent and moves to Step III in which evidence against the vaccine-
AEFI causal association is sought (i.e., evidence that in a certain sense justifies the negative 
conclusion of the previous step and that is again population-base evidence). 
However, lack of evidence of causal correlation is not evidence of lack of causation.  
The fact that population level studies present objective standards (such as P-values, confidence 
intervals and relative risks) may convey the false feeling that the judgment on the causal link 
resulting from their use is entirely objective. The algorithm falls into this error by allowing the 
exclusion of the causal link on their basis. However, one can almost never be sure of rejecting 
a causal relationship on the sole basis of such studies because even the largest epidemiological 

 
113 For example, postvaccine central nervous system disease, such as encephalitis or encephalomyelitis, may occur 
after smallpox vaccine administration. 
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studies have insufficient statistical power to detect extremely rare causes of an adverse outcome, 
even more so at the individual level. 
In the absence of epidemiological studies that favor the acceptance of a vaccine-AEFI causal 
link, the algorithm should proceed by considering also other types of evidence (such as evidence 
from individual clinical cases and case series), to infer about a vaccine-AEFI causal link.  
The algorithm, set up as it is, despite the aim of objectivity in making a causal judgment, tends 
to be biased against the assignment of causal responsibility to the vaccine.  
 
 

5.5. Algorithm lacks granularity 

Compared to the 2005 WHO-Brighton system, the current algorithm results less flexible. It has 
a dichotomous scale and an "AND (∧)" structure, i.e., each criterion is necessary to move on to 
the next step and to conclude about a causal-link. The old system had a greater graduality (six 
scale values), and an "OR (∨)" structure, i.e., none of the indicators of causality was necessary 
in an absolute sense, but the higher they were the greater the probability that there was a link.  
With the "OR (∨)" structure, the vaccine-AEFI causal link is not excluded if for example:  
 

i. the clinical AE has a reasonable temporal relationship with the administration of the 
vaccine and at the same time is unlikely to be attributed to a concomitant disease or to 
the intake of a drug; 
OR  

ii. the clinical AE has a reasonable temporal relationship with the administration of the 
vaccine but can also be explained by a concomitant disease or by taking a drug.  

 
In case (i) the vaccine-AEFI causal link would be categorized as probable, while in case (ii) it 
would be categorized as possible.  
With the "AND (∧)" structure the scale is impoverished and becomes dichotomous. 
Furthermore, more stringent criteria for causality assessment have been introduced to reach the 
conclusion of a consistent vaccine-AEFI causal association (otherwise the conclusion falls into 
the inconsistent category). To exacerbate the problem, the list of conditions for assigning a 
positive causal assessment has been further extended. The more the criteria that need to be 
satisfied for a link to be considered causal, the greater the probability that the link falls within 
the inconsistent or unclassifiable category. 
 
 

5.6. The problem of underestimating evidence of biological plausibility 

Sources of evidence for causality assessment include biological plausibility. In Step II the 
mechanistic evidence regarding plausible biological pathways from cause to effect is 
considered as a qualifying factor that the vaccine may cause the observed AE.  
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The empirical biological plausibility is the one most considered in reaching causality 
judgments, however vaccine-AEFIs associations can be evaluated with a certain biological 
plausibility also on theoretical bases. The former is based on the known effects of the natural 
disease against which the vaccine is administered and on the results of animal experiments and 
in vitro studies, while in the latter case an expert could postulate a feasible mechanism by which 
the vaccine could cause the AE on the basis of biological plausibility (IOM & Vaccine Safety 
Committee, 1994).  
The biological plausibility of vaccine harm can be deduced from its known action: in some rare 
and susceptible individuals, an abnormal response to the stimulus occurs, provided by antigens 
and adjuvants present in the vaccine. The person in whom a vaccine harm occurs is usually 
predisposed through some risk (genetic or acquired) factor that alone is not sufficiently strong 
to cause disease, but, with vaccination, the organism is destabilized to the point of a pathological 
reaction, i.e., AEFI (Bellavite, 2020).  
Importantly, one thing is to use this type of argument to assert that causality exists and quite 
another to use it to deny causality (asymmetry). Biological plausibility is circumscribed by the 
state of current knowledge and “it should not be used in itself to deny causative association” 
(Puliyel et al., 2018). 
In the past the recognition of the association between high-titer measles vaccine with an excess 
of female mortality [now well-known – see (Aaby et al., 2003)] was delayed due to the absence 
of a biologically plausible explanation. The association of intussusception with rotavirus 
vaccination was accepted when a biologically plausible explanation was not available (CDC, 
2011). Only later it was discovered that vaccines have non-specific effects that up-regulate or 
down-regulate both the innate and adaptive immune systems and this may affect the survival of 
children (J. P. T. Higgins et al., 2016). Therefore, in addition to non-specific beneficial aspects 
that a vaccine can have, there are also unexpected harmful effects that should not be overlooked 
simply because at the time when it is first noticed a ready explanation is not available (Puliyel 
et al., 2018). 
In the algorithm, this is considered as an additional piece of supporting evidence within the 
question posed in Step II, and not as evidence capable of demonstrating causality. However, the 
problem is that biological plausibility is invoked "only when a laboratory finding or 
symptom/sign is similar and consistent with the natural history and pathophysiology of the 
infection or antigen" [page 26 (WHO, 2019)].  
Other kinds of evidence, which demonstrate the existence of a mechanism and the capacity to 
lead from cause to effect, do not qualify, thus recognizing the experimental approach at the 
expense of other valid approaches, with the consequent risk of failing to detect causality in a 
number of cases that cause harm (Puliyel, 2018), plus increasing false negatives. 
Hence, an alternative way to conceive biological plausibility as a possible support for AEFI 
causality assessment may consist of the following conditions: a) the same disease (or a 
biologically similar one) has already been described in other cases after vaccination, and b) the 
subject is a carrier of a greater predisposition to that particular pathology (Bellavite, 2020).  
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5.7. The problem of using the criterion of general causality to exclude vaccine’s responsibility 
in the individual 

Step II asks about ‘is there a known causal association with the vaccine/vaccination?’ (i.e., 
evidence in the published peer-reviewed literature – e.g., case records, laboratory records) [see 
page. 22 and 25 (WHO, 2019)]. Step III asks about “is there strong evidence against a causal 
association?” (i.e., body of published evidence – Cochrane reviews, GACVS reviews, 
systematic reviews, epidemiological studies, etc.) [see page. 23 and 32 (WHO, 2019)] – here 
probabilistic dependence is required. 
Evidence at the population level is therefore used to rule out that in the particular case 
vaccination may have caused AEFI (Bellavite, 2020; Puliyel et al., 2018). Thus, “if there is no 
evidence in published peer reviewed literature that this vaccine may cause such an event” and 
“if there is a body of published evidence that rejects a statistically significant association 
between the disease and previous vaccinations”, the vaccine-AEFI causal link is excluded. 
Before the question 'Did the vaccine given to a particular individual cause the particular event 
reported?' is answered, one must answer the question 'Can the given vaccine cause a particular 
AE?'. At Step II, in fact, the questions "in this patient did a specific test demonstrate the causal 
role of the vaccine?114” [see page 22 and 26 (WHO, 2019)] and “in this patient, did the event 
occur within a plausible time window after vaccine administration?” [see page 23 and 27 
(WHO, 2019)] are preceded by the question “is there evidence in published peer reviewed 
literature that this vaccine may cause such an event if administered correctly?” [see page 23 
and 31 (WHO, 2019)]. Thus, only if there is evidence at the population level (epidemiological: 
experimental and/or observational) that the vaccine can cause the adverse event, the AEFI is 
classified as 'consistent causal association with immunization' – passing Steps II and III 
(Puliyel, 2018). These studies are indeed considered to provide strong scientific evidence (i.e., 
necessary/sufficient).  
However, as Edwards points out “any consideration of causality based only on epidemiological 
approaches is not logically defensible and certainly not socially acceptable”, then specifying 
that “since adverse effects of medicines are generally rare, it is not possible to exclude drug 
causation in an individual by reliance on epidemiological evidence alone only to argue that the 
incidence is below a level determined by statistical power, of the study or studies combined” 
(Edwards, 2012).  
This sort of studies uncovers empirical associations by statistical analysis (difference-making 
evidence) and, although provides important indications on the incidence of AEFI in vaccinated 
subjects allowing comparison with unvaccinated subjects, presents some limitation when 
applied at the individual level of causal analysis. First, the fact that epidemiological studies are 
subject to selection bias and diversity of non-randomized groups represents a very serious 
problem in a case of low-incidence adverse reaction (Bellavite, 2020). Second, the requirement 
of available epidemiological or clinical literature supporting individual causality assessment is 

