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Rapid Pest Risk Analysis (PRA) for:
Chilli veinal mottle virus
[bookmark: _Toc400022413]May 2022

[bookmark: _Toc400022432]Summary and conclusions of the rapid PRA
Chilli veinal mottle virus (ChiVMV) is a Potyvirus that is widespread in Asia and infects solanaceous hosts, including pepper, tobacco and tomato. Infection by this virus is one of the limiting factors in the production of chilli pepper plants worldwide. ChiVMV is spread by grafting, mechanical transmission and aphid vectors, including aphid species that are present in the UK. It is expected that this virus could establish in the UK, since hosts of this virus are produced commercially as well as being present in the wild. 
[bookmark: _Hlk95384485]Risk of entry
Seed transmission was rated as very unlikely, with medium confidence, as there is no evidence in the existing literature that this occurs. Imported produce and natural spread via aphid transmission were both considered unlikely pathways (with high and low confidence ratings respectively). The highest risk pathway for ChiVMV was judged to be the imported host plants for planting. This was considered moderately likely with a low confidence, given the import volumes, the potential presence in Italy still, and the reported association with the virus spread. The delay in symptom development could also prevent infected plants being detected at the border. 
Risk of establishment
The establishment of ChiVMV under protection was rated likely, with high confidence, given the scale of commercial production and cultivation of tomatoes and peppers in the UK. The movement or handling of infected materials could then transmit the virus or aphid vector between greenhouses. 
Outdoor establishment would require the presence of host plants, which is less likely. Although tomatoes and ornamental hosts of ChiVMV are grown outside in gardens or allotments, the distribution will be small-scale. However, a natural host, Solanum nigrum, is present across the UK. As this weed has been found to be infected in the wild of some affected countries, outdoor establishment was rated moderately likely with medium confidence. 
Economic, environmental and social impact
ChiVMV represents a risk to commercial production of chilli peppers worldwide, by drastically reducing quality and yield (over 50% in some cases). Impacts on the yields of other major crops (tomato, tobacco, African eggplant) has not been quantified, however the recorded symptoms are expected to carry a significant economic impact. Disease incidence appears to be particularly high in tomato and African eggplant. Due to the commercial production of sweet peppers and tomatoes in the UK, as well as the sale of certain species as ornamental plants, the economic impacts were rated as medium. A medium confidence was provided with this rating, as there is some uncertainty surrounding the host range of ChiVMV.  
No social or environmental impacts of this virus have been reported in its existing distribution, though this virus has been identified on wild species in India and Pakistan. This could similarly occur in the UK on Solanum nigrum. The ecological role of this native weed is unclear; therefore, the environmental impacts of ChiVMV were rated small (with a low confidence). As ChiVMV can also attack certain ornamental plants, social impacts were rated small with a high confidence.
Endangered area
Protected solanaceous crops in the UK.
Risk management options
ChiVMV is highly transmissible with limited controls, for example, the removal of host plants or control of aphid vectors. There is no treatment for infected plants and controlling the natural spread of ChiVMV becomes increasingly difficult over time. Therefore, exclusion would be the best option for this pest with regulatory controls on imports of plants for planting (excluding seeds). There is already an existing prohibition on the import of solanaceous plants from third countries outside of the Euro-Mediterranean area. 
If a pest outbreak occurred in the UK, eradication could be considered and attempted with the destruction of all host plants on site followed by re-inspections of the site over time. This was the strategy taken in Italy. Measures could also be taken to prevent the spread of the pest from the site. 
Key uncertainties and topics that would benefit from further investigation
[bookmark: _Toc400022434]A key uncertainty is whether ChiVMV has been completely eradicated in Italy or is still present with a restricted distribution. It would be beneficial if the site of the original outbreak and the surrounding area was inspected for ChiVMV.
It would also be useful to understand the impact of this virus on tomato yields, given that significant volumes are produced in the UK. This impact is not reported in the existing literature.  
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	Viral particle of Chilli veinal mottle virus (the bar represents 200 nanometres) © Banerjee et al., 2014. 
	Symptoms on Capsicum leaves © Chiemsombat, personal communication, 2022.


