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INTRODUCTION

Bovine tuberculosis (bTB) is a chronic, zoonotic, bacterial disease mostly caused by Mycobacterium bovis, which can affect several domestic and wild species. In France, cattle are the maintenance host and infection has also been detected in four wild species: red deer (Cervus elaphus), roe deer (Capreolus capreolus), wild boar (Sus scrofa) and badger (Meles meles). In recent years, several wild species have been identified as potential maintenance hosts in some countries (Narandjo et al., 2008;[START_REF] Hars | La tuberculose bovine dans la faune sauvage en France. Risques pour l'élevage bovin[END_REF][START_REF] Mcdonald | Wildlife disease ecology from the individual to the population: Insights from a long-term study of a naturally infected European badger population[END_REF], acting as a source of inoculum for the re-infection of cattle and making the eradication of the infection more difficult, if not impossible [START_REF] Thoen | Tuberculosis: a reemerging disease in animals and humans[END_REF][START_REF] Kaneene | Tuberculosis in wild animals[END_REF].

France was officially declared bTB-free in 2001 by the European Commission, but the prevalence of bTB has been increasing in cattle in some geographic areas since 2004 [START_REF] Hars | La tuberculose bovine dans la faune sauvage en France. Risques pour l'élevage bovin[END_REF]. Wild animals infected with bTB were detected for the first time in the Brotonne Forest in 2001 (three hunted red deer) [START_REF] Zanella | Patterns of lesions of bovine tuberculosis in wild red deer and wild boar[END_REF][START_REF] Hars | La tuberculose bovine dans la faune sauvage en France. Risques pour l'élevage bovin[END_REF]. In 2005, the prevalence of bTB within the red deer population, which is considered to be a local maintenance host, was at least 20%, and 40% of wild boars in the area were also found to be affected. Slaughter-based measures were implemented to decrease prevalence, and the results obtained were highly satisfactory. However, since the first discovery of infected red deer in the Brotonne Forest, bTB cases have been detected in several other départements (French administrative areas equivalent in size to a county), not only in red deer and wild boars, but also in badgers, indicating that the source of infection is far from being eradicated. In 2017, wild species infected with bTB were detected in 32 départements (Réveillaud et al., 2019).

Between 2012 and 2017, apparent prevalence rates in infected areas were highest in badgers and wild boars, with mean values over a two-year period of 4.6 to 5.1% in badgers and 2.4 to 3.0% in wild boars, depending on the diagnostic test used and the geographic area, whereas bTB cases were sporadic in red and roe deer (Réveillaud et al., 2019).

The European Commission has introduced regulations for bTB surveillance and control in cattle, but not in wildlife. In France, several heterogeneous local surveillance initiatives were implemented following the discovery of wild infected species, leading to the development of a nationwide surveillance system, Sylvatub, in 2011 [START_REF] Hars | La tuberculose bovine dans la faune sauvage en France. Risques pour l'élevage bovin[END_REF]Réveillaud et al., 2019). The primary aim of Sylvatub is to monitor the epidemiological status of bTB in mainland France in the four main species mentioned above: two cervid species (red deer and roe deer), wild boars and badgers. Sylvatub has five surveillance system components (SSCs), each relating to a separate surveillance process or data source. Three of these SSCs are passive surveillance processes, the other two are programmed surveillance processes. In this study, we focused on one of the three passive SSCs, applied nationwide and based on the visual inspection of hunted game animals (i.e. red and roe deer and wild boars).

Animals rarely display clinical signs of infection, particularly in wild species, which makes it very difficult, if not impossible, to detect the disease by clinical examination alone. All hunted animals destined for human consumption should, therefore, be subjected to a detailed visual inspection carried out by the hunter, to detect lesions or abnormalities in the carcass. Any carcass bearing gross lesions resembling abscesses should be reported as a suspected case of bTB. Samples of bTB-like lesions and lymphatic nodes should be collected and sent to the local analytical laboratory (DLA) for analysis by PCR and culture. If the results of these tests are not negative, the samples are sent to the National Reference Laboratory (NRL), to confirm the bTB infection.

The sensitivity and specificity of the Sylvatub system were estimated by the scenario tree modeling method in a previous study [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF]. This method is classically used to evaluate effectiveness criteria in the quantitative evaluation of surveillance systems [START_REF] Martin | Demonstrating freedom from disease using multiple complex data sources 1: a new methodology based on scenario trees[END_REF][START_REF] Frössling | Probability of freedom from disease after the first detection and eradication of PRRS in Sweden: scenario-tree modelling of the surveillance system[END_REF]Calvo-Artavia et al., 2013;[START_REF] Christensen | A scenario tree model for the Canadian Notifiable Avian Influenza Surveillance System and its application to estimation of probability of freedom and sample size determination[END_REF][START_REF] Norström | Estimation of the probability of freedom from bovine virus diarrhoea virus in Norway using scenario tree modelling[END_REF][START_REF] Veldhuis | Epidemiological performance and subsequent costs of different surveillance strategies to control bovine herpesvirus type 1 in dairy farms[END_REF], but is based on the assumption that the infection status (infected or not infected) of the units surveyed is known, whereas it is actually impossible to predict the bTB status of animals in the field in the absence of prior visual examination and laboratory analysis. Thus, indicators such as sensitivity and specificity are useful at national level, to check the effectiveness of surveillance systems, but are of limited interest in the field.

Our objective in this study was to assess the performance of the visual examination-based SSC of Sylvatub in a more operational manner, by calculating positive and negative predictive values. These effectiveness criteria provide information about the level of confidence that hunters or veterinary services may have in the results generated by the surveillance system. They are easy to implement in the field making it possible to interpret surveillance outcomes, even if the infection status of the surveyed units is unknown. In addition to predictive values, stakeholders may need to know the probability of false-positive and false-negative results, as such errors could have a marked impact on surveillance costs, the long-term efficiency of control measures and the confidence of stakeholders in the system. Moreover, sensitivity and specificity are usually not known by field stakeholders such as hunters, whereas the probability of false-negative or false-positive errors makes more sense to them. It is essential to have such information about the surveillance system, to ensure that the data it generates are reliable and to maintain its credibility, thereby sustaining the motivation of those acting within the system in the field.

