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Introduction

In the past two decades, doubts toward vaccines add-such as the belief that vaccines cause autism -have become an increasingly important global public health issue, putting the public at risk of epidemics of diseases such as measles [START_REF] Larson | The state of vaccine confidence 2016: global insights through a 67country survey[END_REF]. Nowhere has this trend been as spectacular as in France. In the past ten years, France has become one of the most vaccine hesitant countries in the world, with up to 40% of the population doubting the safety of at least some vaccines [START_REF] Larson | The state of vaccine confidence 2016: global insights through a 67country survey[END_REF][START_REF] Rey | Vaccine hesitancy in the french population in 2016, and its association with vaccine uptake and perceived vaccine risk-benefit balance[END_REF]. This rather sudden phenomenon has been all the more surprising that France does not have a long history of resistance towards vaccines, contrary to countries such as Great Britain or the United States of America [START_REF] Moulin | L'Aventure de la vaccination[END_REF]. The first major vaccine scare only emerged at the end of the 1990s, targeting the Hepatitis B vaccine. However, doubts have really become widespread since 2009 with the multiplication of vaccine-related controversies around the safety of vaccines against the pandemic flu, human papillomaviruses, and the use of aluminum-based adjuvants [START_REF] Ward | Why france is making eight new vaccines mandatory[END_REF]. Because of the relative suddenness of the rise of doubts and their widespread nature, the French context sheds a unique light on the different pieces of the vaccine hesitancy puzzle. The spread of vaccine hesitancy always has multiple causes [START_REF] Dubé | Vaccine hesitancy: an overview[END_REF][START_REF] Peretti-Watel | Vaccine hesitancy: clarifying a theoretical framework for an ambiguous notion[END_REF][START_REF] Marshall | Vaccine hesitancy, history, and human nature: The 2018 stanley a[END_REF]. But one explanation dominates the literature on vaccine hesitancy in France and in the other developed countries.

Researchers have presented this trend as the effect of a resurgence of the antivaccine movement. This explanation boils down to the following argument. From their inception, vaccination campaigns have generated activists add -people who devote time and resources to convince other people and/or obtain policy changes often as part of collectives -who reject the science behind vaccines add(i.e. antivaccinationist) [START_REF] Poland | The age-old struggle against the antivaccinationists[END_REF][START_REF] Dubé | Vaccine hesitancy, vaccine refusal and the antivaccine movement: influence, impact and implications[END_REF]. In the past decade, the Internet has made it easier for them to unite, organize, and spread their arguments. The Internet has therefore given new weapons to the enemy in what is still the "age-old struggle against antivaccinationists" [START_REF] Poland | The age-old struggle against the antivaccinationists[END_REF]. This would explain the diffusion of doubts in the population [START_REF] Betsch | Opportunities and challenges of web 2.0 for vaccination decisions[END_REF][START_REF] Getman | Vaccine hesitancy and online information: The influence of digital networks[END_REF][START_REF] Smith | Mapping the anti-vaccination movement on facebook[END_REF]. However, this explanation is challenged by reports coming from the United States of America, Great Britain and France. Specialists of vaccination have noted the growing success of critics who present themselves as different from antivaccinationists, using slogans such as "green our vaccines", phrases such as "I am not antivaccine but. . . " and promoting so-called "alternative vaccination schedules" [START_REF] Reich | Calling the shots: Why parents reject vaccines[END_REF][START_REF] Ward | Rethinking the antivaccine movement concept: a case study of public criticism of the swine flu vaccine's safety in france[END_REF][START_REF] Kata | A postmodern pandora's box: anti-vaccination misinformation on the internet[END_REF][START_REF] Kirkland | Vaccine court: the law and politics of injury[END_REF][START_REF] Hobson-West | trusting blindly can be the biggest risk of all': organised resistance to childhood vaccination in the uk[END_REF]. It is possible to account for these public stances without abandoning the "age-old struggle against antivaccinationists" theory. These more moderate forms of criticism could reflect a shift in antivaccinationist activists' communication strategies. Indeed, it has been shown that in more public settings, some antivaccininationists tend to favor arguments centered on additives and the alleged risks of specific vaccines, keeping their radical critique for more private settings such as activist assemblies or the less immediately visible pages of their websites [START_REF] Ward | Rethinking the antivaccine movement concept: a case study of public criticism of the swine flu vaccine's safety in france[END_REF][START_REF] Kata | A postmodern pandora's box: anti-vaccination misinformation on the internet[END_REF][START_REF] Kirkland | Vaccine court: the law and politics of injury[END_REF]. These less radical arguments would therefore merely be rhetorical tools, used by some activists as a gateway to the age-old ideology common to all vaccine critics: radical rejection of vaccination and modern science. However, qualitative studies have suggested that some vaccine critical groups never criticize the principle of vaccination, publicly praising most existing vaccines and actively distancing themselves from proponents of alternative medicines and conspiracy theories [START_REF] Ward | Rethinking the antivaccine movement concept: a case study of public criticism of the swine flu vaccine's safety in france[END_REF][START_REF] Hobson-West | trusting blindly can be the biggest risk of all': organised resistance to childhood vaccination in the uk[END_REF][START_REF] Johnston | The politics of healing: Histories of alternative medicine in twentiethcentury North America[END_REF]. A competing explanation of these public stances would therefore be that vaccines are being taken on by new activists, fighting for less radical ideologies such as consumer rights or environmental health [START_REF] Ward | Rethinking the antivaccine movement concept: a case study of public criticism of the swine flu vaccine's safety in france[END_REF][START_REF] Blume | Immunization: how vaccines became controversial[END_REF][START_REF] Conis | Vaccine Nation: America's changing relationship with immunization[END_REF]. Their public stance of distancing themselves from antivaccinationists would therefore be genuine, making them all the more dangerous that their arguments can be perceived as more credible.