Is there a need for a detailed PRA or for a more detailed analysis of particular sections of the PRA? If yes, select the PRA area (UK or EPPO) and the PRA scheme (UK or EPPO) to be used.
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	PRA area: UK or EPPO
	
	PRA scheme: 
UK or EPPO
	


[bookmark: _Toc400022435]Given the information assembled within the time scale required, is statutory action considered appropriate / justified?
[The text below is a recommendation by the risk analyst which requires approval by PHRG]
	Yes
Statutory action 
	P
	No
Statutory action 
	


There is a high risk that if ChiVMV entered the UK, it would become established, either in glasshouses or outdoors, and cause high losses on sweet pepper and tomato yields as well as potentially impacting the wider environment. Eradication would be extremely difficult due to the high transmissibility of this virus and the presence of reservoir hosts (Solanum nigrum) in the wild.
However, this Pest Risk Analysis concludes that the highest risk pathway for ChiVMV entering the UK is via the import of plants for planting from countries infected with the pest. ChiVMV presently resides in countries outside of the Euro-Mediterranean area (see Table 1), where growing plants are prohibited from being imported into the UK under the retained Implementing Regulation (EU) 2019/20722. It therefore appears that the highest risk pathway is currently being addressed by the existing regulations and no further action is required. However, this is on the basis that the outbreak in Italy has been successfully eradicated, as previously communicated in early 2022. 


Stage 1: Initiation
[bookmark: _Toc400022414]1. What is the name of the pest?
Chilli veinal mottle virus (Potyviridae: Potyvirus) 
Common name: ChiVMV or CVMV; Synonyms include chilli vein-banding mottle virus (CVbMV), chilli veinal mottle potyvirus, pepper vein-banding virus, or pepper vein-banding mottle virus.
Chilli vein-banding mottle virus and the pepper vein-banding virus are classified as strains of ChiVMV (Tsai et al., 2008). 
[bookmark: _Toc400022415]2. What initiated this rapid PRA?
In the past three years, this pest has been intercepted multiple times in the UK on imported goods. A decision was made, back in 2019, to only take statutory action on plants for planting due to the low risk of transmission from infected produce.  
An assessment is required to help decide whether this pest should be regulated as a quarantine pest.
[bookmark: _Toc400022416]3. What is the PRA area? 
The PRA area is the United Kingdom of Great Britain and Northern Ireland.
[bookmark: _Toc400022417]Stage 2: Risk Assessment
[bookmark: _Toc400022418]4. What is the pest’s status in the plant health legislation, and in the lists of EPPO[footnoteRef:2]? [2:  https://www.eppo.int/ACTIVITIES/quarantine_activities ] 

The legislation for Great Britain is Implementing Regulation (EU) 2019/2072[footnoteRef:3] as retained and made operable in GB by The Plant Health (Phytosanitary Conditions) (Amendment) (EU Exit) Regulations 2020. This pest will be regulated as a provisional quarantine pest from 8th August 2022, as legislated for by The Phytosanitary Conditions (Amendment) Regulations 2022[footnoteRef:4].  [3:  Commission Implementing Regulation (EU) 2019/2072 of 28 November 2019 establishing uniform conditions for the implementation of Regulation (EU) 2016/2031 of the European Parliament and the Council, as regards protective measures against pests of plants, and repealing Commission Regulation (EC) No 690/2008 and amending Commission Implementing Regulation (EU) 2018/2019 (legislation.gov.uk)]  [4:  The Phytosanitary Conditions (Amendment) Regulations 2022 (legislation.gov.uk)] 

The legislation which applies to Northern Ireland is the EU legislation: 2019/2072 and 2016/2031[footnoteRef:5]. However, this pest is not listed in the EU plant health legislation and is not recommended for regulation as a quarantine pest by EPPO, nor is it on the EPPO Alert List. [5:  The latest consolidated versions can be accessed via a search on https://eur-lex.europa.eu/ ] 