 
114 Clinical or laboratory proof; the WHO guidelines provide the example of a case of aseptic meningitis after 
immunization with the Urabe mumps vaccine virus, in which isolation of the Urabe virus from cerebrospinal fluid 
is considered definitive evidence that it caused meningitis (WHO, 2019). 
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also flawed if we consider that the vaccines’ safety is demonstrated in clinical trials often 
conducted by comparisons instead of placebos (e.g., saline 0.9% NaCl) with adjuvants115.  
In addition, it must be noted that the epidemiological literature tells us of an increased risk of a 
given disease among some people in the population with specific characteristics, but the risk is 
only a measure of how much individual probability of the disease increases (e.g., in vaccinated 
compared to unvaccinated), conditional on the vaccine’s administration. Epidemiological 
evidence tells us, for example, that a toxin can produce an injury, but is unable to tell us that 
the exposure to that toxin actually caused that particular injury in the individual (Parascandola, 
1998). Other substances are also known to being able to cause that injury, and some people 
exposed to same toxin may develop the injury, while others not. These considerations refer to 
the concepts of multifactorial nature of diseases, individual uniqueness and variability, and the 
context-sensitive nature of causality discussed earlier.  
To apply the general knowledge derived from these studies to the individual case, it is necessary 
to understand whether the study is representative of the individual. 
According to what has been said so far epidemiological evidence cannot be considered 
sufficient in itself to (dis)prove causality. It can never alone suffice as evidence that a particular 
exposure caused a particular outcome in a particular individual but can only help/support in 
assessing causality.  
Singular causality questions can be aided by knowledge of general causal relationships but 
claims of general causality cannot be reduced to claims of singular causality. Knowing that 
smoking probabilistically causes lung cancer does not imply that a specific smoker's lung cancer 
was actually caused by his/her smoking – see (C. R. Hitchcock, 1995; Stephan et al., 2020).  
Even if it is legitimate to extrapolate frequentist quantification to the individual level, in the 
specific case it is not known whether a certain event instantiates a certain general law, or 
another. For example, in an individual who has congenital heart disease and receives the vaccine 
and then dies, even if the individual has the pre-existing pathology, it may be that congenital 
cardiomyopathy was not the trigger of the AE. These general 'causal laws' can only provide a 
statistical contribution to the reconstruction of the causal link in the actual case (Casali, 2010), 
and should not be used as a decisive criterion in the exclusion/confirmation of the individual 
causal link precisely because of uncertainty regarding the laws at play in these specific 
circumstances. 
For these methodological reasons, epidemiological evidence to assess individual causality 
should be used with great caution and be supplemented by circumstantial evidence regarding 
the specific case at stake. Such evidence may support or weaken the assumption of a causal 

 
115 Six clinical trials tested the safety of the HPV vaccine Gardasil. In 5 of them the control group received 
Aluminum Hydroxy phosphate Sulfate, while in only one of them the physiological solution was used as placebo. 
In the summary of the safety profile of the vaccine (available at: 
http://www.merck.com/product/usa/pi_circulars/g/gardasil/gardasil_pi.pdf) however, the systemic and serious 
adverse effects (i.e., the rate of autoimmune disorders), are evaluated comparing the group receiving Gardasil with 
only the group receiving aluminum (or placebo). As Bellavite (2020) underlined, by this way, any potential 
reactogenic effect of aluminum salts were masked. 

http://www.merck.com/product/usa/pi_circulars/g/gardasil/gardasil_pi.pdf
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association between the vaccine and the AEFI, thus increase or decrease confidence in a factor 
being causally related to the observed outcome.  
 
 

5.8. The stopping rule and the problem of admissibility of evidence 

The stopping rule concerns when you are allowed to stop the search for evidence in order to be 
able to affirm that the vaccine-AEFI causal link exists or not.  
To stop you would need conclusive evidence about alternative. Strong evidence is not enough, 
because until one option remains possible, it deserves to be left open for further research. From 
an epistemological point of view, eliminating it when it is still possible amounts to set its 
probability to 0 without any supporting evidence for this move. In the WHO algorithm the 
stopping rule is determined by the algorithm itself, by how it is structured. As we have seen, 
general level evidence is considered by itself sufficient (i.e., strong) to exclude the vaccine-
AEFI causal link in the individual.  
This is the so-called stopping rule problem. It may be defined “as the problem of when to 
terminate the search for causes” (Rizzi & Pedersen, 1992). Having set up the algorithm with 
the a priori exclusion of the possible vaccine-AEFI relationship by categorizing the AEFI in 
the 'inconsistent' category on the sole basis of the evidence relating to an "alternative cause" 
aimed at explaining the event (Step I), interrupts the process of causal diagnosis of AEFI, and 
therefore of research and collection of further evidence useful to ascertain the vaccine-AEFI 
causal link. The reason why this process is interrupted is not acceptable since one type of 
evidence cannot be sufficient per se to establish the causal link, especially if the AEFI is a 
pathological manifestation on multifactorial etiology. Rather, considering also that "causal 
explanations are context-specific and context-determined” (Rizzi, 1994), the affirmative 
answer to the question posed in Step I should serve to continue to ask questions about possible 
other alternative explanations by corroborating or downgrading the evidence found in 
probabilistic terms. Only the collection of other evidence that is added to the previous one can 
help to confirm to a degree closer to certainty or highly probable the causal link (as does the 
system used for medicines).  
The algorithm shows a very strict stopping rule, so if I have a specific type of evidence (e.g., 
Step I: strong evidence for other causes), it basically excludes the admissibility of the other 
ones. This choice to rely only on one type of evidence restricts the evidence that can be 
considered acceptable for assessing causality. The algorithm identifies and evaluates only the 
evidence for other cause(s) and establishes that this acts as a stopping rule as it blocks the 
process of search and accumulation of other evidence that can confirm or not the causal link. 
But, why do we have to stop here?  
The algorithm prevents the evaluator from embracing a pluralist approach and at the same time 
ignores the context-dependence of the evidence (i.e., the type of evidence that is considered 
weak evidence of causality).  
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In my view, the algorithm should not have a stopping rule, but an admissibility criterion as 
broad as possible that allows to put together 'all the available evidence' on the case under 
examination and to evaluate their evidential value both independently and jointly.  
 
 
 
 
 
 
6. Ambiguities 
 

6.1. The concept of ‘strong evidence’  

The algorithm speaks of strong evidence for other causes and strong evidence against the causal 
association (respectively Step I and III), but it is not specified what is meant by strong evidence. 
The WHO points out that “an association between vaccine administration and an adverse event 
is most likely to be considered strong when the evidence is based on” (WHO, 2001):  
 

(i) well-conducted human studies that, within a study design that is designed to test the 
hypothesis of such a link, determine a clear association (e.g., RCT, cohort studies, case-
control studies, controlled case-series analyses). 

(ii) an association that is demonstrated in more than one human study and consistent among 
the studies (they must have been well-conducted by different researchers in different 
populations, with consistent results, despite different study designs). In many cases, the 
demonstrable association in studies between the dose (or the number of doses 
administered, or both) and the presumed AE will strengthen the causal association 
between vaccine and AE. 

