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Even though much has been learned about the new pathogen SARS-CoV-2 since the beginning of the COVID-19 pandemic, a lot of uncertainty remains. In this paper we argue that what is important to know under uncertainty is whether harm accelerates and whether health policies achieve deceleration of harm. For this, we need to see cases in relation to diagnostic effort and not to look at indicators based on cases only, such as a number of widely used epidemiological indicators, including the reproduction number, do. To do so overlooks a crucial dimension, namely the fact that the best we can know about cases will depend on some welldefined strategy of diagnostic effort, such as testing in the case of COVID-19. We will present a newly developed indicator to observe harm, the acceleration index, which is essentially an elasticity of cases in relation to tests. We will discuss what efficiency of testing means and propose that the corresponding health policy goal should be to find ever fewer cases with an ever-greater diagnostic effort. Easy and low-threshold testing will also be a means to give back people's sovereignty to lead their life in an "open" as opposed to "locked-down" society.

Introduction

The COVID-19 pandemic clearly brings home the fact that we live in a world of uncertainties where the calculation of what is best to do is not included in the choice set. This is, if we follow the definition of uncertainty by the economist Frank [START_REF] Knight | Risk, Uncertainty, and Profit[END_REF], because the necessary information about probabilities and magnitudes of consequences are not known. Choice situations under uncertainty must be distinguished from those with quantifiable risk, which can be used to make some prediction of possible future events, but predictions under uncertainty, even if they are presented with confidence intervals, have the touch of an oxymoron. Given the pandemic circumstances, epidemiologists and public health specialists were probably the most informed and experienced people about the necessary actions to undertake and the tools available to control the outbreak of the pandemic. However, whilst their knowledge was and is important for many aspects of health-decision making, in particular during early stages "to flatten the curve" and to gain time for better understanding the viral spread of the new pathogen SARS-CoV-2 and its medical treatment, they also derive their recommendations from models which actually abstract away uncertainty by making a number of more or less plausible, but at that stage unverifiable starting assumptions to predict scenarios of what might be happening if particular public health actions were or were not to be taken.1 "Fighting a pandemic" is not exactly like playing dice in a casino.

But what happens if we take uncertainty seriously? If we accept uncertainty as a starting point, then, so our argument goes, we must be open for new ways of looking at the problem. Accepting uncertainty changes our epistemological stance and forces us to look for new answers to the questions of what we can and want to know. Our standpoint is that at a moment of urgency such as a pandemic, what we crucially want to know, in real-time, and in particular from a public health perspective is whether harm is accelerating or whether the pandemic spread is slowing down as a consequence of the measures that were taken. So how can we know about the dynamic of harm under uncertainty? Coming from a neuro-economic perspective and studying decision-making under uncertainty at the time the pandemic started to unfold, it soon became clear to us that recognising the dynamic of harm meant more than looking at the pattern of cases against time. In fact, before we know anything about cases, we have to go out and find them. That is, looking at the charts representing the evolution of cases does not tell us much if we do not link them to the effort invested into finding or "producing" them, i.e. without relating them to the evolution of tests or any other diagnostic method. In the next section, after briefly introducing the notion of acceleration and deceleration of harm [or benefits for that matter at better times] that we took from our neuro-economic research on decision-making under uncertainty, we show that common epidemiological indicators of harm that depend on cases, including the reproduction number R, are failing to incorporate this relationship between diagnostic effort, i.e. tests, and outcome, i.e. cases and are therefore giving a biased measure of the extent of real-time harm. We will also present a new index we have developed, the acceleration index [START_REF] Baunez | Tracking the Dynamics and Allocating Tests for COVID-19 in Real-Time: an Acceleration Index with an Application to French Age Groups and Départements[END_REF], and argue that it better captures the dynamic of harm. In a nutshell, the acceleration index shows that if a percentage increase in tests finds more than that percentage increase of new cases, then the pandemic is accelerating; if it finds less, the pandemic slows down and may achieve deceleration levels leading to extinction. We will provide some examples of our acceleration index in comparison to other indicators, using data from Santé Publique France, the French agency in charge of informing the general public.