[bookmark: _Toc400022419]5. What is the pest’s current geographical distribution?
This pest was first identified in Malaysia in the 1970s and has been reported across Asia since (CABI, 2021; Ong et al., 1979). ChiVMV is present on crops grown in China, India, Indonesia, Korea, Malaysia, Pakistan, the Philippines, Sri Lanka, Taiwan, Thailand and Vietnam, and is a significant problem on chilli production (Ong et al., 1979; Gao et al., 2016; Siriwong et al., 1995; Tsai et al., 2008; Yang et al., 2013). Notably, ChiVMV has also been found in the wild in Asia on several different weeds (IPM CRSP, 2008; Mehra et al., 2006). 
There have been some reports of ChiVMV being present in Japan, however solid evidence could not be found. Additionally, in the UK there have been pest interceptions on imported produce from Laos and Bangladesh, which have not been recorded in the known distribution of this virus.  
This virus has also been identified in eastern Africa, in Tanzania and Uganda and possibly neighbouring countries (IPM CRSP, 2008; Nono-Womdim et al., 2001). Imported produce from Kenya into the UK recently tested positive for ChiVMV although this has not been documented in the existing literature.  
This pest has been reported in Papua New Guinea, however further examination of the primary source indicated that ChiVMV was only found in Papua, Indonesia (Davis et al., 2002).
More recently, ChiVMV was detected in Italy, the first reporting of this pest in Europe. The virus was found in 2015 on chilli plants in a single site, where cultivars had been collected from different parts of the world and grown as a germplasm outdoors. Eradication measures were taken on all plants, however there was a risk acknowledged that aphid species could have already aided the spread of ChiVMV from this site. A follow-up inspection was completed in 2016 on chilli plants from the original site. ChiVMV was identified again, and all plants were destroyed (Tiberini et al., 2017). Production of chilli on this site has now been stopped and no further controls have been conducted on this site. In addition, a survey was conducted on samples from four different regions of Italy from 2017-2020, and ChiVMV has not been identified (Tomassoli, personal communication, 2022). However, it is possible that ChiVMV is still present in Italy in a restricted distribution.

	Table 1: Distribution of Chilli veinal mottle virus

	North America:
	Not present

	Central America:
	Not present

	South America:
	Not present

	Europe:
	Potentially eradicated in Italy. 

	Africa:
	Present in Tanzania, Uganda.

	Asia: 
	Present in China, India, Indonesia, Korea, Malaysia, Pakistan, the Philippines, Sri Lanka, Taiwan, Thailand, Vietnam. 

	Oceania: 
	Not present


[bookmark: _Toc400022420]6. Is the pest established or transient, or suspected to be established/transient in the UK/PRA Area?
[bookmark: _Toc400022421]The pest is not known to be present in the UK. There have been no known findings of ChiVMV on growing plants in the UK. In 2020, there were 12 interceptions in England and Wales: six from India, two from Uganda, and one each from Laos, Thailand, Kenya, and Bangladesh. In 2021, there were three interceptions of ChiVMV, two from India and one from Tanzania. Most of these interceptions have been on the produce of imported Capsicum species. 
7. What are the pest’s natural and experimental host plants; of these, which are of economic and/or environmental importance in the UK/PRA area?
This pest is chiefly recorded in the existing literature as a pest of Capsicum spp. (chilli pepper) (C. annuum, C. chinense, C. frutescens, C. baccatum). It does have several other hosts, as listed below. 

