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Impacts
· This quantitative risk assessment identified the proportion of consumers that do not boil milk before consumption as the variable with the greatest impact on the likelihood of pediatric Escherichia coli O157 HUS cases.
· Raw milk consumption remains a source of E. coli O157:H7 for human but its relevance is not leading and significant caution should be posed for temporal, geographical and consumers behavior analysis.
· Health education programms and regulatory actions on the risks associated raw milk consumption provided throught the years by national and local governments have achieved the goal of changing consumers behavior, reducing the risk of HUS; similar programmes have to be implemented to educate people, primarly children, about other sources of exposition to STEC like farm visits. 
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Summary
Da fare in base alle vostre osservazioni…

Introduction
The impacts of illnesses caused by Shiga toxin-producing Escherichia coli (STEC) appear to be of emerging importance worldwide and the public health concern depends on the severe sequelae they can cause, with outcomes ranging from mild intestinal discomfort or acute onset diarrhea, which may be bloody and mostly without fever, to hemolytic-uremic syndrome (HUS) and end-stage renal disease. In European Union (EU) there was an increasing trend observed over the 7-year-period, 2008-2014 in STEC human infection (with an overall notification rate in 2014 of 1.56 cases per 100.000 population), and a significant increasing trend in 10 countries, including Italy (EFSA-ECDC, 2015). In the World Health Organization (WHO) estimates of the disease burden of the most important foodborne bacterial diseases, the STEC infection median rates were 18 (95% UI 9-28) per 100,000 persons in the European Region and it was estimated that 0.8% of O157 infections and 0.03% of infections caused by other serotypes result in HUS (Majowicz et al., 2014). The European Centre for Disease prevention and Control (ECDC) reports that in 2012 a final of 7% (a total of 382 cases) of the confirmed STEC cases developed HUS (ECDC, 2014). For the years 2008-2014, Italy reported a total of 26, 51, 33, 51, 50, 65 and 68 confirmed human cases of STEC infections respectively (EFSA-ECDC, 2015) and the National Registry of HUS, born in 2005 and coordinated by Italian National Public Health Institute and Italian Society for Pediatric Nephrology, reported for the same period a total of  22, 36, 28, 27, 36, 49 and 48 HUS cases by STEC in children < 15 years (Scavia, personal comunication). No official data on HUS cases in persons >15 years in Italy are available. Comparing these data, as observed by EFSA-ECDC (2015), only the most severe cases were captured by our surveillance system which reported the highest proportions of hospitalised cases, and it could be suggested that that a very high proportion of STEC human infections reported by the EFSA were HUS pediatric cases.
Evidence for raw drinking milk as an important risk factor for STEC human infections was based on: i) epidemiological evidence that STEC has been associated with illness from the consumption of raw milk: between 1970 and 2010, 13 E. coli outbreaks in Europe and 28 worldwide were reported (Clayes et al., 2013) and between 2007 and 2012, out of the 27 reported outbreaks in the EU involving raw drinking milk, two were attributed to STEC (EFSA, 2015) and in Italy six HUS sporadic cases notified to the TESSy system in 2008 with history of raw milk consumption were recorded (EFSA, 2008); ii) the STEC prevalence in raw milk: no statistically based European STEC prevalence data in raw milk are available but several studies in literature provide an indication of the range of prevalence values in different EU countries, with STEC-positive samples ranging between 0 and 5.7% (EFSA, 2015; Clayes et al., 2013). In Italy the sale of raw milk with vending machines is regulated by the State-Regions Agreement (Italian Ministry of Health, 2007) and the microbiological criteria of the milk delivered by the vending machines are controlled by the Official Veterinary Services: this official monitoring from 2008 to 2011 showed a E. coli O157 prevalence in raw milk samples collected by self-service vending machines up to 1,5%  (Bianchi et al., 2013; Giacometti et al., 2013) whereas several studies report prevalence from 0 to 1,01% (Giacometti et al., 2012; Petruzzelli et al., 2009; Gasperetti et al., 2014); iii) the EFSA expert opinion on the public health risks related to the consumption of raw drinking milk concluded that there is a clear link between drinking raw milk and human illness with STEC, with the potential for severe health consequences in some individual patients (EFSA, 2015).
Owing to the lack of epidemiological data, the burden of disease linked to the consumption of raw milk could not be assessed: in fact, although outbreak data are an important source of evidence in supporting hazard identification, not all outbreaks are reported centrally and the strength of evidence supporting a causal link to a contaminated food can vary in particular in sporadic cases (EFSA, 2015). An alternative strategy to evaluate the HUS risks associated with consumption of raw milk is to develop quantitative risk assessment (RA). This study attempts to perform a National RA to estimate the pediatric HUS risk associated to the consumption of raw milk aspiring to both consider the real Italian marketing/distribution of this commodity in a seven-years period of observation and to assess different scenarios that resulted to have strongly influenced previous RA results (Giacometti et al., 2015), such as the consumers habits in terms of boiling milk and giving raw milk to children. 