Diagnostic effort, such as testing, allows learning about the pandemic, at least to the extent that this effort "produces" cases at a particular location, at a particular time, involving particular people. So we know who has the virus when and where, and we can take appropriate, even targeted measures to diminish further transmissions. This leads to three further observations, which we will discuss in section three. One is that we need to know what the best searching algorithm is for finding cases, especially at the beginning of a pandemic when we face penury of diagnostic methods such as testing. We will show that the acceleration index will also be useful for allocating tests to find the maximum of cases with a given amount of diagnostic effort. Second, as the pandemic progresses, diagnostic effort needs to increase, even as cases fall. This is a typical diseconomies of scale argument, which can serve well as an explicit health policy goal: if we multiply diagnostic effort, we want to "produce" less than that multiple of cases -indeed the fewer the better. Third, public health specialists may be as benevolent to stop the pandemic and as eager to find cases as possible, they may not capture all cases if they do not incite people to reveal their private information on their type, that is, their healthrelated behaviour and provide the tools to do so. Individuals know best whether they may have been in contact with a possible COVID-19 case, or simply whether they have been meeting many people who respected the social distancing requirements or not. Providing widespread and easy access so that people can test at their own initiative is a way to inform people-and health officials about their COVID-19 status and behaviour. Individualising diagnostic effort, in combination with other non-pharmaceutical interventions such as masks and social distancing, also restores people's sovereignty in their daily life-decisions, whether this is to meet elderly family members, to go and visit a concert or to have coffee with friends. We will conclude by pointing out that uncertainty requires not only a top-down approach where health authorities dictate people what to do and monitor their behaviour, but also to provide the means for a bottom-up approach allowing people to regain control over their lives. Diagnostic effort such as tests are such a mean and possibly more so than vaccines, which may not be taken up by everyone and as rapidly as necessary to return to a life in an "open society".

Acceleration and deceleration of harm

The one thing the experience of pandemic uncertainty clearly demonstrates is that decision making and acting under uncertainty is not the same as our more habitual or experienced decisions we take under known situations or with relatively well-specified risks. Taking an umbrella with us when the weather app tells us that there is a 70% chance of heavy rain this afternoon when we leave office clearly is a sensible choice to do given we do not like to get wet, but is it as reasonable to forgo next weeks skiing trip to the Italian or Tyrolean Alps given there is a new virus circulating in China? Typical utility maximisation or cost-benefit models will not help us making this decision because we are lacking the probabilities associated with a possible infection. Another strategy may be to change behaviour and, for example, to go ahead with the skiing trip but to avoid after-skiing clubs and other gatherings that may increase the chance of infection. That is, one may want to adopt a behaviour that protects against major harm of a very rare event, even if this is not necessarily one's best choice, impossible to find out anyway given agnosticism about the probability of events and the magnitudes of their consequences. In short, uncertainty calls for "antifragile" behaviour [START_REF] Taleb | Antifragile: Things that Gain from Disorder[END_REF]: to be protected against rare but very harmful happenings, but also, in other circumstances, to be open for rare but very beneficial events. However, being open or protected is not an invariable attribute or characteristic, it is a movement, an effort that should be monitored in real time. Uncertainty needs effort, effort to explore or to exploit, and to find out more information about actions and their possible consequences on the dynamic of harm (or gain). Some of us were studying exactly this question in an neuro-economic experimental setup, conducting a comparative behavioural study of rats and humans in order to find out whether they would engage in antifragile behaviour when they are faced with different options involving unknown frequencies and magnitudes of gains and losses when the pandemic started to unroll [START_REF] Degoulet | Sensitivity to Rare and Extreme Events in Rats: the Black-Swan-Avoidance Bias[END_REF]. That is, the question we were studying for some time already was whether subjects sensed, through their choice experiences, very rare but increasingly larger gain differentials and chose to go for them instead of much more regular but smaller gain differentials? And did they develop sensitivities for avoiding very rare but increasingly greater loss differentials and went for much more regular but smaller losses? Said differently, did they have a convex uncertainty exposure which antifragile behaviour would imply? A convex uncertainty exposure means that subjects would choose convexity in gains (that is, gains are smaller at first but accelerating quickly as they are exponentially increasing) and convexity in losses (that is, losses do increase very slowly and are bounded) over other exposures including, for example, concave ones, i.e. those that had frequent higher gains [lower losses] at the beginning but which did not increase as quickly [did increase more rapidly] as the states of nature unfolded.

