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Introduction

Public involvement, namely including the general public, for health regulations and
policies has gained momentum and has been deemed increasingly relevant in the
past few decades in most democratic societies. This chapter illustrates the meaning
and the evolution of public involvement in xenotransplantation (XTx) from a sci-
ence policy perspective—that is, how scientific knowledge and normative require-
ments merge in decision-making—and with an interest for the current changes as to
how democratic societies think of themselves [1]. Xenotransplantation represents a
unique case as debates about the role of the public, from people’s attitudes to citizen
consultations, have been extensive and controversial. The chapter starts by briefly
considering the role of the public in transplantation technologies in order to high-
light that, while sharing a public health dimension, transplants and xenotransplants
seem to look at the public for different purposes. In transplantation, the public has
been considered crucial to support organ donation; in xenotransplantation, public
involvement has gained momentum and then has become an international regula-
tory requirement as a strategy both to assess the acceptability of its risks and to
better legitimize its implementation. As xenotransplantation carries potential risks
of spreading xenozoonotic pathogens, its regulation involves traditional medical
principles as well as environmental and public health approaches, such as the pre-
cautionary principle, which will be explained further in this chapter.

The chapter proceeds with an analysis of how “the public” has become relevant
in the recent regulatory history of xenotransplantation. More precisely, different
publics have been taken into account by making them the object of surveys and
interviews where their positions are quantified; but they have been also addressed as
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subjects of deliberative interactions—with a special reference to the public consul-
tations that took place in Canada and Australia at the turn of the millennium.

The overall knowledge and experience that has been acquired through all these
theoretical and practical exercises has the potential to provide new ways of collabo-
ration among citizens, scientists, and institutions. Also, from this perspective, trans-
plantation and xenotransplantation can be looked at in a continuum as to public
involvement, because they share the necessity of connecting individual and public
health. The COVID-19 experience has added new insights to these forms of interac-
tions in terms of using knowledge and sharing uncertainties responsibly, revealing
the need for a more deeply committed citizenship from all parts of society.

Individual and Public Health in Transplantation Technologies

The contemporary history of transplantation of human organs, including its first
surgical successes and increasing promises in the mid-twentieth century, seemed to
suggest that transplants would become a viable therapy for a large population of
patients. However, somehow paradoxically, despite their achievements, transplanta-
tion medical technologies and policies have had to face some major obstacles since
their beginnings. On the one hand, successful campaigns to create social acceptance
of donation—including acceptance of the concept of brain death [2]—and to forge
a culture of human awareness and solidarity have not always achieved optimal
results. On the other hand, even with more refined organ donation programs, the
shortage of available, adequate, and compatible organs to be transplanted has been
persistent and perhaps structural.

Indeed, as the former point is concerned, several well-organized donation cam-
paigns all over the world have turned out to be capable of increasing organ avail-
ability—with the case of Spain becoming paramount [3, 4]—by combining a variety
of medical and policy measures, including legal measures, financial incentives,
expanding donors, and education.

More inclusive criteria for donors with potentially suboptimal organs depend on
a complex set of technical factors and medical decisions, and financial incentives
have remained somehow marginal, due to their potential ambiguities. Legal mea-
sures have been considered as one of the most relevant steps to be taken. In order to
promote donations, legislations have either asked their citizens to provide express
informed consent to donation in case of death (opt-in systems) or presumed their
consent if individuals do not explicitly disagree (opt-out systems). Providing legal
certainty to support transplant policies has definitely helped [5, 6] However, even in
regulatory contexts where consent to donation is provided in advance, still medical
personnel keep consulting with families and close contacts before proceeding. As
the Spanish experience has shown, public confidence is not simply related to legis-
lation encouraging donation, but is connected to the broader dimension of trust
towards institutions [4, 7].

This is why increased attention has been paid to education processes raising
knowledge and awareness in school programs [8, 6]. Education is deemed essential
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as organ shortage represents an “inadequate societal response to organ donation”
[6]. Indeed, the comparison between public attitudes and organ availability has con-
sistently shown that, while the results of interviews and surveys reveal high levels
of support to transplantation, the actual organ supply remains significantly lower
[8]. This is why, according to some scholars, the educational message should intro-
duce conceptual changes in encouraging organ donation. An efficient revision in
transplant and organ donation education programs “may be a challenge to change
the inadequate people’s behavior” [6]. Citizens should be made aware that organ
shortage is a health emergency, an “unjustifiable damage to public health” [8].

