Recommendations for testing water samples, in particular for tomato brown rugose fruit virus

Introduction
Water can be an important source of plant pathogenic viruses. Usually they are present in low concentrations, but environmental waters still represent a potential pathway for virus transmission. Already over 30 years ago, plant viruses have been shown to be present in environmental waters in considerable amounts (Koenig, 1986). Since then, many questions concerning the origin, survival, and spread of plant viruses by water have been raised, especially in the light of increased irrigation and use of hydroponic systems in agriculture (Mehle and Ravnikar 2012). The majority of the plant pathogenic viruses recovered from environmental waters so far are very stable. They can infect plants via the roots without the aid of a vector and often have a wide host range (Mehle and Ravnikar 2012). The release of such viruses from plants can lead to their diffusion in streams, rivers and lakes, thereby ensuring the long-distance spread of viruses that would otherwise remain restricted to limited areas (Mehle et al., 2014; Mehle and Ravnikar, 2012).

Tobamoviruses, such as tomato brown rugose fruit virus (ToBRFV), are known to have extremely stable virions (Bawden and Pirie, 1959; Mutombo et al., 1992). Infectious tobamoviruses have been isolated from irrigation and drainage canals (Jeżewska et al., 2018) and wastewater (Bačnik et al., 2020). Their sequences were previously detected in different environmental waters including ballast water (Kim et al., 2015), irrigation systems (Boben et al., 2007) and raw and urban wastewater (Cantalupo et al., 2011; Fernandez-cassi et al., 2018). A recent metagenomic study showed the presence of sequences of ToBRFV in wastewater samples (Bačnik et al., 2020).

Sample collection, transport and storage
For sampling it is recommended to collect a volume of 0.5 - 5 L of water in non-reusable plastic containers or containers made of glass*. During transport, the water samples can be kept on room temperature, but in the lab they should be stored at 4 °C. If the transportation takes more than two hours, the samples should be transported using cool boxes and/or vehicle refrigeration units. Samples should be protected from direct sunlight as much as possible. The water samples should preferably be tested within two days after sampling and should not be stored for longer periods.

When sampling water from water from pipes, which surfaces could be contaminated, the tap should be first turned on full to allow enough volume of water to run to waste, washing away possible contaminations, before samples for analysis can be taken. For taking samples from any open water facility, e.g. from rivers, streams, chambers, channels and storage reservoirs, sampling can be achieved by directly filling sample bottles or using a dipping jug from above (DWI, 2020).

Cross contamination between samples during sample collection, transportation and storage, must be avoided at all times. When sampling water, in a single site visit (when known) always take samples with low virus concentration before samples with high concentrations to minimize the risk of cross contamination (DWI, 2020).

*Containers made of glass can be reused if washed and disinfected, however it is essential that the containers are washed and rinsed very thoroughly with deionized or distilled water after disinfection.

Sample preparation
In the case of sampling water that is unclean/muddy, big particles that could affect further steps of the analysis should be removed. This can be achieved for example by subsequent filtering through filter paper and a cellulose acetate membrane with a pore size of 0.8 µm.

Water samples can be tested directly, i.e. without further concentration of the virus, or after concentration by different methods. Whether concentration is required, will depend on the virus concentration expected and the type of method used. When using real-time PCR to detect viruses in water, testing non-concentrated samples is possible (Mehle et al., 2017). In this case, even the low viral concentrations typically present in non-concentrated samples can be detected, because the sensitivity of real-time PCR assays is high (Boben et al., 2007). However, different concentration approaches and sample preparation modifications can be used to increase the sensitivity of virus detection in water samples. Different concentration methods have been described and discussed as a sample preparation method before (Haramoto et al., 2018); three of them are briefly described below.

1. Adsorption-Elution methods: These methods depend on the adsorption of the virus to a usually positively charged solid matrix, such as a filter, a membrane or a scaffold packed inside a column, followed by virus elution. Different adsorption-elution methods are described in a review paper (Cashdollar and Wymer, 2013). Convective interaction media (CIM) monoliths are a new generation of chromatographic supports that are, due to their particular structural characteristics, very efficient in concentration of viruses, however at present this method requires specific equipment. For those interested, more information is available in studies of Gutiérrez-Aguirre et al. (2011, 2009) and in the recently published paper describing the presence of plant viruses (reads of ToBRFV were also detected using HTS) in wastewater samples (Bačnik et al., 2020).
2. Ultrafiltration: The method of ultrafiltration relies on size exclusion and is conducted by passing the water sample through capillaries, hollow fibres or through flat sheets using tangential flow. Because of the pore size, water and low molecular weight substances are allowed to pass through the fibres and into the filtrate, whereas larger substances, such as viruses and other microorganisms, are trapped and retained (Cashdollar and Wymer, 2013). Francy et al. (2013) compared several filtration methods, including glass wool, NanoCeram, continuous flow- centrifugation with a ViroCap capsule filter, tangential-flow and dead-end ultrafiltrations for their abilities to simultaneously concentrate multiple microbes including viruses. 
3. Ultracentrifugation: Density gradient ultracentrifugation using cesium chloride or sucrose is used for purification and concentration of viral particles (Haramoto et al., 2018). Ultracentrifugation has been used for detection of infectious tobamoviruses in irrigation and drainage canals (Jeżewska et al., 2018).

RNA extraction
QIAamp viral RNA mini kit (QIAGEN, MD, USA) can be used to extract viral RNA from water samples following the manufacturer´s recommendations 
(https://www.qiagen.com/si/resources/resourcedetail?id=c80685c0-4103-49ea-aa72-8989420e3018&lang=en). Possible modifications in the recommended protocol include the addition of a control RNA, e.g., luciferase RNA. This control should be added to the lysis buffer together with the carrier RNA immediately prior to the RNA extraction. The use of luciferase RNA (2ng per sample) as an external control of RNA extraction has been described in previous studies (Balasubramanian et al., 2016; Gutiérrez-Aguirre et al., 2009), however also other external controls can be used.

Detection and identification of ToBRFV
For the detection and identification of ToBRFV real-time PCR based tests are recommended [EPPO protocol in preparation; ToBRFV specific sets of primers and probe described in ISF standard protocol (https://www.worldseed.org/wp-content/uploads/2019/09/Tomato-ToBRFV_2019.09.pdf) can also be used]. To evaluate the quality of the RNA extraction, a real-time PCR targeting the internal control can be used, e.g., luciferase RNA-specific primers and TaqMan probe (Toplak et al., 2004).

Further information 
If you have any questions about water testing please send an e-mail to niblabfito@nib.si and natasa.mehle@nib.si, cc: EURL-Virology@nvwa.nl.
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