On the background of this research, we were obviously led to ask ourselves what antifragile behaviour meant in the pandemic context. More specifically, how would we be able to see when harm was accelerating so that we, individually speaking, feel informed rather than frightened and would better be able to adjust our behaviour? And what information is needed so that we, collectively speaking, can better observe, in real-time, whether public health decisions that are taken to slowing down harm are successful and will eventually attain deceleration?

This may sound like some odd questions, because defining harm as the increasing number of COVID-19 cases, for example, it suffices, one might say, to look at its daily variation or cumulative number. Well, not quite. Known cases is an indication that something is happening, but it cannot give us the precise picture of acceleration or deceleration of harm as cases can only be the result of diagnostic effort. If there is no testing, or too little, then confirmed cases are rare and cannot be a correct representation of harm. Donald Trump's intuition was right when he said that the high number of cases in the US were the result of massive testing-but wrongly implied that fewer tests would mean that the US "had" fewer cases. 2 Moreover, there may be a number of asymptomatic cases that will not get tested at all if there is no clearly defined testing strategy, and hence may go unnoticed altogether. The same holds true for the incidence rate, which represents, often over a period of 7-days, the number of confirmed cases per 100 thousand inhabitants. The test positivity rate represents the percentage of positive cases among all the tests that were done, usually also over a period of the last 7 days. But again, a high positivity rate will not tell us if it's high because there are so many positive cases or whether only a few tests were done.

Remains the reproduction number. The reproduction number measures the average number of secondary infections that is produced by infected individuals. There are several ways of measuring the reproduction number, but one way commonly used sets the change of newly (or secondary) infected cases , say on a daily basis, over the average number of (primary) infected cases over a given time-window [START_REF] Cori | A New Framework and Software to Estimate Time-Varying Reproduction Numbers During Epidemics[END_REF]). This window is determined by the generation time of the infection, that is, the number of days that an infected individual will on average be able to contaminate other individuals. For Covid-19, this generation time is often assumed to be in between four to seven days (see e.g. an der Heiden and Hamouda 2020). But how many people an infected individual will indeed contaminate will depend, for example, on the number of people an infected person is exposed to on each of those days, on the probability of each exposure becoming an infection, on the duration of infectiousness including periods of asymptomatic infectiousness, and other individual characteristics such as age and obesity [START_REF] Edwards | Exhaled aerosol increases with COVID-19 infection, age, and obesity[END_REF][START_REF] Pandit | Managing the R0 of COVID-19: mathematics fights back[END_REF]). Hence the reproduction number is an average number that assumes away a number of supposedly important, and possibly time-varying, characteristics that may affect the "reproduction" of the virus depending on who, when and where one is infected. It is, in principle, an interesting number to look at if all that information was available, because it visualises well how an epidemic evolves, but this information is at most available ex post, but not when it is needed. Moreover, and as importantly, the reproduction number is, again, not adjusted by the testing rate. With no clear testing strategy, known cases will not represent the true extent of the epidemic outbreak and consequently, even the reproduction number will be a biased measure of viral activity [START_REF] Baunez | The Acceleration Index as a Test-Controlled Reproduction Number: Application to COVID-19 in France[END_REF]), upward as well as downward in principle. Hence, public policies that aim at curbing the pandemic and proclaim as aim to push the reproduction number below 1 or to achieve an incidence rate at a particular number are certainly achieving something, but given biased measurements of what is happening in real time, they may not get what they want.