It is important to determine whether vaccine critics compose a united front of radicals or a fragmented landscape comprising mainstream social actors. Activists' arguments on vaccines and which political or cultural discourses they are anchored in determine a) whether activists work together and use their limited resources effectively, b) whether their arguments are deemed credible enough by journalists to warrant large exposure, and c) which sections of the public will be convinced by them [START_REF] Marshall | Vaccine hesitancy, history, and human nature: The 2018 stanley a[END_REF][START_REF] Snow | The Blackwell companion to social movements[END_REF][START_REF] Frickel | The new political sociology of science: Institutions, networks, and power[END_REF].

In this paper, we confront these two explanations by mapping the network of Frenchspeaking vaccine-critical activists. We approach these activists via the contents of their websites (text and hyperlinks). We analyze a sample of 254 websites built via a snowballing technique (for details, see materials and methods). We qualitatively coded these websites using a typology of vaccine critics inspired by existing studies [START_REF] Ward | Rethinking the antivaccine movement concept: a case study of public criticism of the swine flu vaccine's safety in france[END_REF][START_REF] Hobson-West | trusting blindly can be the biggest risk of all': organised resistance to childhood vaccination in the uk[END_REF]. This typology is based on two sets of distinctions (table 1) :

• between actors who reject any form of vaccination (radicals) and those who only criticize some (reformists);

• between actors for whom vaccination is only one among many subjects of interest and those who focus on vaccination.

The latter distinction draws on a classical dichotomy in sociology of social movements between single and multi-issue organizations, the latter being able to push forward specific issues by bundling them together and integrating them to a broader ideology [START_REF] Van Dyke | Strategic alliances: Coalition building and social movements[END_REF]. The public endorsement of Andrew Wakefield's false claims by prominent politicians such as Donald Trump is a typical example of the connection between single and multi-issue activisms. We also identified the websites promoting alternative medicines and conspiracy theories -two cultural traits commonly associated with antivaccinationism -and those created by doctors and elected officials because the former tend to be seen as more trustworthy and the latter are able to touch a

Vaccine-focused

Single-issue radicals (SIRA) Single-issue reformists (SIRE) Not vaccine-focused Multi-issue radicals (MIRA) Multi-issue reformists (MIRE) Table 1: Typology of vaccine critics wide public [START_REF] Marshall | Vaccine hesitancy, history, and human nature: The 2018 stanley a[END_REF][START_REF] Kata | A postmodern pandora's box: anti-vaccination misinformation on the internet[END_REF]. By combining this qualitative coding, the analysis of the citation patterns between our websites and a measure of their mentions in most French-speaking mainstream media (see materials and methods), we tested three hypotheses deriving from the two explanations presented above. H1: Our first hypothesis was that there are actors who only criticize a limited number of vaccines and not vaccination in general ("reformists"). H2: Our second hypothesis was that reformists keep themselves at a distance from antivaccinationists ("radicals") and do not interact with them. H3: Our third hypothesis relates to the importance of these various actors in the rise of controversies in the media. We hypothesized that reformists were the only ones to be highly visible in the media. H1 and H3 were fully corroborated and H2 only partially.

We found that some reformists, including the most visible activists in the media, do maintain a rift between them and radicals. But we also found that some reformists are deeply embedded in the network of radicals, suggesting that their position reflects a choice of communication strategy rather than a real ideological difference with radicals.

The diversity of vaccine critics

As early as the beginning of the 19 th century, antivaccine movements across the global North coalesced a wide variety of actors. They were brought together either because vaccination was incompatible with their medical philosophies or because they were against the idea of the state intervening in the public's health. The principle of vaccination was discovered in 1796 by Edward Jenner. From then on, this public health practice has regularly met with resistance.

