Léa Lugassy 
email: lea.lugassy0@gmail.com
  
Ludivine Amdouni-Boursier 
  
Haoues Alout 
  
Romuald Berrebi 
  
Christophe Boëte 
  
Franck Boué 
  
Nathalie Boulanger 
  
Thierry Durand 
  
Michel De Garine-Wichatitsky 
  
Sylvain Larrat 
  
Marie Moinet 
  
Catherine Moulia 
  
Nonito Pagès 
  
Olivier Plantard 
  
Vincent Robert 
  
Barbara Livoreil 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
What evidence exists on the impact of specific ecosystem components and functions on infectious diseases? A systematic map

Keywords: Biodiversity, Ecosystem services, Landscape, Dilution effect, One Health, Ecological control

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Background

About 60% of all infectious diseases infecting humans are zoonotic, meaning they also infect wild and/or domesticated animals [START_REF] Taylor | Risk factors for human disease emergence[END_REF]. Some zoonotic diseases are vector-borne, i.e. their causal infectious agents are transmitted by arthropods (mainly mosquitoes, ticks and sandflies). Zoonotic and vector-borne diseases are caused by a variety of pathogens, from viruses and bacteria to eukaryotes. They all have in common the presence of one or several animal host species in their biological cycle. These host species are themselves a part of an ecosystem: they are embedded in a trophic network, they live, feed, and reproduce in specific habitats or landscapes (Fig. 1) [START_REF] Horwitz | Parasites, ecosystems and sustainability: an ecological and complex systems perspective[END_REF]. Consequently, human health is somehow, positively or negatively, related to ecosystems and landscapes [START_REF] Keesing | Impacts of biodiversity on the emergence and transmission of infectious diseases[END_REF][START_REF] Wood | Does biodiversity protect humans against infectious disease?[END_REF]. This idea might sound obvious and acceptable, but its inclusion into health policies at national and international scale is quite new [5,6]. For many decades, programs to reduce the impact of vector-borne diseases on human health have focused on chemical and physical anti-vectorial interventions, i.e. destroying vectors and their habitats or micro-habitats [START_REF] Becker | Mosquitoes and their control[END_REF]. When there is a threat for the economy [START_REF]People, pathogens, and our planet : Volume one : towards a one health approach for controlling zoonotic diseases (English)[END_REF], crisis mitigation strategies often rely on preventive culling of livestock or of wild hosts to stop the epizooty. For example, in France, two cases of brucellosis were detected in 2012, likely caused by contacts of cows with infected ibex (Capra ibex). This led to the slaughter of 200 ibex in the Bargy mountains [START_REF] Anses | Mesures de maîtrise de la brucellose chez les bouquetins du Bargy[END_REF]. In 2016/2017, an epizooty of avian influenza in poultry farms in southern France led the authorities to order the preventive culling of several millions of fowl [START_REF] Anses | Avis relatif au périmètre optimal de dépeuplement préventif influenza aviaire IA HP H5N8[END_REF].

Yet, extreme measures such as these are not without limitations. The first cases of resistant mosquitoes were reported within 1 year of the first insecticide spraying campaigns for example [START_REF] Brown | Insecticide resistance in mosquitoes: a pragmatic review[END_REF][START_REF] Hemingway | Insecticide Resistance in Insect Vectors of Human Disease[END_REF]. Since then, insecticide resistance of mosquitoes has spread so much that pyrethroid insecticides no longer kill mosquitoes in many places of Africa [START_REF] Hemingway | Averting a malaria disaster: will insecticide resistance derail malaria control?[END_REF], and that 60 countries among the 78 included in the monitoring program of the WHO reported mosquito resistance to at least one insecticide molecule [START_REF]F489 DD7B6 9EF5A B105D 15? seque nce=1[END_REF].

The efficacy of the control of an epizooty through the culling of wild hosts is also questionable: field studies performed 1 year after the above-mentioned culling of ibex showed that the prevalence of brucellosis in the infected ibex population had not been reduced. In fact, it even increased in the younger individuals. Moreover, given that males from surrounding non-infected populations came to "fill the blanks" left by the culling, the risk to see the infection spread to other populations was considered as high [START_REF] Anses | Mesures de maîtrise de la brucellose chez les bouquetins du Bargy[END_REF]. Finally, massive preventive culling, such as the one performed in 2017 to stem avian influenza, had huge socio-economical costs, and triggered ethical debates regarding the culling of millions of possibly healthy animals. Sociological studies performed in Great Britain to evaluate public opinion regarding badger culling to control bovine tuberculosis showed a widespread disapproval [START_REF] Bennett | Public opinions on badger populations and the control of tuberculosis in cattle in the uk[END_REF]. These limitations highlight the need for alternative control methods that would no longer be based on the direct destruction of populations or habitats, but rather on the regulation functions performed by ecosystems. With this in mind, the French stakeholders of the 3rd National Plan for Health and the Environment commissioned this review in order to synthesize existing knowledge on this topic and encourage further relevant research. These stakeholders came from the public and private sectors and included scientists, national park managers, environmental NGOs and associations, and decision makers.

Several mechanisms have already been described to explain how natural changes in species richness and abundance can regulate some diseases. Among them, the dilution effect has been particularly well studied and debated [START_REF] Schmidt | Biodiversity and the dilution effect in disease ecology[END_REF][START_REF] Logiudice | The ecology of infectious disease: effects of host diversity and community composition on Lyme disease risk[END_REF][START_REF] Johnson | Diversity, decoys and the dilution effect: how ecological communities affect disease risk[END_REF][START_REF] Randolph | Pangloss revisited: a critique of the dilution effect and the biodiversity-buffers-disease paradigm[END_REF][START_REF] Civitello | Biodiversity inhibits parasites: broad evidence for the dilution effect[END_REF]. It states that when an ecosystem shelters a diversity of hosts, it is more difficult for a pathogen to find a highly competent host, i.e. a host in which it could multiply and be transmitted to another host, either directly or by using a suitable vector [START_REF] Ostfeld | The function of biodiversity in the ecology of vector-borne zoonotic diseases[END_REF]. Several ecological conditions have been proposed by Ostfeld and Keesing as necessary for this dilution effect to occur [START_REF] Ostfeld | The function of biodiversity in the ecology of vector-borne zoonotic diseases[END_REF][START_REF] Ostfeld | Effects of host diversity on infectious disease[END_REF]. An amplification effect (opposite to the dilution effect) occurs when highly competent host species are favored, for example after a habitat disturbance event. Here, the highly competent host species become more abundant in the biological community and can facilitate the spread of the disease. Such response to fluctuations in host populations has been reported for the white-footed mouse Peromyscus leucopus, a highly competent host for Lyme disease [START_REF] Allan | Effect of forest fragmentation on lyme disease risk[END_REF], and the American robin Turdus americanus, a highly competent host for the West Nile virus [START_REF] Kilpatrick | Host heterogeneity dominates West Nile virus transmission[END_REF][START_REF] Kilpatrick | Globalization, land use and the invasion of West Nile virus[END_REF]. A meta-analysis performed on 345 wetland studies by Johnson et al. [26] found that host species highly competent for the parasite Ribeiroia ondatrae, which is responsible for amphibian limb malformations, dominate in species-poor communities. Richer communities however, contain more low-competent species, which decreases the overall host competence of the ecosystem.

Another dilution mechanism is represented by some host species that have a competence close to zero, and act as "ecological traps" for the pathogen or the vector. These species are sometimes referred to as "dead-end hosts". This seems to be the case for the opossum Didelphis virginiana that kills the vast majority of ticks that become attached to it [START_REF] Keesing | Hosts as ecological traps for the vector of Lyme disease[END_REF]. It has also been reported that the roe deer Capreolus capreolus has the ability to destroy the spirochetes of Borrelia burgdorferi in his bloodstream, preventing the infection of Ixodes ticks that feed on roe deer [START_REF] Jaenson | Incompetence of Roe Deer as Reservoirs of the Lyme Borreliosis Spirochete[END_REF] and the spreading of Lyme disease. However, the roe deer also facilitate the reproduction of these ticks and thus potentially increase their population [START_REF] Kiffner | Attachment site selection of ticks on roe deer[END_REF]. Illustrating the complexity of interactions between diseases and ecosystems.

Another mechanism close to a dilution effect can occur when the vector/host species competes with other species that occupy the same ecological niche but are not a vector/host of the pathogen. Johnson et al. [START_REF] Johnson | Community diversity reduces Schistosoma mansoni transmission, host pathology and human infection risk[END_REF] showed that an experimental increase of the diversity of snails reduced the transmission of schistosomiasis, even when the density of the snail Biomphalaria glabrata, the only host of schistosomiasis, was kept constant.

Finally, the regulation of diseases can also occur when predation decreases populations of vectors or hosts [START_REF] Reiskind | Experimental assessment of the impacts of Northern Long-Eared Bats on Ovipositing Culex (Diptera: Culicidae) Mosquitoes[END_REF][START_REF] Levi | Deer, predators, and the emergence of Lyme disease[END_REF][START_REF] Sokolow | Reduced transmission of human schistosomiasis after restoration of a native river prawn that preys on the snail intermediate host[END_REF]. However, some authors suggest that not all predators are equally efficient in this respect, and that generalist predators can regulate host or vector populations more efficiently than specialized ones [START_REF] Ostfeld | Are predators good for your health? Evaluating evidence for top-down regulation of zoonotic disease reservoirs[END_REF].

These various mechanisms suggest that modifications of habitats or landscapes structure, including their appropriate management, could also lead to changes in diseases incidence, by changing vector or host populations, or by altering/enhancing certain population dynamics (Fig. 1). This would rely on regulatory services provided by ecosystems. For example, a growing proportion of grasslands in agricultural landscapes have been shown to increase echinococcosis by favoring populations of intermediate hosts, grassland rodents [START_REF] Giraudoux | Interactions between landscape changes and host communities can regulate Echinococcus multilocularis transmission[END_REF], and increasing predation by the red fox Vulpes vulpes, the definitive host of echinococcosis [START_REF] Weber | Predation by foxes, Vulpes vulpes, on the fossorial form of the water vole, Arvicola terrestris scherman, in western Switzerland[END_REF]. However such ecological conditions, favorable to echinococcosis, would likely be detrimental to other diseases such as Lyme disease. In this case the red fox Vulpes vulpes is not a definitive host but acts as a regulator of rodent hosts, thus potentially decreasing the incidence of Lyme disease [START_REF] Levi | Deer, predators, and the emergence of Lyme disease[END_REF].

Objective of the systematic map

We initially aimed at providing a systematic map and a systematic review on this topic as declared in the published protocol [START_REF] Lugassy | What is the evidence that ecosystem components or functions have an impact on infectious diseases? A systematic review protocol[END_REF]. Based on the outputs of the systematic search and the examination of studies, it appeared that a systematic review was not possible because of the very small number of articles and the high variability of both their research designs and PECO elements. The results presented herein are thus limited to a systematic map built on PECO elements and other descriptors related to study validity. Given that very little experimental studies were identified, we use Exposure rather than Intervention and PECO syntax in the following. Recommendations are given for future upgrading that would allow an evidence base to be established, when sufficient and robust data is available.

Primary question of the systematic map:

"What evidence exists on the impact of specific ecosystem components and functions on infectious diseases?".

Components of the primary questions 

Methods

This map follows the previously published protocol [START_REF] Lugassy | What is the evidence that ecosystem components or functions have an impact on infectious diseases? A systematic review protocol[END_REF].

It has been conducted according to the Guidelines for Evidence Synthesis issued by the Collaboration for Environmental Evidence [START_REF]Guidelines and Standards for Evidence synthesis in Environmental Management. Version 5.0[END_REF]. The ROSES form is included as an Additional file 1. It involved a group of stakeholders and a group of experts. The stakeholder group was composed of the commissioner (French ministry for Ecology), scientists, national park managers, environmental NGOs and associations, and decision makers. They were associated to the framing of the question and were where asked to define which diseases and ecosystem functions/ components shouldbe included in the systematic map.

The expert group was composed of 20 scientific experts from French research institutions (IRD, CIRAD, Uni-versities…), most of them co-authoring this review. The expert group provided support in building the reference set of articles to test the search equation and in the definition of the study validity criteria.

Search strategy

Our search strategy has been designed to retrieve articles that cover a broad range of ecosystem components/ functions and diseases. We searched for articles in 5 bibliographic databases, identified as relevant by the review team and the expert panel, and listed in Bibliographic databases. In each database, we performed one search per disease. We searched in the "topic" section or in the title/abstract/keywords, wherever this option was possible. These databases were either available in open-access, or through a pre-existing subscription of FRB or the research institutions of the experts.

