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Risk factors for sporadic cryptosporidiosis: a systematic review and metaanalysis

Highlights

• 57 studies on sporadic cryptosporidiosis cases were included in the meta-analysis

• Travel abroad and immunocompromising conditions were important risk factors

• Contact with infected humans and animals and contaminated water increased the risk • Consumption of meat, raw milk, and composite foods was associated with the illness

Introduction

Cryptosporidium spp. is a protozoan parasite that belongs to Apicomplexa phylum.

Cryptosporidium spp. is a well-known causative agent of gastrointestinal diseases and commonly identified in humans and animals, including livestock and particularly cattle (calves). The main symptom of human cryptosporidiosis is diarrhea that may be responsible for weight loss and dehydration in immunocompetent, but immunocompromised patients are at increased risk of developing a severe disease [START_REF] Hunter | Epidemiology and clinical features of Cryptosporidium infection in immunocompromised patients[END_REF].

Cryptosporidium spp. are globally distributed, responsible for 69 million cases of illness, and 57,203 deaths in 2016 (Troeger et al., 2018). [START_REF] Kirk | World Health Organization Estimates of the Global and Regional Disease Burden of 22 Foodborne Bacterial, Protozoal, and Viral Diseases, 2010: A Data Synthesis[END_REF] estimated that cryptosporidiosis resulted in 2,159,331 DALYs in 2010. A clinical and epidemiological study involving 22,500 children from Africa and Asia revealed that Cryptosporidium spp. is one of four pathogens responsible for most of moderate to severe diarrhea in infants and toddlers [START_REF] Kotloff | Burden and aetiology of diarrhoeal disease in infants and young children in developing countries (the Global Enteric Multicenter Study, GEMS): a prospective, case-control study[END_REF]. In 2016, Cryptosporidiosis was estimated to account for 10% of cases of diarrhea mortality among children under 5 years old (Troeger et al., 2018).

There are numerous species and genotypes of Cryptosporidium, but human infection involves mainly two species: Cryptosporidium hominis, whose main host is humans and Cryptosporidium parvum which infects animal and ruminants. Transmission can occur through the fecal-oral route, involving direct (person-to-person transmission or contact with animals) and indirect (waterborne or foodborne) pathways.

Water is the principal vector of contamination of Cryptosporidium and, numerous waterborne outbreaks involving both drinking water and recreational waters have been reported [START_REF] Moreira | Safe drinking water and waterborne outbreaks[END_REF][START_REF] Ryan | Limiting swimming pool outbreaks of cryptosporidiosis -the roles of regulations, staff, patrons and research[END_REF]. Over the past years, foodborne outbreaks of cryptosporidiosis have been increasingly reported involving a diversity of food products [START_REF] Ryan | Foodborne cryptosporidiosis[END_REF]. Outbreaks investigations provide useful information about sources and transmission pathways of human cryptosporidiosis. Nevertheless, cryptosporidiosis cases are underreported or underdiagnosed in most countries [START_REF] Ecdc | Cryptosporidiosis[END_REF][START_REF] Haagsma | Community incidence of pathogen-specific gastroenteritis: reconstructing the surveillance pyramid for seven pathogens in seven European Union member states[END_REF].

Several epidemiological studies of sporadic cryptosporidiosis have been published. A systematic review and a meta-analysis of case-control and cohort studies were performed to determine the main risk factors associated with sporadic cryptosporidiosis. Characterization of risk factors will contribute to identifying measures to reduce the burden of cryptosporidiosis.

Material and methods

The protocol of the systematic review and the meta-analysis model are described in depth in the methodological paper of this special issue [START_REF] Gonzales-Barron | Strategy for systematic review of observational studies and meta-analysis modelling of risk factors for sporadic foodborne diseases[END_REF].

Systematic review

The literature search was conducted in March 2017 using a combination of keywords related to (1)"Cryptosporidium" "OR" "cryptosporidiosis", (2) "case-control" "OR" "risk factor" "OR" "cohort" (3) "infection" "OR" "disease", joined by the logical connector "AND".

Relevant studies were identified from five bibliographic search engines, Science Direct, PubMed, Scielo, ISI Web of Science and Scopus. No restrictions were defined for the year of the study or type of publication. The search was limited to the languages English, French, Portuguese and Spanish.