During most of the 19 th century, vaccination mainly consisted in creating a small wound on someone's arm and applying on it some lymph extracted from a cow or a human infected with a weaker form of smallpox [START_REF] Fressoz | L'apocalypse joyeuse. Une histoire du risque technologique[END_REF]. This practice ran counter to some deeply entrenched conceptions of health held not only by the public, but also by some of the most prominent doctors of the time. Let us not forget that the science behind the principle of vaccination was only settled around the end of the 19 th century with decisive advances in microbiology. The nature and efficiency of vaccination was therefore not only a subject of debate outside of the scientific world but also inside of it -even if more and more marginally as the decades passed. A wide variety of medical practitioners and proponents of medical philosophies were found among the antivaccination movements of the 19 th century and early 20 th century. They comprised doctors who abided with the medical theories evicted from mainstream science such as various forms of vitalism and interpretations of the theory of humours [START_REF] Moulin | L'Aventure de la vaccination[END_REF][START_REF] Johnston | The politics of healing: Histories of alternative medicine in twentiethcentury North America[END_REF][START_REF] Fressoz | L'apocalypse joyeuse. Une histoire du risque technologique[END_REF][START_REF] Durbach | Bodily matters: The anti-vaccination movement in England, 1853-1907[END_REF][START_REF] Vignaud | ANTIVAX. La résistance aux vaccins du XVIIIe siècle à nos jours[END_REF]. But they also included many defenders of alternative medicines such as homeopathy, chiropraxy and naturopaths [START_REF] Johnston | The politics of healing: Histories of alternative medicine in twentiethcentury North America[END_REF][START_REF] Durbach | Bodily matters: The anti-vaccination movement in England, 1853-1907[END_REF][START_REF] Vignaud | ANTIVAX. La résistance aux vaccins du XVIIIe siècle à nos jours[END_REF]. Arguments against the scientific principle of vaccination also came from members of other social movements centred on health and medicine such as Christian Science and antivivisectionnism [START_REF] Johnston | The politics of healing: Histories of alternative medicine in twentiethcentury North America[END_REF][START_REF] Durbach | Bodily matters: The anti-vaccination movement in England, 1853-1907[END_REF][START_REF] Vignaud | ANTIVAX. La résistance aux vaccins du XVIIIe siècle à nos jours[END_REF][START_REF]The Politics of Vaccination: A Global History[END_REF]. According to these activists' medical philosophies, vaccination is dangerous because either a) viruses play a minor role in the person's health and pharmaceutical interventions interfere with the natural balance of the body; b) this intervention interferes with God's plans for each one of us; or c) it violates each person's purity by introducing fluid from other persons or species. Proponents of alternative medicine are still found among the most prominent contemporary deniers of the science of vaccines. For instance, studies performed on English-speaking websites, on participants to debates around the 2009 pandemic flu vaccination campaign in France, to debates around the link between autism and measles vaccination in England and the United States of America have showed a strong presence of defenders of radical forms of homeopathy and naturotherapy, of crystal healing and of new age medicine -to name just a few [START_REF] Reich | Calling the shots: Why parents reject vaccines[END_REF][START_REF] Ward | Rethinking the antivaccine movement concept: a case study of public criticism of the swine flu vaccine's safety in france[END_REF][START_REF] Kata | A postmodern pandora's box: anti-vaccination misinformation on the internet[END_REF][START_REF] Kirkland | Vaccine court: the law and politics of injury[END_REF][START_REF] Hobson-West | trusting blindly can be the biggest risk of all': organised resistance to childhood vaccination in the uk[END_REF]. The study of contemporary forms of vaccine criticism in the English and French speaking world has also shown that many activists who reject vaccination come to this issue via their interest for politically radical ideologies such as extreme forms of libertarianism and environmentalism, fascism and conspiracy theories [START_REF] Ward | Rethinking the antivaccine movement concept: a case study of public criticism of the swine flu vaccine's safety in france[END_REF][START_REF] Kata | A postmodern pandora's box: anti-vaccination misinformation on the internet[END_REF][START_REF] Johnston | The politics of healing: Histories of alternative medicine in twentiethcentury North America[END_REF][START_REF] Vignaud | ANTIVAX. La résistance aux vaccins du XVIIIe siècle à nos jours[END_REF][START_REF] Attwell | do-it-yourself": Vaccine rejection and complementary and alternative medicine (cam)[END_REF][START_REF] Navin | Values and Vaccine Refusal: Hard Questions in Ethics, Epistemology, and Health Care[END_REF]. This is not new either. Historians working on the British antivaccine movement of the second half of the 19 th century and on the American movements of the first half of the 20 th century have also found this connection with political movements who deny any legitimacy to the State and its institutions [START_REF] Durbach | Bodily matters: The anti-vaccination movement in England, 1853-1907[END_REF][START_REF] Colgrove | State of immunity: the politics of vaccination in twentieth-century America[END_REF][START_REF] Johnston | The radical middle class: Populist democracy and the question of capitalism in progressive era Portland[END_REF].