Search terms and search string

The search string was built based on a preliminary search conducted on Web of Science in May-June 2018. This search string was structured into three blocks related to Population and Outcomes. We chose not to use Intervention-or Exposure-related search terms, as there was a risk to miss some of them. The 1st block of the string targeted articles mentioning the required disease or pathogen agent(s). This was the only part of the search string that differed between searches for different diseases. Synonyms of the names of the diseases, including vernacular names, were listed using the Mesh database and Google and included in the search string (list available in Additional file 2 of the protocol [START_REF] Lugassy | What is the evidence that ecosystem components or functions have an impact on infectious diseases? A systematic review protocol[END_REF]), along with the list of pathogen agents identified for each disease. The 2nd block contained keywords related to the structure and the functioning of ecological communities. The 3rd block contained altogether generalist keywords related to ecosystems or ecology (part 3a) and a list of habitat types (part 3b) in order to retrieve specific field studies that did not mention the generalist keywords. This list of habitats was built based on the habitat classification of IUCN [39], from which we selected first-level habitats relevant for the 14 diseases included in the review (i.e. all habitats except marine habitats, rocky areas and deserts) and added synonyms.

The three elements were combined using the Boolean operators AND (both terms must be found) and OR (at least one term must appear), as follow: 1 AND 2 AND (3a OR 3b).

The operator NEAR/5 (both terms must appear, with 5 words maximum between them) was used in the 2nd block. The "*" wildcard allowed to retrieve plurals and words sharing the same root such as the words "predator", "predation", "predated" (etc.) from the single word predat*.

Detailed search string, as designed for Web of Science: (Name(s) of the disease OR name(s) of the pathogen agent(s)) AND. This search string was approved by the expert panel. It was adapted to the specific requirements of each bibliographic database (Boolean operator accepted, maximum number of words). When it had to be reduced, we gave priority to the 1st and 2nd blocks of the search string. The search string used in each database is reported in Additional file 2 to ensure replicability and facilitate future upgrading.

Language

We searched for literature in English and in French. This allowed us to screen most of the peer-reviewed scientific literature as well as research published in French and relevant to the French context. Contrary to what was announced in the protocol, we could not search for literature in Spanish for leishmaniasis and schistosomiasis, due to time limitation.

In institutional websites, searches were performed in English for international institutions, and in French for French institutions.

Bibliographic databases

Publications were collected from the following databases, using subscriptions from the institutions of authors and co-authors (MNHN, CNRS, IRD, CIRAD, Universities):

• OpenGrey • PubMed • Science Direct • Scopus • Web of Science Core Collection (all years 1956 - 2018, all citation indices)

Assembling a library of search results

Using the reference management software Zotero ® , all exported articles were organized into separate collections, one for each disease. Once all the searches were completed (one for each disease and in each database), references for each search were archived in a unique database, and duplicates were removed.

Grey literature

To minimize the risk of publication bias, we asked scientists from the expert panel and the stakeholder committee to share grey literature and unpublished data.

We also conducted a search for grey literature in the 13 organizational websites previously identified [START_REF] Lugassy | What is the evidence that ecosystem components or functions have an impact on infectious diseases? A systematic review protocol[END_REF]. Most of these websites did not allow for complex searches, nor restricted search to title or abstract of the documents. As a consequence, the searches generated a large number of results (n = 565). We screened the first ten results for each of the 14 diseases in each website. Given that none of them were relevant, we did not continue the screening due to time limitation.

Article screening and study eligibility criteria

Articles retrieved from the bibliographic search were screened based on their title, abstract and full text based on PECO elements. An additional step of screening was performed to include relevant study validity criteria in the systematic map (detailed in the Screening process section). No deviation from the protocol was made regarding the screening process or the eligibility criteria.

Screening process

The screening of titles, abstracts and full-texts were performed by the project leader (LL) and two assistants (LB, BL). Eligibility criteria were proposed by the project leader and validated by the expert panel.

Consistency checking Prior to the beginning the screening, the 3 screeners independently examined the titles of 42 articles (3 per disease) randomly extracted from those retrieved by the search equation.

The same exercise was conducted on 28 abstracts (2 per disease). Results of the tests for agreement conducted for title-and abstract-screening are presented in Additional file 3, along with the Kappa scores obtained.

No consistency checking of the screening was performed at full-text stage, but a double-checking of fulltexts screened by the two assistants was performed by the project leader (40%, 360 out of 936 papers). Disagreements were resolved by discussion. Twenty-five articles initially retained were rejected, while nine articles initially rejected were retained.

Eligibility criteria

Different eligibility criteria were applied at title, abstract, and full-text stages. When the information provided by the title or abstract was n insufficient to reject or retain the article with certainty, it was retained and examined at the next screening stage.

Title: Inclusion criteria: Presence of the name of the disease or pathogen agent responsible for this disease, OR presence of a generic term related to infectious diseases or pathogens;

For vector-borne diseases only: presence of the name of the vector or a generic term related to vectors (e.g. mosquitoes, ticks, vectors).

Exclusion criteria: Absence of the above-mentioned elements OR indication that the article is a review, a meta-analysis, an opinion paper, an ex-situ study (with the exception of mesocosm) or theoretical modelling.

Abstract Inclusion criteria: Presence of words related to ecosystem components, functioning, or management; Exclusion criteria: Similar to criteria for title screening, OR elements showing that the paper is only a descriptive study (no exposure/intervention, no comparator); OR destructive intervention targeted towards a vector or a host; OR intervention nonrelated to ecosystems, such as individual prophylaxis, micro-habitats removal (tires, flower pots), spraying of organic insecticides, genetic modifications of vectors, etc.

Full text Inclusion criteria: Outcome obtained from field data (e.g. vector/host collection on the field, epidemiological database from hospitals) AND presence of all PECO elements detailed in the section "Definition of the question components"; Exclusion criteria: Similar to those applied for title or abstract screening; OR effect of Exposure on Outcome purely descriptive (no statistics); OR elements informing that the Outcome is an output of a theoretical mathematical model that does not use primary data OR Outcome obtained in laboratory.

The list of articles excluded at full-text is presented in Additional file 3 (worksheet 1), as well as the reason for their exclusion.

Study validity assessment and consistency checking

Selection of studies for validity assessment Before conducting validity assessment, we further selected studies based on characteristics that were not anticipated in the protocol and required thorough reading of the articles. Exclusion of certain studies was decided by the project leader in consultation with LB and BL when the authors reported that prevalence or incidence of the disease was too low to allow for any robust conclusion (n = 4), and when the study was only descriptive and no statistics were available (n = 4). We also excluded the "disease x exposure" combinations that were only represented by a single study (n = 94) in order to priorize combinations reporting replications that would allow for synthesis. The list of the 94 studies with a unique "disease x exposure" combination can be found in Additional file 4 (Worksheet 2).

Study validity assessment

Validity assessment was performed to account for limitations in the research design when several studies were identified for a "disease x exposure" group. When an article contained several studies, the validity assessment was carried out separately for each of them.

Study validity relied on four main aspects of research design, as decided by expert consultation:

• the spatial coherence between exposure and outcome; • the temporal coherence between exposure and outcome; • the degree of replication in time;

• the degree of replication in space.

These four criteria aimed to evaluate whether the spatial and temporal aspects of exposure and outcome were relevant enough to allow any conclusion about the evidence of a potential effect of the exposure on the outcome. These four criteria are detailed in Sect. 3.2.4 Data coding strategy.

To evaluate whether studies included in the same "disease x exposure" group reported similar or variable findings, a narrative summary of individual study findings was provided (columns M and N, Additional file 5, worksheet Validity assessment) based on the information contained in the result section of studies. The study findings were classified in two categories: "significant study findings" are those for which authors reported a p-value inferior to 0.05. Non-significant study findings are those for which authors reported a p-value superior to 0.05. In case of missing or unclear information or purely observational results without any statistics, the article was excluded from further analysis [START_REF] Ferrell | Using landscape analysis to test hypotheses about drivers of tick abundance and infection prevalence with Borrelia burgdorferi[END_REF][START_REF] De Mik | The geographical distribution of tick bites and erythema migrans in general practice in The Netherlands[END_REF][START_REF] Ostfeld | Tick-borne disease risk in a forest food web[END_REF].

When variability was observed among results of articles from the same "disease x exposure" group, the four criteria used for validity assessment were analyzed to assess whether they could explain the diversity of results.

Consistency checking

For the 114 studies that were included in validity assessment, meta-data extraction and coding was performed by the project leader for 64 studies, and by research assistants for 50 studies. For these 50 studies (45%), the project leader conducted a doublecheck of meta-data extraction, coding and attribution of validity level. Discrepancies were discussed in order to reach an agreement.

Data coding strategy

Meta-data coding and extraction for mapping was performed by the project leader. Ten percent of the 207 articles (n = 20) were double-checked by a co-author to ensure that there were no errors in meta-data extraction and coding. Meta-data were extracted from all articles retained after the screening process (n = 207, including 216 studies). The following information was extracted and stored in an Excel database (Additional file 5, Worksheet "Systematic map"): The "Country" column contains the name of the country/countries where the field study was performed or where the data was collected. The code "continental-scale" or "global-scale" was attributed to studies run across a very large geographical scale. The coding of the name of each disease follows the list presented in the section Question components.

• Title • First author • Year of publication • Country • Continent • Disease • Type of
Ecosystem components/functions were described according to the categories presented in Table 1. Some broad categories (e.g. landscape composition) are labelled with an asterisk (*) and detailed in the column "Detailed ecosystem component" (e.g. proportion of forest). Note that for these categories, it is the detailed ecosystem component(s) that was used to form the "disease x exposure" combination(s) based on which studies were included or excluded from validity assessment (see Sect. 3.2.3).

To facilitate the use of the map, epidemiological outcomes were coded in 4 different columns, signaling where measurements have been conducted (in vector and/or intermediate host and/or non-human final host and/or human).

Data coding strategy for validity assessment For the 114 studies for which a validity assessment was conducted, we extracted meta-data related to the 4 criteria used for validity assessment. The coding strategy used for metadata extraction is described hereafter for the 4 criteria:

1/ Spatial coherence: When the outcome was measured in humans, a study was considered as highly valid when the place of contamination could be identified (e.g. location of the tick bite for Lyme disease). Low validity was attributed when it could not (e.g. use of residential address of the patient for Lyme disease).

For animal host-related exposures, high validity was attributed when the sampling was performed on an area coherent with the home-range of the host. Medium validity was attributed when the sampled area was considered too small with regards to the home-range of the host (e.g. deer abundance index based on dung sampling on less than an acre), or too large (e.g. host abundance index extracted from a county-scale database and attributed to field sites). Low validity was attributed whenever important information was missing to assess spatial coherence.

For landscape-related exposures, the level of validity depended on the spatial scale at which the analysis was performed, and on the spatial definition of the land-use data. High validity was attributed when the spatial scales of the landscape analysis matched the ecological range of the vector or host of the pathogen. Where it did not match, the study was considered to be of medium validity. Medium validity also characterized macro-scale studies (e.g. studies with outcome and exposure averaged by counties, regions or states) and studies that used land-use data with a low spatial resolution (< 100 × 100 m pixels). Low validity was attributed when important information was missing to appraise the spatial coherence (e.g. no information on the spatial resolution of a land-use database, or on the scale of landscape analysis around sampling plots).

2/ Temporal coherence: For landscape-related exposures, the level of validity reflected the risk that the exposure significantly changed between the exposure and outcome assessments (e.g. due to urbanization, deforestation, fragmentation etc.). High validity was attributed to a study when the exposure and the outcome were assessed within the same year; medium validity when they were assessed less than 5 years apart, and low validity when the delay was superior or equal to 5 years. An exception to this rule was made for echinococcosis that has a long latency period in humans (3 to 15 years): high validity was attributed when ancient and long-term landuse data were used (from 20 to 3 years before the outcome measure). Otherwise, validity was assessed as low.

For animal hosts-related exposures, the level of validity was attributed according to the temporal coherence between exposure and outcome measures, with respects to the biological cycles of the pathogen and/or the vector and/or the animal host(s). As a general rule, high validity was attributed to studies when the exposure and the outcome were assessed during the same year, else a medium validity was attributed. There were a few exceptions to this rule:

• For echinococcosis infection in dogs and foxes, which can be detected for a maximum of one month after the ingestion of a contaminated rodent, high validity was attributed when the outcome was measured less than one month after the exposure (e.g. rodent density). Otherwise, a low validity was attributed. • For studies on Lyme disease, in which exposure was measured in rodents or cervids and the outcome in ticks, validity depended on whether the timing inherent to the tick life cycle is taken into consideration. Indeed, it is expected that rodents are hosts to larvae and nymphs while cervids are a preferential host for adult ticks. To test for an effect of deer density on nymphal infection prevalence, one should use data on deer density collected 2 years before the outcome was measured. We attributed a high validity to studies that took such a delay into account (1 year between exposure in cervids and outcome in larvae or between exposure in rodents and outcome in nymphs; 2 years between exposure in cervids and outcome in nymphs, or between exposure in rodents and outcome in adults, or between exposure in rodents and outcome in humans; 2 to 3 years between exposure in cervids and outcome in humans).

When the exposure or outcome involved assessments on vectors or hosts with a known peak of activity (e.g. ticks and mosquitoes) or peak of detection (e.g. breeding period for birds), the level of validity was attributed in order to minimize detection bias: "high" when measures were conducted during the peak, "low" when they were conducted outside of the peak.