(iii)a strong similarity of AE to the infection the vaccine is intended to prevent, and there is 
a non-random temporal relationship between vaccine’s administration and AE. 

 
To the question posed in Step I the algorithm specifies that a detailed medical history (e.g., Had 
the patient prior history of similar symptoms/pathological manifestations? Had the patient 
history of concomitant or preceding condition? etc..), clinical examination and/or investigations 
including laboratory tests in the patient (e.g., autopsy, epidemiological, clinical and laboratory 
profile of the case, etc.) “may help to identify other conditions such as other diseases and 
congenital anomalies that could have caused the event”(WHO, 2019).  
However, the algorithm does not specify how the conclusion that, for example, the pre-existing 
pathology detected116 caused the event is justified. It is not clear what it means by strong 

 
116 The detection may happen by observation of medical signs (e.g., anatomical, physiological abnormalities, 
etc.), laboratory findings (i.e., anatomical, physiological phenomena that can be shown by laboratory diagnostic 
tests, including (but not limited to) chemical tests, electrocardiograms, electroencephalograms, X-rays, and so on.), 
etc. 
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evidence. Considering points (i)-(iii), we could hypothesize that the use of the term strong may 
mean that this justification takes place on the basis of general evidence (evidence hierarchies).  
 
 

6.2. The requirement of a ‘plausible’ time window between vaccination and AEFI’s onset 

In the second phase of Step II the algorithm requires a plausible time interval from vaccination 
to the occurrence of the AEFI in order to confirm the vaccine-AEFI causal link. The expression 
'plausible' is generic and the algorithm does not specify any criteria for its definition. 
For conventional vaccines this corresponds to 2-4 weeks (sometimes it can also reach 6-8 
weeks, but it is very rare), since it is assumed that the effects are mainly linked to the pro-
inflammatory action. However, this time frame is correct when applied to acute-onset AEFIs 
(e.g. hyperthermia, febrile seizures, anaphylaxis) (Bellavite, 2020), instead it is not adequate 
for cases of AEFIs consisting of chronic illnesses and autoimmune diseases (complex and 
multifactorial), for which it would be proper to consider a sufficiently large time window (e.g., 
24 months) in order to not exclude slow-onset cases (Agmon-Levin, Zafrir, et al., 2014; 
Grimaldi-Bensouda et al., 2017; Hughes et al., 1996; Leslie et al., 2017; Tourbah et al., 1999; 
B. Wang et al., 2017; Yuan et al., 2016; Zafrir et al., 2012; Pulyel, 2018; Rigolet et al., 2014). 
A very limited time interval prevents the detection of reactions, even very serious ones (such 
as autoimmune reactions), which can arise after weeks or months from the injection. 
The acceptable time window for each AEFI is different.  
 
 
 
 
 
 
7. Conclusions & proposal 
 
By focusing on monocausality and a direct causal-effect relationship, the WHO algorithm tends 
to underestimate the presence of different type of causal relationships and the mechanisms by 
which they are mediated. It classifies a causal association as inconsistent when there is another 
cause and as undetermined when the vaccine may be a cause but there is no evidence that it is 
the cause. In this way, many AEs in which the vaccine may have played a role as a co-cause 
remain unrecognized. It is essential that different types of causes and causal relationships 
(including temporal latency and induction period) are properly recognized and considered in 
the algorithm. 
Moreover, the use of solely one type of evidence (e.g., evidence of other causes at Step I or 
epidemiological evidence against a causal association at Step III) to support a causal 
relationship may often not be sufficient, thereby increasing the likelihood of false negatives.  
In clinical practice, diagnoses are often made with degrees of certainty (Naidu, 2013). 
Analogously, few AEFIs can be considered to be certain or unlikely and often the role of the 



 168 

vaccine in causing an AEFI cannot be demonstrated (because of the absence of specific tests, 
the platform is a new technology, the AEFI is rare/new/unknown, etc.).  
A binary approach (yes/no; consistent/inconsistent) to causality assessment can therefore hardly 
adequately reflect the context and processes that characterize clinical practice. Compared to the 
2005 WHO-Brighton system, the WHO algorithm has a dichotomous procedure (binary scale: 
consistent/inconsistent), resulting in a less flexible tool. Each criterion is necessary to move on 
to the next step and to conclude about a causal link. Much of the information is lost due to the 
requirements jointly necessary to classify the link as consistent. This procedure obviously tends 
to increase the number of false negatives and translates into systematic failure to detect possible 
causes of the observed events (Osimani B. & Ilardo, 2022).  
At Step II the use of the criterion of ‘known association’ as decisive in assessing a vaccine-
AEFI causal link, tends to increase underreporting and the denial of a new possible vaccine-
AEFI link would put people's health at risk.  
Moreover, the lack of clarity (ambiguities) in some points of the algorithm leaves room for 
arbitrariness and further errors. 
The high likelihood of false negatives derives from a fallacious approach at different steps and 
levels (i.e., ontological, epistemological and methodological levels) (see Fig.26). Possible 
revisions should therefore address the following questions: 

 
(i) multifactoriality (ontological aspect). This is a necessary element in the causal analysis 

of AEFI since most AEFIs are pathological manifestations with multifactorial etiology, 
together with the context-sensitive nature of vaccine, individual uniqueness, and 
individual variability. These elements make individual causation analysis highly 
complex and characterized by strong uncertainty. In such a complex and uncertain 
context one can only try to determine to what extent each factor may have contributed 
to (increased the probability of) the effect. 

(ii) evidential pluralism (epistemological aspect). Different types of evidence 
(heterogeneous evidence) should be allowed to contribute to the causality assessment. 
This would reduce the likelihood of false negatives thereby increasing the accuracy of 
the algorithm.  

(iii)voucher approach (methodological aspect). Non-conclusive evidence should be 
admitted (Osimani, 2020; Osimani & Mignini, 2015), and no scientific proof/certainty 
required for taking action (decision-making under uncertainty: probabilistic and fine-
graded assessment). 
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Figure 26: Comparison between the old system and the proposed new one. 

 
 

7.1. The new algorithm: A new theoretical framework 

The proposal I intend to advance is a new system that consists in the adoption of the following 
new theoretical framework: 

 

Levels 
Causality 

assessment 
criteria 

Rules Considerations/Outcome(s) 
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ONTOLOGY 

Multifactoriality 

All possible causes at play must be 
considered. No cause should be 
excluded. Even if an alternative 
explanation is available, a causal 
link with the vaccine must be 
considered possible. 

The role of vaccine will not be 
excluded since it may be a co-cause 
in a set of causes, each of which may 
play a role in causing AEFI.  

Context sensitivity/ 
individual 

uniqueness/ 
individual 
variability 

Vaccine-person interaction(s) and 
all interactive phenomena (e.g., 
synergistic) must be considered. 
 

Vaccines effects are highly context 
sensitive and most AEFIs are 
inflammatory and immune system 
diseases, due to the interaction with 
underlying pre-existing conditions 
in the individual. The vaccine can 
lead to AEFI by interacting with one 
or more different components 
present in the individual*.  
Allow for the possibility that the 
vaccine may play a co-causal role, 
by contributing to precipitate AEFI 
in the predisposed individual.  

Probabilistic 
causality 

Every cause increases the 
probability of AEFI occurring in 
the individual at that time and with 
that intensity to a greater or less 
extent with regard to another one. 
Thus, the probabilistic 
contribution of each cause must be 
considered.  

Every causative factor is potential. 
The vaccine has a tendency to cause 
AEFIs. Thus, we may claim, for 
example, that in the individual with 
a (genetic or acquired) predisposing 
factor, this factor may cause AEFI 
(e.g., abnormal immune response) 
with the intervention of the vaccine. 
The vaccine’s contribution raises the 
probability of AEFIs occurring.  

Mechanistic 
causality 

The whole process (causal chain) 
or web of reactions that lead to 
AEFI must be considered.  