Materials and methods
Model and data sources
Our risk assessment is based on official microbiological records STEC O157:H7 in raw milk samples from selfservice vending machines monitored by the regional Veterinary Authorities from 2008 to 2014 and on the number of authorized vending machines. Data of a seven-year period of official controls were collated, partially from a previous study (Giacometti et al., 2013), and used to assess STEC O157:H7 prevalence from 2008 to 2014 in eight Italian regions. The regions interested in this study were  Emilia Romagna, Lazio and Tuscany (pooled data), Lombardy, Marche, Piedmont, Sicily and Veneto, which account for 862 vending machines, i.e., 90% of the 957 vending machines registered in Italy in 2014 (Italian Ministry of Health, 2015). This raw milk scenario resulted significantly changed from previous years and studies (Giacometti et al., 2012) in relation to the total number of both vending machines and dairy farms that resulted roughly halved from the first census of Italian Ministry of Health in 2010, respectively - 45% of vending machines (from 1474 to 957) and - 47% of dairy farms (from 1043 to 569) (Italian Ministry of Health, 2015). The investigated regions have an estimated total population of 40,022,000 people out of an estimated total of 60,656,000 people in Italy; of these, about 12% are between 0 and 14 years old (ISTAT, 2016). 

 STEC O157:H7 prevalence in raw milk at vending machines: a “milk status” approach
The microbiological characteristics of the milk delivered by the vending machines are controlled by the Official Veterinary Services which test at least one sample from each vending machine yearly for the presence of STEC O157:H7 in accordance with the national legal requirements of the State-Regions Agreement (Italian Ministry of Health, 2007). The number of vending machines in each region and the number of samples collected from each vending machine varied from one region to another: in years it could be observed an average number of vending machines from a minimum of 3 to a maximum of 423 per region and an average number of official samples from a minimum of 25 to a maximum of 1,965 per region; the number of inspections at each vending machine varied between a minimum of 0,8 to a maximum of 2,1 in years 2011-2014 (Italian Ministry of Health, 2015). 
All samples, taken in single for each vending machine, for official controls from 2008 to 2014 were considered and a total of 23,752 samples were analyzed in accordance with microbiological criteria stipulated in the national legal requirements of the State-Regions Agreement (Italian Minister of Health, 2007) for STEC O157:H7 using the official International Organization for Standardization (ISO) cultural methods, UNI EN ISO 16654:2003 still 2011 and according to ISO/TR 13136:2012 from 2012. All samples were processed at the Experimental Institutes for Zooprophylaxis in the different regions; all the laboratories and test procedures are accredited according to ISO 17025:2005 by ACCREDIA, the Italian accreditation body. 
A total of 38 raw milk samples out of 23,752 (0.15%), from which E. coli O157:H7 positive to stx and eae virulence genes was isolated, were considered for this RA. Assuming that the true prevalence of STEC O157:H7 in a given population of raw milk samples collected from vending machines is P, the number of positive raw milk samples (K) in official controls samples (M) from 2008 to 2014 is binomial (M, P). The beta function was used to model the uncertainty introduced by sampling on the true prevalence estimation of STEC O157:H7 in raw milk samples. Using Bayes’ theorem, where no prior knowledge of the prevalence (P) of STEC O157:H7  in a given population of raw milk samples collected at vending machines is assumed, the fraction of raw milk samples contaminated by STEC O157:H7 was assumed to follow a Beta distribution (Vose, 1996): if we assume a uniform [0.1] prior distribution for P+ (the probability of being positive) and find that K of M sampled vending machines sell raw milk contaminated by STEC O157:H7, the posterior distribution of raw milk prevalence was modelled as: 
P+ = Beta (K + 1; M – K + 1) (1)
where K is the number of positive raw milk samples in which STEC O157:H7 was isolated in culture and M is the total number of raw milk samples analysed (M=23,752).
Therefore the raw milk status (presence or absence of STEC O157:H7) was simulated as:
Milk statusSTEC (1 or 0) = Bernoulli(P+) (2)