However, as said, also with optimized programs for organ donation the mismatch
between the need for transplants and donor supply may remain. This can happen
because: (1) some organs are more prone (like lungs) to be damaged due to trauma,
disease or deterioration; (2) the rising prevalence of health problems, such as diabe-
tes mellitus and obesity, can reduce the number of eligible donors; and (3) major
public health problems, such as the COVID-19 pandemic, also have an impact on
organs’ safety [6].

The paradox of human organ transplantation is that, while an increasing number
of patients will survive and thrive long-term after organ transplantation, the limited
number of organs available is reducing the percentage of patients that successfully
complete transplant surgery. This unavoidable conclusion often represents the
premise for considering xenotransplantation, even with their complex set of scien-
tific, technical, and normative issues [9].

From the public involvement point of view, the two domains seem different.
Transplantation remains within the traditional boundaries of medical ethics in terms
of free and informed consent of the transplanted, and with close contacts and/or
family involved on the donor’s side. The public dimension of transplantation, aimed
at encouraging donation, despite its implicit meaning of public acceptance, support,
and commitment, as well as its public health implications, has never led to the forms
of public involvement triggered by xenotransplantation regulation.

Xenotransplantation introduced a discontinuity and an anomaly in medical ethics
as it resulted after WWII, namely centered on the rights and the autonomy of the
individual, primarily expressed through informed consent [10]. Because of its
potential for transmission of xenozoonotic infections, on the one hand, lack of infor-
mation about unknown risks was making informed consent contradictory; on the
other hand, these threats were calling for harmonizing individual and collective
rights, thus challenging the individually-oriented paradigm for medical ethics. The
uniqueness of xenotransplantation, at least when it started becoming an applicable
technology potentially concerning a large number of patients, consisted in its
involving not only the informed and consenting patients who are willing to accept
the risks, but also their contacts and families, and eventually also the general pub-
lic [11].

In the 2000s a group of bioethicists started reflecting on the widely unexplored
ethical implications of pandemics and the prolonged bioethicists’ negligent behav-
iors in looking at public health issues [12, 13, 14]. In order to highlight the situation,
Michael Selgelid forged the word “pandethics” to refer to the ethical context where
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the patient is both the victim and the vector of an infection [15]. Although Selgelid
explored the context of (unexpected) outbreaks of infectious diseases, a medical
technology with potential pandemic effects was not different. In the aftermath of the
September 11, 2001 terrorist attacks against the United States by al-Qaeda members
and the 2003 severe acute respiratory syndrome (SARS) outbreak that was first
identified in China, Jay Fishman argued that “‘(m)eaningful distinctions do not exist
for the medical community between epidemics caused by natural causes, new tech-
nologies or bioterrorism”. He added, as a pragmatic more than a prophetical conclu-
sion, that if we were to fail in coordinating better international reporting about
infectious diseases, “we will always be a little bit too late. And with the next out-
break, we will, once again, be surprised” [16].

Therefore, xenotransplantation found itself at the crossroad between medical and
public health regulatory issues. This intersection explains how it seemed relevant
that the most directly impacted subjects (close contacts), but also society at large
may have a say about the acceptability of this technology and its risks.

Risks, Precaution, and the Public: From the Environment
to Health Technologies

A brief summary of the main passages and events that have accompanied and
framed the rise and the expanding role of the “public” helps provide the context for
understanding how this requirement has emerged in xenotransplantation regulation
and has been considered as a source of democratic legitimacy and transparency.

Recognition that the public at large should be given a right to ‘a say’ about sci-
ence and technology has been part of both scholarly reflection and science policy
since the early 1970s in the environmental domain, and with the growing impact of
techno-science in daily life. The involvement of specific fractions of the public was
initially theorized and introduced in the United States with the National Environment
Protection Act in 1969, while an industrial accident releasing dioxin in a chemical
plant in Seveso (Italy) in 1976 triggered the 1980s European legislation on public
information and participation [17].