For longitudinal studies, low validity was attributed when the sampling period across sites lasted for more than a month, without being justified by differences in phenology (e.g. in the case of a high latitudinal gradient between sites). Indeed, this could introduce a potential bias between sites sampled early versus those sampled late in the season. Low validity was attributed whenever important information was missing to appraise the temporal coherence (e.g. date of measure).

3/ Temporal replicability: High validity was attributed when the study was based on more than 5 years of data collection regarding the outcome and animal biodiversity-related exposures. A medium validity level was attributed to studies with 2 to 5 years of data collection, and a low validity to studies based on data collected over only 1 year. This did not apply to landscape-related variables that are not expected to fluctuate strongly inbetween years.

4/ Spatial replicability: A high validity was attributed to studies that included more than 20 study sites (or replicates per treatment, or spatial units in the case of macro-scale studies). Those based on 6 to 20 sites were considered to be of medium validity, and a low validity was attributed to studies based on five sites or less.

To facilitate the narrative synthesis, the validity levels (high, medium, low) attributed for the 4 criteria were used to allocate a global validity level to each study with the following categories: For each article retained at this stage, the levels of validity attributed to the 4 criteria and their justification can be found in Additional file 5, as well as the global level of validity.

Data mapping method

In the first part of the systematic map ("Mapping the quantity of studies"), studies were collated based on 1/ the disease they studied, 2/ the continent on which they were conducted, and 3/ the type of exposure they studied. A heatmap of the "disease x exposure" combinations of the 216 studies was used to highlight knowledge gaps and clusters. In the second part of the map ("Mapping the quality of studies"), the findings of studies included in the same "disease x exposure" group were presented as a narrative synthesis and potential differences in these findings discussed based on the results of validity assessment.

Findings

Descriptive statistics

Literature screening

The bibliographic searches in scientific databases were performed on the following dates: 24/10/2018 (PubMed, Science Direct), 25/10/2018 (Open Grey), and 5/11/2018 (Web of Science, Scopus). For each database, the searches for the 14 diseases were performed on the same date.

All the steps of the screening process are presented in Fig. 2 (see Additional file 2 for the detailed screening for each disease). The searches for the 14 diseases generated a total of 12,627 articles. After eliminating duplicates (n = 2904), 9723 articles were screened. 1835 (19%) were rejected at title stage, 6945 (71%) at abstract stage, and 641 (6%) at full-text stage (see Additional file 4 for the list of articles rejected at full-text with reason for rejection). Note that 95 full-texts with relevant abstracts could not be found and thus were not screened (list presented in Additional file 4). The final corpus for systematic map was constituted of 207 articles that studied 13 diseases out of the 14 initially selected. No relevant article was found for Zika.

Searches for grey literature on institutional websites were performed between January 15th and February 18th 2019. No documents found in the grey literature search were relevant, and so none were included in the final corpus.

Mapping the quantity and characteristics of relevant studies

The systematic map presents 207 articles (216 studies) about the effects of ecosystem components or functions on 13 of the 14 diseases. All were written in English and were published in scientific journals, except for 2 articles that were part of an unpublished PhD manuscript. Ninety-five percent were published after 2000, and 65% after 2010. Studies were spread across 5 continents, with 68 studies from North America, 54 from Europe, 35 from Asia, 30 from Africa, 22 from South America, 4 from Middle-East and 3 from Oceania (Fig. 3). Seven articles contained several studies performed on different continents. Two studies were conducted at a global-scale.

Lyme borreliosis was the most studied disease, with 64 studies from Europe (n = 34) and North America Studies not included in further synthesis, with reasons (n = 18, Add. File 4)

Excluded on: Fig. 2 Results of the bibliographic search and screening of articles for all 14-diseases (n = 30). Followed by malaria, with 29 studies equally distributed between Africa (n = 11), Asia (n = 9) and South America (n = 8). West Nile gathered 26 studies, all conducted in North America except for one. Echinococcosis was mentioned in 20 studies, mainly from Asia (n = 9) and Europe (n = 8). Leishmaniasis was the subject of 15 studies, mostly from South America (n = 8) and Middle-East (n = 4). Avian Influenza was mentioned in 12 studies, with a large majority from Asia and Africa (n = 10). Schistosomiasis was reported in 9 studies, with a majority of studies conducted in Africa (n = 6). The 3 mosquito-borne diseases transmitted by Aedes sp. accounted for less than 10 studies altogether, equally distributed between Asia and Africa (5 for dengue, 2 for Chikungunya, 0 for Zika). Bovine Tuberculosis was examined in 9 studies from 4 continents (Africa, Europe, North America and Oceania). Brucellosis was the subject of 7 studies conducted in Africa, Asia, Europe and North America. Leptospirosis was reported in 5 studies, from various continents (Europe, North America, Oceania and global-scale), while cryptosporidiosis was present in 4 studies conducted in North America (n = 3) and Europe (n = 1).

• Low confidence level (n = 2) • Medium/
With the exception of eight studies that were based on controlled experiments (6 BACI field studies [START_REF] Williams | Managing Japanese barberry (Ranunculales: Berberidaceae) infestations reduces blacklegged tick (Acari: Ixodidae) abundance and infection prevalence with Borrelia burgdorferi (Spirochaetales: Spirochaetaceae)[END_REF][START_REF] Williams | Effects of Japanese barberry (Ranunculales: Berberidaceae) removal and resulting microclimatic changes on Ixodes scapularis (Acari: Ixodidae) abundances in Connecticut, USA[END_REF][START_REF] Williams | Long-term effects of Berberis thunbergii (Ranunculales: Berberidaceae) management on Ixodes scapularis (Acari: Ixodidae) abundance and Borrelia burgdorferi (Spirochaetales: Spirochaetaceae) prevalence in Connecticut, USA[END_REF][START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF][START_REF] Hubálek | Effect of forest clearing on the abundance of Ixodes ricinus ticks and the prevalence of Borrelia burgdorferi sl[END_REF][START_REF] Gray | Studies on the ecology of Lyme disease in a deer forest in County Galway[END_REF] and 2 mesocosm experiments [START_REF] Johnson | Community diversity reduces Schistosoma mansoni transmission, host pathology and human infection risk[END_REF][START_REF] Halstead | Agrochemicals increase risk of human schistosomiasis by supporting higher densities of intermediate hosts[END_REF]), all others relied on correlations based on post-hoc observational designs.

Mapping the quality of relevant studies (narrative synthesis including validity assessment)

In this section, we describe the types of exposures and outcomes reported in the relevant studies for each disease. Among the 216 relevant studies included in the systematic map, 100 were excluded from the validity assessment and further narrative synthesis as they met the exclusion criteria listed in Sect. 3.2.3: )1) 94 were unique in the "disease x exposure" combination they studied and could not be included in any group for synthesis (they are listed in Additional file 4), (2) 4 studies (3 articles) found too little infection to perform any further analysis (highlighted in red in Additional file 5, worksheet Systematic map), (3) 4 studies lacked statistical tests and reported purely observational results. The remaining 114 studies were organized into 34 groups to allow for validity assessment and narrative synthesis. This covered 9 out of 14 diseases, and each group contained 2 to 16 studies. Further details including validity based on the four criteria presently previously and the final global level of confidence can be found in Additional file 5 (worksheet Validity assessment). For each group, results from studies with a high, medium/high and medium validity are synthesized in a narrative form and potential differences in results are discussed. Eighteen studies that were attributed a medium/low or low validity were excluded from the synthesis (Additional file 5, worksheet Validity assessment).

In the following section, diseases are presented in alphabetic order and exposures are presented in two sub-sections: landscape-related and animal biodiversity-related exposures.

Fig. 3 Geographical distribution of relevant articles

Avian Influenza

Twelve studies were retained for this disease (Additional File 5). All of them used epidemiological data collected in avian hosts, and two of them also used epidemiological data collected in humans [START_REF] Yupiana | Risk factors of poultry outbreaks and human cases of H5N1 avian influenza virus infection in West Java Province[END_REF][START_REF] Fuller | Predicting hotspots for influenza virus reassortment[END_REF].

Landscape-related exposures

Ten studies looked at the composition of the landscape around recorded cases and searched for a correlation between the proportion of various types of land-use and epidemiological data. Exposures included: proportion of riceland ( [START_REF] Yupiana | Risk factors of poultry outbreaks and human cases of H5N1 avian influenza virus infection in West Java Province[END_REF][START_REF] Saksena | Evidence for the convergence model: the emergence of highly pathogenic avian influenza (H5N1) in Viet Nam[END_REF][START_REF] Paul | Agro-environmental determinants of avian influenza circulation: a multisite study in Thailand, Vietnam and Madagascar[END_REF][START_REF] Pfeiffer | An analysis of the spatial and temporal patterns of highly pathogenic avian influenza occurrence in Vietnam using national surveillance data[END_REF]; group 1 in Additional file 5), proportion of waterbodies ( [START_REF] Yupiana | Risk factors of poultry outbreaks and human cases of H5N1 avian influenza virus infection in West Java Province[END_REF][START_REF] Fuller | Predicting hotspots for influenza virus reassortment[END_REF][START_REF] Saksena | Evidence for the convergence model: the emergence of highly pathogenic avian influenza (H5N1) in Viet Nam[END_REF][START_REF] Yupiana | Risk factors of poultry outbreaks and human cases of H5N1 avian influenza virus infection in West Java Province[END_REF][START_REF] Fuller | Predicting hotspots for influenza virus reassortment[END_REF][START_REF] Saksena | Evidence for the convergence model: the emergence of highly pathogenic avian influenza (H5N1) in Viet Nam[END_REF]; group 2), proximity to waterbodies ([52, 53, 58]; group 3), and Normalized Difference Vegetation Index (NDVI), used as a proxy for vegetation cover or climate ([54, 58-60]; group 4).

Group 1 (% of riceland): The studies were limited in time to a few years, and spatially to a few areas, but the spatial replication level at these sites was high for all studies. The results reported are heterogeneous. Two studies reported a positive correlation between the proportion of riceland in the landscape and avian influenza outbreaks, but that was not verified in all the regions studied [START_REF] Saksena | Evidence for the convergence model: the emergence of highly pathogenic avian influenza (H5N1) in Viet Nam[END_REF][START_REF] Paul | Agro-environmental determinants of avian influenza circulation: a multisite study in Thailand, Vietnam and Madagascar[END_REF]. Pfeiffer et al. [54] also found a significant correlation, while Yupiana et al. [START_REF] Yupiana | Risk factors of poultry outbreaks and human cases of H5N1 avian influenza virus infection in West Java Province[END_REF] reported an absence of correlation.

Group 2 (% of waterbodies): The results in this group were highly variable. Among the three studies that were attributed a medium/high validity, some reported an absence of correlation between the proportion of waterbodies and avian influenza infection [START_REF] Fuller | Predicting hotspots for influenza virus reassortment[END_REF][START_REF] Nallar | Ecological determinants of avian influenza virus, West Nile virus, and avian paramyxovirus infection and antibody status in blue-winged teal (Anas Discors) in the Canadian prairies[END_REF], while others reported a positive correlation [START_REF] Fuller | Predicting hotspots for influenza virus reassortment[END_REF][START_REF] Thanapongtharm | Rivers and flooded areas identified by medium-resolution remote sensing improve risk prediction of the highly pathogenic avian influenza H5N1 in Thailand[END_REF]. A similar variability was observed among the four studies with a medium validity, in which authors reported a positive correlation [START_REF] Yupiana | Risk factors of poultry outbreaks and human cases of H5N1 avian influenza virus infection in West Java Province[END_REF][START_REF] Saksena | Evidence for the convergence model: the emergence of highly pathogenic avian influenza (H5N1) in Viet Nam[END_REF][START_REF] Pfeiffer | An analysis of the spatial and temporal patterns of highly pathogenic avian influenza occurrence in Vietnam using national surveillance data[END_REF][START_REF] Takekawa | Movements of wild ruddy shelducks in the Central Asian Flyway and their spatial relationship to outbreaks of highly pathogenic avian influenza H5N1[END_REF] or an absence of correlation [START_REF] Saksena | Evidence for the convergence model: the emergence of highly pathogenic avian influenza (H5N1) in Viet Nam[END_REF][START_REF] Pfeiffer | An analysis of the spatial and temporal patterns of highly pathogenic avian influenza occurrence in Vietnam using national surveillance data[END_REF]. Overall, the link between waterbodies and avian influenza in poultries seems to be highly variable in space (between study regions) and in time (between epidemic waves). The fact that each study uses its own type of waterbody class (ponds, or streams, or lakes, or all waterbodies combined) likely adds an additional source of variability.