Number of STEC O157:H7  per ml in contaminated raw milk 
Few quantitative data on STEC O157:H7 concentration in raw milk are available in the literature; in an Italian study of Trevisani et al. (2013), raw milk samples were collected from bulk tank and the quantitative contamination of STEC O157:H7 was evaluated with a  most probable number (MPN)-PCR method. Authors quantified STEC O157:H7 in a total of 34 milk samples in which the presence of STEC O157:H7 was demonstrated by enrichment culture method: all these samples were contaminated below 0.3 MPN/ml (CI95% 0-0.95) except two samples that had a value equal to 1.4 MPN/ml (CI95% 0.36-4.2); assuming that the positive samples resulted contaminated below the quantification limit (LOQ) of MPN-PCR methods were equal to the value of 0.3 MPN/ml, limit of quantification of the MPN-PCR methods used (LOQ), the mean concentration measured in Trevisani et al. (2013) results equal to 0.364 MPN/ml with a standard deviation of 3.056. We decided to fit two positive distributions on concentration data obtained by Trevisani et al. (2013): a Lognormal distribution with mean of 0.364 and standard deviation of 3.056, and a Gamma with α (slope parameter) equal to 0.014 (mean2/variance; mean=0.364 and SD= 3.056) and a scale parameter β (mean / α) of 25.61. No significant difference between the two distribution was observed in good of fit (GOF) chi square test so a Gamma distribution was chosen to model the STEC O157:H7 concentration in raw milk because this distribution best fit the data the low range of concentrations observed and admit 95% of the samples below 0.4 MPN/ml, that is similar to what was observed in the Italian study. 
Milkcont = Gamma (0.014 , 25.61 ) (3)

Raw milk concentration of STEC O157:H7 at vending machines
Milk statusSTEC (1 or 0) was combined with Milkcont distribution to obtain the distributions of STEC O157:H7 concentrations at vending machines. 
Milkconc = Milk statusSTEC * Milkcont (4)

Time-temperature history of raw milk from vending machine to consumption and growth model
For the time-temperature history model, we used a previous study (Giacometti et al., 2012b) with data pertaining to vending machine storage and consumer habits in terms of home transportation (use of insulated bags for transportation of raw milk and the journey time from the vending machine to home) and the time to consumption after purchase to build time-temperature conditions. Two scenarios were simulated: the best theoretical storage conditions (BS) set at 4°C as fixed by law throughout all the phases, and the worst time-temperature conditions (WS), defined as the sum of all the thermal abuses detected in the above mentioned previous investigation, namely 11°C ± 0.5 for 22.5 h (maximum temperature recorded in vending machines and maximum storage time established by law for raw milk), 30°C ± 0.5 for 30 min (air temperature during the simulation of transport of raw milk from vending machines to home in summer) and 12°C ± 0.5 for 68 h (home storage) (Giacometti et al., 2012b). The behavior of STEC O157:H7, calculated on a challenge test previously performed with these WS conditions (Giacometti et al., 2012b), showed a significant increase in E. coli O157:H7 numbers, and the doubling time (Td) for E. coli O 157:H7 was calculated, whereas in case of BS conditions, a slight decrease or no modifications in the E. coli O157:H7 count in raw milk stored at 4°C for four days was reported (Alhelfi et al., 2012; Heuvelink et al., 1998; Giacometti et al., 2012b). A conservative approach based on data available in literature was followed supposing that the E. coli O157:H7 count was substantially unaffected by storage for 96 h at 4°C as fixed by law. 
A triangular distribution was chosen with the most likely value fixed as equal to the experimental mean Td observed for WS conditions (ΔT), and minimum and maximum parameters in the triangular distribution were calculated considering the standard deviation observed experimentally:
Td (STEC O157:H7  4°)  = +∞ 
Td (STEC O157:H7  ΔT)  = Triangular (14.21, 15.95, 17.68) h.
The time to consumption T (h) was modelled by the triangular distribution on the basis of respondents’ answers which reported that, even if raw milk has a shelf-life of three days by law, it was consumed up to five days after purchase (Giacometti et al., 2012b):
T (h) = Triangular (0.5, 24, 120) h.
Therefore the pathogen duplication after storage in vending machines, home transportation and home storage is calculated and the concentration of the pathogen in raw milk after storage was modelled for WS as:
Cafterstorage = 2 (T (h) / Td) * Milkconc (5)
and for BS as:
Cafterstorage =results = Milkconc. (4)