The moral of the story is, as it may have become clear, that we are navigating through this pandemic without having any clear understanding or strategy as to where those "cases" are coming from that inform those epidemiological parameters, or said otherwise, how they are produced. Here "producing cases" is not meant in an epidemiological sense of "re-production" (which we cannot observe but only deduce), but in a straightforward economic sense: using inputs to produce an output (which we can observe, and that is the point). Output is "finding cases" and it is produced with an input that is "diagnostic effort".

The idea of employing effort to produce cases also indicates what the information is that tells us whether harm is accelerating or decelerating: we need to see the evolution of cases in relation to, i.e. against, tests over time [START_REF] Baunez | Tracking the Dynamics and Allocating Tests for COVID-19 in Real-Time: an Acceleration Index with an Application to French Age Groups and Départements[END_REF]. Graphically, this means that we have to plot the cumulative number of cases against the cumulative number of tests, and look at how such a relationship changes over time. If we see that with increased testing, less and less new cases are found, then we face a concave expo-sure that indicates that the epidemic is slowing down. If however we see that as cumulated tests increase, more and more cases are found, we observe a convex relationship and understand that the epidemic is accelerating. These relationships can be seen in Figure 1. The left-hand side, using official data from Santé Publique France from mid-may up to June 13, shows a concave scatter plot: the pandemic was decelerating in France at that time, right after the end of the first national lock-down. But three months later, the scatter plot on the right-hand side shows a convex relationship between tests and cases: the pandemic accelerated, even beyond that date and ended in a second wave and lock-down as well as other restrictive measures, some of which are still on-going [START_REF] Baunez | An Early Assessment of Curfew and Second COVID-19 Lockdown on Virus Propagation in France[END_REF]. From this relationship between tests and cases, we can deduce an acceleration index. To be able to compare different dates with each other, we normalise this fraction by the relationship between the total cumulative cases over total cumulative tests. The slope of the scatter plot at end date captures the daily increase in cases over daily increase in tests, adjusted by the ratio of the corresponding average rates up to the final date we sit in. But this gives nothing else than an elasticity, a well known concept in economics: If a percentage increase in tests produces a greater percentage increase in cases, viral spread is accelerating (the acceleration index is larger than one) and decelerating otherwise [START_REF] Baunez | Tracking the Dynamics and Allocating Tests for COVID-19 in Real-Time: an Acceleration Index with an Application to French Age Groups and Départements[END_REF].

Testing strategies

A number of public health experts argued very early during the epidemic outbreak that tests are crucial in the handling of the pandemic. Tests are necessary to understand the "scope of the outbreak" [START_REF] Fineberg | Ten Weeks to Crush the Curve[END_REF], to "locate cases and to stop onward transmissions" (Bedford et al 2020) especially through contact tracing. Strategies were discussed as to how best to increase testing capacities (e.g. Binnicker 2020). Indeed, testing was a scarce resource, in particular at the beginning of the pandemic and we all may remember statements such as "[n]ot everyone needs to be tested, but everyone with symptoms does." [START_REF] Fineberg | Ten Weeks to Crush the Curve[END_REF]). More recent papers use mathematical models to evaluate the impact of regular testing on COVID-19 transmission (e.g. [START_REF] Paltiel | Assessment of SARS-CoV-2 Screening Strategies to Permit the Safe Reopening of College Campuses in the United States[END_REF][START_REF] Grassly | Comparison of molecular testing strategies for COVID-19 control: a mathematical modelling stud[END_REF]. These papers understand diagnostic effort as a therapeutic tool to mitigate the pandemic (which it obviously is), but not as a "microscopic" or searching tool that acts as an input in producing cases and thus to "see" the pandemic. One has probably to be an economist to establish this input-output relation, which translates into a very specific question of policy making: which search-algorithm do we need to find the most cases with a given amount of diagnostic effort?