Group 3 (proximity to waterbodies): The three studies of this group had very close validity profiles and only differed in the effort of replication in the observations.. As in the previous group, the studies did not target the same habitats (lakes [START_REF] Saksena | Evidence for the convergence model: the emergence of highly pathogenic avian influenza (H5N1) in Viet Nam[END_REF] vs. all types of permanent waterbodies [START_REF] Paul | Agro-environmental determinants of avian influenza circulation: a multisite study in Thailand, Vietnam and Madagascar[END_REF][START_REF] Huang | Risk analysis of H5N1 highly pathogenic avian influenza in poultry at the Poyang Lake area, China[END_REF]), which could be a factor of variability. Variability was also reported within two studies: the proximity to waterbodies was found to be a risk factor for poultry infection in three out of four study regions in Paul et al. [START_REF] Paul | Agro-environmental determinants of avian influenza circulation: a multisite study in Thailand, Vietnam and Madagascar[END_REF], and only in one site and during one out of two epidemic waves in Saksena et al. [START_REF] Saksena | Evidence for the convergence model: the emergence of highly pathogenic avian influenza (H5N1) in Viet Nam[END_REF]. Again, these results suggest that the link between waterbodies and avian influenza in poultries seem to be highly variable in space (between study regions) and in time (between epidemic waves).

Group 4 (vegetation cover): The four studies retained in this group had high replication in space but lacked high temporal replication and spatial coherence. The study with the highest validity reported that the risk of outbreak in poultry was lower in sites with high NDVI values [START_REF] Si | Different environmental drivers of highly pathogenic avian influenza H5N1 outbreaks in poultry and wild birds[END_REF]. The results from the three studies with a medium validity are difficult to analyse. Indeed, in one of them [START_REF] Huang | Risk analysis of H5N1 highly pathogenic avian influenza in poultry at the Poyang Lake area, China[END_REF], the spatial resolution of the vegetation data was quite low (1 km grid), while it was not mentioned in the two other studies [START_REF] Pfeiffer | An analysis of the spatial and temporal patterns of highly pathogenic avian influenza occurrence in Vietnam using national surveillance data[END_REF][START_REF] Newman | Migration of whooper swans and outbreaks of highly pathogenic avian influenza H5N1 virus in eastern Asia[END_REF]. The lack of robust studies with high quality data is the main limit to establish a potential link between avian influenza and vegetation cover.

Animal biodiversity-related exposures

Gaidet et al. [START_REF] Gaidet | Understanding the ecological drivers of avian influenza virus infection in wildfowl: a continental-scale study across Africa[END_REF] studied the composition of the wildfowls community and its effect on the infection in wildfowls. Two studies looked at the contact between poultry and migratory waterbirds, to test whether outbreaks in poultry were co-occurring temporally and spatially with migratory routes ( [START_REF] Takekawa | Movements of wild ruddy shelducks in the Central Asian Flyway and their spatial relationship to outbreaks of highly pathogenic avian influenza H5N1[END_REF][START_REF] Newman | Migration of whooper swans and outbreaks of highly pathogenic avian influenza H5N1 virus in eastern Asia[END_REF]; group 5).

Group 5 (contact with wild birds): Newman et al. [START_REF] Newman | Migration of whooper swans and outbreaks of highly pathogenic avian influenza H5N1 virus in eastern Asia[END_REF] and Takekawa et al. [START_REF] Takekawa | Movements of wild ruddy shelducks in the Central Asian Flyway and their spatial relationship to outbreaks of highly pathogenic avian influenza H5N1[END_REF] were attributed a very high level of validity for all but one parameter, due to an absence of temporal replication. They found similar results, indicating an absence of correlation between the presence of migratory birds and the infection of poultry.

Bovine tuberculosis

Nine studies were retained for this disease (Additional file 5).

Landscape-related exposures

Among landscape-related exposures, two variables were studied to search for an effect on cattle infection: the proportion of grasslands ( [START_REF] Bekara | Spatial-temporal Variations of Bovine Tuberculosis Incidence in F rance between 1965 and 2000[END_REF][START_REF] Bouchez-Zacria | Environmental determinants of the Mycobacterium bovis concomitant infection in cattle and badgers in France[END_REF]; group 6) and of forests ( [START_REF] Bouchez-Zacria | Environmental determinants of the Mycobacterium bovis concomitant infection in cattle and badgers in France[END_REF][START_REF] Porphyre | Risk factors for bovine tuberculosis in New Zealand cattle farms and their relationship with possum control strategies[END_REF]; group 7) in the landscape. A fifth study (Walter [65]) focused on the effect of the proportion of wetlands in the landscape on cattle infection.

Group 6 (% of grassland): The two studies in this group were attributed a medium/high validity, although Bekara et al. [62] was of higher validity due to replication and temporal coherence. The results they obtained were different. Bekara et al. [62] reported a significant positive correlation between the proportion of permanent grasslands on the farm and cattle infection, while it was not significant in Bouchez-Zacria et al. [START_REF] Bouchez-Zacria | Environmental determinants of the Mycobacterium bovis concomitant infection in cattle and badgers in France[END_REF], whose outcome was quite different (concomitant infection of cattle and badgers).

Group 7 (% of forest): The studies were both rated as "high" for their spatial coherence and replication but reported variable results. Porphyre et al. [START_REF] Porphyre | Risk factors for bovine tuberculosis in New Zealand cattle farms and their relationship with possum control strategies[END_REF] reported a positive effect of the proportion of forest in a 200 m radius around farms on cattle infection whilst Bouchez-Zacria et al. [START_REF] Bouchez-Zacria | Environmental determinants of the Mycobacterium bovis concomitant infection in cattle and badgers in France[END_REF] found no effect of the proportion of forest in 500 m and 1000 m radii around badger setts on the concomitant infection of cattle and badgers. As the research designs were very different between the two studies, it is difficult to draw any accurate conclusions without further analysis.

Animal biodiversity-related exposures

Three studies tested the effect of host species richness on the infection in cattle or wild hosts ( [START_REF] Huang | Dilution effect and identity effect by wildlife in the persistence and recurrence of bovine tuberculosis[END_REF][START_REF] Sintayehu | Effect of host diversity and species assemblage composition on bovine tuberculosis (bTB) risk in Ethiopian cattle[END_REF][START_REF] Santos | Epidemiology of Mycobacterium bovis infection in wild boar (Sus scrofa) from Portugal[END_REF]; group 8). Four studies investigated the effect of the density of wild hosts on the infection by bovine tuberculosis. However, they all assessed exposure and outcome in a different host species (deer, wild boar and badger for the exposure; cattle, wild boar, deer and badger for the outcome), thus preventing useful synthesis. Three studies focused on different cattle/wildlife interfaces in Africa in order to determine if the degree of contact between domestic and wild hosts had an effect on cattle infection, but one was excluded because prevalence of infection was too low [START_REF] Caron | Relationship between burden of infection in ungulate populations and wildlife/livestock interfaces[END_REF] leaving a group of two studies ( [START_REF] Huang | Dilution effect and identity effect by wildlife in the persistence and recurrence of bovine tuberculosis[END_REF][START_REF] Sintayehu | Effect of host diversity and species assemblage composition on bovine tuberculosis (bTB) risk in Ethiopian cattle[END_REF]; group 9).

Group 8 (host species richness/diversity): The three studies included in this group differ greatly in their spatial and temporal validity. Their results are different. Sintayehu et al. [START_REF] Sintayehu | Effect of host diversity and species assemblage composition on bovine tuberculosis (bTB) risk in Ethiopian cattle[END_REF] observed different correlations between mammal species richness and cattle infection depending on the analysis (univariate vs multivariate). Huang et al. [START_REF] Huang | Dilution effect and identity effect by wildlife in the persistence and recurrence of bovine tuberculosis[END_REF] reported that a high mammal species richness reduced the positive correlation between cattle density and cattle infection but did not find any effect of high mammal species richness when tested alone. Santos et al. [START_REF] Santos | Epidemiology of Mycobacterium bovis infection in wild boar (Sus scrofa) from Portugal[END_REF] reported an absence of dilution effect after testing for a correlation between species richness of wild ungulates and wild boar infection.

Group 9 (contact with wildlife): The studies conducted by Sintayehu et al. [START_REF] Sintayehu | Effect of host diversity and species assemblage composition on bovine tuberculosis (bTB) risk in Ethiopian cattle[END_REF] and Huang et al. [START_REF] Huang | Dilution effect and identity effect by wildlife in the persistence and recurrence of bovine tuberculosis[END_REF] were both attributed a medium/high validity. However, the spatial and temporal coherence was "high" in Sintayehu et al. [START_REF] Sintayehu | Effect of host diversity and species assemblage composition on bovine tuberculosis (bTB) risk in Ethiopian cattle[END_REF] and considered robust, while it was only "medium" in Huang et al. [START_REF] Huang | Dilution effect and identity effect by wildlife in the persistence and recurrence of bovine tuberculosis[END_REF]. The results from these two studies are different. Sintayehu et al. [START_REF] Sintayehu | Effect of host diversity and species assemblage composition on bovine tuberculosis (bTB) risk in Ethiopian cattle[END_REF] found that habitat use overlap between cattle and greater Kudu was correlated with cattle infection, while Huang et al. [START_REF] Huang | Dilution effect and identity effect by wildlife in the persistence and recurrence of bovine tuberculosis[END_REF] did not find any correlation when testing similar variables, yet he reported a significant correlation between the contact with buffalo and cattle infection. However, the interactions between cattle and greater Kudu were not directly observed in Huang et al. [START_REF] Huang | Dilution effect and identity effect by wildlife in the persistence and recurrence of bovine tuberculosis[END_REF] but inferred from distribution maps, a method that might be less robust than the direct field observations made by Sintayehu et al. [START_REF] Sintayehu | Effect of host diversity and species assemblage composition on bovine tuberculosis (bTB) risk in Ethiopian cattle[END_REF].

Brucellosis

Seven studies were retained for this disease (Additional File 5). Studies on the density-dependence of the disease were discarded during the screening process, as they were out of our scope, at the exception of one study that also contained a habitat-related exposure [START_REF] Pikula | Ecology of brucellosis of the European hare in the Czech Republic[END_REF]. Only one study assessed the outcome in humans while the other six assessed it in animal hosts.

Landscape-related exposures

Three studies investigated landscape-related exposures: type of habitats [START_REF] Pikula | Ecology of brucellosis of the European hare in the Czech Republic[END_REF], landscape composition [START_REF] Muñoz | Spatial distribution and risk factors of Brucellosis in Iberian wild ungulates[END_REF], vegetation cover [START_REF] Jia | Human brucellosis occurrences in inner mongolia, China: a spatio-temporal distribution and ecological niche modeling approach[END_REF].

Animal biodiversity-related exposures

Five studies investigated the interface between domestic and wild hosts: Brennan et al. [START_REF] Brennan | Shifting brucellosis risk in livestock coincides with spreading seroprevalence in elk[END_REF] and Nina et al. [START_REF] Nina | Relative importance of wildlife and livestock transmission route of brucellosis in southwestern Uganda[END_REF] studied the effect of wild host densities (respectively measured in elk and in African ungulates) on cattle infection, while Muñoz et al. [START_REF] Muñoz | Spatial distribution and risk factors of Brucellosis in Iberian wild ungulates[END_REF] tested the effect of domestic host density (pigs) on wild boar infection. Finally, Caron et al. [START_REF] Caron | Relationship between burden of infection in ungulate populations and wildlife/livestock interfaces[END_REF] collected epidemiological data both on domestic and wild hosts (respectively cattle and African buffalos) at different interfaces that varied in the level of contact between domestic and wild hosts. The study by Ferrari et al. [75] was the only one focused on wild animals, which looked at the effect of bison density on elk infection. Overall, exposures were too different to form a group for synthesis.

Chikungunya

Two studies were retained for this disease (Additional file 5).

Landscape-related exposures

Sheela et al. [START_REF] Sheela | Assessment of relation of land use characteristics with vector-borne diseases in tropical areas[END_REF] tested the effect of landscape composition (percentage of various land-use types) on human incidence, while Diallo et al. [START_REF] Diallo | Landscape ecology of sylvatic chikungunya virus and mosquito vectors in southeastern Senegal[END_REF] measured infection from the mosquito vector and searched for an effect across habitat type (forest, barren, savannah, agriculture and village). These two studies were too different in the land-use types they compared to form a group for synthesis.

Animal biodiversity-related exposures

No study investigated exposures related to animal biodiversity.

Cryptosporidiosis

Four studies were retained for this disease (Additional file 5).

Landscape-related exposures

No study investigated exposures related to landscapes or habitats.

Animal biodiversity-related exposures

Jagai et al. [START_REF] Jagai | Patterns of protozoan infections: spatiotemporal associations with cattle density[END_REF] focused on the effect of the density of domestic hosts (cattle) on the prevalence in human beings. The three other studies assessed the effect of wild host-related exposures on the infection of wild hosts, but differed in the type of exposure studied: Kilonzo et al. [START_REF] Kilonzo | Fecal shedding of zoonotic food-borne pathogens by wild rodents in a major agricultural region of the central California coast[END_REF] studied wild hosts species richness, while Bajer et al. [START_REF] Bajer | Between-year variation and spatial dynamics of Cryptosporidium spp. and Giardia spp. infections in naturally infected rodent populations[END_REF] and Atwill et al. [START_REF] Atwill | Prevalence of and associated risk factors for shedding Cryptosporidium parvum oocysts and Giardia cysts within feral pig populations in California[END_REF] studied the effect of wild host density, in rodents and feral pigs, respectively. Overall, exposures were too variable to form a group for synthesis.