Consumers behavior 
Very recently, Crotta and Colleagues (2016) introduced the likelihood of milk consumption as a function of the duration and temperature of storage before consumption, and modelled, by means of a logistic regression, the relationship between time–temperature combinations and the probability that a serving of raw milk is actually consumed. If prejected is the probability of recognizing as spoiled the milk after storage and not drunk by consumers, °T the storage temperature and h the duration of storage, the following relationship was suggested by authors: 
Logit (prejected) =Ln (prejected /1- prejected) = α + β1°T + β2 h 
Where α = -12.273, β1 = 0.4883 and β2 = 0.0661 
prejected = e logit / 1 + e logit (6)
and consequently the probability that milk is consumed after storage is modelled as:
Milk drunk (1 or 0) = Bernoulli(1- prejected) (7)

Propensity of boiling of milk 
As observed in previous RA (Giacometti et al., 2015), consumer habits highly affect the final estimates: for example, the probability and number of campylobacteriosis cases and different percentages of consumers that do not boil milk before consumption strongly influence the number of estimated cases. For this reason, RA should consider real-life scenarios in order to not overestimate the total cases; therefore consumer behavior should be monitored to determine a risk habits profile which can be used by risk managers for RAs in different countries and years and also in different epidemiological situations. Unfortunately, a precise estimation of consumers that do not  boil milk and give raw milk to children was the most biased data we have, being sources of uncertainty in the data used for this RA: in fact, very different proportions of consumers boiling raw milk before drinking were observed in the three consumer investigations available in Italy with percentages of consumers not boiling milk before consumption, ranging from a maximum of 43% in 2010 to a minimum of 13.9% in 2012 (Ricci, 2012; Giacometti et al., 2012, 2013). Given the evidence that consumers in years have respected more the claim “boiling milk before consumption” presented on vending machines and that there is no accurate estimate of the fraction of consumers correctly boiling milk before drinking, and considering the importance of this estimate in the results of the RA,  the probability of boiling ( Pboil ) milk before consuming was modeled as uncertainty and a vector of 5 probability was used with RiskSimtable function:
Pboil = RiskSimtable{0.99;0.95;0.90;0.87;0.80}
Milk raw (1 or 0) = Bernoulli(1- Pboil) (8)
In each simulation the value of Pboil remain the same in each iteration and for each value of Pboil modelled as uncertainty a simulation was run. 
To check the relationship between the probability of consuming raw milk (1-Pboil) and the principal output of the RA model, the total number of HUS cases in pediatric ages was plotted against the 1-Pboil {0.01;0.05;0.10;0.13;0.20} and a linear regression model was applied. 
Due to the low modelled concentration of STEC O157:H7 in milk, also in the worst scenario, the practice of boiling milk roughly reduce the risk of HUS to zero (Giacometti et al., 2012c, 2015 and 2015b); based on this observation and in order to simplify the model, we assumed that in case of boiling milk before consuming the risk of HUS is fixed to zero.

The distribution of raw milk serving size
The distribution of milk consumption in the different age-groups was assessed using the results of the more recent Italian national food consumption survey, named INRAN-SCAI 2005–06, which was funded by Italian Ministry of Agriculture (Leclercq et al., 2009). For the present RA, we consider only pediatric age-groups (0-14 years old) with three age-classes, namely 0-3, 4-9 and >10 years old. For all the classes the minimum ad the maximum size consumed was the same, but the median, 95th and 99th percentile of the cumulative distributions changed according to data obtained during the INRAN-SCAI survey:
Milk size 0-3 years old = Cumulative (min=80ml, max=1100ml, {250;840;1080}, {0.5;0.95;0.99}) (9)
Milk size 4-9 years old = Cumulative (min=80ml, max=1100ml, {202;400;657}, {0.5;0.95;0.99}) (10)
Milk size >10 years old = Cumulative (min=80ml, max=1100ml, {166;333;440}, {0.5;0.95;0.99}) (11)

