Document on available risk assessment models for viruses
A literature review was conducted in PubMed to find studies that assessed the infection risks for viruses quantitatively. In total, 10 such studies were retrieved (Table 1). These papers are discussed below for their relevance to ViTAL.
The viruses

The viruses selected in the described quantitative risk assessment models range from the relatively larger DNA adenoviruses (Crabtree et al., 1997, van Heerden et al., 2005) to the small RNA enteroviruses (Regli et al., 1991, Mena et al., 2003) and rotaviruses (Regli et al., 1991, Haas et al., 1993, Gerba et al., 1996). The enteroviruses included coxsackieviruses (Mena et al., 2003), polioviruses type 1 and 3, and echovirus 12 (Regli et al., 1991). Some refer to viruses in general (Petterson en Ashbolt, 2001, Petterson et al., 2001, Hamilton et al., 2006). In ViTAL the viruses that need to be studied are norovirus, hepatitis A and E virus, and adenovirus. 

The matrices

Only three out of ten papers describe quantitative risk assessment models for crops (Petterson en Ashbolt, 2001, Petterson et al., 2001, Hamilton et al., 2006). One of these three is a methodological study to examine the implications of overdispersion in virus concentration on crops (Petterson en Ashbolt, 2001). Masago et al. (2006) estimate the risk of a norovirus infection due to oyster consumption, but this risk assessment is semi quantitatively and the approaches therefore not of interest to ViTAL. The others estimate risks for drinking and/or recreational waters. In ViTAL the food chains to be modeled in the quantitative risk assessment include soft fruits/salad vegetables, pork meat products and shellfish. Selection of these matrices was based on the different sources of virus, the ways of virus contamination of the foods and the different intervention measures.

The models

Regli et al. (1991) and Haas et al. (1993) provide a theoretical background to assess an infection risk due to consumption of drinking water, which can be useful for other matrices as well. Regli et al. (1991) describes the assumptions that are required to be made in virological risk assessment and evaluates different dose-response models (i.e., exponential vs. beta Poisson). Haas et al. (1993) provides an approach for including uncertainty and variability into risk assessments. The theories about distributions, homogenization, dose-response models and uncertainty and variability described in these two papers are valuable for the QVRA performed for ViTAL.
The three models dealing with food products focus on the use of irrigation water for salad crops (Petterson en Ashbolt, 2001, Petterson et al., 2001, Hamilton et al., 2006). Petterson et 
Table 1 Quantitative Risk Assessments for Viruses in the Environment

	Matrix
	Virus
	Title publication
	Authors
	Reference

	Drinking water
	Rotavirus, Poliovirus 1 (2x), Poliovirus 3, Echovirus 12
	Modelling the risk from Giardia and viruses in drinking water. 
	Regli S, et al.
	J Am Water Works Assoc 1991; 83: 76–84 

	Drinking water
	Rotavirus 
	Risk assessment of virus in drinking water. 
	Haas CN, et al.
	Risk Anal 1993; 13(5): 545–552

	Drinking and recreational waters
	Rotavirus
	Waterborne rotavirus: a risk assessment. 
	Gerba CP, et al.
	Water Res 1996; 30: 2929–2940

	Drinking and recreational waters
	Adenovirus
	Waterborne adenovirus: a risk assessment.
	Crabtree KD, et al. 
	Water Sci Technol 1997; 35: 1–6

	Salad crops
	Enteroviruses
	Viral risks associated with wastewater reuse: modeling

virus persistence on wastewater irrigated salad crops
	Petterson and Ashbolt
	Water Sci Techn 2001; Vol 43 No 12 pp 23–26

	Salad crops
	Viruses
	Microbial Risks from Wastewater Irrigation of Salad Crops: A screening - Level Risk Assessment
	Petterson et al. 
	Water Environ Res 2001; 72 (6): 667-672

	Drinking and recreational waters
	Coxsackie virus
	Risk assessment of waterborne coxsackie virus.
	Mena KD, et al.
	J Am Water Works Assoc 2003; 95: 122–131

	Drinking water; 

Recreational water
	Adenovirus
	Risk assessment of adenoviruses detected in treated drinking water and

recreational water.
	Van Heerden J, et al.
	J Appl Microbiol 2005; 99(4): 926–933.

	Raw Vegetables
	Viruses
	Quantitative Microbial Risk Assessment Models for Consumption

of Raw Vegetables Irrigated with Reclaimed Water
	Hamilton et al.
	Appl Environ Microbiol 2006; 72 (5): 3284–3290 

	Drinking water
	Norovirus
	Quantitative Risk Assessment of

Noroviruses in Drinking Water

Based on Qualitative Data in Japan
	Masago et al.
	Environ. Sci. Technol. 2006; 40: 7428-7433


al. (2001) model the clinging of viruses to lettuce crops through sprayed irrigation water. However, the volume of retained water was obtained from a study in which lettuce heads were completely immersed in water (Shuval et al., 1997). This procedure may not represent the volume of water retained after irrigation, which therefore should be examined. Furthermore, actual consumption data were not included in the model, but instead the risk was verified for a fixed consumption of 100 g. 
Hamilton et al. (2006) estimated the risk of infection for enterovirus due to consumption of arable crops, including lettuce, that were contaminated by irrigation water. The authors conducted field experiments to estimate the amount of irrigation water retained on broccoli and cabbage, and used the previously described estimates from Shuval et al. (1997) for lettuce. The remainder of the study is similar to that of Petterson et al. (2001), with the difference that consumption is represented as function of bodyweight by Hamilton et al. (2006). The experimental data on water retention on broccoli and cabbage may be useful for VITAL for assessing the risk posed by irrigation water.
Health based targets