Dengue

Five studies were retained for this disease (Additional file 5). In all five studies, the outcome was measured in humans [START_REF] Sheela | Assessment of relation of land use characteristics with vector-borne diseases in tropical areas[END_REF][START_REF] Bett | Effects of flood irrigation on the risk of selected zoonotic pathogens in an arid and semi-arid area in the eastern Kenya[END_REF][START_REF] Tiong | Evaluation of land cover and prevalence of dengue in Malaysia[END_REF][START_REF] Araujo | São Paulo urban heat islands have a higher incidence of dengue than other urban areas[END_REF][START_REF] Acharya | Modeling the spatially varying risk factors of dengue fever in Jhapa district, Nepal, using the semi-parametric geographically weighted regression model[END_REF]. One study also measured the infection in mosquitoes [START_REF] Bett | Effects of flood irrigation on the risk of selected zoonotic pathogens in an arid and semi-arid area in the eastern Kenya[END_REF].

Landscape-related exposures

The types of ecosystem components studied were very variable: Bett et al. [START_REF] Bett | Effects of flood irrigation on the risk of selected zoonotic pathogens in an arid and semi-arid area in the eastern Kenya[END_REF] compared three different habitats (irrigated, pastoral, riverine) to test the effect of irrigation on the disease. Acharya et al. [START_REF] Acharya | Modeling the spatially varying risk factors of dengue fever in Jhapa district, Nepal, using the semi-parametric geographically weighted regression model[END_REF] studied the effect of vegetation cover, using NDVI as a proxy, while Araujo et al. [START_REF] Araujo | São Paulo urban heat islands have a higher incidence of dengue than other urban areas[END_REF] also studied the effect of NDVI, but instead as a proxy for heat ("urban heat island effect"). Finally, three studies looked at the effect of landscape composition on human cases [START_REF] Sheela | Assessment of relation of land use characteristics with vector-borne diseases in tropical areas[END_REF][START_REF] Tiong | Evaluation of land cover and prevalence of dengue in Malaysia[END_REF][START_REF] Acharya | Modeling the spatially varying risk factors of dengue fever in Jhapa district, Nepal, using the semi-parametric geographically weighted regression model[END_REF]. Although they differed in the way they characterized natural and semi-natural landuses, they all included the proportion of urban land-use among tested variables (group 10).

Group 10 (% of urban land-use): One of the studies was attributed a medium/low validity and was excluded from synthesis [START_REF] Sheela | Assessment of relation of land use characteristics with vector-borne diseases in tropical areas[END_REF]. In the two remaining studies, results are homogenous and seem to confirm the initial hypothesis: Acharya et al. [START_REF] Acharya | Modeling the spatially varying risk factors of dengue fever in Jhapa district, Nepal, using the semi-parametric geographically weighted regression model[END_REF] was considered the most valid, with high levels of spatial and temporal replication. It reported an increased incidence of dengue in humans when the proportion of urban land-use in the landscape increases. Tiong et al. [83] found a similar correlation, although this study was considered less valid as it lacked temporal replication and had limited spatial replication, and the strength of the correlation varied according to regions.

Animal biodiversity-related exposures

No studies investigated exposures related to animal biodiversity.

Echinococcosis

Twenty studies were retained for this disease (Additional file 5). Six studies focused specifically on landscaperelated exposures compositions, while the other mixed landscape-related exposures and animal biodiversityrelated exposures.

Landscape-related exposures

Eight studies tested the effect of the proportion of grasslands in the landscape on the infection in humans ( [START_REF] Giraudoux | Interactions between landscape changes and host communities can regulate Echinococcus multilocularis transmission[END_REF][START_REF] Craig | An epidemiological and ecological study of human alveolar echinococcosis transmission in south Gansu[END_REF][START_REF] Danson | Landscape dynamics and risk modeling of human alveolar echinococcosis[END_REF][START_REF] Huang | Geographical environment factors and risk mapping of human cystic echinococcosis in western China[END_REF][START_REF] Piarroux | Landscape and climatic characteristics associated with human alveolar echinococcosis in France, 1982 to 2007[END_REF][START_REF] Giraudoux | Drivers of Echinococcus multilocularis transmission in China: small mammal diversity, landscape or climate?[END_REF][START_REF] Pleydell | Landscape composition and spatial prediction of alveolar echinococcosis in southern Ningxia, China[END_REF][START_REF] Viel | Water vole (Arvicola terrestris scherman) density as risk factor for human alveolar echinococcosis[END_REF]; group 11). The study from Qian et al. [START_REF] Qian | Impact of overgrazing on the transmission of Echinococcus multilocularisin Tibetan pastoral communities of Sichuan Province, China[END_REF] was not included in this group as it focused on a slightly different exposure (i.e. the proportion of fenced pastures) in order to assess the effect of overgrazing on dog infection through modification of intermediate host populations.

The other studies focused on landscape-related exposures compared outcomes in various habitats but their designs were too different to form a group for synthesis: Bastien et al. [START_REF] Bastien | High density of fox and cat faeces in kitchen gardens and resulting rodent exposure to Echinococcus multilocularis and Toxoplasma gondii[END_REF] explored the interface between wild and domestic definitive hosts (respectively foxes and cats) and tested the effect on human prevalence; Hegglin et al. [START_REF] Hegglin | Plasticity of predation behaviour as a putative driving force for parasite life-cycle dynamics: the case of urban foxes and Echinococcus multilocularis tapeworm[END_REF] compared infection in foxes in different types of habitats (urban, border, and peri-urban habitats); Robardet et al. [START_REF] Robardet | Fox defecation behaviour in relation to spatial distribution of voles in an urbanised area: An increasing risk of transmission of Echinococcus multilocularis?[END_REF] also studied the infection in foxes along an urbanization gradient, in relation with intermediate host populations.

Group 11 (% of grasslands): At the exception of Danson et al. [START_REF] Danson | Landscape dynamics and risk modeling of human alveolar echinococcosis[END_REF] and Pleydell et al. [START_REF] Pleydell | Landscape composition and spatial prediction of alveolar echinococcosis in southern Ningxia, China[END_REF], the studies were all rated "low validity" for temporal and/or spatial coherence. Results from the two medium/high validity studies [START_REF] Danson | Landscape dynamics and risk modeling of human alveolar echinococcosis[END_REF][START_REF] Pleydell | Landscape composition and spatial prediction of alveolar echinococcosis in southern Ningxia, China[END_REF] illustrate how difficult it is to establish a link between landscape and epidemiology, in a disease that has a very long period of latency. Both studies reported contrasted results depending on the type of land-class (intensively grazed grasslands vs. less intensively grazed grass and shrub areas) and on the year of land-use data. Results from these two studies tend to indicate that humans are more infected with Echinococcus multilocularis in landscapes with a high proportion of highly grazed grasslands. However, the impossibility to obtain robust and fine-scale land-use data over several decades in the study region (China) prevents the authors from drawing any definitive conclusion. The less valid studies [START_REF] Giraudoux | Interactions between landscape changes and host communities can regulate Echinococcus multilocularis transmission[END_REF][START_REF] Craig | An epidemiological and ecological study of human alveolar echinococcosis transmission in south Gansu[END_REF][START_REF] Huang | Geographical environment factors and risk mapping of human cystic echinococcosis in western China[END_REF][START_REF] Piarroux | Landscape and climatic characteristics associated with human alveolar echinococcosis in France, 1982 to 2007[END_REF][START_REF] Giraudoux | Drivers of Echinococcus multilocularis transmission in China: small mammal diversity, landscape or climate?[END_REF] reported a positive correlation between echinococcosis incidence or prevalence and the proportion of grassland in the landscape, but none of them accounted for the latency period of the disease. Thus, results from these studies should be taken with much caution.

Animal biodiversity-related exposures

The exposures included: density of rodents ([92, 93, 92, 93]; group 12), density of sheep [START_REF] Guberti | Echinococcus granulosus in the wolf in Italy[END_REF], host species richness [START_REF] Giraudoux | Drivers of Echinococcus multilocularis transmission in China: small mammal diversity, landscape or climate?[END_REF], predation ([100, 101]; group 13). Two studies were excluded from synthesis as they were attributed a medium/low level of validity [START_REF] Qian | Impact of overgrazing on the transmission of Echinococcus multilocularisin Tibetan pastoral communities of Sichuan Province, China[END_REF][START_REF] Qian | Grass height and transmission ecology of Echinococcus multilocularisin Tibetan communities, China[END_REF].

Group 12 (density of rodents): Two studies with a medium/low level of validity were excluded from synthesis [START_REF] Qian | Impact of overgrazing on the transmission of Echinococcus multilocularisin Tibetan pastoral communities of Sichuan Province, China[END_REF][START_REF] Qian | Grass height and transmission ecology of Echinococcus multilocularisin Tibetan communities, China[END_REF]. The remaining three studies reach similar conclusions but had different validities. The study conducted by Saitoh et al. [98] had medium or high levels of temporal and spatial replication and coherence. It reported a significant positive correlation between the density of rodents and the infection in definitive hosts (foxes). The two other studies lack methodological coherence, with exposures and outcomes assessed at different sites and/or during different years [START_REF] Viel | Water vole (Arvicola terrestris scherman) density as risk factor for human alveolar echinococcosis[END_REF][START_REF] Robardet | Fox defecation behaviour in relation to spatial distribution of voles in an urbanised area: An increasing risk of transmission of Echinococcus multilocularis?[END_REF]. Viel et al. [92] also reported a significant positive correlation, this time between the density of rodents and human infection. Robardet et al. [START_REF] Robardet | Fox defecation behaviour in relation to spatial distribution of voles in an urbanised area: An increasing risk of transmission of Echinococcus multilocularis?[END_REF] reported a significant negative correlation between the abundance of water voles and the optical density measured in the faeces of foxes. This difference with Saitoh et al. [START_REF] Saitoh | The role of vole populations in prevalence of the parasite (Echinococcus multilocularis) in foxes[END_REF] could be due to the poor spatial and temporal coherence between exposure and outcome assessment. In particular, authors collected fox faeces on the same transects than those on which the rodent density was estimated. But, given the large hunting area of foxes, rodent density should have been assessed at a larger spatial scale in order to be linked to the optical density in fox faeces.

Group 13 (predation): The two studies in this group were performed by the same research team and were attributed a medium validity as they both lack spatial and temporal replication. Results from these studies should therefore be interpreted with caution even if they reach similar conclusions. Messier et al. [100] found that the infection prevalence in moose was higher in the study area with a high density of wolves than in the areas with a medium and low density of wolves. Joly et al. [101] added that the aggregation of parasites in the moose population was lower in the area of high wolf density. Authors interpreted these results as follows: high predation rates by wolves (a final host for Echinococcosis granulosus) would increase egg contamination within the environment, thus increasing moose infection prevalence in areas of high wolf density. An increased vulnerability to predation of highly infected moose would result in a lower infection aggregation in areas of high wolf density.

Leishmaniasis

Fifteen studies were retained for this disease (Additional file 5). One study assessed the outcome in the sandfly vector, three in intermediate hosts, ten in humans, two in dogs and humans.

Landscape-related exposures

Two studies tested the effect of the proportion of forest in the landscape on human incidence ([102, 103]; group 14). Three studies focused on the distance between the villages in which the outcome was measured and the nearest forest ([104-106]; group 15).

Two studies assessed the effect of forest perturbation, with the outcome measured in small mammal hosts [107] or humans [108]. The latter was excluded from validity assessment as it did not include any statistics. One study focused on the effect of habitat perturbation in an arid ecosystem in Israel [109]. Two studies tested the link between vegetation cover, using NDVI as a proxy, and canine and/or human incidence ([110, 111]; group 16). Finally, four studies compared the epidemiological outcome in different habitats, but the diversity ofhabitats studied was too high to form a group for synthesis [109,[112][113][114].

The three groups were characterized by similar results despite differences in methods and in confidence levels within each group.

Group 14 (% forest): One of the two studies [103] was attributed a high validity for all four criteria and can thus be considered as highly robust. It reported that the incidence of leishmaniasis in humans was positively correlated with the proportion of forest in the landscape. The remaining study included in this group was attributed a medium/low validity because of a lack of spatial and temporal replication, so its results are not examined here.

Group 15 (proximity to forest): Both Nackers et al.

[104] and Chaves et al. [106] are considered as moderately valid because they lack temporal replication. They both reported similar results: the incidence of leishmaniasis in humans would increase with the proximity to the forest. The third study in this group was excluded from synthesis due to a medium/low level of validity [105].

Group 16 (vegetation cover): The two studies differed in their external validity: Neto et al. [110] had a high level of spatial and temporal replication, while Saraiva et al. [111] lacked temporal and to a lesser extent spatial replication. Neither studies reported a link between the vegetation cover and human incidence of leishmaniasis in urban areas. Bellali et al. [115] studied the effect of the density of wild hosts on human incidence. Ghatee [114] investigated the effect of the proximity to cattle, sheep and goats on human incidence. Due to this diversity of exposure no synthesis was attempted.

Animal biodiversity-related exposures

Leptospirosis

Leptospirosis is a bacterial disease, mostly transmitted by small mammals and ruminants (mostly cattle), through contact with water contaminated with urine. Five studies were retained for this disease (Additional file 5).