The distribution of consumers drinking raw milk in pediatric age-group (0-14 years old)
The distribution of consumers drinking raw milk in pediatric age-group was assessed using results of a previous survey (Ricci, 2012): 0.87% were < 12 months, 7% children between 1 and 7 years old and 12.5% boys and girls between 7 and 14 years old. The remaining 80% were people >14 years old that were not considered in this RA. With regards to the real age distribution, we assumed that consumers of each age between 1 and 6 years old and between 7 and 14 years old contribute to the total amount of raw milk consumed by the corresponding age-group in the same way; therefore, children of respectively 2, 3, 4, 5 and 6 years old consume each 1.4% of raw milk (total 7%) and children of respectively 7, 8, 9, 10, 11, 12, 13, and 14 consumed each 1.56% (total 12.5% ).

Pathogen dose per serving size
Considering the three age-groups(i) with the respective raw milk serving sizes, three doses were modelled for both best and worst storage milk scenarios as: 
Dose years old(i): Cafterstorage * Milk drunk * Milk boil * Milk sizeyear old(i)

Dose response
For the Dose Response model we followed the approach of Perrin et al. (2015), in which the probability of HUS (PHUS) as a function of the ingested dose (Dose) by a single-hit model was modeled: 
PHUS = 1 – (1-rage)D
rage = r0 x e - k x age , for ages from 0 - 14
PHUS is the probability of Severe Haemorrhagic Syndrome associated with the ingestion of a dose (D) of STEC. The model parameters (r0 and k) were assessed by Delignette-Muller et al. (2008) using the exponential trend from French surveillance data excluding babies (less than one year old), and data from the largest community-wide outbreak of O157:H7 STEC in France:
k = 0.38 (95% CI =[0.33 – 0.43] ) and log10(r0) = -2.33 (95% CI =[-2.58 – -2.09]). 
The “per service” risk of HUS was assessed for each year in the range of each pediatric age-group considered in this RA for both the best and worst storage milk scenarios. The number of cases of HUS per years was derived as follow: 
HUScases = 
where g(age) is the proportion of raw milk consumed by age-group (1 to 14 years old) and f(D) is the probability density function of D. 
To calculate the base line of HUScases, the average risk per service of HUS, for each year, of consumers in pediatric ages (0-14 years old) was used. 

Model outputs 
The models were implemented with software for Monte Carlo simulation @Risk, version 4.5.2, and 5x500,000 iterations were done for each simulation, one for each value of the vector for the boiling probability (RiskSimtable{0.99;0.95;0.90;0.87;0.80}). To assess the model uncertainty, 20 simulations were run in a II level risk assessment plan for both best and worst scenarios. 
The total amount of raw milk sold per year at vending machines was estimated from economic considerations and considering the overall trend of the number of vending machines in years as function of the volume sold by each vending machine: as observed in previous studies, we considered that an average volume of about 50 litres/day of raw milk sold by each vending machine could be economically sustainable for the farmers. However, the significant drop observed in the number of vending machines in years sounds that this volume of milk sold in years is not real and it should be taken into account to perform an accurate estimation of the average amount of milk sold per each vending machine. For this reason, we have considered the average amount of operating vending machine in the period between 2008 and 2014, namely 1083, and we have calculated the percentage of reduction in relation to 2010 (the year of first census of Italian Ministry of Health) that resulted 23%, and so, we have applied the same percentage as reduction in the average amount of milk sold per each vending machine, that resulted in 38,5 lt average of milk sold by each vending machine. The estimated daily volume sold by each vending machine referring to 50 lt by the 862 operating vending machines in 2014 is roughly comparable to the 38,5 lt by the 1.083 average vending machines, thus our hypothesis can be justified. The proportion of milk sold to each age of consumer was derived considering 365 working days and the median portion size from the cumulated consumption distribution (9), (10), (11). For example, considering the infant group (< 2 years old), the amount of portions consumed per year results about 685’000 (1.083*38,5*365/0.25*0,87%), where 1.083 is the average of authorized raw milk vending machines in Italy from 2008 to 2014, 38,5 is the estimate of average amount (expressed in lt) of milk sold by each vending machine from 2008 to 2014, 365 are the days per year, 0,25 is an example of the estimated average amount (expressed in lt) of milk consumed by children and 0,87 is the distribution of consumers < 12 months drinking raw milk in pediatric age-group. 
Both the outputs of the model and the number of estimated HUS cases per each age of consumers between 0 and 14 years were calculated as base line, multiplying the mean of HUS probability per serving per age, obtained from the simulations, for the number of portions consumed in one year by each age. The total number of HUS cases per year was calculated as sum of the single amount of each pediatric age-group. 
The models were implemented with software for Monte Carlo simulation @Risk, version 4.5.2, and 5x500,000 iterations were done for each simulation, one for each value of the vector for the boiling probability (RiskSimtable{0.99;0.95;0.90;0.87;0.80}). To assess the model uncertainty, 20 simulations were run in a II level risk assessment for both best and worst scenarios, and the number of HUS cases per year per each age of consumers between 0 and 14 years old was expressed as mean and CI95%, calculated on the bases of the results of simulations runs. 
Finally, a sensitivity analysis was done to test the relationship between the probability of consuming raw milk (1-Pboil) and the principal output of the RA model (the total number of HUS cases in pediatric ages) and a linear regression model was applied with the total number of HUS cases as dependence variable plotted against the 1-Pboil .