Each reference record was screened for relevance for inclusion in the meta-analysis study.

The methodological quality of the "candidate" studies was assessed using pre-set quality criteria, comprising (1) appropriate selection of the controls; (2) adjustment to correct for confounders, (3) comparability between cases and controls, (4) acceptable responses rates for the exposed and control groups; (5) data analysis appropriate to the study design; (6) provision of odds ratio (OR) with confidence interval or p-value; or provision of sufficient data to calculate ORs; overall quality of the study [START_REF] Gonzales-Barron | Strategy for systematic review of observational studies and meta-analysis modelling of risk factors for sporadic foodborne diseases[END_REF]. Primary studies that passed the screening for relevance were marked as having a potential for bias if they failed to meet at least one of the methodological quality assessment criteria.

Data from primary studies were then extracted using a standardized spreadsheet. Data extracted included the relevant study characteristics (location, period, population, case definition, design, sample size of the groups, type of model, etc.), the categorized risk factors, the setting, the handling practices and the outcome of the study (ORs).

A data categorization scheme was established to hierarchically group the risk factors into travel, host-specific factors and, pathways of exposure (i.e., person-to-person, animal, environment, and food routes) (see the methodological paper of this issue). In addition to the standard risk factors, the class "Hygiene" (e.g. "no handwashing after toilet", "poor hygiene habits") was also used. Person-to-person transmission was stratified in three classes: contact in the household, contact in the community and sexual transmission. The variable "Population" was stratified into mixed (adults or undefined), children (under 16 years old) and susceptible (HIV infection, AIDS, elderly population).

Data synthesis

The joint meta-analytical data was first described using basic statistics. Next, data was partitioned into subsets of categories of risk factors. The meta-analytical models were then fitted to each of the data partitions or subsets to estimate pooled OR related to travel, hostspecific factors and transmission pathways related to person-to-person contagion, animal contact, environmental exposures, and food vehicles. The meta-analytical models were fitted separately by population type. For some food classes, the effects of food preparation (e.g, eating raw, undercooked) and setting (i.e., eating food prepared outside the home) on the pooled OR were assessed by calculating the ratio of the mean OR when food is mishandled to the base OR.

The statistical analysis was designed to assess the effect of the geographical region, the study period and the analysis type (univariate/multivariate) on the final result. The objective of the region-specific meta-analysis was to inform the decision on whether the geographical regions were to be maintained for the subsequent pooling of ORs. A geographical region (Asia, North America, South America, Africa, Europe, Oceania) was removed from a particular metaanalysis partition only if its pooled ORs were different from those associated with the other regions, or if less than 3 ORs represented the region (Gonzales- [START_REF] Gonzales-Barron | Strategy for systematic review of observational studies and meta-analysis modelling of risk factors for sporadic foodborne diseases[END_REF] All meta-analytical models were essentially weighted random-effects linear regression models. Once a meta-analysis model was fitted, influential diagnostics statistics were applied to remove any influential observation originating from studies marked as having a potential for bias. Publication bias was assessed by funnel plots and a statistical test investigating the effect of the study sample size on the ORs (Tables 2, 3 and4) [START_REF] Gonzales-Barron | Strategy for systematic review of observational studies and meta-analysis modelling of risk factors for sporadic foodborne diseases[END_REF].

Heterogeneity between studies was assessed by different indicators such as the between-study variability (τ 2 ), the QE test investigating residual heterogeneity, the variance of residuals and the intra-class correlation I 2 (Gonzales- [START_REF] Gonzales-Barron | Strategy for systematic review of observational studies and meta-analysis modelling of risk factors for sporadic foodborne diseases[END_REF]. Publication bias and remaining heterogeneity were not further corrected for, but were taken into account for the interpretation of the results.

All analyses were carried out in the R software (R Development Core Team, 2008) implemented with the metafor package [START_REF] Viechtbauer | Conducting Meta-Analyses in R with the metafor Package[END_REF].

The meta-analyzed risk factors are presented in summary tables only when significant. Pooled ORs were considered significant when the lower bound of the 95% confidence interval (CI) was equal or greater than 1.0, except for breastfeeding where the upper bound of the confidence interval had to be below 1 for it to be deemed as significant (protective effect).