The risk for public health in the described studies is presented as probability of infection, sometimes translated into probability of disease or mortality by using point estimates for morbidity or mortality from outbreaks. Another measure to represent possible adverse health effects for humans is an estimate of the disability adjusted life years (DALY). For instance, the WHO uses disability adjusted life years (DALY) to measure the global burden of disease (Lopez et al., 2006). Furthermore, targets for public health protection set by WHO are based on DALYs rather than on infection risks. A DALY consists of the years of life lost due to premature mortality and the period of time spent in a suboptimal health status as a consequence of infection. Thus, a DALY estimate includes the translation from infection to actual disease and may give better insight into the adverse health effects of pathogens in the environment than an infection risk (infection does not necessarily produce illness). However, the translation from infection to disease is highly variable and depends on multiple host and pathogen characteristics. The available information for NoV, HAV and HEV is insufficient to estimate robustly the incidence of disease and associated health effects within VITAL. Therefore, the QVRA for ViTAL will provide estimates of exposure of humans to the viruses through the mentioned food products and not estimates of DALYs.
Data gaps

Irrigation water is one of the sampling points in ViTAL (Deliverable D5.1: A guidance document on data collection). Thus, the process of virus contamination due to irrigation will be modeled. To estimate the concentration of virus on products it will be important to assess the volume of retained water on raspberries and lettuce heads as a function of the duration of irrigation. Furthermore, the clinging of viruses to food products and wash-off during prolonged irrigation need to be determined. The currently available data for lettuce is insufficiently accurate for use. For raspberries, no data are available.
In addition, the inactivation rates of NoV, HAV and HEV need to be examined during their presence on the surfaces of food products and during storage. For HEV, inactivation during processing of raw meat (e.g., by fermentation) need to be assessed. 

Furthermore, rinsing of salad vegetables and soft fruits may result in cross contamination. The attachment and detachment rate of viruses during rinsing is currently unknown. This process will be important for modeling the fate of the viruses during the production phase.
Consumption data are required to estimate the doses that are ingested by people. Furthermore, the state of the food product at consumption needs to be known, in order to account for risk reducing effects due to preparation of the food. 

Dose-response models are not available for HAV and HEV. For Norovirus, a dose response model is described for Norwalk virus, the prototype norovirus (Teunis et al., 2008). The absence of an adequate dose response model for HAV and HEV may be addressed by adopting the rotavirus dose-response model. Rotavirus has a high infectivity (i.e., the probability of infection per virus particle), and using this dose response model likely prevents the infection risk from being underestimated.

References
Crabtree KD, Gerba CP, Rose JB, Haas CN. Waterborne adenovirus: a risk assessment. Wat Sci Tech 1997; 35(11):1-6.

Gerba CP, Rose JB, Haas CN, Crabtree KD. Waterborne rotavirus: a risk assessment. Wat Res 1996; 30(12):2929-40.

Haas CN, Rose JB, Gerba C, Regli S. Risk assessment of virus in drinking water. Risk Anal 1993; 13(5):545-52.

Hamilton AJ, Stagnitti F, Premier R, Boland AM, Hale G. Quantitative microbial risk assessment models for consumption of raw vegetables irrigated with reclaimed water. Appl Environ Microbiol 2006; 72(5):3284-90.

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJL. Global burden of disease. New York: Oxford University Press; 2006.

Masago Y, Katayama H, Watanabe T, Haramoto E, Hashimoto A, Omura T, et al. Quantitative risk assessment of noroviruses in drinking water based on qualitative data in Japan. Environ Sci Technol 2006; 40(23):7428-33.

Mena KD, Gerba CP, Haas CN, Rose JB. Risk assessment of waterborne coxsackievirus. J Am Wat Works Assoc 2003; 95(7):122-31.

Petterson SR, Ashbolt NJ. Viral risks associated with wastewater reuse: modeling virus persistence on wastewater irrigated salad crops. Water Sci Technol 2001; 43(12):23-6.

Petterson SR, Ashbolt NJ, Sharma A. Microbial risks from wastewater irrigation of salad crops: a screening-level risk assessment. Water Environ Res 2001; 73(6):667-72.

Regli S, Rose JB, Haas CN, Gerba CP. Modeling the risk from Giardia and viruses in drinking water. J Am Wat Works Assoc 1991; 83:76-84.

Shuval H, Lampert Y, Fattal B. Development of a risk assessment model for evaluating wastwater reuse standards for agriculture. Wat Sci Tech 1997; 35(11-12):15-20.

Teunis PF, Moe CL, Liu P, Miller SE, Lindesmith L, Baric RS, et al. Norwalk virus: how infectious is it? J Med Virol 2008; 80(8):1468-76.

van Heerden J, Ehlers MM, Grabow WO. Detection and risk assessment of adenoviruses in swimming pool water. J Appl Microbiol 2005; 99(5):1256-64.