Results
Risk of HUS
The milk contamination Milkconc (4) was assessed based on 1M iteration of the model and the log10 CFU/mL of O157:H7 concentrations at vending machines result in mean -3.21 (std 0.14, max 1.98).
The total amount of services consumed by each age between 0-14 years old is reported in detail in table 1. The annual pediatric HUS cases were estimated based on the total amount of services consumed by each age between 0-14 years old and the average probability of HUS per service simulated. The total number of HUS cases was function of the percentage of consumers drinking raw milk (for example in the WS scenario the average HUS probability per service was 8.25 × 10−7 in case of 1% of consumers drinking raw milk and this probability raises still 1.87 x 10-5 in case of 20% of consumers drinking raw milk). The scenario of milk storage influence the risk but with a minor influence than the consumers’ behavior, for example the average HUS probability per service was 5.59 × 10−7 in case of 1% of consumers drinking raw milk at 4°C whereas in WS was 8.25 × 10−7).  Detailed results are reported in table 2. 
In the sensitivity analysis, the total number of HUS cases predicted by the model in the best and in the worst scenario resulted proportional to the fractions of consumers that did not boil raw milk before consumption and a linear regression model with high R2 was obtained (figure 1). 

Discussion
The RA of pediatric HUS cases associated with the consumption of raw milk described in the present study is designed to outline the historical evolution of the phenomenon we observed and monitored in Italy in relation to the sale of raw milk for direct human consumption since 2008, period in which the consumers interest started to grow, and after seven-years period of marketing adjustement. Evidently, this model is an oversimplification of a complex reality for raw milk consumption scenarios, based on many assumptions, hypotheses and consumers behavior, but Authors consider that the included input variables represented the most likely data and scenarios. However, two main sources of uncertainty in our model inputs may be identified, namely the level of milk contamination and the probability of boiling milk. In one hand, the STEC O157:H7 concentration is uncertain and few studies are in literature, and therefore, we used the Italian study of Trevisani and Colleagues (2013) to better fit the STEC O157:H7 concentration in milk. In the other, the probability of boiling milk was used in the model as uncertainty because this point was considered crucial for risk results and several studies reported very different percentages of consumers boiling milk (Ricci, 2012; Giacometti et al., 2012, 2013). Therefore we used the data collected not to model a distribution of probability but to build a vector of 5 percentages of consumers that boil milk before consuming, and the Pboil (or the 1-Pboil ) resulted, in the sensitivity analysis, to be directly proportional (1- Pboil  ) to the number of HUS cases predicted by the model. 
Comparing our model to the from farm model initially proposed by Clough et al. (2009) and recently applied in Perrin et al. (2015) for France production, Authors obtain a mean STEC in tanker milk modelled for the baseline scenario of -3.98 log CFU/ml with a standard deviation of 0.80. The milk VTEC O157:H7 concentration at vending machine obtained by our model seem to be very close to the results obtained by farm model with France data input.
The proposed model provides a useful tool for assessing the risk of pediatric HUS from consumption of raw milk linked exclusively to the contamination of raw milk with O157:H7 serotype because in Italy official controls in raw milk are limited to this serotype, but it is obvious that this scenario is not representative of the current situation where other non-O157 STEC strains circulate in italian and european dairy farms. Interestingly, the STEC serogroups O26 and O103 were reported more frequently than O157 in raw milk (EFSA-ECDC, 2015) similar to data referring to human infection in which non-O157 STEC infections are increasingly recognized (Luna-Gierke et al., 2014; EFSA-ECDC, 2015), other than the fact that not negliglible percentages of strains could be not serogrouped.