MATERIALS AND METHODS

Scenario tree and model description

The operational effectiveness criteria of Sylvatub's visual examination-based SSC were evaluated with the scenario tree modeling method [START_REF] Martin | Demonstrating freedom from disease using multiple complex data sources 1: a new methodology based on scenario trees[END_REF]. Scenario trees are developed by representing, as a node in a tree, each step influencing the probability of infection or of the detection of a unit in the surveillance system, these probabilities being attributed to the branches coming off the node. This method is often used to estimate the sensitivity of surveillance systems and is sometimes used to deduce the negative predictive value (NPV) of the surveillance system, or to demonstrate that a population or a region is infection-free [START_REF] Martin | Demonstrating freedom from disease using multiple complex data sources 1: a new methodology based on scenario trees[END_REF]Calvo-Artavia et al., 2013;[START_REF] Christensen | A scenario tree model for the Canadian Notifiable Avian Influenza Surveillance System and its application to estimation of probability of freedom and sample size determination[END_REF][START_REF] Frössling | Probability of freedom from disease after the first detection and eradication of PRRS in Sweden: scenario-tree modelling of the surveillance system[END_REF][START_REF] Norström | Estimation of the probability of freedom from bovine virus diarrhoea virus in Norway using scenario tree modelling[END_REF][START_REF] Veldhuis | Epidemiological performance and subsequent costs of different surveillance strategies to control bovine herpesvirus type 1 in dairy farms[END_REF]. The studied population is divided, at the level of infection category nodes and detection category nodes, into groups of animals with the same probabilities of being infected and detected, respectively. The probability of the selected unit being infected is attributed to the infection node. This probability may be the true prevalence in the population, or the prevalence used to assess the efficacy of the surveillance. If the probability of infection differs between categories, infection category nodes should be added before the infection node in the tree, and a differential risk of infection should be attributed to each category, to reflect the way in which the probability of being infected differs between categories. Martin et al. distinguished two types of differential risk: the relative risk (RR) of infection of the jth branch of the infection category node (RRj _...), calculated relative to this node's lowest risk branch, for which the relative risk is equal to 1, and the adjusted relative risk (ARj _...), which is calculated with the following formula [START_REF] Martin | Demonstrating freedom from disease using multiple complex data sources 1: a new methodology based on scenario trees[END_REF], in which J is the number of branches coming off the node and PropRefj is the proportion of units concerned by the jth branch in the reference population:

(1) ∑ * = 1 2 = ∑ *
Each branch of detection nodes is associated with the probability that the outcome of the event or action represented by the branch is positive. Branches of category nodes do not have probabilities attached to them. Instead, they are attached to a proportion of units (PropSSCj _...), corresponding to the proportion of units in the jth branch of the node among the units actually processed in the SSC.

Figure 1 illustrates the scenario tree and nodes chosen to describe Sylvatub's visual examinationbased SSC, previously described in detail by [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF]. We added two nodes, corresponding to the risk level of the département and the species, which were studied separately in a previous investigation [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF]. A stochastic model was used to estimate parameters, taking their variability and uncertainty into account. Distribution laws representing the probability of occurrence of each branch of the tree from 0 to 1 were estimated from several data sources.

Simulations for the 2016-2017 hunting season were run in RStudio software (RStudio Team, 2016).

Risk levels

In the Sylvatub system, three levels of risk have been defined for wildlife infection: low, medium and high. One of these risk levels was assigned to each département. The low risk level (LRl) was attributed to départements in which no infected animals had been detected and there were no risk factors for infection. Medium risk level (MRl) départements were those in which no infected animals had been detected, but in which risk factors for infection had been highlighted. Finally, a high risk level (HRl) was assigned to départements in which infected wild animals had been detected, which therefore had clear risk factors for infection. The risk level of each département was updated twice yearly. We used the 2016-2017 risk levels for this study.

Species

We studied three hunted species in our scenario tree: red deer, roe deer and wild boar. The proportion of individuals of each species was estimated, by risk level, from the contents of the 2016-2017 hunting bags (ONCFS, 2017) (Table 1) used to estimate the abundance of each species. The relative risks of infection for each species were estimated from the Sylvatub database, which contains information about age, sex, species and bTB infection status for all animals collected between 2005 and January 2018. We performed a univariate logistic regression analysis on these data with RStudio software (RStudio Team, 2016) to estimate the odds ratio (OR) for the statistical association between infection status (response variable) and species (explanatory variable). The prevalence of infection was low in the population, 10% at most, and it was therefore possible to assimilate these OR to RR, which were then modeled with an asymmetric normal distribution with a mean of 0.246 [0.0871; 0.544]95% CI for red and roe deer, taking wild boar as the reference group (RR=1).

Age

The proportions of units associated with the "Age" node were modeled with PERT distributions, as in a previous study [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF]. RR was estimated by age category from data collected during the 2005-2006 hunting season in the Brotonne Forest for the cervids [START_REF] Zanella | Patterns of lesions of bovine tuberculosis in wild red deer and wild boar[END_REF], as red deer were considered to be the maintenance host in this geographic area; and from the Sylvatub database for wild boars. A logistic regression analysis was performed, with infection status as the response variable, and species and age as explanatory variables. The risk of infection was greater in the juveniles than in adults (Table 2).

bTB infection status

The prevalence of bTB in wildlife is unknown in France. The prevalence value associated with the infection node was, therefore, fixed according to the level of infection risk defined for the Sylvatub system. We chose a prevalence value, Psupp (for supposed prevalence), that we supposed to be the most likely given the level of risk: thus, in HRl areas, the Sylvatub system should be able to detect a prevalence of 3% (the most reasonable value to expect), and prevalence should not exceed 10%. In LRl and MRl areas, the probability of infection is lower, probably about 0.2% and 0.5%, respectively.

