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Tomato brown rugose fruit virus

• Virus can overcome TMV resistance genes in 

tomato

• First recorded in Jordan and Israel 2014-2015

• Also recorded on pepper 

• Rapidly spread through direct plant to plant 

contact, handling, tools, clothing, 

bumblebees…+

• Seed transmission demonstrated

• Good hygiene measures minimise spread and 

limit impact should an outbreak occur



The current global situation…



The UK coordinated response
UK ToBRFV steering group

• Formed late 2018 (after outbreak in Germany)

• Key stakeholders from industry, research, regulation, 
inspection, knowledge exchange/extension

• Initially chaired by AHDB, now led from British 
Tomato Growers.

• Aims:

• Monitor UK and international situation

• Discuss UK position and response

• Identify research gaps

• Update on research outcomes

• Coordinate comms

Currently UK status

• UK has reduced from 5 outbreaks (2020) to a single recurrent 
outbreak under eradication action (2022)



Key research questions…

• How do we improve detection strategies?

• Once we have an outbreak how do we get rid of it?



AHDB PE033/a Survival and disinfection

Surface 2 hrs 8 hrs 24 hrs 7 days 4 weeks 3 Months 6 Months

Glass + + + + + (+) (+)

Concrete + + + + - (+) -

Aluminium + + + + (+) - -

Hard plastic + + + + + + (+)

Polythene + + + + + + (+)

Stainless steel + + + + + (+) -

+ = Virus survival in all repetitions; (+) = Virus survival in some repetitions (inconsistent); - = Virus denatured; * = 1st rep only completed



Disinfectants tested:
Product Active ingredient % active in 

formulated product

Product dilution used for 

trial

% active

Virkon S Potassium peroxymonosulfate I tablet in 500 ml water 1%

Menno Florades Benzoic acid 9% 4% applied as a foam 0.36%

Jet 5 Peroxyacetic Acid 5% 1:125 0.04%

Huwa San TR 50

(Fogging)

Hydrogen Peroxide 50% 25% 12.5%

Huwa San TR 50

(Surface)

Hydrogen Peroxide 50% 6% 3%

TSOP Trisodium orthophosphate 10% 10%

Sodium hypochlorite Sodium hypochlorite 10,000 ppm 20 ml in 500 ml water 400ppm

Unifect G Glutaraldehyde & quaternary ammonium 

compounds

1:25

Virocid Glutaraldehyde & quaternary ammonium 

compounds

1%



AHDB PE033/a : Efficacy of disinfectants

Disinfectant 60 minute treatment

Surface

Menno 
Florades

Jet 5
Sodium 

hypochlorite
Virkon S

Huwa San 
3% ai

Huwa San 
12.5% ai

TSOP Unifect G Virocid

Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep1 Rep2 Rep 1 Rep 2 Rep 1 Rep 2 Rep1 Rep 2 Rep 1 Rep2

Glass - - + 2 of 3 1 of 3 - - - 2 of 3 2 of 3 - - 1 of 3 1 of 3 - - - -

Concrete 1of 3 3 of 3 2 of 3 - - - - 2 of 3 1 of 3 2 of 3 3 of 3 3 of 3 2 of 3 2 of 3 - - - -

Aluminium - - 2 of 3 1 of 3 - - - - 2 of 3 2 of 3 - - 2 of 3 2 of 3 - - - -

Hard Plastic - 1 of 3 - 1 of 3 - - - - 2 of 3 2 of 3 - - 2 of 3 - - - - -

Polythene - - 2 of 3 - 1 of 3 - - - - + - - 2 of 3 1 of 3 - - - -

Stainless steel - - + + - 2 of 3 - - - 2 of 3 - - 2 of 3 2 of 3 - - - -

- Virkon has similar efficacy at 20 minute exposure
- Unifect G has efficacy at 10 minutes exposure
- Menno Florades gives total efficacy after 16 hours exposure



Improving detection approaches
➢ Improving sampling 

• Latent surveys: 
• 200 leaves from XXX,000 plants

• Needle in a haystack?
• Statistics support these numbers but work 

still needed on agreed “best practice” for 
sampling for reliable detection 

• Some strong positives detected with no symptoms at 
time of sampling.