Natural hosts:
Buddleja crispa
Commelina spp., including C. erecta
Datura metel, D. inoxia
Nicotiana tabacum L (tobacco)
Physalis floridana
Solanum aethiopicum (African eggplant)
Solanum lycopersicum L. (tomato) 
Solanum nigrum
Experimental hosts:
Amaranthus spp.
Capsicum microcarpum, C. pendulum
Chenopodium amaranticolor
Datura stramonium
Nicandra physalodes
Nicotiana benthamiana, N. glutinosa, N. occidentalis, N. megalosiphon, N. sylvestris, N. rustica, N. debneyi
Physalis minima
[bookmark: _Hlk89961547](Kaur et al., 2015; Mehra et al., 2006; Nandappa et al., 2020; Nono-Womdim et al., 2001; Prakash et al., 2002; Shah et al., 2008; Yang et al., 2013). 
There is some contradictory information in the existing literature on the host range for the pest, this has been attributed to the difference in isolates used in each study (Shah et al., 2008). 
Natural hosts are restricted to the Solanaceae family, apart from Buddleja crispa (from the Scrophulariaceae family) and Commelina species (from the Commelinaceae family). The existing literature on host range studies for this pest appears to indicate that experimental host susceptibility varies depending on the cultivar and the infecting isolate (Shah et al., 2008; Ong et al., 1979). 
Peppers and tomatoes are of economic importance in the UK as they are grown domestically. Wild growing plants of Buddleja crispa, Commelina spp., Datura metel, D. inoxia, Physalis floridana, and Solanum nigrum have all been found infected in other countries, raising concerns that they could act as reservoir hosts and subsequently as a source of inoculum (IPM CRSP, 2008; Mehra et al., 2006; Veniari et al., 2015; Shah et al., 2009). This is significant as Solanum nigrum is a common weed in parts of the UK, and others are sold in the UK for ornamental use.  
[bookmark: _Toc400022422]8. Summary of pest biology and/or lifecycle
ChiVMV is composed of a flexuous rod particle spanning around 750 x 12 nanometres (Siriwong et al., 1995; Ong et al., 1979). Virions contain a single-stranded RNA and possesses all the features of an aphid-transmitted potyvirus (for example, a poly-A tail, a 3’UTR repeat sequence and a DAG motif in the coat protein coding region) (Siriwong et al., 1995; Tsai et al., 2008). This viral genome encodes a polyprotein that results in 10 functionally distinct proteins when cleaved (Anindya et al., 2004). The virus is thermally inactivated after being exposed to temperatures of 55-60°C for 10 minutes (Ong et al., 1979).
Following infection, the virus has been shown to induce cytoplasmic inclusions, that appear as pinwheels, scrolls and laminated aggregates in the cell (Siriwong et al., 1995). ChiVMV can spread to the rest of the plant after a single month and causes mottling, vein banding and distorting of leaves followed by stunted growth of the infected plant (Ali et al., 2020; Sulaiman and Gim, 1981; Shah et al., 2008). 
It has been demonstrated that this virus can be transmitted from plant to plant mechanically, by grafting, or by an aphid vector transmitting non-persistently, to solanaceous hosts (Shah et al., 2008). Ong et al., 1979 identified that aphids Aphis craccivora, A. gossypii, A. spiraecola, Hysteroneura setariae, Myzus persicae, Rhopalosiphum maidis and Toxoptera citricida transmit the virus, chiefly by the winged aphids of each species. 
ChiVMV has been detected on the surface of imported seeds, however the existing literature indicates that the seed from infected plants does not transfer the virus to the seedlings (IPM CRSP, 2008; Ong et al., 1979; Sahu et al., 2016; Shah et al., 2008). Some potyviruses are seed transmissible, however the potyviruses that infect pepper are only known to be transmitted mechanically or by aphids and not by seed. Therefore, it is unlikely that ChiVMV is seed transmissible.
Single resistance genes, Cvr1 and cvr4, have been identified as well as oligogenic resistance loci, in different pepper varieties (Capsicum annuum). This work will assist in combining these genetic sources to develop broad resistance against ChiVMV (Lee et al., 2017). However, this resistance may not be effective in every country, as different pathotypes of ChiVMV have been identified in different areas of Asia (Tsai et al., 2008). This would explain the uncertainties around host range (see section 7). In addition, ChiVMV can work synergistically with other viruses, such as chilli leaf curl virus and cucumber mosaic virus, which increases the severity of viral infection (Sahu et al., 2016; Subektid et al., 2006).
9. What pathways provide opportunities for the pest to enter and transfer to a suitable host and what is the likelihood of entering the UK/PRA area? 
There are several pathways by which ChiVMV could potentially enter the UK. These include the import of infected material, the movement of contaminated tools, clothing (enabling mechanical spread), and natural spread by the long-distance movement of viruliferous aphids. The main pathways are assessed below. 
Seeds
There is no evidence in the existing literature that seed transmission of ChiVMV occurs. Seed transmission has been rated as very unlikely, with medium confidence. 
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Plants for planting
The movement of host plants for planting is judged to be the highest risk pathway for the introduction of ChiVMV into the UK. The occurrence of ChiVMV in certain regions of Pakistan has been attributed to the movement of plants from infected nurseries (Shah et al., 2009). Around 1800[footnoteRef:6] consignments of host plants for planting (including tomatoes and peppers) moved into England and Wales in 2021; data for Scotland and Northern Ireland are not available but are expected to be relatively small. The vast majority of these imports were from Europe, namely the Netherlands, where the virus is not believed to be present. However, it is possible that ChiVMV is still present in a restricted distribution in Italy.  [6:  This figure was indicated from the number of PEACH applications submitted with the relevant genus/species.  ] 