Results

Descriptive statistics

From 1985 identified references, the quality assessment stage was passed by 57 primary studies -cohort and case-control studies -focusing on sporadic cryptosporidiosis (Figure 1). These published studies were conducted between 1983 and 2016. Table 1 andAppendix 1 compile the list of the primary studies along with their main features. The eligible studies jointly provided 568 odds-ratios categorized for meta-analysis. Meta-analytical data were obtained from primary studies conducted in 31 countries, although studies from only 5 countries generated ~70% of the ORs retrieved. These were: USA (9 studies -136 ORs), UK (3 studies -79 ORs), Australia (3 studies -66 ORs), the Netherlands (2 studies -66 ORs) and Canada (2 studies -47 ORs).

Primary studies investigated risk factors in different types of population, namely children (27 studies), mixed population (24 studies) and susceptible population, which included immunocompromised individuals (8 studies) and elderly population (1 study). Separate metaanalyses were then adjusted on the mixed population (382 ORs), children ( 117 During methodological quality assessment, potential for selection bias status was assigned to six case-control studies since, in those, the controls were not healthy individuals but people affected by another enteric disease such as giardiasis [START_REF] Firdu | Intestinal Protozoal Parasites in Diarrheal Children and Associated Risk Factors at Yirgalem Hospital, Ethiopia: A Case-Control Study[END_REF][START_REF] Redlinger | Hyperendemic Cryptosporidium and Giardia in households lacking municipal sewer and water on the United States-Mexico border[END_REF], salmonellosis [START_REF] Marder | Risk factors for cryptosporidiosis and giardiasis infections in the United States: A case-case comparison in 16 States[END_REF], amoebiasis [START_REF] Ravel | Epidemiological and clinical description of the top three reportable parasitic diseases in a Canadian community[END_REF], campylobacteriosis [START_REF] Wilson | Case-case analysis of enteric diseases with routine surveillance data: Potential use and example results[END_REF], and one of nine other enteric infections [START_REF] Pintar | A modified case-control study of cryptosporidiosis (using non-Cryptosporidium-infected enteric cases as controls) in a community setting[END_REF]. As it is not clear whether these controls shared routes of exposure with the case patients, the ORs extracted from the aforementioned studies were marked as having potential for selection bias.

These case-control studies provided 84 potentially-biased ORs whose influence on the metaanalyzed OR estimates was appraised by means of the Cook's distance.

Only 13 case-control studies employed a matched experimental design (Table 1). Bringing together the matched and unmatched designs, 379 ORs (67% of the data) were not adjusted by any confounder (crude ORs) (e.g. age, sex, other risk factors), while 189 ORs (33%) were adjusted using either Mantel-Haenzel or logistic regressions.

Meta-analysis

The meta-analysed significant risk factors are presented in summary tables (Tables 2 and3).

Non-significant results on the main risk factors are presented in Appendix 2. More detailed descriptive results, in particular, funnel plots, forest plots, and OR of non-significant results, are in a complete report available upon request.

Meta-analysis for travel

According to this meta-analysis, foreign travel is an important risk factor for acquiring cryptosporidiosis. For residents of USA, UK, Switzerland, Netherlands, Australia and New Zealand, traveling abroad increased their odds of acquiring cryptosporidiosis (pooled OR=4.216; 95% CI [2.529 -7.029]) (Table 2; Figure 2).

Meta-analysis for host-specific risk factors

The meta-analysis on host-specific factors showed that immunocompromising conditions were associated with cryptosporidiosis for the mixed, children with pooled ORs ranging from 2.721 to 4.507. For the mixed and children population, immunocompromising conditions included HIV infection, other immune system illnesses, the use of immunosuppressive medication, etc. Other medical conditions, including chronic disease and HBV infection, were also found to be associated with cryptosporidiosis in the mixed population (pooled OR=2.392;).