But to understand the rise of vaccine-related controversies and of vaccine hesitancy, it would be a mistake to focus solely on these radical critiques of vaccination in general. Indeed, this tendency in the public health literature to concentrate on the most exotic types of discourses (see for instance [START_REF] Poland | The age-old struggle against the antivaccinationists[END_REF]) diverts attention from the many instances when criticism of vaccines has dovetailed with legitimate ethical and political concerns [START_REF]The Politics of Vaccination: A Global History[END_REF][START_REF] Fairhead | Vaccine anxieties: global science, child health and society[END_REF]. The British antivaccine mobilisations of the 19 th century were largely embedded in a wider movement against the Victorian State's government of poverty [START_REF] Durbach | Bodily matters: The anti-vaccination movement in England, 1853-1907[END_REF][START_REF] Durbach | they might as well brand us': working-class resistance to compulsory vaccination in victorian england[END_REF]. The great anti-vaccine riots of the 1900s in Brazil were also a response to the unfair treatment of the poor and minority groups [START_REF] Löwy | Les politiques de vaccination au brésil: entre science[END_REF][START_REF] Meade | civilizing rio de janeiro": the public health campaign and the riot of 1904[END_REF]. In both cases, the connection with more mainstream political issues of the time came from the integration of these issues in vaccine critics' discourses but also to relationships built between the central actors of the vaccine critical movement on the one hand, and, on the other, political activists and politicians. This connection helped vaccine critics gain a wider audience and led to vaccination becoming a central issue in the political discussions of the time. This was also the case in vaccine critical mobilisations in the United States between the 1970s and 1980s. Vaccine critical activists created connections with feminist movements and the consumer rights movement. They adopted new types of arguments as well as new forms of collective action which led to public debates over the safety of the Diphteria Tetanus and Pertussis vaccine in the early 1980s [START_REF] Conis | Vaccine Nation: America's changing relationship with immunization[END_REF]. In most of these cases, the implementation of mandatory vaccination has facilitated this connection between activism centred on vaccination and wider and more mainstream political movements. Next to these less radical political arguments, recent scholarship has also underlined the importance of investigating the diverse forms of medical arguments used by vaccine critics that go beyond the simple rejection of the principle of vaccination. Elena Conis insists on the evolution of the definition of "nature" by vaccine critical activists after the Second World War [START_REF] Conis | Vaccine Nation: America's changing relationship with immunization[END_REF]. She shows that early vaccine critics saw vaccines as un-natural simply because they were man-made and elicited an "artificial" form of immunity. But recent critics tend to focus more on the various chemicals contained in vaccines in a context where the environmental movement has sensitised a large part of the public to the risks of chemicals in domains such as food and agriculture (see also [START_REF] Reich | Calling the shots: Why parents reject vaccines[END_REF][START_REF] Davidovitch | Negotiating dissent: homeopathy and anti-vaccinationism at the turn of the twentieth century. The politics of healing: histories of alternative medicine in twentiethcentury North America[END_REF]. In her book on current rejection of vaccines in the United States, Jennifer Reich describes the emergence of a "slow vax movement" pushing forward the idea that children get too many vaccines too soon in their life and rallying behind an "alternative vaccination schedule" [START_REF] Reich | Calling the shots: Why parents reject vaccines[END_REF]. These forms of critique do not imply a rejection of the principle of vaccination and other studies of contemporary vaccine-critical movements have described the existence of such actors who only criticise some vaccines, some products contained in vaccines or some aspects of vaccination policies [START_REF] Ward | Rethinking the antivaccine movement concept: a case study of public criticism of the swine flu vaccine's safety in france[END_REF][START_REF] Hobson-West | trusting blindly can be the biggest risk of all': organised resistance to childhood vaccination in the uk[END_REF][START_REF] Davidovitch | Negotiating dissent: homeopathy and anti-vaccinationism at the turn of the twentieth century. The politics of healing: histories of alternative medicine in twentiethcentury North America[END_REF].

This less radical positioning is understandable given the evolution of vaccination in the past century. Vaccines have increasingly become the symbol of scientific progress and rejecting vaccines as a whole leads to being publicly labelled as anti-science [START_REF] Blume | Immunization: how vaccines became controversial[END_REF][START_REF]The Politics of Vaccination: A Global History[END_REF][START_REF] Fairhead | Vaccine anxieties: global science, child health and society[END_REF]. The terms "antivaccinationist" or "antivaxxer" have become a stigmatising label all critics grapple with in their quest to gain new followers and resources, obtain the abrogation of legal mandates or benefit from compensation schemes for purported side effects caused by vaccines [START_REF] Capurro | Measles, moral regulation and the social construction of risk: Media narratives of "anti-vaxxers" and the 2015 disneyland outbreak[END_REF][START_REF] Ward | Les «antivaccins», figure de l'anti-science[END_REF]. Work on groups of purported victims of vaccines formed in the past 30 years in the US, in France and in Great Britain has shown that because their main goal is to obtain financial compensation, they have to appear credible in court. This entails avoiding being labeled as vaccine science deniers and therefore focusing on arguments that only target a specific vaccine or product contained in vaccines [START_REF] Kirkland | Vaccine court: the law and politics of injury[END_REF][START_REF] Hobson-West | trusting blindly can be the biggest risk of all': organised resistance to childhood vaccination in the uk[END_REF][START_REF] Ward | Vaccine criticism on the internet: propositions for future research[END_REF]. Such a positioning is also necessary for these groups of purported victims in order to form alliances with actors from mainstream political parties or social movements.

In his study of French mobilisations against the 2009 pandemic flu vaccine and the use of aluminium-based adjuvants, Jeremy K. Ward shows that the ability of a group of purported victims of adjuvants to organise acts of protest with prominent members of the environmental health movements and the French Green party helped them feature regularly in France's main news outlets in the past 10 years (4, 14). To better understand their ability to bear on public debate and policies, Ward proposes a framework classifying the various types of vaccine-critical actors. Following Pru Hobson-West (Hobson-West, 2007), he proposes to distinguish between actors who reject all vaccines ("radicals", members of "antivaccine movements") and those who only criticise some ("reformists", members of "vaccine critical movements"). He also proposes to distinguish between actors whose main focus is vaccines ("single-issue" vaccine critics such as groups of purported victims of vaccines) and those for whom vaccines are only one element in their repertoire of issues ("multi-issue" vaccine critics). This labelling of actors allows to map out the variety of social movements commonly lumped together in studies "of antivaccine movements". Drawing on the existing literature on moderate forms of vaccine-critical activism and vaccine hesitancy, he then makes explicit the hypothesis that "reformist" vaccine critics rather than "radicals" are at the inception of the large-scale vaccine scares of the past decades in the global North [START_REF] Ward | France's citizen consultation on vaccination and the challenges of participatory democracy in health[END_REF]. This hypothesis is not the only one that needs testing. Social scientists seem to disagree on the genuineness of these "reformist" stances. Are cries of "I'm not an antivaxxer but" just a rhetorical strategy destined to hide a more radical agenda [START_REF] Kata | A postmodern pandora's box: anti-vaccination misinformation on the internet[END_REF][START_REF] Kirkland | Vaccine court: the law and politics of injury[END_REF], or are they genuine and accompanied by a refusal to participate in common actions and to be seen together [START_REF] Davidovitch | Negotiating dissent: homeopathy and anti-vaccinationism at the turn of the twentieth century. The politics of healing: histories of alternative medicine in twentiethcentury North America[END_REF][START_REF] Ward | Vaccine criticism on the internet: propositions for future research[END_REF] ?