• Symptoms are not a reliable measure of infection

• Some weak positives (“high Ct”), across multiple RT-
qPCR tests, which could not be confirmed through a 
secondary method

• Use of cut-offs/thresholds…?

➢ Exploiting alternative technologies



PE034: Variability in detection across from leaves

Skelton et al (in prep)



PE034: Comparison of first detection from 
different plant parts (days post inoculation)

Infection time Crop

Sample 

site Leaf Sepal Fruit

Early Spring Lower 13 56 56

Early Spring Middle 28 63 63

Early Spring Upper 13 70 126

Early Winter Lower 28 77 77

Early Winter Middle 28 77 77

Early Winter Upper 14 77 112

Late Spring Lower 36 14 21

Late Spring Middle 2a 21 14

Late Spring Upper 28 21 21

Late Winter Lower 98 14 35

Late Winter Middle 63 35 35

Late Winter Upper 49 35 Inf

Skelton et al (in prep)



Same question, different approach: 
(Data courtesy of M. Botermans, NVWA, NL)

Skelton et al (in prep)



Change to plant sampling advice:

• In crops prior to the development of fruit trusses, sampling 
should focus on leaves from the top of the plant

• In crops following fruit setting, a sampling regime should 
take leaves from the tops of plants, however, an additional 
sample of sepals and/or fruit should also be taken



Potential risk points:



Exploiting alternative technologies and 
strategies

Environmental monitoring may provide an alternative 
approach to plant testing? 

• LAMP – “Isothermal” amplification method

• Amenable for crude extractions

• Portable

• Onsite testing?

• Non-invasive approaches to identify potential sites for 
further investigation

• Monitoring large areas without using plants

• Swab testing?

• (Irrigation water monitoring?)

➢ Joint AHDB-Defra funded project to evaluate LAMP 

• AHDB PE035

• Defra Future Proofing Plant Health



Stakeholder 
Workshop 

Plant 
intake

Glasshouse
Fruit 

Dispatch

Canteen
Tables/Surfaces

Coffee 
machines/kettle

Fridge doors
Door handles

Office
Computer terminals

Labour registration terminals (on entry to g/house)

Equipment
-crates

-pull chains/doors
- Trolleys

- disposable gloves/PPE

Tools
-scissors

- Cleaning 
materials

Surfaces
• E.g. “managers” cars
• Transport in/out
• Materials/consumables

Irrigation

People?
- Hands?

- Clothing/shoes
- Mobiles 

- Specs

Onsite 
Accommodation

“visitors”
- Contractors (tools) 
- students



Validation of LAMP… sample preparation
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Validation of LAMP… matrix effects
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Sample preparation

Common Cotton Swab DeltaLab Swab

00:00:00

00:05:00
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Glove Glass Aluminium Stainless
steel

Concrete Polythene Hard Plastic
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Influence of swab type Influence of surface



Swabbing the UK ToBRFV outbreak site

Glasshouse 1

Glasshouse 2

People…

real-time PCR LAMP
(RNA extract)

Ct Ave Tp Ta

Top of light 35.36 19:15 84.45

Fan 22.09 6:45 84.3

Under Gutter 20.86 6:00 84.15

Behind whiteboard 33.55 / / Negative

Top of Cable tray 20.25 6:30 84.53

Bee Box 1 22.91 8:30 82.52

Inside panel door 23.39 8:15 82.82

socket lid 25.57 8:15 84.5

Pheromone trap 31.63 19:15 84.35

Roof structure G2 17.36 6:15 83.42

Hive G2 16.98 5:15 84.61

Top light G2 25.33 7:00 84.41

Fan G2 17.54 4:45 84.67

Under gutter 16.76 5:00 84.47

Tyvek Suit 16.23 4:45 84.44

Grower Phone 31.18 / / Negative

Grower Glove 19.80 5:15 84.52

Neg - H2O 40 / / Negative

Pos - ToBRFV+ 11.21 5:45 85.32

Bee box 2 - PEG n/a 16:30 84.7

NFT Water / / Negative

Substrate Water / / Negative



qPCR v RNA extract LAMP v Crude LAMP
• Glasshouse cubicle used for  survival, disinfection 

and detection studies

• Multiple swab testing strategies to directly 

compared

• Real-time RT-PCR positives from EVERY 

surface

• LoD of LAMP on RNA extracts around 31Ct 

(real-time RT-PCR)

• ~ equivalent sensitivity of conventional 

• vs LAMP/RNA extract ~ 60% detection

• vs LAMP Crude extract ~ 25% detection

➢ Swab testing by real-time RT-PCR appears reliable

➢ Environmental virus residues EVERYWHERE in both 

glasshouses tested!