Different possible causal 
mechanisms may lead to the AEFI 
(direct vs indirect). Since the 
vaccine may act as a co-cause, it 
may be involved in a chain/web of 
reactions in which interactions 
between causes lead to the AEFI.  

Variety in the types 
of causes & causal 

relationships 

All possible types of causes 
present and causal relationships 
must be distinguished, considered 
and analyzed (direct/indirect 
causality; contributing; 
interacting; intervening; 
mediating/moderating/modifying) 
 
 
 
 
 
 
 

Overdetermination/preemption 
phenomena must be considered. 

The AEFI may be the result of the 
interaction and balance between 
multiple co-causes and intermediate 
factors. Thus, the vaccine, as a co-
cause, can act by aggravating a pre-
existing condition or intensifying its 
manifestations, prolonging its 
course, delaying its healing, 
accelerating its evolution, favoring 
the appearance of complications, or 
anticipating their unfortunate 
outcome.  
 
AEFI may be a case of an 
overdetermination/preemption 
phenomenon, and the vaccine may 
be one of the causes involved.  
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Induction period & 
temporal latency 

Time frame must be considered. 
Restricted time intervals should 
not be used as reasons to exclude 
causation. Or, they should be 
sufficiently long to accommodate 
medium-to-long term AEFIs. 

Even if the AEFI is a condition that 
manifests itself as a long-term 
effect, the vaccine can be a cause of 
it. 

Probabilistic 
counterfactual 

Because of the multifactorial 
nature of AEFIs, a probabilistic 
counterfactual must be applied.  

Did the risk made by ‘the other 
cause’ probably cause AEFI in the 
individual? If the individual had not 
taken the vaccine, how likely is it 
that AEFI would have occurred at 
that particular time due to the 
presence of ‘the other cause’? 
Would AEFI have had a higher or 
lower probability of occurring?’  

EPISTEMOLOGY 

Voucher approach 
Each piece of evidence (also non 
conclusive) must be considered, 
serving as a causality indicator. 
 

Any piece of evidence (e.g., 
evidence coming from laboratory-
level studies) can indicate that there 
can be causality. 
A vaccine-AEFI causal link may be 
inductively inferred with evidence 
that is not necessarily conclusive, 
and a plurality of causality 
indicators can be considered 
simultaneously to support or suggest 
the existence of the causal link. So, 
one can infer that there can be 
causality in the individual under 
examination (although this could not 
be the case in another individual).  

Evidential 
pluralism 

All available heterogeneous 
evidence must be considered.  

All the available evidence and 
different types of evidence must be 
considered simultaneously to 
support or suggest the existence of 
the vaccine-AEFI causal link.  
One type of evidence or another can 
be used, and/or they can be put 
together; evidence that alone may 
not be sufficient, but together it is, 
can be accumulated, and various 
types of evidence in a probabilistic 
way can be taken.  

Probabilistic 
assessment & a 

fine-grade 
qualitative 
judgment 

A probabilistic fine-graded 
qualitative assessment must be 
applied. 

Every available evidence is 
classified according to a 
probabilistic fine-graded qualitative 
scale. This can contribute to support 
the hypothesis of causality.  

METHODOLOGY 
Methodological 

pluralism 
Different sources of evidence 
must be considered.  

Weak-level evidence studies may 
give an important contribution to 
individual causal analysis, together 
with strong-level evidence studies.  

*Factors that are different from person to person: e.g., other drugs (polypharmacy), predisposing genetic factors, ongoing inflammatory 
processes due to pre-existing pathologies, immune system, metabolic pathways, etc.). 

 
Table 10: A new theoretical framework for individual causality assessment of AEFIs. 
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As for the old one, the proposed algorithm presents precise criteria and 'rules' to guarantee a 
standardization of the procedure, but unlike the previous one it is conceived and structured 
differently from the ontological, epistemological and methodological point of view.  
From the application of the above-listed criteria (see Tab.10), the investigator will be able to 
collect in a flexible and extensive way a varied and complete amount of information that will 
allow the generation of many possible causal hypotheses to explain the AEFI (complex 'webs' 
of causality or causal complexes like those of Rothman), and the identification of the most 
plausible explanations. All this will convey in the categorization expressed in a fine-graded 
probability scale: degree of probability close to certainty. 
Given the context of analysis characterized by complexity and high uncertainty, it is not 
possible ‘to seek’ irrefutable high-level evidence and express oneself in terms of absolute 
certainty, rather one should express in terms of a very high degree of certainty (in probabilistic 
terms) about the existence of the causal relationship. Since it is difficult to quantify the 
contribution of each co-cause, it would be appropriate to express it in qualitative terms: very 
likely, probable (more likely), possible (less likely), unlikely.  
Since this is not a dichotomous procedure and there is not a mandatory path in which a step 
with the relative criterion/criteria precludes the passage to the next, the probability of reaching 
a 'positive' causal assessment increases. In the new algorithm a specific type of evidence is not 
required to justify the existence of a causal link, and the criteria are not jointly necessary to 
achieve a 'positive' categorization of the vaccine-AEFI causal link. According to this view, 
pluralism is an opportunity: you can have (inconclusive) evidence 1 OR 2 OR 3, and/or all of 
them: if you have more, and the more probative, the higher the probability of a causal link 
between AEFI and vaccination.  
This kind of pluralistic approach allows (indeed, mandate) that each available item of evidence 
is considered in order to justify one’s conclusions, thereby reducing the number of false 
negatives. 
The graphical archetypal of the new algorithm is represented in Fig.27 and the categorization 
according to a fine-graded probability scale is offered in Tab.11 below. 
 

Category Description 

Very likely 

This category includes those AEFIs for which there is a suitable time frame* and for which, 
both referring to general laws and using abductive and inductive reasoning, the association with 
the vaccine is very likely. The vaccine played a causal role in triggering the event in the 
individual, so that without the vaccine it is highly probable that AEFI would not have occurred 
in the individual at that particular time and/or with that intensity even in presence of another 
cause [e.g., pre-existing disease, congenital anomaly, drug(s) intake, etc.]. In this case the AEFI 
is very unlikely to be explained by ‘other cause(s)’. 
 

This category may also include those situations in which you have two/more causes that 
contributed to the event in the sense that both/all are (or are suspected to be) necessary for the 
event to occur at that time in the individual (if you do not have both/all the event does not 
manifest in the person in that moment). The vaccine-AEFI link should be considered very likely 
associated with the vaccine even in the presence of other co-cause(s), to the extent that the AEFI 
would not have occurred at that particular time in the individual with the mere presence of ‘the 
other cause(s)’. Also, the vaccine’s presence was necessary.  
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Regarding the responsibility to be attributed to a cause for AEFI in the medico-legal setting, the 
same degree of responsibility should be given to each causal factor [e.g., the vaccine, the 
preexisting pathology, and (if present) others] as without each of them it is very likely that AEFI 
would not have occurred in the person at that time. It means that in case of economic 
compensation and, for example, in the presence of two causes both necessary for the event to 
occur, the role of the vaccine of having caused AEFI must be recognized at 50% (if the causes 
are 3, it will be recognized at 33, 33%, and so on) – if each caused AEFI with the same force. 
 

Probable  
(more 
likely) 

This category includes those AEFIs for which there is a suitable time frame* and for which, 
both referring to general laws and using abductive and inductive reasoning, the association with 
the vaccine is probable. The vaccine played a co-causal role in triggering the event in the 
individual, so that without the vaccine it is more likely that AEFI would not have occurred in 
the individual at that particular time and/or with that intensity in presence of another cause. 
Other cause(s) in this case may also explain the event but are less likely. Therefore, if we have 
cause A (e.g., the vaccine) and cause B (e.g., the preexisting pathology) that have contributed 
to AEFI, we could say that the vaccine played a co-causal role in triggering the event in the 
individual. Furthermore, with the vaccine it is more likely that AEFI would have occurred in the 
individual at that particular time and/or with that intensity in presence of another cause (e.g., 
pre-existing disease).  