We studied a corpus of 254 French-speaking websites, selected based on a close-reading of their vaccine-related contents. We collected our database in the following way. During a period of approximately six years, we analysed the controversies pertaining to vaccines in Frenchspeaking countries via both qualitative and quantitative methods drawing on media contents, Google keywords searches and qualitative interviews (ANONYMOUS). This allowed the identification of 69 vaccine-critical websites, including those of all the prominent actors of these controversies. Using the Web crawler Hyphe (41), we analysed the external links of these websites, to see which sites were cited by this group. We obtained a list of 4485 websites. Following the standard methodology for the study of vaccine criticism on the internet, we excluded, non-French language websites, commercial websites, academic pages, libraries as well as media or media-related pages [START_REF] Kata | A postmodern pandora's box: anti-vaccination misinformation on the internet[END_REF]. For the remaining websites, we examined the pages containing vaccine-related keywords to determine whether they criticized at least one recommended vaccine. This crawling allowed to expand our initial sample to 254 French-speaking websites. We thus created a corpus of 27292 HTML pages and their external links collected between March, 23rd and March, 30th 2017.

Annotation of the pages

In a previous study (ANONYMOUS), we observed that machine learning could separate provaccine texts from vaccine-critical texts, but was unfortunately insufficiently reliable to distinguish reformist criticism from radical criticism. Here, we annotated the websites based on close reading of their pages dedicated to vaccines or vaccine-preventable diseases. Each website criticizing the very principle of vaccination, or 10 vaccines or more, was labeled "radical". Other websites were labeled "reformists". We read all the pages of each website until we found evi-dence of this radical stance. This means that reformist websites were read entirely while radical websites have sometimes been read only partially. Each website which had vaccines for main topic was labeled "single-issue". Websites for which vaccines were one issue among others were labeled "multi-issue". addA sample of 70 websites were coded by two of the authors (A2 and A3) to assess intercoder reliability (very satisfying: Krippendorff's α: 0.88 for the radical vs reformist annotation, 0.82 for the four-value typology). A2 and A3 each coded half of the remaining sample. Single issue websites were crawled entirely while we only crawled the pages dedicated to vaccination on multi-issue websites. This choice was made to avoid generating too many false positives to allow for our qualitative sampling procedure.

Addressing the commentary sections

Commentary sections allow anyone to publish material on another individual or groups' website, and in particular, to share hyperlinks. Yet, it does not mean in any way that the site's owner(s) agrees to these contents. In the case of a controversial topic such as vaccines, finding comments actually opposing the content of the page is very likely, which can bias our analyses.

Unfortunately, web crawlers are unable to distinguish the "commentary" sections from the rest of the page, as they can be coded in numerous and sometimes unpredictable ways. We therefore had to systematically read the HTML code of the 157 websites allowing comments on their pages. We identified the tags demarcating the beginning and ending of each website's "commentary" section, then systematically removed the comments and the associated links from our database.

Activists' visibility in the media

To assess our actors' visibility in the media, we drew on Europresse, a reference when it comes to studying not only the French press, but more globally the French-speaking press ( ( 42)). This database archives 1562 French speaking sources, including many print or online media from France, Belgium, Canada and Switzerland. We systematically looked for mentions of their names during a period ranging from January 1st, 1990 to April 1st, 2017 (after the end of our data collection) in French-Speaking print media. addThe year 1990 was a turning point in the history of vaccine critical movements in France. Following internal dissensions and a decade of decline, the main vaccine-critical organization (the National League for Vaccination Freedom), split in two, leading to a new era for vaccine-critical mobilisations [START_REF] Bertrand | Libertés individuelles et santé collective[END_REF]. We also drew on the INAthèque database which collects all television and radio sources in France and labels the sections with the names of the people appearing or being mentioned (Annex B).

Exponential Random Graph Models (ERGM)

We used Exponential Random Graph Models (ERGMs) [START_REF] Robins | An introduction to exponential random graph (p*) models for social networks[END_REF] to model the citation network between vaccine critical activists. In these models, the dependent variable is the structure of the network we study. To understand if a specific local pattern is a statistically significant phenomenon or not, the structure of the network studied is compared to a large series of simulated networks sharing the same basic properties. If the prevalence of the structure in the simulated networks is, on average, sufficiently different from the structure of the observed network, the phenomenon is deemed significant. The parameter estimates (Estimate in table 2) indicates whether a particular mechanism occurs more or less frequently than expected at random. Two structural terms were included in all our models. The propensity to post hyperlinks towards other vaccine critical websites was captured by the term edges, evaluating the number of ties, and thus, the relative density of the network. To evaluate the tendency of actors to cite a website that is citing them, i. e., the reciprocity of links in the network, we included the term mutual. Because of the particular form of this network, and notably because of its low density, we were unable to add other structural parameters such as triadic closure without inducing degeneracy [START_REF] Handcock | Assessing degeneracy in statistical models of social networks[END_REF].