Landscape-related exposures

No study investigated exposures related to landscapes or habitats. Derne et al. [116] tested the dilution effect hypothesis on the prevalence in human beings at a global scale. The other studies all tested the effect of wild hosts-related exposures on the infection in wild hosts, but these exposures were very heterogeneous: proximity with fruit bats [117], composition of rat population [118], density of small mammals [119], and density of rodents [120]. As such any synthesis was not attempted.

Animal biodiversity-related exposures

Lyme disease

Sixty-four studies were retained for this disease (Additional File 5). They were all conducted in Europe (n = 34) or North America (n = 30). Half of the studies focused exclusively on variables related to landscapes or habitats, nine looked only at variables related to animal hosts or predators, and twenty-three mixed the two types of approaches.

Landscape-related exposures

A commonly studied landscape-related exposure was forests. Specifically, many studies tested the effect of the proportion of forest in the landscape (n = 8), the fragmentation of forests (n = 6), the type of forest (n = 13), and the vegetation cover on the forest ground (n = 14).

In the eight studies that tested the effect of the percentage of forest in the landscape (group 17), the outcome was measured only in ticks (n = 4), only in humans (n = 3), or in both ticks and humans (n = 1).

Six studies tested the effect of forest fragmentation (group 18) on tick [START_REF] Allan | Effect of forest fragmentation on lyme disease risk[END_REF][START_REF] Ferrell | Using landscape analysis to test hypotheses about drivers of tick abundance and infection prevalence with Borrelia burgdorferi[END_REF][121][122][123] and human infection [123,124]. Three types of vegetation were included in the retained studies: forests, bushes in forests, and groundcovering vegetation (grass, moss, etc.).

Trees: The effect of the type of forest on the disease was tested in thirteen studies. One of them [125] presented analyses that were also part of a larger study [126]. Another was designed to test the interaction between the type of forest and grazing by cattle and did not test for an effect of the type of forest alone [127]. Lynn et al. [128] and Eisen et al. [129] tested differences between types of forests that are very particular to California and could not be classified as either deciduous or coniferous forests, which was the classification used in all the other studies. We thus excluded these four studies from validity assessment, resulting in a group of nine studies (group [START_REF] Randolph | Pangloss revisited: a critique of the dilution effect and the biodiversity-buffers-disease paradigm[END_REF]. These studies all aimed to test whether deciduous forests, considered as richer in term of biodiversity and more favorable to intermediate hosts of Borrelia, differed from coniferous forests with regards to Borrelia infection. In all of these studies, the outcome was assessed in ticks (e.g. prevalence of infection and/or density of infected ticks), but never in intermediate hosts or humans. The types of forest that were compared were deciduous, coniferous, and sometimes mixed-type forests. Two other studies tested the effect of forest density [130], and one the percentage of canopy cover [131].

Bushes: In six studies, the variable "type of forest" was combined to a variable "presence/absence of a shrub cover", in order to separate the effect of the shrub cover, known to be a suitable habitat for ticks. As for the "type of forest" group, we excluded one study [125] as it presented analyses that were also part of a larger study included in the validity analysis [126]. Three other studies focused on the invasive bush Berberis and tested the effectiveness of various control methods on tick populations and infection rate [START_REF] Williams | Managing Japanese barberry (Ranunculales: Berberidaceae) infestations reduces blacklegged tick (Acari: Ixodidae) abundance and infection prevalence with Borrelia burgdorferi (Spirochaetales: Spirochaetaceae)[END_REF][START_REF] Williams | Effects of Japanese barberry (Ranunculales: Berberidaceae) removal and resulting microclimatic changes on Ixodes scapularis (Acari: Ixodidae) abundances in Connecticut, USA[END_REF][START_REF] Williams | Long-term effects of Berberis thunbergii (Ranunculales: Berberidaceae) management on Ixodes scapularis (Acari: Ixodidae) abundance and Borrelia burgdorferi (Spirochaetales: Spirochaetaceae) prevalence in Connecticut, USA[END_REF]. These 3 studies are related to the same long-term experimentation, two of them presenting intermediate results and the third one presenting the final results. To avoid any redundancy, we only included the final publication [START_REF] Williams | Long-term effects of Berberis thunbergii (Ranunculales: Berberidaceae) management on Ixodes scapularis (Acari: Ixodidae) abundance and Borrelia burgdorferi (Spirochaetales: Spirochaetaceae) prevalence in Connecticut, USA[END_REF] in the validity assessment, resulting in a group of six studies (group 20).

Ground-covering vegetation: In four studies, the nature of the vegetation cover (i.e. herbaceous, ericaceous, moss etc.) on the forest ground was categorized and tested in addition to the type of forest [127,[132][133][134]. However, the vegetation categories differed between studies, preventing the formation of a group for synthesis. Two studies tested the percentage of area covered by grass [127,135], the other tested the density of the grass cover [136].

Differences in Borrelia infection between habitats were tested in 13 studies. All of them looked at the effect of habitat type on Borrelia infection in ticks, and 2 also measured the prevalence in intermediate hosts. However, these 13 studies could not form a group for synthesis, given that the combination of the habitats that were compared was quite unique to each study.

Eight studies were excluded from the synthesis as they did not present any statistical tests to consolidate their results [START_REF] Ferrell | Using landscape analysis to test hypotheses about drivers of tick abundance and infection prevalence with Borrelia burgdorferi[END_REF][START_REF] De Mik | The geographical distribution of tick bites and erythema migrans in general practice in The Netherlands[END_REF][START_REF] Ostfeld | Tick-borne disease risk in a forest food web[END_REF] or were of medium/low validity [121,[137][138][139][140]. Two studies [121,133] were attributed a medium/low validity for the parts specific to rodent and/ or deer densities. They were thus excluded from these parts of the synthesis.

Group 17 (% of forest): The two studies that looked at the relationship between the proportion of forest in the landscape and the infection in humans reported an absence of correlation between these two variables [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]124]. However, they could not be considered as highly valid. One had a robust spatial coherence between exposure and outcome (the locality of the tick bite is known) but lacked information regarding temporal coherence [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]. The other had a robust temporal coherence between exposure and outcome (very recent land-use data) but a poor spatial coherence (the place of tick bite is not known, and the residential address of patient is used to localize the cases) [124]. The two other studies investigated the relationship between the proportion of forest in the landscape and the density and infection of ticks [141,142]. Both studies weree robust in terms of spatial coherence and replication, but they both lacked temporal coherence and/or replication (medium validity). They reported an absence of correlation between the proportion of forest in the landscape and the density of ticks [141], the tick load of deers [142], or the prevalence of infection in ticks [141,142].

Group 18 (forest fragmentation): The two studies that tested the effect of forest fragmentation on human incidence were attributed a medium validity [123,124]. Their main limit wass that they georeferenced the human cases of Lyme Disease based on the residential address of patients and not on the place of tick bites, which wass not known. Given this major limit, it is very difficult to interpret the contrasted results they reported: an absence of correlation between forest fragmentation and human incidence in Seukep et al. [124] and a significant negative correlation in Brownstein et al. [123].

The studies that assessed the outcome in ticks are considered as moderately valid, as they rely on a single year of data for Outcome [START_REF] Allan | Effect of forest fragmentation on lyme disease risk[END_REF][121][122][123]. Moreover, they used different variables to characterize forest fragmentation, which might in part explain the variability in the results they report: a positive correlation between forest fragmentation and tick density and/or infection prevalence [START_REF] Allan | Effect of forest fragmentation on lyme disease risk[END_REF][121][122][123], a negative correlation [122], or no correlation [124]. Overall, our ability to draw conclusions from these studies is limited for two reasons: the lack of temporal replication and the high heterogeneity in the type of variable used to characterize forest fragmentation.

Group 19 (type of forest): Among the nine studies that compared different types of forests, four were attributed a medium/high validity. These four studies reported similar results: a higher density of nymphs infected with Borrelia burgdorferi s.l (i.e. one of the major risk factors for human infection with Lyme disease) in deciduous or mixed-type forests than in coniferous forests [126,132,133,143]. Among the studies with a medium validity, the results were contrasted. Some reported a higher density of ticks in deciduous or mixed-type forests [144,145] while others found no difference in the density of ticks in deciduous and coniferous forest [146,147]. It is interesting to note that the studies that did not find a positive correlation between the type of forest and the density of ticks were based on a single year of data. This absence of temporal replication might have prevented the authors from identifying a potential correlation, for example if the sampling was performed during a dry year (with a dry litter in deciduous forests, thus unfavorable to ticks).

Group 20 (presence/absence of bushes): All the studies that tested the effect of bushes on tick populations and tick infection drew the same conclusion: the presence of bushes on the forest ground increased the density of all stages of ticks [126,134,143,145], which resulted in an increased density of infected ticks [117, 140, medium/ high confidence level], although the prevalence of infection did not differ between forests with and without bushes [START_REF] Hubálek | Effect of forest clearing on the abundance of Ixodes ricinus ticks and the prevalence of Borrelia burgdorferi sl[END_REF]126,134,143,145]. However, one of the two studies with a temporal replication found that this result was not consistent over the years [126], suggesting a possible interaction with climatic variables. Williams et al. ([45], medium/high validity) tested experimentally the effect of clearing the bushes and concluded that it resulted in a decreased tick density, a result shared by Hubálek et al. [47], mediumvalidity. This last study found that this effect became less pronounced 2 to 3 years after the clearing.

Animal biodiversity-related exposures

The effect of wild hosts density on Borrelia infection was tested in 21 studies. These studies were split into two groups for validity assessment, based on the roles played in the epidemiological cycle with small mammals in one group (n = 13, group 21), and cervids in the other (n = 18, group 22)., Among the 13 studies investigating the density of rodents/small mammals, 9 measured the outcome only in ticks, 2 only in mice, 1 only in humans, and 1 in ticks and humans. Among the 18 studies with deer density, 14 measured the outcome only in ticks, 2 only in humans, and 2 in ticks and humans. The effect of wild host species richness was tested in 7 studies (group 23).

The outcome was mostly assessed in ticks, at the exception of Linske et al. [148] that measured the outcome only in mice. Two studies measured also the outcome in humans [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF] or in small mammals [136]. Two studies investigated the effect of predation on Lyme disease (group 24) with very different approaches: Levi et al. [START_REF] Levi | Deer, predators, and the emergence of Lyme disease[END_REF] studied the effect of coyote and fox abundance on human incidence of disease, while Ostfeld et al. [START_REF] Ostfeld | Tick-borne disease risk in a forest food web[END_REF] tested the effect of the composition of the predator community on the infection in ticks.

Group 21 (density of rodents): The density of rodents at year n-1 had no effect on the human incidence of Lyme disease in Mysterud et al. [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]. For rodents, the result varied depending on the species in which the outcome was assessed: no effect of rodent density at year n on the seroprevalence in bank voles (Myodes glareolus) [149] and white-footed mice (Peromyscus leucopus) [150], but negative effect in wood mice (Apodemus sylvaticus) [149].

The density of rodents at year n-1 was positively linked to the density of infected ticks in the four studies that were attributed a medium/high validity [START_REF] Ostfeld | Tick-borne disease risk in a forest food web[END_REF][START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]148,151]. This effect was mediated by a positive effect on tick density ([42, 148, 151], medium/high validity) and/or infection prevalence [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]148]. The studies that assessed rodent density and tick infection during the same year, and thus did not account for the expected delayed effect due to the biological cycle of the Ixodes tick, all reported an absence of correlation between the density of small mammals and the density of infected nymphs ([131, 138, 149, 152], medium validity).

Group 22 (density of cervids): Four studies were excluded from the synthesis as they were attributed a medium/low validity [120,133,138,139]. The three studies that tested the effect of deer density on the human incidence of Lyme disease found a positive correlation, but variable in time and in space. Mysterud et al. [46] and Levi et al. [32] both found positive temporal and spatial correlations between deer density at year n-1 and the incidence of Lyme disease, but not in all the regions or states studied. This suggests that the link between deer density and the human incidence of Lyme disease was affected by other factors that varied geographically. Andersen et al. [START_REF] Gray | Studies on the ecology of Lyme disease in a deer forest in County Galway[END_REF] conducted a study at the scale of the Funen Island (Denmark) and found a positive correlation between the density of roe deer at years n-3 and n-2 and human incidence. Authors did not detect any correlation when using the density of roe deer at years n-1 and n.

Five studies found an increase in tick density with increasing deer density at year n [131,132,146], or n-1 [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]. However, results regarding the prevalence of infection in ticks were much more heterogeneous, with positive correlations ([132] for red deer), negative correlations [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]153] or absence of correlation ([131, 132] for roe deer, [146]). Two studies reported an absence of correlation between deer density (at year n in [147], at year n-2 in [152]) and tick density or prevalence of infection.