In addition the model estimates show that the public health significance of HUS cases due to raw milk STEC contamination depends on the current variability surrounding the risk profile of the food which is unequivocally influenced by the consumers’ behavior.  In fact, from the linear regression model appears evident that the final number of predicted HUS cases, in our model, is directly influenced by the probability of boiling milk before consumption, and that the impact of consumers’ behavior is a major RA variable and an operational reference point useful to determine appropriate risk reductions. This means that the presented RA approach should be flexibly and sensibly applied with a proper regard to the wide diversity of scenarios of risks involved in raw milk consumption. 
To benchmark the present RA approach, the results were compared to HUS cases in children < 15 years old notified by the National Registry of HUS which collects data of both typic and atypic HUS cases collated from all the italian pediatric nefrology clinic centers.
From 2008 to 2014 respectively 8, 18, 9, 6, 11, 2 and 10 (total 64) STEC O157-associated HUS cases were notified to National Registry of HUS and, of all patients that have completed a standardized questionnaire aiming to investigate the risk factors, raw milk consumption (referred to exposures within the previous 15 days) was accounted as a probable source of attribution respectively in 2, 3, 1, 0, 1, 0 and 0 (total 7) (Scavia, personal communication). These data show that the estimated HUS cases predicted by our model are roughly in line with the effective STEC O157-associated HUS cases notified in Italy only when the percentage of consumers not boiling milk before consumption is assumed to be at 1%, whereas in all the other scenarios with higher percentages of consumers drinking raw milk, the baseline estimates are much higher than the reported cases. Under the assumptions of our model, this suggest the actual applicable percent of consumers that do not boil milk before consumption can be about 1%, underlying a significant difference from the first estimations performed in Italy which ranged from 23% in 2010 and 13.9% in 2012 (Giacometti et al., 2013; Ricci, 2012). With regards to this aspect, we believe that both the health education programs on the risks associated raw milk consumption provided through the years by national and local governments plus the decision of the Italian Ministry of Health (2008) to place on vending machines a clear advice on the need to boil milk before consumption, have effectively communicated to consumers the principles of food hygiene and have allowed to nearly achieve the goal of ensuring that this food is safe and suitable for human consumption. Therefore, assuming this 1% as the current most presentative situation of consumers’ behavoir, the previously performed QRAs associated respectively with Campylobacter jejuni, Salmonella spp. and Listeria monocytogenes (Giacometti et al., 2012c, 2015 and 2015b) should be adjusted accordingly.
Our results confirm that raw milk, with a stable prevalence of 0.15% of contaminated samples  through the years 2007-2014, still remains a source of E. coli O157:H7 human exposure, but its overall relevance is likely went down after the increasing sporadic HUS cases with history of drinking raw milk recorded in 2007-2008 (EFSA, 2008). 
Within the well-known variety of routes for STEC transmission (Rotariu et al., 2012), the contact with infected animals, their feces or the environment seems to become more common (Byrne et al., 2014; EFSA, 2015; Garvey et al., 2016) and understanding the relative importance of the different modes of STEC spread at national level is important for country-specific control and prevention policies which could lead to meaningful reduction in disease incidence (Garvey et al., 2016). The efficacy of started regulatory action and educational programs to reduce the risk linked to raw milk consumption highlights that further efforts should be performed by governments to adequately investigate other risk factors, conferring specific temporal and/or geographical source attribution for each confirmed HUS case, pediatric and not.  
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