In the mid-1970s public consultation was more widely proposed in relation to all
technological domains within the context of the US Congress Office of Technology
Assessment (OTA). Its first director, Joseph Coates, argued that public participation
in technology assessment was essential for several reasons. First, it allows under-
standing the actual impacts of new technologies and their different forms of imple-
mentation. Second, it provides early awareness of failures and issues. Third, it
prepares citizens for unexpected outcomes [18].

The issue of involving the public in the discussion also emerged in the context of the
first two Asilomar conferences in 1974 on genetic engineering, where the term “pub-
lic” was initially used (by bioethicist Alexander Capron) to refer to government and the
law. During the same period, town meetings discussing the potential unintended release
of genetically modified micro-organisms (MGMs), and directly launched by the scien-
tific community, involved the population of Cambridge, Massachusetts [19].
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In 1992 the Rio Declaration on Environment and Development internationally
introduced the precautionary approach (and later “principle” in the European for-
mulation of it [20]), stating that: “lack of full scientific certainty shall not be used as
a reason for postponing cost-effective measures” of prevention (Principle 15) [21].
The principle framed the idea that potential risks should be considered as actual
risks in case of serious environmental threats. And, in 1996, the United Kingdom
Nuffield Council of Bioethics, in a dedicated opinion that coincided with the 1996
draft Regulation on Xenotransplantation issued by the Food and Drug Administration
(FDA) [22], for the first time connected xenotransplantation to the precautionary
principle, thus extending its scope from the environment to health protection [23].

However, the implications of the precautionary principle remained open to a
variety of interpretations, from calling for a moratorium to assessing public accep-
tance of risks. The former suggestion was taken up after a study in 1997 reported
that human cells could be infected in vitro by porcine endogenous retroviruses
(PERVs) [24]. In 1998 a group of leading xenotransplantation scientists in the US
briefly called for a moratorium [25, 26], but later some of them shifted toward high-
lighting the need for public consultation [27]. In 1999 the Council of Europe, the
institution in charge of human rights in the enlarged European context, also tempo-
rarily suggested a moratorium [28].

In the US regulation the precautionary principle was never favorably received—
as precautionary measures have been mostly interpreted to refer to preventing actual
risks [29]. The 2001 Public Health Service (PHS) Guidance on xenotransplantation
quite marginally recognized that “public discourse on xenotransplantation research
is critical and necessary” and that “public awareness and understanding of xeno-
transplantation is vital because the potential infectious disease risks posed by xeno-
transplantation extend beyond the individual patient to the public at large” [30]. The
US never deemed necessary to launch a public consultation, even though the PHS
Guidance was open to public comments, and public hearings with a limited partici-
pation from the public were held.

In Europe the meaning of the precautionary principle, extended to include all
threats to human, animal, plant and environmental health, remained paternalistic as
a “political responsibility”” about the “high level of protection of citizens” [20].

In the past two decades, however, reflection on precaution has increasingly
focused on the need not to stop emerging technologies, but to assess them carefully
through an appropriate regulatory process, including public willingness and pre-
paredness to accept potential risks when outweighed by substantial benefits.

Consulting Citizens on Xenotransplantation

At the beginning of the twenty-first century the US PHS Guidance set the regulatory
conditions for the delicate passage from the preclinical to the clinical phase, thus
normalizing and legitimizing xenotransplantation [31]. The US measures were rap-
idly followed by other countries, with different legal approaches towards experi-
menting with governance of emerging and controversial biomedical technologies.
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The US approach primarily focused on mitigating the potential risks of infections.
The major assumption was that the most likely potential form of infectious disease
would be similar to the Human Immunodeficiency Virus (HIV) [30], a pathogen
controllable through patients’ responsible behavior. The guidance aims at protect-
ing all involved subjects, but still relies only on patients’ consent to inform their
intimate contacts about potential risks [30, 32].

The Council of Europe (backed up by a favorable opinion from the European
Commission) grounded its recommendations on the assumption of the worst case
scenario of an airborne disease and suggested compulsory constraints for non-
compliant patients and third parties (family and close contacts) (Article 21) [33].
According to the recommendation, patients and third parties should accept to “waive
some fundamental rights” [34].

With a completely different approach, between 1999 and 2004, Canada and
Australia equally interpreted the public health challenges posed by xenotransplanta-
tion severe enough to impact on the constitutional level of their societies and have
the population contribute to the decision. Both governments went through extended
forms of public consultation (through the mail, emails and the web, focus groups,
and several town meetings) and translated the theoretical concept of scientific citi-
zenship, namely citizens participating in science-based public policy, in operational
terms. Later, in the mid-2000s, another participatory approach was endorsed by
New Zealand, where the Maori population was consulted as a minority whose cul-
tural values could matter in techno-scientific innovation.