The acceleration index is helpful to find an answer to this question [START_REF] Baunez | Tracking the Dynamics and Allocating Tests for COVID-19 in Real-Time: an Acceleration Index with an Application to French Age Groups and Départements[END_REF][START_REF] Baunez | Sub-National Allocation of COVID-19 Tests: An Efficiency Criterion with an Application to Italian Regions[END_REF]. Remember that this index tells us about the acceleration and deceleration of harm. Suppose that we have two different regions called A and B and we allocate testing resources equally in between them. If we continue to test in both regions but find more and more cases in A but fewer and fewer cases in B, then at that moment of testing, the pandemic is exploding in A, but decelerating in B. It would thus make sense to reallocate resources and to test more in A than in B to find more quickly more cases. As time goes on, this relation may change and we would need to update the allocation of diagnostic effort. It should be noted that we do not necessarily find more cases where there is a greater density of people-this will all depend on the particular circumstances of which we may be agnostic. The pandemic may also not accelerate as much where we currently have the greatest number of cases in comparison to a place that so far has not had many cases. This may be because of the feedback of diagnostic effort on the pandemic: if there are many cases, then those cases will also be quarantined and hence transmission reduced, which may show up as a lower acceleration index than elsewhere. Similar reasoning applies to allocate tests across age groups, given that vulnerability is not homogeneous.

We can again turn to economics and wonder whether having found the search algorithm of diagnostic effort that gives us a maximum number of cases with a given amount of testing is the best we can do. Clearly not, because as long as diagnostic effort is constrained, we do not know whether we have reached the production frontier of "finding cases" or better, the efficiency frontier of diagnostic effort. What we really would like to see is that as we multiply diagnostic effort, we detect less than that multiple of cases. This "diseconomies of scale" argument translates into the following health policy goal: to bring the pandemic under control, we have to increase testing (across space and across age groups, possibly together with other measures) such that we find ever fewer cases. Said differently, the more we search, the less we want to find. But who is "we"? Clearly, we have taken here the perspective of the benevolent public health policy maker, the decision maker or group of experts and politicians who coordinate the pandemic management and specify the actions to be taken and the guidelines to be followed by all fellow-inhabitants. However, centralised decision-making may be not enough to control the pandemic. The reason is that important private information of individuals may be lost if they do not have easy and simple access to diagnostic testing. People know best their "type", whether they strictly conformed to the social distancing rules or not, whether they have been in contact with a lot of different people who may have themselves not fully respected social distancing rules, or who may have had particular COVID-19 symptoms. Giving people the opportunity to have low-threshold access to be diagnosed at their own initiative, and thus to resolve their own uncertainty about their health status, is resolving uncertainty for the public health policy maker. And making the effort to inquire their own health status is also expressing their social preferences: if COVID-19 negative they know not to infect others, if COVID-19 positive, they will quarantine themselves in order not to infect others. Some may argue that providing easy access to testing may be a green card for irresponsible behaviour and for not respecting preventive behaviour to safeguard one's health and those of others. But this argument would be equivalent to saying we do not distribute condoms to prevent people from being infected with the HIV virus and let them rather be responsible and abstemious and leading a chaste life. 3 Both arguments are not feasible and, more im-3 This is indeed what had happened in 2003: President Bush's emergency plan for Aids relief was coming with a number of moral imperatives: "Recipient countries have to emphasise abstinence over condoms, and -under a congressional amendment -they must condemn prostitution."

(https: //www.theguardian.com/world/2005/aug/30/usa.aids), last access 18/02/2021. portantly, are not respecting people's dignity as human beings and their right of exerting a "normal" social, professional and sexual life for that matter.