Beyond structural patterns, our models helped us assess the importance of the specific attributes we defined. The first attribute was mostly a control attribute. In our corpus, the type of website observed could influence the citation behaviors. For instance, do individual bloggers cite indifferently other blogs and official websites of an association or political party ?

To capture this effect, we computed the propensity to form a link with a site of the same type (homophily according to website type" in all our models. We then tested three ways of grouping our actors together. The first model (Model 1) estimated the tendency of actors to post a hyperlink pointing towards a website of the same category in our typology of actors, without differentiating according to types (Homophily according to website positioning). In Model 2, we replicated the former model, but distinguish between radical actors and reformist actors (homophily between: radicals ; reformists). Model 3 proposed to refine even further, computing homophily for each sub-category of website (single-issue radicals / multi-issue radicals / single-issue reformists / multi-issue reformists).

Results

We found that radical websites compose a larger share of our sample (57.5% of websites) than reformists. Single-issue websites are significantly less frequent (6.3 % of single-issue radicals' websites, 5.5% of single-issue reformists' websites) than multi-issue websites.

Among our reformist websites, 20 were set up by doctors, four by purported victims of vaccines and 12 were the official pages of elected politicians and their political parties. Among the radical websites of our sample, we found no official website of elected politicians and only four were created by doctors. Proponents of alternative medicine and conspiracy theories could mostly be found among radicals (48 radicals vs 16 reformists for the former, 58 vs 7 for the latter).

An apparently cohesive community

The graph displaying all the links between those websites (fig. 2) does not seem to indicate a clear separation between radicals and reformists. The clustering index is rather low (0.25). Using the Louvain method for community detection [START_REF] Blondel | Fast unfolding of communities in large networks[END_REF] with standard resolution (1), we observed a rather small modularity (0.26), and 9 hardly homogeneous clusters. To get smaller and more interpretable clusters, we run the same Louvain algorithm with resolution 0.5 and detected 14 communities (new modularity: 0.2). (fig. 1)

The relatively high edgewise reciprocity (18%, compared to 3.5% in average for simulated networks with the same density and number of edges -S.I.2) could also lead us to think that all Communities are labeled with the most frequent "cultural attributes" when they represent a majority of the cluster's nodes, and not labeled otherwise .

vaccine critics are part of a rather cohesive group.

The organization of this seemingly cohesive community is not random. First, its most central nodes are mostly radical websites (fig. 2). We computed a rank prestige of all the edges, by weighting their indegree by the indegree of the sites citing them (Annex A). Its values show an unequivocal overrepresentation of radical websites, which constitute more than two thirds of the first decile for rank prestige. Among them, Single-Issue Radicals are particularly influent, representing 5 out of the top 10 websites for prestige, while they only represent 5.5% of the sample. (S.I.3 and fig. 2). The connections observed between websites also seem to follow a particular pattern. Exponential-Random Graph (ERGM) models show that, for a network with those properties, websites sharing the same type of position towards vaccines are excessively likely to be linked through at least one hyperlink (table 3). This effect is differentiated, and driven by the most radical members of our sample. Radical websites seem to be more likely to have links between one another. On the contrary, reformist websites are linked to more diverse contents. At first glance, we could thus think that vaccine critics form a coherent social movement: a sphere with a core of radical activists, drawn to conspiracy theories and supporting alternative medicines, spreading their ideas to less and less radical and invested actors.

The gap between Radicals and Reformists

However, this intuitive image of the antivaccine movement is misleading, and driven by the citing behaviour of single-issue radical websites. ERGM models show (table 2) that radical activists are indeed significantly and largely more active in citing compared to reformists. By creating numerous links, towards sites sharing their extreme views, but also towards reformist websites, they artificially aggregate the network around them.

When looking more closely at the citation patterns (fig. 3), we observe that reformist websites preferentially cite other sites of their own category. Most of their connections with radical This lack of reciprocity between reformists and radicals is particularly apparent when we focus on reciprocal citations. Citing back someone who cites you means that you at least acknowledge the existence of someone, and in general, that you share some common views. When looking into this phenomenon of mutual linking, we observe that, while radicals form a rather coherent group, most multi-issue reformist websites are completely separated from radical websites (fig. 2). For instance, 74 of the 108 reformist websites never cite radicals. They cannot be qualified as a community either. They are weakly connected to each other, grouped in isolates of two to five websites. This discrepancy could explain why Multi-Issue Reformist addwebsites are split into two groups. For a vast majority of them, it is striking that no mutual link was ever formed between a radical website and their own website. (fig. 2). Yet, a significant number of them are actually strongly involved in the radical community. The difference between these sites's reformist discourse and their radical friendships could be the sign of disguise strategies: to avoid being labeled as "anti-vaxxers", some radical vaccine-critical actors would censor their speech on their websites, while still being strongly connected to their community.