Meta-analysis for person to person transmission factors

Person-to-person transmission was a significant risk factor of acquiring cryptosporidiosis for all the populations (pooled OR ranging from 1.903 to 3.786; Table 2; Figure 3). The same data set related to person-to-person transmission was stratified in three classes according to the type or the location of the contact. Significant associations were found for contact in household (pooled OR=2.191;), contact in the community (pooled OR=3.339; 95% ) and sexual transmission (pooled OR =2.350; 95% CI [1.439-3.837]).

Poor personal hygiene ( e.g "no handwashing after toilet", " poor hygiene habits") could be a risk factor for cryptosporidiosis (pooled OR=1.736;).

Meta-analysis for animal contact

Contact with animals was associated with an increased risk of cryptosporidiosis. Significant associations were found for farm animals in the mixed population (pooled OR=2.167; 95% CI [1.703-2.758]; figure 4) and children (pooled OR=1.968;) and pets in children (pooled OR= 1.694; 95% CI [1.297 -2.212]).

Meta-analysis for environmental factors

In both the mixed and children populations, the environmental pathways under study were significantly associated with cryptosporidiosis: recreational water (pooled OR = 1.968; 95% for the mixed population (figure 5 

Meta-analysis for food consumption

The meta-analysis on food consumption pathways revealed significant associations with mea t (pooled OR=1.934; 95% CI [1.236 -3.024]; Figure 6) and dairy (pooled OR=1.533; 95% CI [1.009-2.329]; Figure 7) for the mixed population, and composite foods (pooled OR=1.532; 9 5% CI [1.072-2.189]) for children. Within the food vehicles, associations with cryptosporidio sis were observed for: barbecue foods (pooled OR=2.005; 95% CI [1.624-2.476]), meat of no n-specified origin ("Others"; pooled OR=1.991; 95% CI [1.288-3.080]), dishes prepared outs ide the home (pooled OR=1.717; 95% CI [1.220-2.416]) and milk (comprising essentially raw milk in this category) (pooled OR=1.509; 95% CI [1.071-2.125]). If we restrict the analysis t o raw milk, combining ORs in population mixed and children with 7 OR, the raw milk is still significant at a pooled OR of 1.670 (95% CI [1.035 -2.695]).

Food categories that on meta-analysis had a non-significant association with cryptosporidiosis were produce (comprising raw or fresh vegetables (10 ORs) and unwashed fruits (1 OR) and beverage. The only food data partitions comprising sufficient data that could support the assessment of the effect of handling were those of produce and dairy (Table 4). It was found that people who ate unwashed fruits and vegetables, had their odds of infection significantly increased by a factor of 1.572. Hence, the practice of not washing vegetables before consumption represents on its own a risk factor for cryptosporidiosis.

For most of the meta-analytical models reported in Tables 2, 3 and4, the statistical tests indicated the absence of potential significant publication bias at 5% significance. Exception is observed for partitions related to travel, host-specific in the mixed population, person-toperson transmission, animal contact in children, and composite foods. However, for these five partitions, the spread of data points within the funnel plot does not hint any evidence of a strong publication bias problem (Figure 8). Moreover, the intra-class correlation I 2 indicates low (<25%) to moderate (<50%) heterogeneity (Tables 2, 3 and4). Remaining between-study heterogeneity (significant p-values below 0.05 for Q or QE) was observed for most of the data partitions.

Discussion

This meta-analysis identified foreign travel (pooled OR = 4,216), immunocompromising conditions (pooled OR ranging from 2.721 to 4.507), person-to-person transmission (pooled OR ranging from 1.903 to 3.786), environmental pathways (pooled OR ranging from 1.358 to 1.968 in the mixed population), animal contact (pooled OR ranging from 1.694 to 2.167), and food consumption (pooled OR ranging from 1.533 to 1.934) as risk factors of cryptosporidiosis. For person-to-person, environmental and animal contact pathways, the same risk factors were identified in the mixed population and children. Food exposures were less investigated in children compared to the mixed population. Fewer studies investigated the susceptible population (immunocompromised individuals and elderly) and the pooled OR related to animal, environmental and food exposures were non-significant.

Overall, these meta-analytical results are in line with the epidemiology of Cryptosporidium hominis, which infects mainly humans, is transmitted through the fecal-oral pathway and, hence, person-to-person transmission plays a major role in the transmission. On the other hand, the main reservoir of C. parvum is ruminants, and, as such, zoonotic transmission could occur through animal contact.