We assumed that, when not fixed, prevalence was likely to vary between 0% and 10%. We then used

Psupp and the adjusted risk of infection by species and age class to calculate the effective probability of infection (EPI), as follows:

(3) = *

Hunter training

The detection category node defining the level of training of the hunter had two possible branches: the first corresponded to hunters considered to be trained (i.e. who had received specific training for the visual inspection of game carcasses), and the second corresponded to "untrained hunters", who would be less likely to detect any gross bTB-like lesions present on the game carcasses they examined. The proportion of units associated with the trained hunter branch, PrTrained, was modeled by a PERT distribution, specific to each risk level, the parameters of which were determined by the yearly 2.1.6. Presence of macroscopic bTB-like lesions bTB is transmitted mostly via the respiratory route, in aerosols and droplets of infected exudate, accounting for the presence of lesions principally on the nasopharynx, lungs and associated lymphatic nodes. The probability of the presence of macroscopic bTB lesions (LP probability) was estimated for each species from the data obtained in studies conducted in the Brotonne forest [START_REF] Zanella | Patterns of lesions of bovine tuberculosis in wild red deer and wild boar[END_REF], by logistic regression analysis and modeling with an asymmetric normal distribution (Table 3). The response variable in the logistic regression model was a binary variable (presence/absence of gross bTB-like lesions) and the explanatory variables were species, age class, and infection status. LP probability estimates were slightly lower for infected cervids than for infected wild boars, with little difference in these estimates between species for non-infected animals [START_REF] Zanella | Patterns of lesions of bovine tuberculosis in wild red deer and wild boar[END_REF].

2.1.7. Detection and reporting of suspicious lesions potentially corresponding to bTB (bTB-like lesions)

The probability of macroscopic bTB-like lesion detection and reporting as suspect if present (LD probability) were estimated in a previous study by [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF], and were modeled with a PERT or uniform distribution. LD probability varied with the risk level of the département, the hunter's level of training and the species considered. Several surveys have established macroscopic bTB lesions are often smaller and fewer in number in wild boars than in cervids, and have shown that such lesions are more frequently located in the retropharyngeal lymph nodes of wild boars, which are less frequently inspected by hunters [START_REF] Madeira | Factors that influence Mycobacterium bovis infection in red deer and wild boar in an epidemiological risk area for tuberculosis of game species in Portugal[END_REF][START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF]. For these reasons, estimates of LD probability were lower for wild boars than for cervids, except in the HRl départements, in which this probability was considered to be similar in all three species. Furthermore, in the LRl and MRl départements, in which wildlife is considered to be bTB-free, hunters are probably more reluctant to report suspicious lesions than hunters from HRl départements which are already known to be infected, as the discovery of an infected animal may have more serious socioeconomic consequences in LR1 and MR1 départements than in HRl départements, in which strict surveillance and control measures are already implemented.

Laboratory analysis results

The probability of obtaining a positive or negative result in the laboratory tests depends on bTB infection status, the results of the initial analyses at the DLA and the results of the confirmation tests performed at the NRL. At the DLA, PCR and culture are conducted in parallel (simultaneously for any given sample). The confirmation analyses at the NRL are then performed in series (after a nonnegative result in DLA tests). The sensitivities and specificities of the laboratory tests were estimated as described by [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF], and were modeled with an asymmetric normal distribution, whatever the species and risk level.

Effectiveness criteria: definitions, epidemiological scale and calculations

The visual examination-based SSC of Sylvatub was evaluated according to effectiveness criteria adapted from the rationale of [START_REF] Grosbois | A rationale to unify measurements of effectiveness for animal health surveillance[END_REF]: the probability of type I error (PrI) and the probability of type II error (PrII). These criteria were defined so as to be valid for any surveillance system, regardless of its objective. For the purposes of this study, the definition of these criteria was modified slightly to adapt them for use with the Sylvatub SSC. PrI was defined as the probability of a selected unit (at the individual level) or population (at group level) being classified as infected when, in reality it is not infected. This probability thus corresponds to false-positive results or "overdiagnosis", and to 1-specificity. PrII was defined as the probability of a selected unit or a population being considered non-infected or bTB-free when it is, in fact, infected. This corresponds to a false negative or "under-diagnosis", and to 1-sensitivity. The definitions of PrI and PrII used here differ slightly from those used by [START_REF] Grosbois | A rationale to unify measurements of effectiveness for animal health surveillance[END_REF], who defined type I and type II errors with respect to control measures theoretically implemented according to the data produced by the SSC. As no intervention strategy has yet been planned within Sylvatub, it was not possible to take the concept of control measures into account in our study.

We also considered positive and negative predictive values (PPV and NPV, respectively), defined as the level of confidence in positive and negative results, respectively. PPV was therefore defined as the probability that a positive result obtained for an individual or population corresponds to an infected animal or population; and NPV was defined as the probability that a negative result, obtained for an individual or a population, corresponds to an uninfected animal or a bTB-free population.

The effectiveness of the Sylvatub visual examination-based SSC was therefore assessed with four main effectiveness criteria: PPV, NPV and the probabilities of type I and type II errors. These effectiveness criteria were estimated at the département scale (i.e. for département-wide populations), at both the individual (for one randomly selected animal from the population of interest) and group (for an entire population of hunted animals at the level of the département) levels. We did not evaluate the effectiveness criteria for every single département of France, but instead chose the most representative département for each risk level: the département with a population size (number of hunted animals) equal to the median number of individuals for all départements considered together.