Starting in 1999, the Canadian government launched an extensive public pro-
gram on xenotransplantation, culminating in the release in 2001 of the report
“Animal to-Human Transplantation: Should Canada Proceed? A Public
Consultation on Xenotransplantation” [35]. The government was not primarily
looking for approval, but was experimenting in strengthening democracy in health
policy. The initiative shaped the role of citizens as “lay scientists”, by providing
them with the relevant information on xenotransplantation and waiting for their
informed opinions. After a long and articulated process involving several delib-
erative experiences, citizens ended up by arguing that “Canada should not pro-
ceed” [35], thus challenging the so-called “knowledge deficit model” [36].
According to this model, uninformed people tend to disagree with science, while
well-informed people tend to agree with it. Canadians reversed this theoretical
assumption: having started with a favorable position towards xenotransplantation,
the more they knew about its complexities and risks, the less ready they became
in accepting it as a viable option. Though not opposed in principle, citizens argued
that scientists and the health industry should more clearly demonstrate that ben-
efits would outweigh risks, asking for continued public discussion on
xenotransplantation.

In 2001, the Australian National Health and Medical Research Council (NHMRC)
established a Working Party to provide advice on the scientific and normative
aspects of xenotransplantation, to produce guidelines on clinical trials, and to con-
sult with the community. In the next 2 years, an informed community discussion
was organized [37, 38]. The Australian initiative was quite critical of the Draconian
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safety measures introduced by other regulations, arguing that a challenging technol-
ogy cannot primarily rely on patients’ constraints and infringement of fundamental
human rights: this does not correspond to sound science. Compulsory measures
should not be used as a surrogate for scientific evidence of safety; therefore, “inves-
tigators should provide sufficient evidence of safety to show that there is no undue
risk to the community if some participants choose to leave the trial” [37]. The final
document suggested that Australian socially responsible scientists and citizens
should cooperate to keep the community safe even if some patients may not comply
with safety measures.

The results of both participatory exercises were disparate. After Canadians asked
the government not to proceed with xenotransplantation, the government went back
to a more science-based policy and set up an expert working group to further ana-
lyze the situation.

Australia accepted its citizens’ concern about xenotransplantation, and in
2004 adopted a 5-year moratorium [39]. At the end of 2009, however, the
Australian government expressed a favorable inclination toward proceeding with
xeno-cell therapies, looking at the EU framework on Advanced Therapies [40] as
a reassuring template that “risks, if appropriately regulated, are minimal and
acceptable” [41].

In 2005 a more limited public consultation among the Maori population took
place in New Zealand on the acceptability of a single clinical trial proposed by
Living Cells Technology (LCT), a biotech company [42]. The trial concerned the
implant of alginate encapsulated porcine islet cells into 8 type 1 diabetic patients
[43]. Despite a long international controversy, the results of the consultation turned
out favorable to xenotransplantation and to the proposed trial, also because the
Maori felt that their opinion about innovative technologies had been taken into
account by the government. Eventually, the New Zealand Minister of Health autho-
rized the trial [44] that took place in 2009 [45].

The World Health Organization (WHO) attributed international recognition to
these democratic experiences. Since the late 1990s the WHO had been very active
in the field of xenotransplantation regulation [46]. In the early 2000s the increased
threats of pandemics [47], and the risks of ‘xeno-tourism’ (patients traveling to
countries where transplants can be easily performed without controls) [48] made the
global situation more challenging. In 2004 the WHO warned against the absence of
regulatory frameworks in countries where unauthorized experimentation could take
place [49].

Finally, in 2008 the WHO Changsha Communiqué, following the first ‘Global
Consultation on Regulatory Requirements for Xenotransplantation Clinical Trials’
held in China, published a refined general framework and explicitly endorsed a
democratic governance of xenotransplantation [50]. After having set the existence
of effective regulatory frameworks as an essential condition to legitimately proceed
with XTx, the WHO added that “the regulatory system should be transparent, must
include scientific and ethical assessment and should involve the public” [50]. The
Second and Third WHO Global Consultation of 2011 and 2018 have confirmed the
same principles [51, 52].
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Debating the Public Dimension: Publics or Citizens?