From an economic point of view, again, providing low-threshold diagnostic facilities, including rapid antigen tests for home-use, are not only offering the right kind of institution for people to reveal their "type", that is their health status and whether they are COVID-19 positive or not, which is an important information for people and for pandemic management, it also gives people their sovereignty back to decide for themselves what life they want to live. Even if a vaccination campaign is under way, testing will continue to be important as long as herd immunity will not be attained. Given virus mutations and vaccine hesitancy, there may still a long shot to go until worldwide immunity will be obtained [START_REF] Schwarzinger | COVID-19 vaccine hesitancy in a representative workingage population in France: a survey experiment based on vaccine characteristics[END_REF]. Massive and continuous low-threshold testing (in addition to other policies such as respecting social distancing rules or face masks for example) provides the possibility for an open society. Individualised diagnostic effort is, we may say, the price to pay to end the "stop and go" policies that have paralysed private and public life in many of our societies over a year by now. It is a bottom-up measure that needs to complement the top-down policy and regulating approach that was prominent in many countries over the past year.

Conclusion

Standard epidemiological indicators are casebased, without however taking into consideration that cases must be found first. Not to relate cases to the effort employed to find them biases the picture of the real extent of harm during this pandemic. But our claim goes further than this: we say that in times of uncertainty, it is essential to search to understand harm. Simply counting numbers may indicate that something happens, but in order to understand what happens, especially when a novel event such as a pandemic with a new pathogen unfolds, we must get our hands dirty so that we really see all that there is that happens.

It is interesting to see that this insight is extensively disregarded in the epidemiological literature. Even more, a number of important public health experts from different disciplines are seemingly not recognising it. For example, on the website of the endcoronavirus.org initiative, which regroups a number of highly influential researchers, one can read as answer to the FAQ "Is not much of the confirmed case data inaccurate? Why should I trust this?" the following answer (probably having in mind the calculation of the reproduction number): "While there is some amount of uncertainty in the actual numbers, we argue that those are likely irrelevant to the question of which actions need to be taken. Let's assume the testing is done in a way in which you only catch 10% of the cases. This would simply scale down the curves by a factor of 10, which would not change the shape of the curves. If there is a sharp increase in the amount of testing vs time, one would expect to see more confirmed cases, even if the actual number of infections is going down. Taking a rolling 7-day average helps reduce the size of the features which show up on timescales of a few days." 4 How can one know that the uncertainty in numbers is irrelevant for the actions taken? Given uncertainties of numbers, how would one ever know that only 10% of cases got caught? How does one know that the curves' shapes would not be different if more cases are found? There are more examples such as this one in the literature, and one may be excused to think that even health specialists "assume a can opener" to simplify what surely is a more complex and especially uncertain world. 5 The tragic feeling that comes along with it is that, as with the financial crises in 2008, human lives depend on "assumed can openers".
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 1 Figure 1: Scatter-plot of cumulated daily cases against cumulated daily tests for COVID-19 in France at different dates (Data source: Agence Santé Publique France.)

Certainly one of the most mediatised examples was the study by the Imperial College Covid-19 Response Team, which predicted in their Report paper 9 on the 16th of March

that if the UK or the US would not engage in any control measures and if individual behaviour would not change, the mortality peak would be reached within the three months of their published report and achieve over 500 thousand deaths in the UK and over 2.2 million in the US. It was this forecast that apparently led to a drastic policy change in the UK, switching from a mitigation strategy to achieve herd immunity to a suppression strategy with a total lockdown, similar to other European countries.

https://edition.cnn.com/2020/07/09/politics/fact-check-coronavirus-cases-donald-trump-testing/ index.html (last access 15/02/2021)

This answer can be found quite at the bottom of the following page:https://www.endcoronavirus.org/ countries (last access 18/02/2021)

https://en.wikipedia.org/wiki/Assume_a_can_opener (last access 18/02/2021)
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