Furthermore, within each of these "median" departments, we successively considered different département-wide populations: the effectiveness criteria were assessed for (i) the département-wide population of each single species (the red deer population, the roe deer population and the wild boar population), and (ii) the entire "all species" population (all three species considered together). This necessitated calculation of the proportion of each species among the total number of wild animals hunted and thus surveyed by this SSC (Table 1). The definitions of each effectiveness criterion therefore differed slightly between epidemiological scales, but the underlying concepts remained the same. At the individual level, various proportions of trained hunters (PrTrained) were simulated: the actual mean proportion of trained hunters (approximately 5%), 30% (achievable in the medium term, with training sessions), and 60% (a probably unachievable ideal situation). Furthermore, the effectiveness criteria were assessed at two different steps of the tree: just after the visual inspection by a hunter, the values obtained at this stage are particularly relevant for hunters in the field; and after the laboratory analysis (last step in the tree), a level more relevant for national veterinary services. All calculations were performed with RStudio software (RStudio Team, 2016) and each effectiveness criterion was estimated from 300 simulations. The median and interquartile range of each set of 300 values so obtained were then estimated. The Kolmogorov-Smirnov test was used to compare two sets of 300 values and see whether or not they followed the same distribution law. The probability of type I error (PrI) corresponded to the probability of a non-infected animal being reported as suspect after visual inspection by a hunter (PrIinsp_ind) or as infected after the laboratory analysis (PrIind). This probability was obtained by (i) identifying the limbs of the tree arising from the "non-infected" branches of the infection node with a positive outcome (= detection), (ii) for each of these limbs, multiplying together the proportions of units (PropSSCj _...) attached to the limb's detection category node branches and the probabilities attached to the limb's detection node branches, and (iii) summing these products obtained for each of these limbs identified in step (i). The probability of type II error (PrII) corresponded to the probability of an infected animal not being reported as suspect after visual inspection by a hunter (PrIIinsp_ind) or being declared non-infected after the laboratory analysis (PrIIind). This probability was calculated by (i) identifying the limbs of the tree arising from the "infected" branches of the infection node with a negative outcome (= no detection), (ii) for each of these limbs, multiplying together the proportions of units (PropSSCj _...) attached to the limb's detection category node branches and the probabilities attached to the limb's detection node branches, and (iii) summing these products obtained for each of these limbs identified in step (i). The individual-level probabilities of type I and type II errors were therefore equal to 1 minus the individual-level specificities (SpUinsp, SpU) and 1 minus the individual-level sensitivities (SeUinsp, SeU), respectively, at the visual inspection step or end of the laboratory procedure, and they corresponded to false-positive and false-negative results, respectively.

Predictive values

The individual PPV corresponded to the probability of an animal being truly infected, after its being reported as suspect after the visual inspection (PPVinsp-ind) or after a positive result had been obtained

in the laboratory analysis (PPVind). The individual NPV corresponded to the probability of an animal being truly non-infected having not been reported as suspect after the visual inspection (NPVinsp-ind) or after negative results had been obtained in the laboratory procedure (NPVind). These predictive values were calculated as follows:

(4)
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. Probability of errors

The component group-level probability of type I error (cPrI) corresponded to the probability of the population of interest being considered infected (i.e. at least one individual giving a positive result in laboratory analysis) when, in reality, the population is bTB-free. The component group-level probability of type II error (cPrII) corresponded to the probability of the population being considered bTB-free (only negative results obtained in laboratory analysis), when it is actually infected (at least one infected individual in the population). These probabilities were calculated as 1 minus the surveillance component specificity (CSp = SpU n , n being the number of individuals processed) and 1 minus the surveillance component sensitivity (CSe), respectively, as defined by [START_REF] Martin | Demonstrating freedom from disease using multiple complex data sources 1: a new methodology based on scenario trees[END_REF].

Predictive values

The component group-level PPV (cPPV) corresponded to the level of confidence that one can have that a population of interest is infected (i.e. at least one individual in the population is infected) when at least one animal in the population has been confirmed infected at the end of the laboratory procedure. The component group-level NPV (cNPV) corresponded to the level of confidence that one can have that the population of interest is infection-free (i.e. no individual in the population is infected), when no animal in the population has been confirmed as infected (all results of laboratory procedure negative). These predictive values were calculated with the following formulas, where n is the number of animals subjected to the visual examination-based SSC (i.e. the number of hunted individuals in the "median" département of interest, as defined above), estimated by species from the 2016-2017 hunting bags (Table 4): S1). Median PrIinsp-ind differed slightly between species, and these differences were mostly significant (Table 5, Figure S2).

(8) cPPV = 1 -(1 -PPVind) n × NPVind n (9) cNPV = (NPVind) n 3. RESULTS 3.
However, some of these differences were not significant: the difference between the red and roe deer populations in the LRl département (p-value = 0.73) and in the MRl département (p-value = 0.92), and between the red deer and wild boar populations in the HRl areas (p-value = 0.063). Increasing PrTrained to 60% did not increase the median PrIinsp-ind by more than 4.5% (e.g. in the wild boar population in the LRl département, for which the median [IQR] was 12.2% [8.0-16.9] if PrTrained = 60%), even though differences remained significant for all species (p-values < 1e-04).

As the specificity of the laboratory tests was 1, the individual-level specificity after the laboratory analysis (SpU) was also equal to 1. There was, therefore, no risk of a non-infected animal being confirmed as having bTB at the end of the laboratory procedure. PrIind thus remained equal to 0, regardless of risk level, species or the proportion of trained hunters.

The overall probability of a wild animal with bTB not being reported as suspect after the visual inspection step (false-negative, PrIIinsp-ind) was relatively high. This probability was independent of Psupp but decreased with increasing PrTrained and risk level (Figure 2). For all three species considered together, for a fixed PrTrained of 5%, the median 2). Increasing PrTrained from 5% to 60% significantly decreased PrIIinsp-ind.

PrIIinsp-ind differed between species as a function of risk level (Table 6; Figure S3): for a fixed PrTrained of 5%, the median [IQR] PrIIinsp-ind was high in the LRl département. It was significantly higher in the wild boar population than in the red or roe deer populations in both the LRl and the MRl départements (p < 1e-04). Conversely, in the HRl département, PrIIinsp-ind appeared to be significantly lower in the wild boar population than in the roe deer population (p < 1e-04).

The probability of a wild animal with bTB not being considered infected after the laboratory analysis (PrIIind) was slightly higher than PrIIinsp-ind, due to the cumulative losses of sensitivity at each step of the tree. The differences in PrIIind between risk levels and species followed the same trends as for PrIIinsp-ind. For a fixed PrTrained of 5% and all the species considered, the median PrIIind was 88.9%

[86.2-91.3] in the LRl département, 83.5% [78.3-87.5] in the MRl département and 72. 7% [66.7-77.6] in the HRl département.