Discussion

Drawing on the contents of a large sample of websites, we found that the milieu of Frenchspeaking vaccine critics is fragmented. On one side, radical antivaccinationists constitute a tightly-knit community where antivaccine non-profits, conspiracy theorists and proponents of alternative medicines exchange any type of argument as long as it is critical of one or more vaccines. On the other side, some reformist activists -including doctors and prominent politicians -strive to disassociate themselves from this community. They do this by focusing their arguments on a limited number of vaccines and substances present in vaccines and by only connecting with other "moderate" critics or by avoiding connecting with anyone -what sociologists call "boundary work" [START_REF] Benford | Framing processes and social movements: An overview and assessment[END_REF]. This group comprises the most visible activists in the media. We shows that, in most cases, negative attitudes do not consist in radical rejection of vaccination in general ("antivaccinationism") but rather in diffuse suspicion, schedule delays or rejection of a limited number of vaccines perceived as controversial ("vaccine hesitancy") [START_REF] Dubé | Vaccine hesitancy: an overview[END_REF][START_REF] Peretti-Watel | Vaccine hesitancy: clarifying a theoretical framework for an ambiguous notion[END_REF]. Our findings suggest that this is likely to be the effect of the behaviour of vaccine critical activists who rarely put forward arguments rejecting vaccination in general. It is therefore important, when analysing vaccine-critical arguments, to move beyond the current focus on their erroneous nature and conspiratorial tendencies. Instead, we should pay closer attention to the various ways vaccine critics build their arguments and how they anchor these arguments on vaccines in wider cultural and political discourses. These choices of political and cultural anchoring determine who is likely to be convinced by their arguments [START_REF] Marshall | Vaccine hesitancy, history, and human nature: The 2018 stanley a[END_REF][START_REF] Nyhan | Does correcting myths about the flu vaccine work? an experimental evaluation of the effects of corrective information[END_REF][START_REF] Kahan | Who fears the hpv vaccine, who doesn't, and why? an experimental study of the mechanisms of cultural cognition[END_REF] but also, in an era of filter bubbles and polarization, in which social groups they are likely to circulate [START_REF] Lewandowsky | Beyond misinformation: Understanding and coping with the "post-truth" era[END_REF][START_REF] Scheufele | Science audiences, misinformation, and fake news[END_REF].Also, for almost a decade now, specialists of attitudes to vaccines have underlined the limitations of communication strategies that mistake Vaccine Hesitancy with Antivaccinationism [START_REF] Marshall | Vaccine hesitancy, history, and human nature: The 2018 stanley a[END_REF][START_REF] Leask | Target the fence-sitters[END_REF][START_REF] Widdus | Vaccine mandates, public trust, and vaccine confidence: understanding perceptions is important[END_REF]. Turning hesitants into antivaccinationists can be one form of backfiring effect [START_REF] Nyhan | Does correcting myths about the flu vaccine work? an experimental evaluation of the effects of corrective information[END_REF][START_REF] Leask | Target the fence-sitters[END_REF]. Indeed, when some parents feel they are not taken seriously by mainstream healthcare providers, or when their position is likened to anti-science or conspiracy theories, they turn closer to sources who reinforce their beliefs [START_REF] Helps | it just forces hardship": impacts of government financial penalties on non-vaccinating parents[END_REF][START_REF] Ward | Risk, responsibility and negative responses: a qualitative study of parental trust in childhood vaccinations[END_REF]. This has become a widely accepted fact [START_REF] Marshall | Vaccine hesitancy, history, and human nature: The 2018 stanley a[END_REF][START_REF] Helps | it just forces hardship": impacts of government financial penalties on non-vaccinating parents[END_REF][START_REF] Larson | Negotiating vaccine acceptance in an era of reluctance[END_REF]. But its implications for public discourses on vaccine-critical activists have not been widely recognized.

Indeed, in a context where many vaccine critics present themselves as "not antivaccine" the tendency of public health officials and experts to call all reformist activists "antivaxxers" can paradoxically make them appear more credible to part of the public by suggesting their arguments have not been examined carefully [START_REF] Leask | Should we do battle with antivaccination activists? Public health research and practice[END_REF]. Researchers working on Vaccine Hesitancy promote a tailored approach to the various types of reluctant patients. It is also crucial to devise a tailored approach to the various types of activists to win public debates (58) rather than abandon the stage to vaccine critics as some experts suggest [START_REF] Marshall | Vaccine hesitancy, history, and human nature: The 2018 stanley a[END_REF].

This study has several limitations. Because there is no available tool to our knowledge that extracts time stamps for each webpage and its outgoing links, our analysis does not account for temporal transformations of this network. Coalitions build and dissolve across time [START_REF] Snow | The Blackwell companion to social movements[END_REF][START_REF] Van Dyke | Strategic alliances: Coalition building and social movements[END_REF].