The roles of non-experts in contributing to public discussion in science policy has
been at the core of philosophical, sociological, and political analysis in the past two
decades [53, 54] and has been widely debated in the context of xenotransplantation.
Xenotransplantation represents an outstanding case of how theories and techniques
about making sense of the “public” have changed through time, and how diverse
perspectives have fought against each other in order to have the specific attitudes of
certain groups to represent the views of the general public.

The first inquiries about public feelings towards xenotransplantation are espe-
cially relevant in order to understand the evolution of the public’s role. They began
in the early 1990s, when the potential for genetic engineering of pigs to partially
overcome the issue of hyperacute rejection of their cells and tissues made clinical
trials more safely feasible and realistically close. In 1993 a US Gallup poll reported
51% acceptance among 6127 people asked through a telephone survey whether they
would accept an animal organ if a human organ was not available [55]. Very quickly
the issue of public response became highly debated and controversial. In 1995 and
again in 1997 and 1998 [56, 57, 58] a group of Australian researchers, while recog-
nizing the relevance of xenotransplantation, made the point that accurate and exten-
sive analysis of public attitudes was “mandatory” to avoid replicating the problems
already raised by human organ transplantation. According to the group, public atti-
tudes “will undoubtedly determine whether or not xenotransplantation gains general
acceptance” [58].

Through a questionnaire in Australian hospitals the researchers reported high
rates of aversion to xenotransplantation among 1956 acute care nurses (only 19% in
favor of animal organs) and also from a group of 113 patients with renal diseases or
in dialysis waiting for a kidney transplants (42% willing to receive a nonhuman
organ). The reasons for aversion were not specified and the interpretation of data
remained open to different interpretations, with some authors arguing that 40% did
not show aversion, but was a positive result [59]. The Australian data was not con-
tested, but most researchers in the field reacted by providing their findings in sup-
port of xenotransplantation. The skepticism of Australian patients was immediately
contrasted by a survey in the United Kingdom (UK) reporting the “scientific enthu-
siasm” (78% willing to receive a nonhuman organ) of 850 patients with renal failure
[60]. The initial debate on public attitudes and its relevance for xenotransplantation
to proceed suddenly became a war of numbers and regional attitudes (UK and US
against Australia). In 1997, after evidence showed human cells infected in vitro with
PERVs [24], quantitative analyses of xenotransplantation rapidly grew in scientific
journals, where survey and attitude literature had already earned a relevant space
that has constantly expanded since. The main purpose for these sociological
approaches has been, and still is, measuring the strength of public support for xeno-
transplantation, and sometimes also providing implicit forms of advertisement to it.
Here the “knowledge deficit model” is often assumed: namely, that the more knowl-
edgeable, aware, and educated the public, the more willing they are to accept xeno-
transplantation [36].
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Besides providing an understanding of public feelings (or perceptions, attitudes,
etc.) towards the new technology, this vast literature also introduced a wide range of
“publics” by constructing a variety of different relevant fractions of the population
(nurses, students, people with religious beliefs, etc.) [61, 62, 63]. In fact, if initial
consideration was primarily given to patients, their contacts, health personnel, and
students in medicine, the focus has widened to include several stakeholders and
non-stakeholders (individuals without a precise interest in the subject), including
religious groups, non-Western countries, minorities, disadvantaged and under-
represented communities [64]. Through the years, research on public attitudes has
substantially changed both with an increased opening to multiple sociological
approaches and a more complex vision of the public [65].

Moreover, new research methods have been framed that compare different ways
of engaging lay-people and scientists, with individuals retrospectively reflecting on
their initial positions and how these have changed through the participatory pro-
cess [66].

Still, a divide seems to remain between these exercises and the forms of public
consultation launched in Canada and Australia. The two different categories of
research have been described as “one-way” and “two-way” communication: one
aimed at collecting information from the public, the other providing room for dia-
logue and discussion between scientists and the public [36].

Though with subtleties, the former remains “descriptive”—or should remain as
numbers may be used to express tendencies—the latter is meant to produce “norma-
tive” suggestions. Indeed, “How do specific fractions of the public perceive xeno-
transplantation?” and “What do citizens suggest when addressed as potential
co-regulators?” highlight different ways of looking at how innovation should legiti-
mately take place.