Predictive values at individual level

The probability of an animal being truly infected given its being reported as suspect on visual inspection (PPVinsp-ind) increased with Psupp, as expected. It was very low in areas presumed bTB-free, for all three species considered together (0.68% [0.52-0.91] with Psupp=0.2% in the LRl département, 1.8% [1.4-2.4] with Psupp=0.5% in the MRl département, at a fixed PrTrained of 5%). Regardless of the species and risk level, improving PrTrained had no impact on PPVinsp-ind. Differences between species appeared to be negligible (less than 1%) in the LRl and MRl départements, but increased slightly at higher values of Psupp, especially in HRl départements (Figure 3): in such départements, for Psupp=3%, the median PPVinsp-ind in the wild boar population was about 4% higher than that in red or roe deer populations. If Psupp reached 10% (the maximum conceivable value in such areas in France), the median value of PPVinsp-ind was approximately 7% higher in wild boars than in cervids, and only 30.3% for all species together [25.7-35.5].

As the individual-level specificity at the end of the laboratory procedure (SpU) was equal to 1 (no false-positive results), the corresponding PPV (PPVind) value was always equal to 1.

The probability of an animal being non-infected when it had not been reported as suspect at the visual when Psupp was high. The differences between species were minimal, at less than 1% (Figure S4).

The probability of an animal being truly non-infected given that negative results were obtained in the laboratory analysis (NPVind) did not differ significantly from the corresponding median NPVinsp-ind values, as it was less than 0.3% higher than the median NPVinsp-ind in every case.

Estimation of effectiveness criteria at group level

Component group-level probabilities of type I and II errors

The probability of a population being considered infected (i.e. at least one individual confirmed as infected in the population) when it is actually infection-free (cPrI) was always equal to 0, as there was no risk of a non-infected animal being confirmed as infected after the laboratory procedure.

The probability of the population being considered bTB-free (i.e. only negative results obtained in laboratory analysis) when it is actually infected (i.e. when at least one individual in the population is infected), cPrII, decreased with increasing Psupp values, as expected (Figure 4). For a fixed PrTrained of 5%, whatever the species considered, the cPrII median [IQR] was 26. 7% [20.3-34.7] in the LRl As for cPrII, cNPV values were much higher in the red deer populations than in the other populations (Figure 6), partly because the red deer populations were smaller than the roe deer and wild boar populations ( -20.6] with 1,000 individuals (Figure 7).

DISCUSSION

The sensitivity and specificity of the Sylvatub system have been estimated before, but the level of confidence that hunters or veterinary services can have in the results generated by the surveillance processes, approximated by probabilities of errors and predictive values, remained unexplored until this study. These efficacy criteria were estimated by the classic scenario tree method, as described by [START_REF] Martin | Demonstrating freedom from disease using multiple complex data sources 1: a new methodology based on scenario trees[END_REF]. The approach used by [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF] was adapted for this study, with the addition of two extra nodes, corresponding to risk level and species, and modifications of some parameters (e.g. the proportions of units attached to the "Age" node). One of the most important limitations of our work, as in the study by [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF], was the uncertainty and variability of some of the parameters. We addressed this issue by using a stochastic model, the parameters of which were estimated with distribution laws. The number of simulations (300) was chosen so as to achieve a degree of precision judged sufficient for conclusions to be drawn. Another limitation concerned the estimation of surveyed population sizes, which was based on the contents of 2016-2017 hunting bags [START_REF] Oncfs | Grands Ongulés -Tableaux de chasse départementaux[END_REF], assuming that all game animals were examined by a hunter. However, it is very likely that an unknown proportion of hunted game carcasses did not undergo visual inspection and were therefore not processed by this SSC, and this might lead to an overestimation of SSC efficacy in our study.

The main objective when evaluating the effectiveness of a surveillance system is to identify issues requiring improvement and to define practical recommendations to achieve the necessary improvements [START_REF] Dufour | Surveillance épidémiologique en santé animale[END_REF][START_REF] Toma | Epidémiologie appliquée à la lutte collective contre les maladies animales transmissibles majeures. 3ème éd[END_REF]. Sensitivity and specificity, previously assessed, are widely used effectiveness indicators. However, field stakeholders, usually not scientists, are generally unaware of these indicators, whereas the concept of false-positive and false-negative errors is believed to be much easier to interpret, because much more intuitive. It is in that sense that probabilities of Type I and Type II errors (false-positive and false-negative errors) bring additional value to specificity and sensitivity, despite the fact they are only the complement to 1 of the latter.

Thus, this study is complementary to the precedent one [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF], through the assessment of more operational indicators which could be understood by all stakeholders of the surveillance system. Furthermore, as the aim was to point out which aspects of the surveillance system should be improved, it seems more appropriate to emphasize sources of errors and odds of the surveillance, on which efforts have to be concentrated, rather than to highlight aspects of the system that correctly function.

After having identified the main weaknesses of the surveillance system through assessment of effectiveness indicators, the next step is identifying the priorities for intervention. This necessitates a good understanding of the factors influencing these effectiveness criteria and the reasons for which some are less satisfactory than others. If we are to understand the variation of individual-level probabilities for type I and II errors and individual-level predictive values for the Sylvatub system, we must take into account all the ways in which the probabilities of presence (LP) and detection-reporting (LD) for bTB-like lesions differ between species and risk levels. Indeed, increasing LP and LD probabilities tends to decrease individual-level PrII and increase individual-level PrI. However, estimated LP probability was reported to be slightly lower in infected cervids than in infected wild boars [START_REF] Zanella | Patterns of lesions of bovine tuberculosis in wild red deer and wild boar[END_REF]. Moreover, LD probability, which depends not only on species but also on the hunters' level of training and the risk level of the département, tended to be higher in HRl 20 départements than in départements considered infection-free (LRl and MRl départements), in which hunters are more reluctant to report suspect carcasses, as the detection of cases would have more severe socioeconomic consequences in such areas than in départements already known to be infected.