However, this limitation does not affect our main finding that the landscape of vaccine-critical activism is fragmented. Many reformists never cited any radicals across the whole life-span of their websites. The sampling procedure could also introduce biases. Our initial sample contained a majority of French websites. This could entail an over-representation of French activists in our final sample, to the detriment of Belgian, Swiss or Canadian activists for instance. However, this over-representation also reflects both differences in overall population and the recent dynamism of vaccine-critical mobilisations in France [START_REF] Ward | Vaccine hesitancy and coercion: all eyes on france[END_REF]. The generalizability of this finding constitutes a third issue. Our study focuses on French-speaking countries such as France, Belgium or Quebec. Future studies will tell whether this fragmentation exists addother countries where reformist mobilizations have emerged in past years.addWhile the precise characteristics of social movements are very context-specific, we expect these findings would be replicated in other countries since vaccination seems to have become a symbol of science and progress at the global level. We also approached the relationships between reformist activists via the contents of their websites and their citation patterns. While the internet is an increasingly important platform for activists, their contacts take place in a variety of settings such as street protests, symposiums, or informal gatherings [START_REF] Snow | The Blackwell companion to social movements[END_REF]. Activists and organizations can carefully select what they publish on their websites to polish their image [START_REF] Sobieraj | Soundbitten: The perils of media-centered political activism[END_REF]. It cannot be excluded that some activists effectively managed to not signal, at any time and on any page of their website, their proximity with more radical actors. 

Figure 1 :

 1 Figure 1: Interpretation of the communities detected through a Louvain modularity algorithm.Communities are labeled with the most frequent "cultural attributes" when they represent a majority of the cluster's nodes, and not labeled otherwise .

Figure 2 :

 2 Figure2: On the left, graphs of the network of all the links between the 254 websites. On the right, graphs of the mutual links between those websites. At the top, nodes are sized according to the rank prestige in the community. At the bottom, nodes are sized according to the frequency of appearance in the media. Graphs are spatialized thanks to a force-based algorithm, Force Atlas 2[START_REF] Jacomy | Forceatlas2, a continuous graph layout algorithm for handy network visualization designed for the gephi software[END_REF] 

Figure 3 :

 3 Figure 3: Citation patterns across the various types of vaccine critical addwebsites: boxplots and Wilcoxon-Mann-Whitney tests. P values: *: p ≤ 0.05 **: p ≤ 0.01 ***: ≤ 0.001 ****: ≤ 0.0001. Reading: in the first graph (top left corner), the distribution of the frequency of citation of MIRA websites by MIRE websites is drawn in light pink.
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 3 Prestige in the community, anonymity outside: reasons for a disguise strategy?There seems to be an almost inverse relationship between popularity in the media and prestige inside the vaccine critical community. Most of the actors addassociated with websites in our cited in the press are Reformists, while prestigious Radical actors are barely or never cited (fig.2). Reformists constitute for instance ca. 85% of the top 10% most cited actors (FIG S.I.4).

Figure S.I. 2 :

 2 Figure S.I. 2: Simulated reciprocity for 1000 graphs with similar density and number of nodes as our network.

Figure S.I. 3 :

 3 Figure S.I.3: Websites ranked according to their rank prestige in this network. Nodes' size isproportional to the number of citations. In dark blue, single-issue radicals ; in light blue, multi-issue radicals ; in red, single-issue reformists ; in pink, multi-issue reformists.

Figure S.I. 4 -

 4 Figure S.I.4 -Websites appearing in the French-Speaking press at least once. Nodes' size isproportional to the number of citations. In dark blue, single-issue radicals ; in light blue, multi-issue radicals ; in red, single-issue reformists ; in pink, multi-issue reformists.

  

  

  

  

Table 2 :

 2 Counts table of the various websites and Pearson's chi-squared test, divided between individuals and organizations, and according to our typology of vaccine-critical activists. The theoretical counts under H 0 are shown in brackets.

	Individual Organization

Table 3 :

 3 Exponential Random Graph Models: network properties and homophily according to the type of vaccine-critical website. Standard errors are shown in brackets. ***: p <.001 ; **: p <.01 ; *: p<.05. Goodness of fit diagnostics and sample statistics are provided in fig. S.I.5, S.I.6, S.I.7.also found that not all reformists maintain this distance with radical antivaccinationnists. Only half of reformist websites never cite radical websites. These results suggest both explanations of the emergence of slogans such as "green our vaccines" and "I am not an antivaxxer but..." are simultaneously true: they reflect both a communication strategy chosen by some radical activists who try to present themselves as more moderate than they actually are, and the choice to distance themselves from radicals made by other activists who genuinely only have issues with some vaccines. Each account applies to different activists, highlighting the importance of exploring the diversity of contemporary vaccine criticism.Our findings have important implications for current debates on the upsurge of doubts toward vaccines and on the ways to restore trust in them. Recent research on vaccination behaviors

A Prestige measures

To measure the prestige of an actor in a directed network, a simple measure is the Indegree prestige -simply counting the number of edges pointing to a specific node.

Being cited by a much cited actor is however different from being cited by a very isolated actor. To correct for this bias, we compute a simple Rank Prestige, weighting our Indegree Prestige by the Indegree Prestige of the actors citing a specific node.

B Media exposure measurement

To monitor the media exposure of actors related to our websites, we looked for references to them in French-speaking press through the Europress database (www.europresse.com/). We also drew on the INAthèque database which collects all television and radio sources in France and labels the sections with the names of the people appearing or being mentioned . We systematically looked for the appearance of the website's name in the body or metadata of Frenchspeaking press releases, published from January 1st, 1990 to April 12th, 2017, containing at least once the radical "vaccin-". When known, we looked for the main contributors' names or aliases. We checked the results for false positives -as homonyms who would also talk about vaccines are rare, yet not unexistent. Database S1 gathers all the queries we ran, and the associated results. Database S2 indexes all the media we queried.

Websites appearing in the media at least once are displayed in figure S2.