Publics can be seen as objects of research, with quantifiable positive and negative
attitudes towards XTx; but they can also be empowered as subjects of decisions.

In the mid-2000s the “momentum” for large public involvement was over, but the
Canadian and Australian participatory experiences continued, developing toward
broader institutional forms of public involvement. Canada has kept working on pro-
viding opportunities for citizens to participate in decision-making processes, espe-
cially in the field of health. In doing so, Health Canada has clarified and codified the
language of public involvement. According to the current Guidelines on Public
Engagement, the term “public” refers to “any individual or unorganized group (...)
that is interested in or affected by, or has the potential to be affected by, an issue,
decision or action”. The word “citizen” is not explicitly defined, but is subsumed in
the term “Canadians”. Also, two different ways of addressing the public are defined.
First, “public engagement” refers to planned ‘two-way’ (bidirectional) discussions
with all individuals, organizations, or groups affected by the decision-making.
Second, “public opinion research” (POR) concerns the planned, ‘one-way’ system-
atic collection of opinion-based information of any target audience using quantita-
tive or qualitative methods and techniques such as surveys or focus groups [67]. The
two different categories of public involvements—the former based on dialogues,
discussions, and fora; the latter based on expressions of opinions—far from
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excluding each other, are instead deemed complementary for better regulation and
decision-making.

Australia has also devoted a big effort towards grounding participatory exercises
in a vision of political philosophy, with National Action Plans “jointly developed by
Government and Civil Society to help make Governments more transparent,
accountable and publicly engaged” [68]. In this vision the concept of “public” has
been reframed as “the citizens” “whose agency matters”; and “concepts such ‘co-
creation’ and ‘co-production’ have been introduced to describe this systematic pur-
suit of sustained collaboration” between institutions, communities, and individual
citizens, towards “a citizen-centric public service” [69].

Responsible Collaboration and Commitment: Merging
Individual and Public Health After COVID-19

Xenotransplantation can be properly defined as a re-emerging technology since it
has appeared and reappeared through time with increasingly adequate answers to
problems of both feasibility and reduction of risks. In the 2010s successful develop-
ments with xenocell therapies seemed to allow overcoming several obstacles, with
more harmonized regulatory approaches, and more manageable and acceptable
risks [70, 71]. However, some disruptive factors in the recent times seem to have
wiped out this reassuring landscape. COVID-19 unveiled a general lack of pre-
paredness (even though the outbreak of a pandemic has been long expected); and
the xenotransplantation scientific community was again confronted with assessing
known and novel risks, while coping with supposedly skeptical public reactions [72,
73]. Then, toward the end of 2021 and the beginning of 2022, some partially unex-
pected experimental procedures with xeno-organs have revamped interest in
xenotransplantation.

Three procedures were performed on brain dead subjects (two at NYU Langone
Transplant Institute and one at the University of Alabama at Birmingham) [74, 75],
and one on a living patient with end stage heart failure (at the University of Maryland
School of Medicine) [76]. While the cases showed substantial progress in dealing
with hyperacute rejection and added knowledge about the proper functioning of
xeno-organs [77], they also renewed questions and concerns. But, while the ethical
and social aspects of research on brain dead subjects have been already discussed in
recent years and consensus has been reached about the ethical conditions that should
be met in order to proceed [78], the xeno-heart transplant in a living patient, although
authorized, was received in bewilderment. Commentators have harshly criticized
the acceptability of informed consent, the absence of ethical approval due to the
emergency situation, the authorization justified as compassionate use, and the com-
plete absence of public awareness (not to mention public discussion) [79].

How has the role and meaning of the public dimension changed under the current
circumstances? Reflection on, and practice of, the relations among institutions,
researchers, and citizens have evolved greatly in the past few years. The overall
perspective resulting from this evolution has led to making the most of both research
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on public opinions and the dialogues with citizens. Currently, from the perspective
of better innovation policy, both strategies can concur in gaining knowledge and
building trust, and have become synergic factors towards improving the quality of
decision making. On the one hand, research on public attitudes has the potential to
add relevant knowledge on social acceptance of xenotransplantation by exploring
the new issues raised by the recent experimental procedures. People, for example,
could be asked: (a) if they were surprised or not by these forms of experimentation;
(b) if they think that xenotransplantation is still a big challenge; (c) under which
circumstances it could become a standardized treatment. On the other hand, it has
been observed that the recent cases of experimental procedures reveal the relevance
of public involvement for xenotransplantation to proceed as a widely accepted tech-
nology. “Increased public awareness and full transparency during clinical trial plan-
ning and execution will be needed to generate support for organ xenotransplantation
trials” [77]. Surveying the public and creating awareness through an open dialogue
represent converging strategies in legitimizing innovation.