Foreign travel is a known risk factor of cryptosporidiosis [START_REF] Hagmann | Travel-associated disease among US residents visiting US GeoSentinel clinics after return from international travel[END_REF]. However, due to the lack of information on the countries of travel, it was not possible to identify regions at particular risk (Figure 2).

The host susceptibility risk factors (in particular immunosuppression linked to AIDS) have been established in previous studies [START_REF] Hunter | Epidemiology and clinical features of Cryptosporidium infection in immunocompromised patients[END_REF].

Person-to-person transmission is a known risk factor of cryptosporidiosis. In this metaanalysis, higher pooled OR were obtained for children compared to adults (Figure 3). This might be related to higher exposure due to the lack of hygiene, greater susceptibility, and less immunity. Regarding the person-to-person pathways, contact with an ill person at home (contact in the household), contact in institutions (child /daycare, schools, etc.) and contact during sexual activity were significantly associated with cryptosporidiosis. The lack of personal hygiene (lack of handwashing), identified as a risk factor, can lead to person-toperson transmission.

The meta-analysis confirms the major role of water in the transmission of cryptosporidiosis.

Exposure to recreational waters, wastewater (lack of sanitation) and the consumption of untreated drinking water significantly increase the risk of cryptosporidiosis. Many outbreaks of cryptosporidiosis have been associated with the consumption of drinking water [START_REF] Dalle | Molecular Characterization of Isolates of Waterborne Cryptosporidium spp. Collected during an Outbreak of Gastroenteritis in South Burgundy, France[END_REF][START_REF] Eisenberg | The role of disease transmission and conferred immunity in outbreaks: analysis of the 1993 Cryptosporidium outbreak in Milwaukee, Wisconsin[END_REF][START_REF] Moreira | Safe drinking water and waterborne outbreaks[END_REF], and the ingestion of bathing water in swimming pools or leisure facilities (first cause of outbreak in the United States and the United Kingdom) [START_REF] Gharpure | Cryptosporidiosis Outbreaks -United States, 2009-2017[END_REF][START_REF] Ryan | Limiting swimming pool outbreaks of cryptosporidiosis -the roles of regulations, staff, patrons and research[END_REF]. Cryptosporidium is often present in aquatic environments from fecal sources and can be found in a large range of concentrations (1 to several hundred oocysts /L) [START_REF] Nasser | Removal of Cryptosporidium by wastewater treatment processes: a review[END_REF]. Cryptosporidium oocysts can bypass common water treatments during occasional failure of the filtration [START_REF] Lonigro | Giardia cysts and Cryptosporidium oocysts in membranefiltered municipal wastewater used for irrigation[END_REF], and are highly resistant to disinfection procedures like chlorination [START_REF] Erickson | Inactivation of protozoan parasites in food, water, and environmental systems[END_REF].

Contact with farm animals and farm attendance are identified as risk factors, which is supported by described outbreaks. In the US, contact with infected cattle is the second cause of cryptosporidiosis outbreaks, responsible for 15 % outbreaks for the period 2009-2017 [START_REF] Gharpure | Cryptosporidiosis Outbreaks -United States, 2009-2017[END_REF]. Several outbreaks have also been reported in Europe [START_REF] Lange | Second outbreak of infection with a rare Cryptosporidium parvum genotype in schoolchildren associated with contact with lambs/goat kids at a holiday farm in Norway[END_REF][START_REF] Utsi | Cryptosporidiosis outbreak in visitors of a UK industry-compliant petting farm caused by a rare Cryptosporidium parvum subtype: a case-control study[END_REF][START_REF] Alsmark | Two outbreaks of cryptosporidiosis associated with cattle spring pasture events[END_REF]. Possession of a pet is only significant in children. The role of pets (dogs and cats) in the transmission of cryptosporidiosis is nevertheless not established in the literature [START_REF] De Lucio | No molecular epidemiological evidence supporting household transmission of zoonotic Giardia duodenalis and Cryptosporidium spp. from pet dogs and cats in the province of Alava, Northern Spain[END_REF][START_REF] Lucio-Forster | Minimal zoonotic risk of cryptosporidiosis from pet dogs and cats[END_REF].