 

In the legal field, the presence of multiple causes for the effect, more responsibility is usually 
given to an agent for a given effect when it is a direct result of its action rather than when it 
results in the end of a long causal chain (Brickman et al., 1975; Hilton et al., 2010; D. Lagnado 
& Channon, 2008; McClure et al., 2007; Spellman, 1997), – see Chapter IV. This could be an 
interesting cue to modify the algorithm in the following direction. In presence of, for example, 
vaccine and pre-existing disease as co-causes, both responsible for the event, one could give 
greater responsibility to one factor rather than the other depending on whether it is a proximate 
cause or not. In this way, two (or more) causes would be recognized for the same event and the 
responsibility of the other cause (i.e., the less responsible one) in having caused the event would 
not be excluded a priori. Following Waters (2007), those causal factors which are more salient 
(triggers) in the particular case than others (background conditions) would count as causes. 
 

Possible 
(less likely) 

 

This category includes those AEFIs for which there is a suitable time frame* and for which, 
both referring to general laws and using abductive and inductive reasoning, the association with 
the vaccine is possible. The vaccine played a co-causal role in triggering the event in the 
individual, so that without the vaccine it is less likely that AEFI would have occurred in the 
individual at that particular time and/or with that intensity in presence of another cause (e.g., 
pre-existing disease).  
Other cause(s) in this case could also explain the event and are more likely.  

Unlikely 

This category includes those AEFIs for which there is an improbable time frame* and for which, 
both referring to general laws and using abductive and inductive reasoning, the association with 
the vaccine is unlikely. Other cause(s) in this case could also explain the event and are very 
likely.  

Unrelated/ 
coincidental 

This category includes those AEFIs for which there is an incompatible time frame* and for 
which, both referring to general laws and using abductive and inductive reasoning, the 
association with the vaccine is unrelated or coincidental. Other cause(s) are sufficient by 
themselves to explain the AEFI; it was demonstrated that ‘the other cause(s)’ are independent 
of a possible synergistic interaction with the effects of the vaccine itself on the immune 
responses (Bellavite, 2020). 

Unassessable/ 
unclassifiable The info reported is insufficient/inadequate to classify the AEFI. 
*Time frame: must be established in relation to the type of AEFI; it is less relevant for development of autoimmune/degenerative diseases.  

Table 11: Classification of the vaccine-AEFI causal link. 
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The proposed theoretical framework would result in an important improvement of the system 
since it would bring the following advantages: 

  
i. Greater inclusiveness and flexibility to the system: the use of a single piece of evidence 

does not preclude the admissibility of the next one, as it happens in the current algorithm 
in which the order of the questions and the obligation to respect this order of 
categorization preestablishes an admissibility filter invalidating the procedure. 

ii. Emphasis on the multifactorial nature of AEFIs and their context sensitivity, as well as 
the roles played by individual uniqueness and individual variability in the occurrence of 
AEFIs. Individual causality assessment is modelled as a highly complex activity, 
characterised by strong uncertainty.  

iii. Adoption of a dynamic approach to causality, by embracing the dispositionalist theory 
(Anjium and Mumford, 2018). On the dispositionalist view, everything that contributes 
to producing the effect are causes (Anjium, 2020). The dispositionalist approach has 
important methodological implications that should be considered in this context. 

iv. Adoption of the criterion of counterfactual dependence (e.g., How likely would it be 
that this person would have died if he had not taken the vaccine?) by reasoning in 
qualitative probabilistic terms according to logical probability [high degree of logical 
probability].  

v. Development of a comprehensive and exhaustive analysis of the AEFI, allowing for the 
generation of several hypotheses related to the causal vaccine-AEFI link. 

 
The joint combination of i-v increases the chance to detect safety signals and therefore increase 
the accuracy of the instrument. 
In the following section I will present a case study to show how the reasoning and conclusions 
would be different with the application of the new proposed algorithm. 
 
 

7.2. Case study: the new practical framework 

 

The following case shows how the new algorithm works. 
 
Case study 

 
Marta is 34 years old and is administered with the non-replicating viral vector vaccine 
based on the adenovirus ChAdOx1 (AstraZeneca) (causal factor A) to prevent the onset of 
complications due to exposure to the SARS-CoV-2 virus.  
Marta suffers from type 1 diabetes without complications (causal factor B) and is on 
estroprogestin therapy (causal factor C) because of polycystic ovary. She doesn’t know to 
be affected by thrombophilia (causal factor D). 
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10 days after immunization Marta develops cerebral venous thrombosis and then dies (the 
suspected AEFI).  

 
If we apply the new proposed algorithm to this case study, we proceed as follows.  
 
 
Adoption of causality assessment criteria 
 
First, we should assume that, since most AEFIs are multifactorial in nature, the vaccine may 
have acted as contributory cause (CC). Considering its intrinsic properties, we know it may 
have the tendency of causing certain AEs (see dispositionalism and causal laws – Chapters III 
and IV) and the occurrence of such events in certain individuals rather than in others suggests 
considering context-sensitivity, individual uniqueness and individual variability (see Chapter 
IV).  
Then, in this specific case we refer to the following causal scientific laws: 
 

(i) Causal factor B (Cf-B): diabetes.  
Various studies confirm that people with diabetes are likely to suffer from cardiovascular 
diseases twice as much as non-diabetic patients. This is because diabetes has a 
thrombophilic diathesis that is potentially responsible for a state of thrombophilia, a 
pathology that induces an increased risk of thrombus formation. In addition, the 
hyperglycemia that characterizes diabetic pathology also seems to play a central role in 
thrombophilia. 
 

(ii) Causal factor D (Cf-D): thrombophilia.  
Thrombophilia can be acquired or due to genetic factors of blood clotting (genetic 
predisposition, Factor V Leiden mutation or Factor II mutation G20210A in 
heterozygosity, deficiency of natural coagulation inhibitors, prothrombin 20210). Most 
cases of thrombosis of the cerebral venous sinus are due to hypercoagulability (i.e., 
thrombophilia), a common condition present in 5-6% of the general population 
(Mannucci & Franchini, 2015). It can therefore be expected that about 5,000-6,000 people 
per 100,000 subjects vaccinated with Vaxzevria are carriers of these coagulation 
abnormalities (AIFA, 2021). 
 

(iii) Causal factor C (Cf-C): estroprogestin therapy.  
Estroprogestin therappy is a risk factor for venous thrombosis. It is known that these drugs 
increase the risk of venous thromboembolism by about 4 times in women (O. Wu et al., 
2005).  
Thus, the absolute annual risk of having an episode of venous thromboembolism for a 
woman aged <40 years, heterozygous for the PV Leiden mutation and taking an 
estroprogestin preparation, is in the order of 0.4% (Middeldorp, 2011).  
 

(iv) Interaction between Cf-C and Cf-D: congenital thrombophilia increases the risk of 
thrombosis, in combination with estroprogestin therapy.  
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(v) Causal factor A/suspected CC (Cf-A/CC): vaccine. 
Vaccines are known to induce a response by the immune system which involves antigens, 
adjuvant (if present), antigen-presenting cells, lymphocytes, and multiple immune 
mediators (cytokines). This response may lead to an excessive or distorted inflammatory 
reaction that can lead to hyperimmune phenomena (see Chapter III). It is known that 
vaccines can trigger immune thrombocytopenia with thrombosis, of which a very serious 
manifestation is cerebral venous thrombosis. Going into the specific of the vaccine under 
examination, this contains an adenovirus (rendered harmless) used as a "shuttle" to 
transport the genetic material of Sars-CoV-2 into the cells, which stimulates the cells to 
produce antibodies, and a sequence called SP (signal peptide) used to best express the 
genetic material of the coronavirus that could stimulate an excessive immune response. 