Group 23 (host species richness): The only study with a medium/high validity found no link between host species richness and the infection in humans [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]. The other studies were attributed a medium validity and also reported an absence of link between host species richness and density/infection in ticks [125,138], and seroprevalence in small mammals [136,150]. One study [131] found that rodent species richness had a negative effect on the density of nymphs, their infection prevalence, and in fine the density of infected nymphs, but only when the relative abundance of Peromyscus mice in the rodent community was high. This apparent contradiction between the results obtained by Bouchard et al. [138] and Werden et al. [131] could be due to the fact that, in the experiment led by Bouchard et al., the abundance of Peromyscus mice increased with rodent species richness, while Werden et al. had access to sites with a high rodent species richness and a low relative abundance of Peromyscus mice, which allowed to disentangle the two variables.

Group 24 (predation): The study with the highest validity [START_REF] Levi | Deer, predators, and the emergence of Lyme disease[END_REF] reported positive temporal and spatial correlations between Lyme Disease cases and coyote abundance, and negative correlations between Lyme Disease cases and fox abundance. Results from Ostfeld ([42], medium validity) were coherent with this result: the authors found that the prevalence of infection in ticks was significantly lower in sites with the most functionally diverse predator assemblages and higher in sites where coyotes displaced some or all of these predators.

Malaria

Malaria is caused by several species of the genus Plasmodium, a protozoan transmitted by anopheline mosquitoes. Because of their importance in the ecology of the Anopheles vector, two types of land-use classes were particularly studied: forests (including deforestation) and waterbodies. Overall, 29 relevant studies were retrieved for this disease (Additional file 5).

Landscape-related exposures

The effect of the proportion of forest in the landscape was assessed on vector [153] or human [START_REF] Sheela | Assessment of relation of land use characteristics with vector-borne diseases in tropical areas[END_REF][154][155][156] infection (group 25). Studies focusing on deforestation were very heterogeneous in the type of exposure they assessed: rate of forest loss [157], percentage of forest cover lost during the past year and the past 5 years [154], comparison between stages of forest [158], percentage of 4 stages of forest indicating deforestation [159]. One study tested the effect of the distance to the nearest forest [160] and two studies compared epidemiology in dense forest and in other habitats (fringe forest [161]; villages [162]). The effect of the proportion of waterbodies was tested in five studies that were highly heterogeneous in the type of waterbody included: all types of temporary and permanent waterbodies [START_REF] Sheela | Assessment of relation of land use characteristics with vector-borne diseases in tropical areas[END_REF], irrigated rice fields [163], fish ponds [164], streams [156], deep water bodies [165]. This was also the case of the four studies testing the effect of the distance to the nearest waterbody [156,[165][166][167].

Five studies compared different habitats with a high variability between studies (different types of savannas, of forests, of aquatic habitats etc.). Four other studies compared different types of agro-ecosystems to test for an effect of irrigation on human incidence (n = 2) and/ or vector infection (n = 3) ([168-171], group 26). Haque et al. [172] was the only study looking at the effect of NDVI, as a proxy for climate.

Group 25 (% of forest): One study was attributed a medium/low validity and excluded from synthesis [START_REF] Sheela | Assessment of relation of land use characteristics with vector-borne diseases in tropical areas[END_REF]. The three studies with a medium/high validity reported a human incidence increasing with the proportion of forest around villages [154][155][156]. Lainhart et al. [153], who was attributed a medium validity due to a lack of spatial and temporal replication, also reported an increasing proportion of infected mosquitoes and an increased Human Biting Rate with the proportion of forest around villages.

Group 26 (type of agroecosystem): The four studies that compared different types of irrigated and non-irrigated agroecosystems were very similar in terms of validity (medium) and study design but reported contrasted results. Both Jaleta et al. [168] and Mboera [171] reported a higher entomological infection rate (i.e. mean number of infected bites per night) and/or human prevalence in irrigated agroecosystems (respectively sugarcane and rice) that in the non-irrigated traditional agroecosystem. An opposite result was found by Ljumba et al. [169,170], who reported that, although there was less vectors in the non-irrigated traditional agroecosystem, they were much more often infected, resulting in a higher entomological infection rate and in a higher human prevalence. However, the authors of these two studies mentioned the presence of a dam near the non-irrigated traditional agroecosystem, that could have affected the result.

Animal biodiversity-related exposures

Only two studies assessed exposures related to animal biodiversity: Fuller et al. [173] tested the effect of the diversity of vector species on human incidence. Roux et al. [174] tested the effect of predation of the mosquito vector on mosquito infection.

Schistosomiasis

Schistosomiasis is caused by a parasite from the genus Schistosomia sp., whose obligatory intermediate host is an aquatic mollusc. The infection happens through contact with water contaminated by Schistosomia cercariae. Nine studies were retained for this disease (Additional file 5). Three types of exposures were found in those studies: predation [175,176], host species richness [START_REF] Johnson | Community diversity reduces Schistosoma mansoni transmission, host pathology and human infection risk[END_REF]177], and vegetation cover [178][179][180]. Among them, two studies investigated initially the effect of non-eligible interventions (dams and pesticide use). However, they were retained during the screening process because they also contained data on an eligible intermediate exposure: predation [START_REF] Halstead | Agrochemicals increase risk of human schistosomiasis by supporting higher densities of intermediate hosts[END_REF]181].

Landscape-related exposures

Three studies looked at the vegetation cover around waterbodies (group 27): Klumpp et al. [180] studied the effect of an aquatic weed on the density of intermediate hosts and on an epidemiological index in humans; Simoonga et al. [179] tested the effect of NDVI (index of greenness) on human prevalence, as did Hu et al. [178] along with other variables related to landscape composition (proportions of various land-uses and distance to the Yang-Tse river).

Group 27 (vegetation cover): One of the studies [179] was attributed a medium/low validity and is not discussed here. The two remaining studies have a high level of temporal and spatial coherence and are considered as robust, although they lack temporal replication [178,180]. Klumpp et al. [180] found a positive correlation between the vegetation cover in or around waterbodies and infection in humans, through an increase in the density of the intermediate host. Hu et al. also reported a positive relationship between schistosomiasis and NDVI, but authors reported it as weak in comparison to other more important factors such as the proximity to the river.

Animal biodiversity-related exposures

Four studies tested the effect of predation on schistosomiasis, with an outcome measured either in humans [175,176] or in intermediate hosts [START_REF] Halstead | Agrochemicals increase risk of human schistosomiasis by supporting higher densities of intermediate hosts[END_REF]181] (group 28). Stauffer et al. [175] and Diakité et al. [176] both looked at the correlation between predator density and human prevalence in the field, while Halstead et al. [49] tested experimentally the effect of pesticides on the density of infected intermediate hosts, through modifications of predator densities and vegetation in a mesocosm. Sokolow et al. [181] compared changes in human prevalence of schistosomiasis due to dam construction on rivers inside and outside the historical distribution zone of prawns. Two studies aimed to test the "dilution effect" hypothesis (group 29): Johnson et al. [START_REF] Johnson | Community diversity reduces Schistosoma mansoni transmission, host pathology and human infection risk[END_REF] performed an experiment in a mesocosm and measured the outcome in intermediate hosts, while Stensgaard et al. [177] measured host species richness in the field and tested the effect on human infection.

Group 28 (predation): Halstead et al. [START_REF] Halstead | Agrochemicals increase risk of human schistosomiasis by supporting higher densities of intermediate hosts[END_REF] conducted an experiment in mesocosms that was attributed the highest level of validity for all four criteria. Authors found that, in mesocosms, the density of predators was negatively correlated to the density of infected intermediate hosts. This effect was driven by a change in the density of intermediate hosts, but not of their prevalence of infection. Stauffer et al. [175] lacked temporal replication but can still be considered as highly? valid because of a good spatial and temporal coherence in the assessment of exposure and outcome. It reported a significant negative correlation between the density of molluscivorous fish and human prevalence. Diakité et al. [176] was close to Stauffer et al. [175] in terms of validity. It also reported a negative correlation between the presence/density of predatory prawns and the density of intermediate hosts but did not find any relationship with the human prevalence of schistosomiasis. Sokolow et al. [181] was considered as the least valid of the group, because it used exposure data from the literature and not from the field and lacked information regarding replication. However, results from this study tend to support those of Stauffer et al. [175]: the construction of dams, that perturbates riverine prawns, led to a higher increase in human prevalence inside areas of historical prawn distribution than outside.

Group 29 (host species richness/diversity): The study in mesocosms from Johnson et al. [30] received the highest level of validity for all criteria. Authors found that increasing host species richness decreased the prevalence intensity of infection in intermediate hosts. Stensgaard et al. [177] is considered as less valid because the exposure and the outcome were assessed in different studies (different sites and years). It reported a significant negative correlation between host species richness and human prevalence. However, this correlation disappeared when a spatial component was introduced in the model, suggesting a high autocorrelation between sampling points.

West Nile fever

West Nile fever is a mosquito-borne disease that is caused by a virus (West Nile Virus) and maintained in nature through infection cycles involving avian hosts and mosquitoes. It can affect a large range of dead-end hosts, such as human beings and equines. The hypothesis is that the composition and structure of landscapes is linked to the abundance of Culex vectors and bird hosts, and to the composition of bird communities (species richness, identity of species etc.). All of this could modify the risk of infection in Culex vectors, birds and humans. Twentysix studies were retained for this disease (Additional file 5). The majority (n = 15) exclusively focused on landscape/habitat-related exposures. Eight focused on avian hosts-related exposures, and three studied both types of exposures. The type of outcome measured was highly heterogeneous, with some studies measuring epidemiological variables only in vectors (n = 7), only in avian hosts (n = 5), only in humans (n = 5), in vectors and avian hosts (n = 2), in vectors and humans (n = 5), in avian hosts and humans (n = 1), or in vectors, avian hosts and humans (n = 2).

Landscape-related exposures

Among the 18 studies that tested the link between landscape-or habitat-related variables on West Nile disease, a majority (n = 13) used landscape composition variables as exposures, such as the percentage of urban areas (n = 7), of forests (n = 8), or of wetlands (n = 7) in the landscape (respectively groups 30, 31 and 32). The correlation with the structure of the landscape was tested in four studies that respectively studied landscape heterogeneity [182], landscape fragmentation [183], mean size of forest patches [184], and mean wetland size [185] as exposures. Three studies compared mosquito infection in different types of habitat or micro-habitat [186][187][188]. Three studies focused on variables linked to vegetation cover: type of forest and structure of vegetation cover [184], vegetation density with measure of NDVI [189] and presence of two invasive aquatic macrophytes [190]. Two studies were discarded from synthesis due to a very low prevalence of WNV infection at the time of observation [191,192].

Group 30 (% of urban areas): Three global studies were of medium/high validity and another three of medium validity. All of them have a medium to low temporal validity, and many (75%) have a low temporal coherence. Results are variable across studies. Correlations between urban land use and seroprevalence in birds were not supported by correlations between mosquitoes and prevalence in human beings. This may be linked to differences in the vector species observed in these studies: Culex tarsalis, in DeGroote et al. [193], is found in rural habitats whilst Culex pipiens and Culex quinquefasciatus in LaBeaud [183] and Lockaby [184] prefered urban areas whereas Culex salinarius, in Ezenwa et al. [194], was mostly found in salt marshes.

Group 31 (% of forest): The four studies with the highest global validity [184,193,195,196] had a spatial validity but often lack strong temporal validity. These four studies do not study the same hosts (mosquitoes or birds) and obtained variable results even when taking the type of host into consideration. The four Medium validity studies also found variable results [183,189,194,197]. The only study observing a negative correlation between %forest and bird infection was also the one that has the lowest validity, the others did not report significant correlations. There may be an impact on the level of temporal replication as, independent from the general confidence level, it seems that studies having observed a significant correlation are those for which observations were at least conducted for 3 years (Additional file 4).

Group 32 (% of wetlands): Two out of five studies were of medium/high validity, and obtained divergent results (De Groote et al. [193], Gibbs et al. [196]). All the medium validity studies found a significant correlation but it is difficult to draw any conclusion or hypothesis as they widely vary in spatial and temporal robustness. There could be a trend towards a potential negative correlation between infection of humans ([185, 193] only in counties dominated by Culex pipens and Culex restuans, but not Culex tarsalis) or mosquitoes [194] and wetlands or open water [183] but the reason why Gibbs et al. [196] do not obtain similar outcomes remains unclear.

Animal biodiversity-related exposures

Eight studies investigated the "dilution effect" hypothesis, by testing the effect of avian species richness on the infection in vectors [188], avian hosts [198], humans [199,200], vectors and avian hosts [186,201], or vector and humans [202,203] (group 33). Four studies investigated the effect of community composition on infection ([200, 201, 200, 201], group 34). Three studies looked both at the dilution effect and the community composition to test which one was more linked to the epidemiology of West Nile disease [200,201,203].

Group 33 (avian species richness/diversity): The three studies with a high/medium validity were considered of higher quality mostly due to their temporal coherence and none of them observed a significant correlation between avian species richness and mosquito or human infection by WNV. Discarding one study (205b) because of a medium/low validity, the remaining medium validity studies all reported significant negative correlations between species richness or diversity and infection rates. Regarding Levine et al. [186] and Ewenza et al. [202], correlations were significant or not depending on the composition of the avian sample. It is difficult to provide any suggestion explaining how less valid studies reach significant correlations compared to more valid ones.