Only two solanaceous consignments of planting material were from outside of the Euro-Mediterranean region and, as prohibited goods in Great Britain, failed the inspections (APHA, personal communication, 2022). Northern Ireland imposes a similar prohibition for these goods. 
Border inspections are conducted on these plants, mainly looking at the leaves for mosaic, mottling or distortion symptoms. Consignments exhibiting these symptoms would be held and a sample sent to the laboratory for diagnosis. If positive, the plants would then be destroyed. However, testing for ChiVMV would not be carried out on asymptomatic plants (APHA, personal communication, 2022). This is significant as symptoms only develop on host plants between 7-14 days after infection, so infected plants could be missed (Nandappa et al., 2020; Shah et al., 2008). 
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Produce
The import of host produce, such as tomatoes or bell peppers, is not seen as a high-risk pathway. Imports of tomatoes and bell peppers chiefly come from the Euro-Mediterranean region. Trade data from 2014-2021 indicates that out of the top fifteen countries that the UK imports fresh or chilled tomatoes, only two countries are outside of the Euro-Mediterranean region (in tenth and fourteenth position). Similarly, only two countries are outside this region for the importation of fresh or chilled sweet peppers (this time in fourteenth and fifteenth place).  
The main pest risk for this pathway is importing fresh or chilled fruits of Capsicum (i.e. chilli peppers). Trade data from 2014-2021 indicates that out of the top fifteen countries that the UK imports from, eight countries are outside of the Euro-Mediterranean region. In addition, some of these countries are higher ranking importers. For example, India, Kenya and Uganda are third, fourth, and fifth top importers to the UK for chilli peppers. ChiVMV has already been identified in India and Uganda. 
Imported peppers would go directly for consumption or out to retail. It is unlikely that an aphid, having fed on the calyx of the infected fruit, would have access to a host plant. Aphids are not known to feed on the fruit itself. It is also unlikely that imported produce would go to a growing site for re-packing, though some growers do have packhouses on their sites and pack produce from other growers. However, there are usually biosecurity measures in place to prevent transmission, like keeping the areas separate, in light of the outbreaks of tomato brown rugose fruit virus. For example, AHDB guidance recommends strict control/prohibition of staff movement between packhouses and production areas (AHDB, personal communication, 2022). For these reasons, a decision was made back in 2019 to not take statutory action on produce infected with ChiVMV. 
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Natural spread
Natural spread to the UK is also judged unlikely, as this virus has only been found in one country in Europe and has been under eradication. If ChiVMV was still present in Italy, which is possible, a viruliferous aphid would need to travel significant distances via wind after feeding on an infected plant. This is possible, given the existing evidence of aphids, such as Myzus persicae, travelling long distances (Taylor, 1977). However, as aphid transmission is non-persistent, the first plant the migrant aphid feeds on would need to be a host plant. This would be unlikely as the commercial production of host plants is in protected conditions and most of the aphid vectors are polyphagous and don’t have a feeding preference for solanaceous plants. The host Solanum nigrum will be growing wild but is expected to have a patchy distribution. 
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[bookmark: _Toc400022424][bookmark: _Toc400022423]10. If the pest needs a vector, is it present in the UK/PRA area?
[bookmark: _Hlk95396065]Yes. Amongst the seven identified aphid vectors of ChiVMV; Aphis craccivora, A. gossypii, A. spiraecola, Myzus persicae, Rhopalosiphum maidis are present in the UK (CABI, 2022a-e). 
11. How likely is the pest to establish outdoors or under protection in the UK/PRA area?
Outdoors
Ornamental hosts of ChiVMV, such as Buddleja crispa and Commelina species, are sold by UK nurseries, and could be grown in gardens. Tomato plants are also a very popular option in gardens or allotments. Despite this consideration, it is unlikely that the virus could access these plants, as the area of cultivation will be small and patchy. 
However, it is likely that the virus could establish outdoors on weeds Solanum nigrum and Datura stramonium. These hosts are both present in parts of the UK (see Figure 1). Most significantly, S. nigrum has been found to be naturally infected in the wild in India (IPM CRSP, 2008) and therefore could act as a reservoir host for this virus, though this would require the weed being in the vicinity of an infected crop or a vector. Interestingly though, this weed was not infected in the Italian outbreak of ChiVMV despite growing next to infected chilli plants. This could be due to a number of factors, such as the method of transmission, the virulence of the isolate or potentially the genetic composition of the Italian S. nigrum.
[image: ][image: ][image: ]This pest is unlikely to be affected by the UK climate. A previous study has suggested that the infectivity of ChiVMV is not impacted by temperature, though symptoms on the host plant could vary (Cho et al., 2004). Figure 1: Distribution of hosts (a) Solanum nigrum and (b) Datura stramonium in Great Britain (Online Atlas of the British and Irish Flora, 2022)
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Under protection
[bookmark: _Hlk95388111]It was considered more likely that this pest establishes under protection, as large volumes of tomatoes and peppers are imported in as plants and cultivated in contained areas. The movement or handling of infected materials could then transmit the virus or aphid vector between greenhouses. If infected plants were imported, then establishment would be considered likely with high confidence.
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[bookmark: _Toc400022425]12. How quickly could the pest spread in the UK/PRA area?
Natural spread
Several of the aphid vectors, such as Myzus persicae, are present in the UK, in both protected conditions and outdoors, migrate seasonally, and are capable of overwintering in Great Britain (Taylor, 1977). Given that ChiVMV is transmitted non-persistently by its vectors, and relies upon a host plant being present and fed on by a viruliferous aphid, the natural spread of ChiVMV across the UK is expected to be at a moderate pace.
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Spread with trade
As mentioned previously, the spread of the virus in other countries has been attributed to the movement of plants for planting (Shah et al., 2009). ChiVMV is also mechanically transmissible, so trade could also enable the spread of the pest via physical contact or the movement of equipment. The virus could then spread quickly from a singular infected plant to plants across the greenhouse and, as a result of more inoculum being present, would then be likely to reach neighbouring greenhouses. 