 
 
Consideration(s)/outcome(s) 
 
In this case, the person status presents comorbidities, and the thrombotic event could have 
occurred through various pathways (of which most likely some are unknown), namely:  
 

(i) The event would still have occurred without the vaccine because it was due to diabetes.  
 

OR 
 

(ii) The event would still have occurred without the vaccine because it was due to the intake 
of estroprogestin drug in the presence of congenital thrombophilia. 
 

OR 
 

(iii)The event would still have occurred without the vaccine because it could have occurred 
independently of diabetes and ongoing therapy. 
 

OR 
 

(iv) The event would still have occurred without the vaccine because of complex 
interactions between all the other causal factors present. 
 

OR 
 

(v) The presence of vaccine may have increased the probability of the disease in that 
individual. The question is: Is the probability that the event occurred due to the presence 
of the vaccine greater than the probability that the event would have occurred without 
the vaccine? Did the vaccine contribute to the occurrence of the event which otherwise 
would not have occurred or would have occurred later in time or would have occurred 
at a lower intensity?  

 
Now, we consider the various hypotheses in which the vaccine may have contributed to the 
AEFI. 
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Reasoning on the possible co-causal role of the vaccine in having contributed to AEFI 
 
In light of the above considerations, one should investigate whether the vaccine may have 
contributed to AEFI, for example, by acting as: 

 
a) a modifier of the effect acting synergistically: it interacted with several agents (those 

involved in the biochemical processes concerning diabetes and genetic thrombophilia) 
causing an excessive inflammatory response (cytokine storm) that precipitated the 
event.  
 

OR 
 

b) a trigger: it unmasked the genetic predisposition to the formation of thrombi 
(thrombophilia), by stimulating a specific reaction that led to the formation of thrombi;  
 

more specifically, as 
 

c) a catalyst of a causal mechanism: it anticipates the onset of the event, shortening the 
induction period for other causal factors (e.g., thrombophilia + estroprogestin therapy). 
 

OR 
 

d) a preventive cause: it acted by postponing the onset of the event, bringing out the 
induction period for another causal factor (e.g., thrombophilia). 

 
Looking at the case study, we could distinguish three possible cases: 
 

i) The effect wouldn't have happened without Cf-A/CC (vaccine), but also not without one 
or more co-morbidities.  
 

OR 
 

ii) The effect would (or might) have happened anyway, Cf-A/CC just increased the 
probability. 
 

OR 
 

iii) The effect would not have happened just when it did happen, but Cf-A/CC just made a 
‘tiny’ contribution. If the person has several co-morbidities, about to die, and s/he is 
administered with Cf-A/CC, it may happen that this pushes him/her over the edge. This 
means that it contributed, but minimally so: the vaccine acted as a hastener/preempting 
cause (it makes the effect occur earlier).  

 
 
Classification 
 
If the vaccine is recognized as a possible CC, as such it must be held accountable to the AEFI, 
and therefore considering the type of information collected, the causal vaccine-AEFI link could 



 179 

fall into one of the following categories: very likely, probable (more likely) or possible (less 
likely), unlikely. 
Only if the other cause(s) is independent of a possible synergistic interaction with the effects of 
the vaccine on the immune responses, the vaccine-AEFI causal link is classified as 
unrelated/coincidental. 
Different considerations and conclusions would have been obtained if we had applied the WHO 
algorithm to the case study.  
 
 

7.3. Difference(s) with the WHO algorithm  

Considering the case study above, if we now apply the WHO algorithm, the following 
considerations and conclusions follows:  
 

(i) The tool is characterized by a mandatory path and the first question is aimed at excluding 
causation in a dichotomous way on the sole basis of evidence of alternative cause(s) 
able to explain AEFI. It should therefore follow that the causal vaccine-AEFI 
association is classified a priori as inconsistent, due to the presence of ‘the other 
cause(s)’, i.e., diabetes, thrombophilia, estroprogestin therapy. The excluded hypothesis 
(the vaccine) may be co-causally responsible for the AEFI’s occurrence.  

(ii) The multifactoriality nature of AEFI (i.e., venous thrombosis) is not appropriately 
considered or ignored altogether. The research is aimed at detecting the (unique) cause 
of AEFI: in our case it is ‘the other cause’. There is no question about the possible co-
causal role of the vaccine. The concepts of vaccine-person interactions, context 
sensitivity, individual variability, individual uniqueness, and the possibility that there 
are different types of causes and causal relationships present in the manifestation of 
AEFI is not considered (appropriately). 

(i) Due to the stopping rule, the classification procedure is exhausted at the first step 
because of the sole evidence of 'other cause(s)'. 

 
As Chandler (2019) points out, the current surveillance systems for vaccines are designed to 
detect pretty common AEs, well characterized from a nosocomial point of view, and to provide 
a population risk estimate. However, this is not enough to promptly assess the benefit-risk 
profile of innovative (and therefore unpredictable) pharmaceutical technologies nor to outline 
the different risk profiles determined by demographic factors, (sub)clinical, genetic, or other 
(Osimani B. & Ilardo, 2022). Chandler suggests a multidisciplinary approach oriented to 
scientific and investigative deepening (Chandler, 2019), which makes use of all the tools 
available for the collection, analysis, and synthesis of data, including machine learning and 
knowledge retrieval techniques on the one hand and systemic immunology and vaccinology on 
the other (Osimani B. & Ilardo, 2022) – see also (Blumenthal et al., 2021; Campbell-Tofte et 
al., 2019; Sobolev et al., 2016), and BIOVACSAFE initiative (Lewis et al. 2015). More 
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proactive solutions to optimize all the information that can help anticipate and prevent the risk 
of adverse reactions have been proposed by the scientific literature [see for instance (de Pretis 
et al., 2019; Inácio et al., 2017; Osimani, 2020; Ribeiro-Vaz et al., 2016)]. 
It is crucial that health care professionals (vaccinators) and authorities become aware of the 
algorithm’ methodological issues to update vaccine surveillance policies and clinical practice, 
and to restore the necessary trust between society and political and health institutions (Osimani 
B. & Ilardo, 2022). 
The proposed new algorithm may be a useful and decisive contribution to the problem of false 
negatives that affect the current system. This would constitute a valuable theoretical and 
practical tool for policymakers and legal officers to address the complex procedure of individual 
causality assessment of AEFIs. Hopefully, this will contribute in making individual causal 
assessment of AEFIs more reliable and accurate. 
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Conclusions 
 