Moreover, as uncertainties are concerned, the COVID-19 experience has pro-
vided relevant insights and practical evidence. What democratic societies have been
experiencing is a collective learning process—involving regulators, experts, and
citizens—in adequately absorbing knowledge and implementing it in daily behav-
ior [80].

The crisis has shown that citizens’ accurate understanding and implementation
of scientific knowledge in everyday life have been at the core of infections contain-
ment strategies. Since the beginning of the pandemic citizens have been asked to
acquire a lot of information about behaving safely in every aspect of their daily
life: from washing hands to properly wear, and dispose of, masks; from keeping
adequate distance to properly manage safety protocol at home or at work; from
interpreting their symptoms to implementing procedures of self-isolation and
quarantine.

All these new knowledge and practices require reciprocally trusted relations
from both institutions and citizens. Institutions can offer clear and reliable informa-
tion and have to rely on lay people’s ability to adopt and properly use it with a cru-
cial impact on keeping social life safe. But institutions are also learning from their
collaborations with citizens. Several activities of so-called “citizen science” have
been launched, for example, by the US National Institutes of Health (NIH), asking
patients to collect evidence on long-haul COVID-19 for further studying the disease
[81]. Collaborative research has become common in several fields [82, 83] and,
increasingly, lay individuals are expected to properly manage sophisticated knowl-
edge and technology. As some scholars in science policy commented, “the whole
world becomes an extended peer community”, because the appropriate behavior
and attitudes of populations become crucial for a successful response to the virus
[84]. The experience of COVID-19 showed that risks already are a daily part of
contemporary life and that living with uncertainties has been largely acquired ratio-
nally and even emotionally. This is more than just expressing a hypothetical opinion
or participating in a consultation exercise on new technologies. This is about how
people live with risks.
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Collaborative knowledge and exchange of knowledge make risks constantly rede-
fined, clearer, and more manageable. This collaboration concerns also xenotransplan-
tation that is no longer unique and can be performed in highly controlled environments.
For instance, patients and their contacts can manage knowledge, perform complex
tasks, and can be early “sensors” and “interpreters” of conditions and symptoms in
relation to potential adverse events; the public can be supportive of collective forms of
experimental procedures in a climate of full legitimacy, clarity, and transparency.

Some Provisional Conclusions for a Work in Progress

This chapter summarized the meaning and evolution of the roles of the public in
xenotransplantation, and its broader connection to transplantation. These roles have
been associated with public support of new technologies, acceptance of potential
and potentially unknown risks, better regulation, harmonizing individual and public
health, more transparent and legitimate public decisions. These multiple roles have
been assessed through a variety of methodological tools, from measuring public
attitudes to launching public dialogues.

However, the seemingly big divide among these different approaches in making
sense of how people should get involved in xenotransplantation is becoming, at least
practically, blurred as these approaches increasingly appear complementary in the
actual governance of risks.

A wide convergence exists in thinking that conditions of scientific uncertainty
need to be opened up and shared to achieve better “preparedness” in protecting indi-
vidual and public health as a matter of safety and solidarity as civic commitments.

In highlighting the role of public education on transplants, it has been observed
that “(t)he decision of an organ donor is one of the most important and significant
behavior of a current world citizen” [8]. From this perspective—even though other
medical technology may emerge and result as more viable—transplantation and
xenotransplantation similarly show the connection between individual and public
health as a civic commitment toward safety and solidarity.

The COVID-19 experience has strengthened this perspective. Current demo-
cratic societies can be defined as “democracies of experience”. The active search for
an improved quality of public decision making has thus moved from theoretical
exercises to involve citizens toward the actual experience of deeper meanings of
citizenship, requiring collaboration, responsibility, and commitment from and
among all parts of the society [85].
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