This spread with trade is likely to enable outbreaks at disparate sites from which natural spread, via the vector, would then continue. These pathways would explain the significant jumps of ChiVMV from Asia to Europe and Africa, therefore spread with trade is rated as quickly, to new areas, with a high confidence. 
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[bookmark: _Toc400022426]13. What is the pest’s economic, environmental and social impact within its existing distribution? 
ChiVMV causes significant economic losses to chilli cultivation in its current distribution in Asia and is suspected of contributing to the decline in production of chilli pepper in certain Asian countries (Shah et al., 2009). Infection drastically reduces the quality and yield of the infected chilli plants, especially when the plant is infected at an early growth stage, as only a few mottled, distorted fruits may be produced (Vandakudari, 2017). Chilli yields can be reduced by over 50% (Ong et al., 1980). Disease incidence occurs at around 45%, though can be as high as 90% (Shah et al., 2009). 
Figures on the impact on yield from this virus have not been reported on other host plants. However, a large impact is to be expected, given that symptoms include systematic mottling and leaf distortion in tobacco and tomato and stunting in African eggplant. ChiVMV has been highly problematic to the production of tobacco in China with disease incidence being recorded as 0.5-3%. Infection on other crops has been even higher at 90% on tomato, and 50-90% on African eggplant (Nono-Womdim et al., 2001; Yang et al., 2013; Zhao et al., 2014).
No social or environmental impacts of this virus have been reported, though this virus has been identified in the wild in India and Pakistan. 
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[bookmark: _Toc400022427]14. What is the pest’s potential to cause economic, environmental and social impacts in the UK/PRA area?
This pest could have an economic impact on the horticultural industry. Sweet pepper (a cultivar of C. annuum) and tomato are both high-value protected crops in the UK. In 2020, sweet peppers grown in the UK were valued at around £21 million (20 thousand tonnes produced) and tomatoes valued at around £90 million (65 thousand tonnes produced)[footnoteRef:7]. However, these crops are mostly imported in from other countries. A much greater concern to the UK would be if ChiVMV infected another member of the Solanaceae family, Solanum tuberosum, as potato production is significant in the UK. Fortunately, potato is suggested to be a non-host in the existing literature (Nandappa et al., 2020; Shah et al., 2008; Vandakudari, 2017). Given some of the infected countries are large producers of potatoes (for example, India and China), it is likely that an infection would be recorded by now.  [7:  Figure taken from the marketable home production for the calendar year. Department for Environment, Food and Rural Affairs, 2020.] 