 
The concept of causality is of cardinal importance in health research, clinical practice, in the 
implementation of public health policies and in the medico-legal setting. Knowing causal 
relationships is crucial for scientific explanations of past events, for predicting future events, 
for interventions to determine or modify the results, and for attribution of liability (J. Reiss, 
2015, 2016). This consideration becomes even more relevant when it comes to vaccines and 
their safety, as they are biological preparations that are administered to healthy subjects (IOM 
& Vaccine Safety Committee, 1994; WHO 2001; WHO-HIS-EMP 2013). An increasing 
number of recent cases contributed to draw higher attention to the problem of the AEFIs 
evaluation process and the reasons why the causal link ends up being almost always excluded.  
The reasoning behind such process is standardized and systematized by the application of the 
2019 version of the WHO AEFI algorithm (developed in 2013) (Chapter II). Despite its 
generalized use worldwide, increasing cases of serious and sometimes lethal AEFIs 
systematically valued as non-correlated to vaccines, have led to questioning its validity. The 
main opposing voices (Bellavite et al., 2020; H. Lee et al., 2020; Osimani B. & Ilardo, 2022; 
Puliyel et al., 2018) state that the algorithm presents some criticalities leading to the non-
recognition of the vaccine’s responsibility in having caused the AEFI. This is because, as it is 
conceived and structured, the algorithm seems to underestimate the complexity of the analysis 
context in which it operates. 
The WHO algorithm seems not to do justice to the complexity of biological systems and the 
possibility of multifactorial causation – complex disease causation, complexity of the immune 
response (including the genesis of autoimmunity), complexity underlying vaccines’ mechanism 
of action in inducing immune responses in relation to the AEFIs’ manifestation, the role of 
genetic variants and of the microbiome in the modulation of immune reactions, complexity of 
vaccine-person interactions, and so on (see Chapter III). Multifactoriality is a necessary element 
in the causal diagnosis of AEFIs, since most AEFIs are multifactorial pathological 
manifestations. They occur as excessive or distorted inflammatory or immune responses that 
can degenerate to lethal outcomes or may concern the onset of irreversible pathologies (see 
Chapter III). These complexities highlight the need for a multi-factorial approach.  
Moreover, understanding and explaining event causality implies the analysis of how cause and 
effect can and should be linked and this has been a primary focus of scientific and 
epistemological discussion over time. Philosophical literature has identified various concepts 
of causality (ontology). Epistemological and methodological literature is implicitly and/or 
explicitly based on such concepts (see Chapter IV).  
Obviously, a methodology that (implicitly or explicitly) adopts any but not the other concept of 
causality will inevitably end up by excluding from the set of causal phenomena events and 
phenomena that do not meet the requirements dictated by the concept of causality underpinning 
it. A narrow notion of causality will tend to shrink the set of cases, in which the phenomena are 
considered causal, so it will tend to increase false and true negatives. Therefore, from a 
methodological point of view it is important that the notion of cause, which supports causal 
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assessment procedures, is flexible and wide enough to reliably allow the correct identification 
of all causal phenomena, and at the same time minimize failures to detect such phenomena 
when they are present. This implies the adoption of a pluralistic approach instead of a monistic 
one.  
Multicausality and the individual analysis context also underline the need to consider context-
sensitivity, individual uniqueness, and individual variability, that make individual causation 
analysis highly complex and characterized by strong uncertainty (see Chapter IV). In such a 
complex context, it is crucial to recognize the role of interacting causation and the presence of 
different the types of causes and causal structures.  
The WHO algorithm establishes the causal link in a rigidly deterministic way and excludes a 
priori the possible co-causal role played by the vaccine in the occurrence of the AEFI as 
contributing cause. This approach, by imposing an epistemological procedure similar to a sort 
of differential (causal) diagnosis, tends to lead towards the identification of a single direct cause 
(the cause) – the disease is thus defined as monocausal –, underestimating the role of 
interacting, mediating and moderating causes.  
The WHO algorithm focuses on monocausality and on a direct causal-effect relationship, thus 
tending to underestimate the presence of different types of causal relationships and the 
mechanisms by which they are mediated. It classifies a causal association as inconsistent, when 
another candidate cause can be associated with the AEFI, and as undetermined when the 
vaccine may be a cause but there is no evidence that it is the cause (Bellavite, 2020).  
The WHO algorithm is characterized by a mandatory sequence of Steps. The first question is 
aimed at excluding causation in a dichotomous way on the sole basis of evidence of alternative 
cause(s) able to explain AEFI. However, the excluded hypothesis (the vaccine) may be co-
causally responsible for the AEFI’s occurrence. In this way, many AEs in which the vaccine 
may have played a role as a co-cause remain unrecognized or are attributed to other factors 
only. 
If the above-mentioned complexities, conditions, multiplicity of risk factors, contributing and 
interacting causalities were properly and carefully considered and analyzed, it would be quite 
plausible to conclude that a vaccine may play a co-causal role, by contributing to precipitate an 
AEFI in a predisposed individual. The WHO algorithm should also include the interdependence 
factors of all risk factors before decreeing a vaccine-AEFI non-correlation. It should be seen if 
all the other causes were not a risk factor in the encounter with the vaccine that may have acted 
worsening the situation. In this context, two philosophical approaches can be of great help to 
establish causality: one in which interacting causal factors leading to the event should all count 
as causes (dispositionalism, Chapter IV), and/or one that distinguishes between factors that are 
context-related (background conditions) and factors that are more salient (triggers), and that 
would count as causes (Waters, Chapter IV). A vaccine may accelerate or reinforce an abnormal 
reaction or trigger it.  
In addition, the WHO algorithm has a dichotomous procedure (binary scale: 
consistent/inconsistent), which can hardly adequately reflect the context and processes that 
characterize clinical practice, thus resulting less flexible. Moreover, it has an "AND (∧)" 
structure, which makes the algorithm more rigid (i.e., each criterion is necessary to move on to 
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the next step and to conclude about a causal link). Much of the information is lost due to the 
requirements jointly necessary to classify the link as consistent. This procedure obviously tends 
to increase the number of false negatives. This translates into the failure in detecting possible 
causes of the observed event (Osimani B. & Ilardo, 2022). More specifically, at Step II the use 
of the criterion of ‘known association’ as decisive in assessing a vaccine-AEFI causal link, tends 
to increase underreporting and the denial of a new possible vaccine-AEFI link would put 
people's health at risk.  
Moreover, the use of solely one type of evidence to support a causal relationship may often not 
be sufficient, increasing the likelihood of false negatives (see Chapter IV), and also the lack of 
clarity (ambiguities) in some points of the algorithm leaves room for arbitrariness and further 
errors.  
All the above justifies the need to consider a more flexible approach, which allows for non-
conclusive evidence (Osimani, 2020; Osimani & Mignini, 2015), does not require any scientific 
proof/certainty for taking action (decision-making under uncertainty), and allows to gather and 
consider more and different types of evidence (all heterogeneous evidence: evidential 
pluralism).  
The minimization of false negatives may derive from changes to be made at these steps and at 
different levels. Using the tools provided by the philosophical literature on causality (see 
Chapter IV), and embracing both a multi-causal, vouching and evidential pluralistic approach, 
I stressed the necessity to revise the current WHO algorithm. 
I proposed a new theoretical framework, that is characterized by (i) new ontological and 
epistemological criteria, (ii) a new methodological structure, and (iii) a ‘new’ categorization 
(new compared to the current system).  
The proposed alternative allows the investigator to collect evidence in a flexible and extensive 
way. This will allow the generation of many possible causal hypotheses able to explain the 
AEFI (complex 'webs' of causality or causal complexes like those of Rothman) and then the 
identification of the most plausible explanation. All this will convey in the categorization 
expressed in a fine-graded probability scale: very likely, probable (more likely), possible (less 
likely), unlikely. This kind of classification will tend to include much more info, thus reducing 
false negatives.  
The goal of reducing (false) negatives naturally trades off with the goal of reducing (false) 
positives. Hence, one may object that the net accuracy of the instrument is not increased by the 
algorithm. However, this should be considered in the context of risk vs. benefit assessment. In 
the case of AEFIs, we are dealing with risk detection, hence with the problem of latent risks, 
yet unknown and unthought by the scientific community. Hence the focus is on false negatives.  
This contrasts with the context of hypothesis testing, that is a situation where an intended (and 
therefore known) causal relationship is tested, in order to verify its validity — benefit 
assessment (Osimani, 2020). The costs of false negatives and false positives are different in the 
two settings, and the algorithm should take this into account (Osimani & Ilardo, 2022). 
Moreover, the new proposed algorithm is not a dichotomous procedure and there is not a 
mandatory path in which a Step with the relative criterion/criteria precludes the passage to the 
next. This implies an increase in the probability of reaching a 'positive' causal assessment. In 
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the new algorithm no specific type of evidence is required to justify the existence of a causal 
link, and criteria for causality assessment are not jointly necessary to achieve a 'positive' 
categorization of the vaccine-AEFI causal link. According to this view, pluralism is an 
opportunity: you can have (inconclusive) evidence 1 OR 2 OR 3, and/or all of them: if you have 
more, and the more probative, the higher the probability of a causal link between AEFI and 
vaccination.  
The proposed theoretical framework would result in an important improvement to the system 
since it would bring the following advantages: 

  
i. Greater inclusiveness and flexibility to the system: the use of a single piece of evidence 

does not preclude the admissibility of the next one, as it happens in the current algorithm 
in which the order of the questions and the obligation to respect this order of 
categorization preestablishes an admissibility filter invalidating the procedure. 

ii. Emphasis on the multifactorial nature of AEFIs and their context sensitivity, as well as 
the roles played by individual uniqueness and individual variability in the occurrence of 
AEFIs. Individual causality assessment is modelled as a highly complex activity, 
characterised by strong uncertainty.  

iii. Adoption of a dynamic approach to causality, by embracing the dispositionalist theory 
(Anjium and Mumford, 2018). On the dispositionalist view, everything that contributes 
to producing the effect are causes (Anjium, 2020). The dispositionalist approach has 
important methodological implications that should be considered in this context. 

iv. Adoption of the criterion of counterfactual dependence (e.g., How likely would it be 
that this person would have died if he had not taken the vaccine?) by reasoning in 
qualitative probabilistic terms according to logical probability [high degree of logical 
probability].  

v. Development of a comprehensive and exhaustive analysis of the AEFI, allowing for the 
generation of several hypotheses related to the causal vaccine-AEFI link. 