Estimated LD probability was also lower for wild boars than for cervids, except in HRl départements, in which it was similar for all species, hunters being more aware of bTB when the infection is already present [START_REF] Rivière | Sensitivity of bovine tuberculosis surveillance in wildlife in France: a scenario tree approach[END_REF]. Combining the LP and LD probabilities together, PrIIinsp-ind and PrIIind appeared to be greater in départements with lower risk than in those with higher risk levels, and higher for wild boars than for cervids in LR1 and MR1 départements. The same reasoning could be applied to explain the variations of PrIinsp-ind between risk levels. No notable differences between species were observed for this effectiveness criterion. Indeed, PrIinsp-ind depends on the LP probability in noninfected animals, which did not differ markedly between species.

In accordance with their definition, the individual-level NPV (NPVinsp-ind and NPVind) values increased not only with increasing individual-level sensitivity, but also with decreasing prevalence.

Nevertheless, the NPVinsp-ind remained high, even at a relatively high prevalence (10%, in HRl départments), which could be explained by the lower probability of false negative results comparatively to true negative results, given the good SpUinsp. Conversely, in accordance with their definition, individual-level PPV (PPVinsp-ind and PPVind) was slightly better in départements at higher risk. Marked differences between species were observed for PPVinsp-ind, for which higher values were obtained for wild boars than for cervids, whatever the risk level. Bearing in mind that the individuallevel PPV increased with increasing individual-level specificities, these differences resulted from the combined effects of LP probability in infected animals (the higher this probability, the higher PPVinspind), LP probability in non-infected animals (the lower this probability, the higher PPVinsp-ind ), and LD probability [START_REF] Zanella | Patterns of lesions of bovine tuberculosis in wild red deer and wild boar[END_REF].

Our findings suggest that measures to improve effectiveness at individual level should first focus on increasing the individual sensitivity at the visual inspection step and after laboratory analysis, due to high estimated PrIIinsp-ind and PrIIind values (indicate a high risk of infected animals not being reported as suspect or being confirmed as infected, respectively). Such "false-negative" errors are likely to result in the control measures (if any) implemented in accordance with the SSC not being sufficient relative to the real epidemiological state of the population [START_REF] Grosbois | A rationale to unify measurements of effectiveness for animal health surveillance[END_REF]. This results in a greater risk of infection spread, translating into potential economic losses, and in turn leading to extra costs. Our results show that the probability of type II error is high, but they also show that increasing the proportion of trained hunters, which is currently low (mean value of about 5%), would markedly reduce PrIIinsp-ind and PrIIind. However, it would be necessary to increase PrTrained to 60% to obtain any real benefit from this measure, which is not realistic, at least for the short term and medium term, even if work is done to increase motivations of actors in the field. This study therefore highlights the need of using alternative diagnostic tools and methods instead, which would allow surveillance procedures to be less time-consuming and less demanding for actors in the field. More specifically, our conclusions support the idea raised in a recent study, to implement ante-mortem serological surveillance (ELISAs using MPB83 and MPB70 antigens) for wild boars (Richomme et al., 2019). In addition to presenting good sensitivity and specificity, these serological tests offer simpler logistics and lower costs, compared to current surveillance methods. It would make it possible to process larger number of animals, although this would apply only for wild boars. In and around areas where infection has been detected in cattle or wildlife, this would enable temporal monitoring of the circulation of M.

bovis. Currently used direct diagnosis methods (PCR and/or culture) would be more specifically reserved at a finer scale in the case of départements initially considered as infection-free, but where seropositive wild boars have just been detected (Richomme et al., 2019). Furthermore, the epidemiological impact of type II errors is not the same depending on the epidemiological role of species in the epidemiology of bTB (reservoir or dead-end host), as it may impede eradication of bTB in cattle (Richomme et al., 2019;Gormley et Corner, 2018). Yet, the epidemiological role of red deer, wild boar and badger populations is not well understood [START_REF] Hars | La tuberculose bovine dans la faune sauvage en France. Risques pour l'élevage bovin[END_REF]. Nevertheless, a previous study in France showed that seropositivity in wild boars was significantly associated to outbreaks of bTB in cattle, suggesting a noticeable involvement of infected wild boars in the (re)contamination of cattle (Bouchez-Zacria et al., 2018). This phenomenon, observed when wild species act as maintenances hosts, has been reported in other parts of the world, including other European countries (Buddle et al., 2018;Campbell et al., 2019), thus showing it is a well-known phenomenon that seriously needs to be taken into consideration. The high values obtained for type II errors suggest an underestimation of bTB prevalence in wildlife. Our conclusions should therefore make field stakeholders aware of the necessity to react and to take into account the infected wildlife populations in the general fight against bTB at a national level. Further supporting this, Haydon and associates concluded that full eradication of the infection would not be achieved unless control measures were directed at all reservoirs of the infection [START_REF] Haydon | Identifying reservoirs of infection: a conceptual and practical challenge[END_REF].

Regarding more specifically the possible lack of implication of the actors in the field, it is to note that during the 2016/2017 hunting season, only 57 wild boars or deer carcasses have actually been reported as suspect after visual inspection (Plateforme ESA, 2017), which appears to be low as the probability of type I errors at this step is not zero, meaning that some are not processed through the surveillance system.

Interestingly, similarly to our results demonstrating that the level of training of hunters had a noticeable impact on passive surveillance, two previous studies showed that disease awareness of people reporting suspect cases was quite an influencing factor of the performance of passive surveillance [START_REF] Hadorn | Comparative assessment of passive surveillance in diseasefree and endemic situation: example of Brucella melitensis surveillance in Switzerland and in Bosnia and Herzegovina[END_REF][START_REF] Hadorn | Establishing a cost-effective national surveillance system for Bluetongue using the scenario tree modelling[END_REF]. In both studies, the authors used the scenario tree modeling method. Hadorn and associates showed that the implementation of information campaigns and the development of tools (DVD's, workshops) by the national authorities in order to enhance disease awareness, following the authors' conclusions, led to a satisfactory increase of the sensitivity of the surveillance system, with affordable costs [START_REF] Hadorn | Establishing a cost-effective national surveillance system for Bluetongue using the scenario tree modelling[END_REF].