Sample type 

Real-time RT-PCR 

RNA extract LAMP 

 

Avg Ct 

RNA Extract Crude (PEG) 

Tp Ta Tp Ta 

window 1 28.43 00:10:45 84.51  / / 

window 2 28.27 00:11:15 84.52 / / 

window 3 29.11 00:11:15 84.86 / / 

Bench edging - face out 34.37 / / / / 

Bench edging - face in 32.24 / / / / 

ladder 25.93 00:08:30 84.66 00:10:45 84.61 

wall 1 34.88 / / / / 

wall 2 28.15 00:12:15 84.72 / / 

floor 26.96 / / 00:04:45 84.46 

plant pot 1 26.93 00:06:30 84.77 / / 

plant pot2 26.77 00:06:45 84.58 / / 

plant pot black tray 21.08 00:05:45 84.66 00:14:45 84.61 

Stand - leg 32.25 / / / / 

Stand - middle bar 29.47 00:18:15 84.44 / / 

Stand - grid panel 18.89 00:05:30 / 00:06:30 84.26 

Glove 36.70 / / / / 

Tyvek sleeve 36.60 / / / / 

Plastic apron 31.06 00:16:15 84.79 / /  

H2O 40.00 - - - - 

ToBRFV + (avg) 22.98 00:06:00 85.3 00:06:23 85.15 

 



International Perspectives 



International Perspectives

• ToBRFV International Research Symposium, Ontario, Canada 

• Delayed from April 2020 due to COVID

• 120 Representatives from Europe, Israel, Jordan, Mexico, USA, Canada

• Growers, Extension services, Policy, Global Research and Diagnostics providers, 
Consultants, Seed Industry, Disinfectant companies (e.g. Menno, Virocid)

• 17 keynote talks – Epidemiology, Detection and Surveillance, Management, 
Resistance, Disinfection, Impacts, Insurance, Regulation (impact of USDA regs)

• 15 posters covering diagnostic approaches, resistance, disinfection, composting



Key messages: Posters 



Key messages: Talks 



ToBRFV- Track and Trace 

Botermans et al (in review) Tomato brown rugose fruit virus Nextstrain build version 3: rise of a novel clade



Future outlook
Breeding for resistance

- Conventional approaches – screening germplasm of tomato and other Solanaceae (e.g. 
wild relatives)

- CRISPR technology 

- Seed companies bringing varieties to market in near future:

HR – “High Resistance” 

IR – “Intermediate Resistance” 

- Some of these appear to be marketing terms rather than based on clear definitions of 
Resistance and Tolerance

- Suppression?

Paudel and Sanfacon (2018)



(Near) Future diagnostics?

CRISPR based diagnostics

- Potential for rapid, specific diagnostics 

- Amenable to in field testing E.g. LFD or dipstick

- Amplification step can be isothermal e.g. LAMP, RPA

- Already at/near market for several human pathogens

- E.g. SHERLOCK (Specific High-Sensitivity Enzymatic Reporter 
UnLOCKing 

- ToBRFV proof of concept in progress @ Fera

Decentralised High-Throughput Sequencing?

- small, portable

- Rapid “real-time” base calling, long chain reads (intact genomes?)

- Already in use in many applications

- RT- step poses a challenge

- Validation needed

Joung et al (2020) 



What next from Fera on ToBRFV?
Understanding the impact of environmental residues…
• Sources of environmental residues

• “dust” and plant debris
• Detection and viability

• Risk for carry over infections?
• Simple/onsite RNA extraction?

Detection and survival of ToBRFV in soils
• Euphresco project starting from November ’23

• 17 partners, (UK lead)
• 12 countries plus International Seed Federation 

• Detection, Survival and infection from plant debris in soil?
• Handling green waste?

IPPC diagnostic protocol for ToBRFV
• Drafting team has started working on international diagnostic standard
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