Among the food-related risk factors, meat was found as a risk factor, which was less expected. Only one outbreak linked to the consumption of raw meat has been reported [START_REF] Yoshida | An outbreak of cryptosporidiosis suspected to be related to contaminated food, October 2006, Sakai City, Japan[END_REF]. Within the meat category, meat of unspecified origin ("others") is found significant but beef is not a significant risk factor (with only 2 ORs from 2 publications). None of the ORs are significant in each study alone (3 studies from Canada and the United Kingdom), but this factor appears significant by the combination of ORs in the meta-analysis (8 ORs) (Figure 6). This association could reflect fecal contamination of beef carcasses during the slaughter process, as observed with other enteric pathogens (e.g Salmonella, or Shigatoxin-producing E. coli). Data on the contamination of meat by Cryptosporidium are however limited. The prevalence of Cryptosporidium spp. in feces and meat samples were investigated by [START_REF] Moriarty | Prevalence and characterisation of Cryptosporidium species in cattle faeces and on beef carcases at slaughter[END_REF]: Cryptosporidium spp. were isolated from fecal samples (7.3%) but not from carcasses samples. To confirm the plausibility of this association, meat should be explored in specific surveys and investigations of outbreaks and sporadic cases of cryptosporidiosis.

The consumption of dishes prepared outside home and BBQ foods were also found significantly associated with Cryptosporidium. This can be linked to poor hygiene practices (e.g. contamination by an infected handler during the preparation of these products).

Unpasteurized milk and dairy products emerged as a risk factor in the meta-analysis. This result is consistent with published outbreaks [START_REF] Harper | Outbreak of Cryptosporidium linked to drinking unpasteurised milk[END_REF][START_REF] Loury | Épidémie de cryptosporidiose dans un collège de l'ouest de la France, novembre 2017[END_REF][START_REF] Rosenthal | Notes from the field: cryptosporidiosis associated with consumption of unpasteurized goat milk -Idaho, 2014[END_REF]. C. parvum was listed among microbiological hazards potentially transmissible through milk and present in the EU milk-producing animal population (EFSA [START_REF] Efsa Biohaz Panel | Scientific Opinion on the public health risks related to the consumption of raw drinking milk[END_REF].

However, identification and isolation methods of Cryptosporidium are not standardized in dairy products and these products are rarely found contaminated during outbreaks investigations [START_REF] Loury | Épidémie de cryptosporidiose dans un collège de l'ouest de la France, novembre 2017[END_REF].

Produce (washed and not washed in the same category) was not identified as a risk factor, but the consumption of poorly washed fruits and vegetables significantly increases ORs. Fresh produce is the main vehicle of foodborne cryptosporidiosis outbreaks [START_REF] Aberg | Cryptosporidium parvum Caused a Large Outbreak Linked to Frisee Salad in Finland, 2012[END_REF]England, 2017;[START_REF] Ethelberg | A foodborne outbreak of Cryptosporidium hominis infection[END_REF][START_REF] Mckerr | An Outbreak of Cryptosporidium parvum across England & Scotland Associated with Consumption of Fresh Pre-Cut Salad Leaves[END_REF]. Nevertheless, several case-control studies found that the consumption of vegetables is a protective factor against cryptosporidiosis [START_REF] Goh | Sporadic cryptosporidiosis, North Cumbria, England, 1996-2000[END_REF][START_REF] Nic Lochlainn | Risk Factors for Sporadic Cryptosporidiosis in the Netherlands: Analysis of a 3-Year Population Based Case-Control Study Coupled With Genotyping, 2013-2016[END_REF][START_REF] Roy | Risk factors for sporadic cryptosporidiosis among immunocompetent persons in the United States from 1999 to 2001[END_REF]. [START_REF] Roy | Risk factors for sporadic cryptosporidiosis among immunocompetent persons in the United States from 1999 to 2001[END_REF] explained this effect by the acquisition of protective immunity following repeated exposure to low doses of oocysts on contaminated vegetables as observed in waterborne outbreaks [START_REF] Hunter | Modelling the impact of prior immunity, case misclassification and bias on case-control studies in the investigation of outbreaks of cryptosporidiosis[END_REF]. Produce (vegetables) should be better studied by taking into account the type of vegetable (more exposed or not to irrigation of contaminated waters, such as lettuce) and the type of preparation (washed or not).