Type I errors, also known as "false-positive errors", also generate extra costs, but of a different nature from those mentioned above, as they lead to the implementation of unnecessary control measures that are too drastic relative to the true epidemiological situation. Fortunately, the individual-level probability of type I error turned out to be quite low at the visual inspection stage, and equal to 0 at the end of the laboratory procedure. Furthermore, increasing PrTrained did not lead to a decrease in PrIinsp-ind, instead resulting in an increase in this index, as it enhanced the individual sensitivity of the SSC, reducing its individual specificity in parallel. Indeed, when hunters are trained to detect carcass abnormalities, they tend to report more bTB-like lesions, but some of these lesions are not bTBspecific. Nevertheless, this increase of PrIinsp-ind was barely detectable and would therefore be unlikely to have had any adverse consequences. PrTrained had no major impact on either of the individuallevel predictive values. Against expectations, given that NPV increased with individual-level sensitivity, increasing PrTrained did not improve NPVinsp-ind or NPVind. However, these criteria were already very good, offsetting this lack of improvement.

Assessing the level of type I and type II errors in Sylvatub's passive surveillance system can also serve stakeholders at the management level to judge whether or not their surveillance system would be eligible to the implementation of control measures, such as selective or non-selective culling, formerly performed in the Brotonne Forest (France), and building up a proper intervention strategy, not existing so far in France for wildlife species. Indeed, the low level of type I errors ("false-positive") suggests that extra-costs due to unnecessary control measures would be limited. On the other side, our study demonstrated there were concerns about the importance of type II errors ("false-negative"), which suggests that control measures, at least selective control measures, would probably not be as efficient as expected.

Increasing PrTrained had no major effect on the component group-level effectiveness criteria (cPrII and cNPV). The large differences observed between species can be explained by the marked difference in population size. Indeed, red deer populations were smaller than roe deer or wild boar populations (10-to 30-fold difference), whatever the level of risk. Thus, cPrII and cNPV were considerably lower in the roe deer and wild boar populations than in the red deer population, but globally similar in roe deer and wild boar populations. Moreover, simulating several sizes of surveyed population revealed that cNPV increased significantly with decreases in the number of units in the surveyed population. At a prevalence Psupp of 0.2%, with PrTrained = 5%, the population had to include no more than 275 individuals for the median cNPV to exceed 60% (Figure 8). In the MRl département, for Psupp = 0.5%, the median cNPV fell below 60% for populations containing more than 130 individuals. Finally, in the HRl département, for Psupp = 3%, cNPV became negligible (less than 0.37% [0.22-0.66]) as soon as the population exceeded 250 individuals. However, this measure would have a major drawback, as reducing the size of the surveyed population also potentiates cPrII. For Psupp=0.2% and PrTrained=5%, the population in LRl areas must include at least 3,900 individuals to obtain a median cPrII value below 60%; in MRl département, at a prevalence Psupp of 0.5%, there had to be at least 1,100 individuals in the population to obtain a median cPrII below 60%; and in the HRl département,

for Psupp = 3%, the median cPrII did not exceed 60% unless the number of individuals in the population fell below about 120 (Figure 9). The decision regarding the actual number of animals to be surveyed should therefore be based on the epidemiological situation of the département of interest. In the LRl and MRl départements, considered to be infection-free, the objective is to defend the bTB-free status in front of the authorities, and therefore it is recommended to favor a good cVPN even if at the expense of a low cPrII, so to limit the size of the surveyed population. In the HRl départements, it would be more judicious to favour a low cPrII, as the bTB-free status cannot be claimed in these départements. What's more, declaring as no longer infected a département that was initially known to be infected (HRl département), when in fact it is still infected (Type II error), would lead to early cessation of enhanced surveillance measures (and in the future may be, of control measures).

Following this, a renewed rise of the number of infected animals in the département may be seen, thus invalidating all the special efforts and costs that were invested in that département.

CONCLUSION

This study describes a scientific rationale for the assessment of the Sylvatub surveillance system, focusing on the visual examination-based SSC. Positive and negative predictive values were selected as effectiveness criteria, as they are more operational than the more widely used sensitivity and specificity. Indeed, an awareness of the confidence one can place in the results generated by the surveillance system, without knowledge of the infection status of the epidemiological unit, is of particular interest for stakeholders in the field, such as hunters. The estimates of the probabilities of type I and II errors obtained made it possible to determine whether or not surveillance activities were associated with unnecessary costs; it was concluded that extra costs were mostly linked to "false-negative" errors, which also had a negative effect on the epidemiological situation. None of these effectiveness criteria had been applied to the Sylvatub surveillance system before. These results provide useful information about potential measures that could be implemented to improve the effectiveness of this SSC. It would thus be relevant to extend this assessment method to the other SSCs of Sylvatub. Moreover, the rationale used here is generic and not restricted to any specific surveillance system or geographic zone. Other types of surveillance systems could therefore make use of this rationale. 