Group 34 (host community composition): Studies in this group were of variable validity, with low validity in spatial coherence and temporal replication for many of them. The best study based on spatial and temporal coherence and replication levels is that of Reisen et al. [204], who did not find any significant correlation between infection rates and bird community composition, although the study only took place only over 1 year. The two other medium/high validity studies either did not find any significant correlation between host community composition and infection [201] or highlighted that the abundance of amplification birds seem to be a better predictor of infection than bird richness or diversity [200]. The two other studies [205a & b] of medium/low validity are not discussed.

Zika

Our bibliographic search did not allow to find any relevant studies for this disease.

Reasons for variability

Our systematic map highlighted variable results in 16 "disease x exposure" groups (cf. Table 2). In 15 groups the studies reached similar conclusions but they should be considered with caution due to the small number studies and the variation in their validity Variable results were found for avian influenza, bovine tuberculosis, Lyme disease and West Nile disease. Several hypotheses might explain such disease specificvariability,: (1) different species were sampled, suggesting spatial differences in the ecology of the disease: for West Nile, different Culex species were found depending on the study area, and for Lyme disease, various rodent and deer species were sampled in the different studies, (2) differences in the way the exposure was assessed or characterized (e.g. different variables used for forest fragmentation, species richness calculated in different groups), and (3) differences in the length of studies: this was the case for studies investigating the effect of rodent density on Lyme disease. All the studies reporting an absence of correlation were 1-year long studies in which rodents and ticks were sampled within during the same year [131,138,149,152], while all the studies that did report significant correlation sampled ticks 1 year after rodents to take into account the pluriannual biological cycle of ticks [START_REF] Ostfeld | Tick-borne disease risk in a forest food web[END_REF][START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF]148,151]. We expected such a difference between shorter and longer studies to be more observed for diseases involving vectors and/or hosts with a complex life-cycle. However, the studies conducted for a short period of time (from one to a few years) are susceptible toy interannual variations in climate, population dynamics, food resources (etc.). They are more likely to display a range of results reflecting the very specific conditions of the year of the study.

Regarding human epidemiological data, differences in the reporting of cases of infection could create variation among results from different countries, although it was impossible to assess this hypothesis during this review. For instance, for Lyme disease, reporting infection is mandatory in Norway [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF], but not in most European countries.

Limitations

Limitations in our methodology

During the screening process, we excluded studies implying culling campaigns. This choice was made by the stakeholders but might have resulted in the exclusion of studies that could have been compared with studies that investigated the effect of host density. This was also the case for studies on fences, that were not considered eligible and excluded during screening.

One of our main inclusion criteria was the presence of an epidemiological measure, whether in vector, animal host, or human. This criterion led us to exclude studies that would have tested links between landscape-or biodiversity-related exposures and vector or animal host populations of interest for the diseases included in this review. Performing a review of literature on this aspect could be highly complementary with our work, especially for mosquito-borne diseases on which we found very few relevant articles which included variables related to both biodiversity and epidemiology.

We were not able to find the reprints of 95 articles that were initially identified by the searches and screened at title and abstract as relevant. The list is provided in Additional file 4 and should help upgrading this map. Given the rejection rate at full text, this may have only added one or two studies in some groups, but this could nevertheless seriously impact the analyses we initiated, given the small number of studies for each disease. Moreover, we could not search for literature in Spanish and Portuguese, although there might be relevant studies for some diseases such as leishmaniasis and schistosomiasis that are major public health issues in South America and in the Caribbean islands. Due to time-constraints, we excluded 92 studies that addressed unique "disease x exposure" combinations from validity assessment and the subsequent map. If their validity was high enough, including external validity, they could nevertheless be of interest. Finally, we excluded articles in which the authors only reported observational results without data or data with no statistical analysis. Although not clearly reported by the authors, this may have been due to non-significant analysis. Such articles could nevertheless be used if a meta-analysis were to be conducted when the number of studies is sufficient.

[Please insert here Fig. 4, with following caption: "Fig. 4: Number of articles for each "disease x exposure" combination"].

Limitations of the evidence base

We identified major knowledge gaps (cf. Figure 4), with no relevant articles for Zika, and only two articles on biodiversity-related exposures for mosquito-borne diseases (malaria, dengue and Chikungunya). Indeed, for several diseases including major vector-borne diseases such as malaria, dengue or leishmaniasis, the studies retained in this review focused exclusively on landscape or habitatrelated exposures, but seemingly no research regarding the links between biodiversity-related functions (e.g. vector predation, competition between mosquito species, etc.) and these diseases.

Although stakeholders were interested by operational management, very few interventions focused on ecosystem or habitat management, and many studies rather described land-use and landscape composition which did not give precise pathways for interventions. Moreover, among relevant studies, most of them reported correlations between exposure and outcome. Only eight conducted controlled experimentations (two deer exclosure experiments [START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF][START_REF] Gray | Studies on the ecology of Lyme disease in a deer forest in County Galway[END_REF], two mesocosm experiments [START_REF] Johnson | Community diversity reduces Schistosoma mansoni transmission, host pathology and human infection risk[END_REF][START_REF] Halstead | Agrochemicals increase risk of human schistosomiasis by supporting higher densities of intermediate hosts[END_REF], four field studies with vegetation control [START_REF] Williams | Managing Japanese barberry (Ranunculales: Berberidaceae) infestations reduces blacklegged tick (Acari: Ixodidae) abundance and infection prevalence with Borrelia burgdorferi (Spirochaetales: Spirochaetaceae)[END_REF][START_REF] Williams | Effects of Japanese barberry (Ranunculales: Berberidaceae) removal and resulting microclimatic changes on Ixodes scapularis (Acari: Ixodidae) abundances in Connecticut, USA[END_REF][START_REF] Williams | Long-term effects of Berberis thunbergii (Ranunculales: Berberidaceae) management on Ixodes scapularis (Acari: Ixodidae) abundance and Borrelia burgdorferi (Spirochaetales: Spirochaetaceae) prevalence in Connecticut, USA[END_REF][START_REF] Hubálek | Effect of forest clearing on the abundance of Ixodes ricinus ticks and the prevalence of Borrelia burgdorferi sl[END_REF]). This highlights how difficult it may be to conduct before-after controlled experiments when no direct intervention can occur on hosts or vectors, especially when of small size and highly mobile such as rodents or mosquitoes.

The need for medium-and long-term studies, with several inter-seasonal replications, is highlighted to improve the evidence-base. Too many studies are based on a single year of data collection, while seasonal and interannual variations are known to be very high in most vectorborne and zoonotic diseases.

There is also a need for more studies in a variety of ecosystems. For instance, regarding West Nile Disease, all relevant studies were performed in North America, with specific viral strains that hinder any extrapolation to other countries. Conducting such studies in France would be of high interest, and for other diseases as well, in order to see whether the results already obtained are confirmed when studying different ecological communities.

Another limitation concerns human epidemiological data. For several diseases, such as echinococcosis or Lyme disease, it is very difficult to identify the date and place of contamination, making any link with the ecosystem hard to establish. For these diseases, it may be preferable to study the relationships between ecosystems and major risk factors that are easier to monitor (e.g. density of infected vectors or hosts).

Conclusions

Our review showed that the study of the links between ecosystems and human infectious diseases is still understudied. The vast majority of existing studies uses posthoc correlations based on in situ observations, and there are extremely few experimental designs, due to the ecological complexity of the subject. We were able to highlight major knowledge gaps (mostly concerning biodiversity-related functions such as predation, competition and to a lesser extent dilution/amplification effects) and formulated recommendations for future research.

Implication for policy/management

There is a growing demand, expressed by stakeholders and by a part of the society, to replace practices that are seen as detrimental to biodiversity (e.g. culling, habitat destruction) by new ones that would integrate biodiversity (e.g. ecological control of populations, habitat management). In order to regulate infectious diseases, two main aspects linked to biodiversity protection or management could be mobilized by policymakers and environmental agencies, should there be scientific evidence that they are efficient: (1) increasing biodiversity (species richness and diversity) by protecting habitats and species, and (2) support predation through predator protection, end of culling or reintroduction of predators. Assessing the regulatory role of these two aspects on infectious diseases is a mandatory first-step towards their integration in health policies. We were able to assess the links between species richness and diseases for four of them (bovine tuberculosis, Lyme disease, schistosomiasis, West Nile disease), but collated very few studies for each disease (respectively 3, 7, 2, 8). These studies were highly variable in their results. There is, to date, no evidence of a clear positive relationship between a high biodiversity in host communities and the regulation of certain infectious diseases. As for predation, its potentially protective role on human health was only examined for schistosomiasis (4 studies), and to a lesser extent echinococcosis (2 studies) and Lyme (2 studies). This very small number of articles limits our ability to draw any conclusion. Nevertheless, existing evidence suggests a potential role of predation that should be further investigated.

Implication for research

Almost all studies investigated correlations between ecosystem-related exposures and epidemiological outcome. Experimentation involving manipulation of animal communities in mesocosms [START_REF] Johnson | Community diversity reduces Schistosoma mansoni transmission, host pathology and human infection risk[END_REF][START_REF] Halstead | Agrochemicals increase risk of human schistosomiasis by supporting higher densities of intermediate hosts[END_REF] or in field plots with the presence of control plots [START_REF] Williams | Effects of Japanese barberry (Ranunculales: Berberidaceae) removal and resulting microclimatic changes on Ixodes scapularis (Acari: Ixodidae) abundances in Connecticut, USA[END_REF][START_REF] Williams | Long-term effects of Berberis thunbergii (Ranunculales: Berberidaceae) management on Ixodes scapularis (Acari: Ixodidae) abundance and Borrelia burgdorferi (Spirochaetales: Spirochaetaceae) prevalence in Connecticut, USA[END_REF][START_REF] Mysterud | Contrasting emergence of Lyme disease across ecosystems[END_REF][START_REF] Gray | Studies on the ecology of Lyme disease in a deer forest in County Galway[END_REF], are extremely rare and should be encouraged in order to study causal relationships between ecosystem components and epidemiological variables. Long-term field studies should be conducted in order to simultaneously address two issues: [START_REF] Taylor | Risk factors for human disease emergence[END_REF] to integrate the inter-seasonal and inter-annual variability due to the interaction between pathogens, vectors and/or animal host populations, and climatic conditions, (2) to allow to test for a delayed effect of exposure on epidemiological variables, as in the case of Lyme disease. Finally, researchers should explore the connections linking several diseases that share species involved in their cycle (e.g. foxes that could potentially regulate rodent hosts populations and reduce risks of Lyme disease, but could amplify risks for echinococcosis).
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Table 1 Detail of the exposures Exposures (Ecosystem components/functions)

 1 

	Landscape-related	Landscape composition*
		Forest fragmentation
	Habitat-related	Type of habitat*
		Vegetation cover
		Habitat perturbation
		Distance to habitat*
	Animal biodiversity-related	Predation
		Host species richness/diversity
		Wild host density
		Domestic host density
		Intermediate host density
		Contact with wildlife
		Proximity with host species
		Community composition

Table 2

 2 Summary of findings for the 34 groups of articles screened according to their validity

	Disease	Group number	Exposure	Number of studies	Findings	Result
				synthesized		sub-
						section
	Avian Influenza	1	% of riceland	4	Variable	1.1
		2	% of waterbodies	7	Variable	1.1
		3	Distance to waterbodies	3	Variable	1.1
		4	Vegetation cover	4	Variable	1.1
		5	Contact with wildlife	2	Similar	1.2
	Bovine tuberculosis	6	% of grasslands	2	Variable	2.1
		7	% of forest	2	Variable	2.1
		8	Host species richness	3	Variable	2.2
		9	Contact with wildlife	2	Variable	2.2
	Brucellosis	No group				3
	Chikungunya	No group				4
	Cryptosporidiosis	No group				5
	Dengue	10	% of urban land-use		Similar	6.1
	Echinococcosis	11	% of grasslands	8	Similar	7.1
		12	Rodent density	3	Similar	7.2
		13	Predation	2	Similar	7.2
	Leishmaniasis	14	% of forest	1	Similar	8.1
		15	Distance to forest	3	Similar	8.1
		15	Vegetation cover	3	Similar	8.1
	Leptospirosis	No group				9
	Lyme	17	% of forest	4	Similar	10.1
		18	Fragmentation of forests	5	Variable	10.1
		19	Type of forest	9	Variable	10.1
		20	Presence/absence of shrubs	6	Similar	10.1
		21	Density of rodents	9	Variable	10.2
		22	Density of cervids	12	Variable	10.2
		23	Host species richness	6	Variable	10.2
		24	Predation	2	Similar	10.2
	Malaria	25	% of forest	4	Similar	11.1
		26	Type of agroecosystem	4	Variable	11.1
	Schistosomiasis	27	Vegetation cover	4	Similar	12.1
		28	Predation	2	Similar	12.2
		29	Host species richness	3	Similar	12.2
	West Nile	30	% of urban land-use	6	Variable	13.1
		31	% of forest	8	Variable	13.1
		32	% of waterbodies	5	Variable	13.1
		33	Host species richness	8	Variable	13.2
		34	Host community composition	4	Variable	13.2
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