 
The joint combination of i-v increases the chance to detect safety signals and therefore increase 
the accuracy of the instrument. 
The proposed new algorithm may be a useful and decisive contribution to the problem of false 
negatives that affect the current system. This would constitute a valuable theoretical and 
practical tool for policymakers and legal officers to address the complex procedure of individual 
causality assessment of AEFIs. Hopefully, this will contribute in making individual causal 
assessment of AEFIs more reliable and accurate. 
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Appendix  
 
 
Table A. Historical overview of major vaccine discoveries between the 19th and 20th centuries. 
 

Date Event 
1880 Emil Adolf von Behring (1854–1917), considered among the most important founders of 

immunology, discovered the vaccine against diphtheria and tetanus, introducing the concept of 
antitoxins (despite the wide spread of the vaccine, even today these diseases have not been 
completely eradicated). 

1885 The research of Louis Pasteur (1822–1895) led to the antidote for two bacterial infections, 
anthrax, and rabies. His discovery revolutionized the study of infectious diseases, i.e., the use of 
artificially 'weakened' bacteria in the laboratory to attenuate their aggressiveness and thus reduce 
the possibility of violent responses of the organism. 

1908 Albert Calmette and Camille Guérin, who were working at the Institut Pasteur de Lille (France), 
developed the Bacillus Calmette-Guérin (BCG) tuberculosis vaccine to protect against 
tuberculosis (first administered to a person in 1921). 

1955 Jonas Salk (1914–1995) introduced the 'inactivated' vaccine against polio (with intramuscular 
administration) and decided to not patent it so that it could be available to everyone.   

1957 Albert Sabin (1906–1993) developed another vaccine with different characteristics, namely 'live-
attenuated oral polio vaccine' (OPV), that turned out to be the most widespread vaccine against 
polio. In the same line of Salk, Sabin did not patent the vaccine, and promoted scientific 
collaboration by facilitating the development and distribution of vaccines (Hotez, 2021). 
Moreover, he donated his viral strains free of charge to the Soviet scientist Mikhail Chumakov, 
which allowed vaccine development also in the USSR. In this way it was possible to implement 
a worldwide vaccination campaign. 

1971 Maurice Hilleman developed the MMR vaccine (trivalent vaccine against measles, mumps, and 
rubella). 

 
 
 
Table B. Historical overview of WHO's global strategies to address epidemics/epidemics. 
 

Date Event 
1949 Alexander Langmuir (the chief epidemiologist of the US-CDC) designed a highly successful 

national disease reporting system and created the Epidemic Intelligence Service, building on 
U.S. experience of malaria and polio eradication programs (Calain, 2007). 

1955 Marcolino Candau (WHO’s Brazilian director general) managed WHO’s campaign of malaria 
eradication, followed by attempts to eradicate smallpox worldwide (the Soviet Union and Cuba 
provided 25 million and 2 million doses of freeze-dried vaccine, respectively). 

1959 The World Health Assembly committed itself to a global smallpox eradication program 
(Brown et al., 2006).  

1960s Vaccination was made much cheaper, easier, and more effective thanks to technical 
improvements like the introduction of jet injectors and bifurcated needles.  

1967 WHO launched the Intensive Smallpox Eradication Programme (ISEP) with the support of the 
world's most powerful players.  



 186 

1968 Review of essential elements of global public health surveillance (including WHO's role as a 
coordinating body) during the 21st World Health Assembly (WHO, 1968). 

1974 WHO launched the Expanded Programme on Immunization (EPI) (Brown et al., 2006), thanks 
to which new vaccines have become available [e.g., Hepatitis B, rotavirus, Hemophilus 
influenzae type b (Hib), pneumococcal vaccines, human papillomavirus (HPV), recommended 
for global use; e.g., yellow fever, typhoid conjugate, Ebola, recommended in countries where 
disease burden data indicate they should be used (WHO, 2013). 

1995 - Adoption of two resolutions calling for a revision of International Health Regulation (IHR). 
- Establishment of a comprehensive programme to tackle new, emerging, and re-emerging 

infectious diseases (WHO, 1995a).  
- Foundation within the WHO of a new unit, i.e., the Division of Emerging Viral and Bacterial 

Diseases Surveillance and Control (WHO, 1995b), later renamed the Epidemic and Pandemic 
alert and Response (EPR) and Communicable diseases Surveillance and Response (CSR) 
departments (Calain, 2007).  

2000 CSR supported the creation of a Global Epidemic Alert and Response Network (GOARN) to 
coordinate the technical resources involved worldwide in the fight against epidemic diseases 
(Enserink, 2004).  

2003 - With the emergence of SARS, thanks to GOARN, WHO coordinated the international 
response to the epidemic (limiting the international spread of SARS).  

- Revision of the existing IHR (approved in 2005 by the 61st World Health Assembly). 
2007 The new IHR text entered into force as an instrument of international law binding on all 194 

member countries. It gave the WHO Director-General the power to determine whether an event 
represents a health emergency of international concern – i.e., Public Health Emergency of 
International Concern (PHEIC) (Missoni et al., 2019). 

 
 
 
Table C. Aspects of medicines regulation in Europe that fall within the competence of NRAs 
(EMA, 2020b). 
 

 

Aspects of medicines regulation in Europe that fall within the competence of NRAs 
 

Assessment of the initial application for marketing authorization for all medicines in EU (most of the 
medicines available are authorized at national level). 
Assessment of applications for authorization of clinical trials (EMA plays a key role in ensuring that the 
standards of good clinical practice are applied in cooperation with Member States and manages a database 
of clinical trials carried out in EU). 
Evaluation and regulation of medical devices (EMA is involved in the assessment of certain categories of 
medical devices). 
Evaluation of food supplements and cosmetics. 
Decision making or obtaining information on the price or availability of medicines, which takes place within 
the country's national health system. 
Control of advertising of non-prescription medicinal products (it is mainly carried out on a self-regulated basis 
by sectoral bodies, supported by the statutory role of NRAs in the Member States). 
The monitoring or obtaining information on pharmaceutical patents, which take place through national 
patent offices or through a centralized process at the European Patent Office. 
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Development of treatment guidelines (national governments or health authorities of individual EU 
Member States draw up guidelines for decisions regarding diagnosis, management, and treatment in 
specific areas of health care). 
Development of laws on medicines, which are drafted by the EC (that also develops EU policies in the 
field of human or veterinary medicines and public health), and then adopted by the European Parliament, 
together with the Council of the European Union. 
Granting of marketing authorizations (the legal decision to grant, suspend or revoke a marketing 
authorization for any medicinal product falls within the competence of the EC for centrally authorized 
products and the national competent authorities of the EU Member States for nationally authorized 
products). 

 
 

 
Table D: The WHO-UMC system for standardized case causality assessment. From: (UMC, 
2018) 
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Table E. Checklist for the assessment of causality. Taken from: WHO (2019: 71-72). 
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