  proportions of trained hunters per département between 2007 and 2015 (source: Fédération Nationale des Chasseurs): PERT(0; 0.051; 0.22) in the LRl départements, PERT(0.0034; 0.049; 0.11) in the MRl départements and PERT(0; 0.044; 0.14) in the HRl départements. PrTrained had a mean value of about 5% in all areas.
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 captions147 Figure captionsFigure 1. Scenario tree describing the visual inspection surveillance component of the Sylvatub system Figure 2. Individual-level probability of type II error after visual inspection (PrIIinsp-ind) in a median département for the LRl (left), MRl (middle), and HRl (right) categories, for all species considered, and various proportions of trained hunters (PrTrained)Figure 3. Individual-level positive predictive value at the visual inspection stage (PPVinsp-ind) for the red deer, roe deer and wild boar populations, in LRl (left), MRl (midlle), and HRl (right) départements, for various supposed prevalence (Psupp) values and the actual mean proportion of trained hunters (5%) Figure 4. Component group-level probability of type II error (cPrII) in a median département of the LRl (left), MRl (middle), and HRl (right) categories, for all species considered, for various supposed values of prevalence (Psupp) and various proportion of trained hunters (PrTrained) Figure 5. Variations of the component group-level probability of type II error (cPrII) in a median département of the LRl (left), MRl (middle), and HRl (right) categories, for all species considered, for various supposed values of prevalence (Psupp) and various population sizes Figure 6. Component group-level negative predictive value at the end of the laboratory procedure (cNPV) for the red deer, roe deer and wild boar populations, in LRl (left), MRl (midlle), HRl (right) départements, for various supposed values of prevalence (Psupp), and the actual mean proportion of trained hunters (5%) Figure 7. Variations of component group-level negative predictive value (cNPV) with supposed values of prevalence (Psupp), for populations of 100, 250, 500, 750 or 1000 individuals Figure 8. Variations of component group-level negative predictive value (cNPV) with the number of individuals in the population Figure 9. Variations of component group-level probability of type II error (cPrII) in a median département of the LRl (left), MRl (middle), and HRl (right) categories, for all species considered, according to the number of individuals in the population

  The distribution laws followed by these two sets of values were considered as significantly different if the p-value of the test

	was < 0.05.
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  1. Estimation of effectiveness criteria at individual level 3.1.1. Individual-level probabilities of type I and II errorsThe probability of a non-infected animal being reported as suspect after the visual inspection (false-

positive, PrIinsp-ind) was independent of Psupp, but slightly increased with increasing PrTrained and with risk level. PrIinsp-ind remained low overall, for all species considered together, for a median département and for a fixed PrTrained of 5%. Its median [IQR] value was 3.8% [2.8-5.6] for

LRl, 

for

 

for HRl. The increase in PrTrained from 5% to 60% led to a small increase in PrIinsp-ind (3.1% at most, in the HRl areas, Figure

  inspection (NPVinsp-ind) decreased with increasing values of Psupp. The values obtained were very good, whatever the species and risk level. When PrTrained was fixed at 5%, for all species

considered, the median [IQR] NPVinsp-ind value was 99.

82% [99.81-99.82] 

in the LRl département (with Psupp = 0.2%), 99.

58% [99.56-99.60] 

in the MRl département (with Psupp = 0.5%), and 97.9%

[97.7-98.2] in the HRl département for a prevalence Psupp of 3%, and 92.

4% [91.8-93.5

] in the HRl département for a prevalence Psupp of 10%. It was improved only very slightly by increasing the proportion of trained hunters PrTrained. This measure had the greatest impact in the HRl département

Table 1 )

 1 . For example, in the LRl department (Psupp = 0.2%), the median [IQR] cNPV PrTrained had no marked impact on cNPV. The largest difference between the median cNPV values obtained at a PrTrained of 5% and those obtained at a PrTrained of 60% was observed in the red deer populations and did not exceed 4.5% (FigureS6). By contrast, cNPV was markedly increased by decreases in population size: for instance, for a fixed

	was 45.1% [43.1-46.9] in the red deer population, whereas it was 1.1e-04% [7.4e-05-1.7e-04] in the
	roe deer population and 1.4e-04% [1.2e-04-1.7e-04] in the wild boar population. Increasing PrTrained
	would not help improving cNPV values because PrTrained of 5%, in the LRl département (Psupp=0.2%) where values were the highest, for all species
	considered, the median [IQR] cNPV was 85.1% [84.7-85.5] with 100 individuals, 44.5% [43.8-45.6]
	with 500 individuals, but only 19.8% [19.1
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département (prevalence of 0.2%) and 1. 4% [0.47-3.6] in the MRl département (prevalence of 0.5%).

In the HRl département, cPrII values were negligible (Figure 4). Increasing PrTrained had no significant impact on cPrII in the MRl and HRl départements. However, this measure appeared to be relevant in the LRl département, in which, for Psupp=0.2%, the median cPrII decreased by 8.2% (pvalue < 1e-04) when PrTrained increased from 5% to 30%, and by 15.8% (p-value < 1e-04) when PrTrained increased from 5% to 60% (Figure 4). cPrII varied markedly between species (Table 7; Figure S5): for example, in the MRl département (Psupp=0.5%), it was 92.7% [89.2-95.9] in the red deer population, and only 6. 0% [1.7-20.4] in the roe deer population. Moreover, increasing PrTrained had a much more striking impact when the species were considered separately: for instance, increasing PrTrained from 5% to 60% in the LRl département decreased cPrII by 5.4% in the red deer population and 18% in the wild boar population.

Moreover, as for any group-level effectiveness criterion, cPrII varied with population size, for a given prevalence: several sizes of surveyed population were simulated (Figure 5) and cPrII was found to be significantly higher in smaller populations than in larger ones. For example, whatever the species considered, in the MRl département (for Psupp=0.5% and PrTrained=5%), where the variation appeared to be most important, the median [IQR] cPrII was 77.7% [76.9-78.8] with 100 individuals, 28.2% [27.0-30.3] with 500 individuals, and 8.0% [7.2-9.3] with 1,000 individuals.

Component group-level predictive values

The probability of a population being infected given a positive collective outcome for the SSC (at least one positive result obtained in the population), cPPV, was systematically equal to 1.

The level of confidence one can have in the population of interest being bTB-free when no animal in the population is confirmed as infected, cNPV, decreased with Psupp and for larger population sizes.

For all species considered together, in the LRl département, the median [IQR] cNPV was only 51.4% [50.5-52.3] at a prevalence of 0.006% and became negligible (equal to 0.59% [0.52-0.67]) when the prevalence reached 0.045%. In the MRl and HRl départements, assuming a prevalence as low as 0.045%, the median [IQR] cNPV was 1.7% [1.4-1.9] and 1.2% [0.78-1.9], respectively, and cNPV was therefore negligible at higher and more probable values of prevalence (Figure S6) . [62.3-77.5] 21.8 % [14.3-30.4] < 1e-12
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All differences were significant (p-value < 0.05)