In addition, many of the natural host species (including ornamental species such as Buddleja crispa and Commelina species) are sold by plant nurseries in the UK. Therefore, this pest could cause further economic damage, as well as carry some social impact through damage to gardens or allotments that grow host plants (such as tomatoes or peppers). 
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The natural host, Solanum nigrum, grows wild in parts of the UK. Solanum nigrum is a native annual weed of cultivated and waste land and was first recorded in the UK in the 1500s (Online Atlas of the British and Irish Flora, 2022). The extent of damage on this species is unclear and although seen as an agricultural pest, a depletion could have unforeseen impacts on the environment. 
The common Buddleja weed in the UK (Buddleja davidii) has not been recorded as a host of this virus, though present in a number of countries affected by ChiVMV, therefore this is not of concern.
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[bookmark: _Toc400022428]15. What is the pest’s potential as a vector of plant pathogens?
[bookmark: _Toc400022429]ChiVMV has no apparent ability to act as a vector for other pathogens. 
16. What is the area endangered by the pest?
[bookmark: _Toc400022430]Protected cultivation of solanaceous crops especially tomatoes and sweet peppers.
Stage 3: Pest Risk Management
[bookmark: _Toc400022431]17. What are the risk management options for the UK/PRA area?
Exclusion
Exclusion of this pest from the UK is an option, as currently ChiVMV is not known to be present. As this virus is highly transmissible, reservoir hosts are present, and infected plants cannot be treated, exclusion measures should be implemented. 
[bookmark: _Hlk98161229][bookmark: _Hlk95396730][bookmark: _Hlk101085677]The import of Solanaceae plants from third countries outside of the Euro-Mediterranean area is prohibited in the retained Implementing Regulation (EU) 2019/20722. This prohibition covers all countries with ChiVMV, other than Italy where it appears to be eradicated (Tomassoli, personal communication, 2022). The impact of this prohibition may be indicated by the fact that no UK interceptions of this pest have been found on plants for planting. 
If ChiVMV successfully established in countries within the Euro-Mediterranean region, statutory controls used for other viruses from the Potyviridae family could be utilised. For example, there could be an import requirement for host plants for planting from a country with ChiVMV to have exhibited no symptoms during their complete cycle of vegetation, including laboratory testing of any suspicious symptoms, and that the plants would also need to come from an area free from the aphid vectors or a place of production free from the aphid vectors.
Eradication 
Eradication would be extremely difficult, considering the high transmissibility of this virus and the presence of reservoir hosts. Eradication may be possible if infection is caught at an early stage. All host plants should be destroyed and the site re-inspected for ChiVMV over time. This was the strategy taken in Italy on chilli plants. Pesticides could also be sprayed on the site to eliminate viruliferous aphids. In addition, removing reservoir hosts and practicing crop rotation on this site should prevent any further virus spread. 
Non-statutory controls
Infection could be suppressed on a site with the removal of host plants (as described above) and by the control of the aphid vectors. Ong (1984) demonstrates that it is possible to diminish the incidence of ChiVMV in the field by reducing the aphid population. This could be carried out by chemical, biological, or cultural control (for example, by using reflective surfaces to repel the aphids). Tomato and pepper crops in the UK are mainly treated with biological controls, though can also be treated with pesticides to control the aphid population (Fera Science Ltd, 2019). Alternatively, infection could be suppressed with the use of resistant varieties, with work ongoing to develop broad resistance against ChiVMV (Lee et al., 2017).    
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