Beverages (including cider/bottled water/ice) were not identified as a risk factor in the metaanalysis. Cider was investigated in one study and was found non-significant [START_REF] Roy | Risk factors for sporadic cryptosporidiosis among immunocompetent persons in the United States from 1999 to 2001[END_REF]. Apple cider/juice has been responsible for two outbreaks in the USA [START_REF] Blackburn | Cryptosporidiosis associated with ozonated apple cider[END_REF][START_REF] Millard | An outbreak of cryptosporidiosis from fresh-pressed apple cider[END_REF] and recently in Norway [START_REF] Robertson | An apple a day: an outbreak of cryptosporidiosis in Norway associated with self-pressed apple juice[END_REF].

Recommendations have been made on grazing animals in orchards and washing fruits. Shellfish are considered as potential vehicles of Cryptosporidium but were not investigated in the included studies. Although shellfish have been found contaminated with Cryptosporidium oocysts in several surveys [START_REF] Giangaspero | Cryptosporidium parvum genotype IIa and Giardia duodenalis assemblage A in Mytilus galloprovincialis on sale at local food markets[END_REF][START_REF] Gomez-Bautista | Detection of infectious Cryptosporidium parvum oocysts in mussels (Mytilus galloprovincialis) and cockles (Cerastoderma edule)[END_REF][START_REF] Gomez-Couso | Cryptosporidium contamination in harvesting areas of bivalve molluscs[END_REF][START_REF] Robertson | Development and use of a pepsin digestion method for analysis of shellfish for Cryptosporidium oocysts and Giardia cysts[END_REF], no outbreaks have been reported to date.

The role of shellfish in Cryptosporidium infections should be investigated in future casecontrol studies.

Our results are comparable to the meta-analysis conducted by [START_REF] Bouzid | Risk factors for Cryptosporidium infection in low and middle income countries: A systematic review and meta-analysis[END_REF] who reported diarrhea in the household, animal contact, lack of toilet facility and overcrowded conditions as risk factors for cryptosporidiosis in low and middle-income countries based on 11 studies. Food exposures were not investigated in the included studies and poor drinking water was not found significant. These differences may be related to the analysis strategy of [START_REF] Bouzid | Risk factors for Cryptosporidium infection in low and middle income countries: A systematic review and meta-analysis[END_REF] as only studies reporting at least four relevant risk factors were included in their meta-analysis.

Conclusion

In summary, this meta-analysis confirmed known risk factors of cryptosporidiosis linked to anthroponotic and zoonotic pathways of transmission: contact with infected humans, waterborne transmission, contact with animals and food consumption. Except for meat, the identified vehicles are all consistent with described outbreaks.

Future case-control studies of sporadic infections should better explore the role of dairy, shellfish, meat, and vegetables, including washing/cooking and hygiene practices. These risk factors should also be included in questionnaires used for outbreak investigations. Moreover, the development of sensitive methods (based on molecular assays) for detection and isolation of Cryptosporidium oocysts in these different matrices is necessary to link cases to food items [START_REF] Rousseau | Assessing viability and infectivity of foodborne and waterborne stages (cysts/oocysts) of Giardia duodenalis, Cryptosporidium spp., and Toxoplasma gondii: a review of methods[END_REF]. Susceptible populations, such as children, elderly or immunosuppressed people could be better addressed, due to the severity of cases in those populations. The immunity should be taken into account to reduce misclassification in casecontrol studies [START_REF] Hunter | Modelling the impact of prior immunity, case misclassification and bias on case-control studies in the investigation of outbreaks of cryptosporidiosis[END_REF]. It may be interesting to consider serology, in addition to criteria related to symptoms, and parasite excretion. In order to improve the detection of cases, biological diagnosis of persistent diarrhea should specify Cryptosporidium research [START_REF] Loury | Épidémie de cryptosporidiose dans un collège de l'ouest de la France, novembre 2017[END_REF].

Lastly, subtyping of human isolates can provide insights into the epidemiology of cryptosporidiosis, allowing the identification of risk factors specific to species or subtypes.
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