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Introduction
Tobamoviruses are mechanically-transmitted plant 
viruses that cause severe economic damage to vegetable 
and ornamental crops in Florida and worldwide. Tomato 
mosaic virus (ToMV) and tobacco mosaic virus (TMV) 
are the most commonly occurring tobamoviruses infecting 
tomato plants (Solanum lycopersicum) in Florida (Adams 
et al., 2009; Baker & Adkins, 2000). Tomato cultivars 
with resistance to these tobamoviruses are commercially 
available, and these were developed by introgression of 
resistance genes from wild plants into cultivated crops 
(Lanfermeijer et al., 2005).

Tomato cultivars harboring the Tm-22 resistance gene are 
resistant to ToMV, TMV, and other tobamoviruses (Hall, 
1980; de Ronde et al., 2014). However, the Tm-22 resistance 
gene in tomato cultivars does not provide resistance 
against a recently described tobamovirus, tomato brown 
rugose fruit virus (ToBRFV), which was first detected 
in the Middle East (Salem et al., 2016; Luria et al., 2017). 
ToBRFV also infects pepper and eggplant (Luria et al., 
2017; EPPO, 2019; Salem et al., 2020).

ToBRFV was initially detected in Jordan and Israel in 2014 
and 2015, respectively, and is currently detected in tomato 

production areas worldwide. The emergence and spread of 
ToBRFV in tomato production areas, including California, 
Mexico, Jordan, Israel, Turkey, Italy, Germany, Greece and 
China has accelerated, representing a major economic 
concern (Cambrón-Crisantos et al., 2018; Fidan et al., 2019; 
Panno et al., 2019; Ling et al., 2019; Menzel et al., 2019; Yan 
et al., 2019; Beris et al., 2020).

No commercial tomato cultivars are known to be resis-
tant to ToBRFV, even those previously resistant to other 
tobamoviruses. ToBRFV overcomes (breaks) the Tm-22 
and all other resistance genes currently used to protect 
tomatoes against tobamoviruses. Although these genes are 
not routinely used in Florida field-grown tomato cultivars, 
it is presently unknown how ToBRFV may affect tomato 
production in Florida. Thus far, because of extensive crop 
handling and manipulations, ToBRFV has primarily been 
a threat to tomato production in protected cultures (green-
houses, screenhouses, and high tunnels), though outbreaks 
in open fields have been reported. In September 2019, 
ToBRFV was detected in fresh tomato fruits imported 
from Canada and Mexico for sale in Florida grocery 
stores (Dey et al., 2021). Since this first detection, ToBRFV 
has been found in tomato, pepper, and eggplant plants 
grown in non-commercial sites like community gardens in 
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several locations in Florida. Furthermore, in more recent 
surveys conducted on grocery tomatoes in various grocery 
stores throughout Florida in 2020-2023, we continue to 
detect ToBRFV (and pepino mosaic virus in mixed infec-
tions) in tomatoes imported from other countries (Yilmaz 
and Batuman, 2023). Fortunately, we have not detected 
these viruses in field-grown tomatoes in Florida.

ToBRFV Characteristics
As a tobamovirus, ToBRFV shares several properties and 
disease symptoms with the more familiar members of this 
group that occur in Florida, including ToMV, TMV, and 
tomato mottle mosaic virus (ToMMV) (Li et al., 2013; 
Nagai et al., 2019; Webster et al., 2014).

Symptoms
It is impossible to identify a tobamovirus based on symp-
toms alone due to the similarity of symptoms induced by all 
tobamoviruses. In addition, symptoms vary depending on 
the virus’s species and strain, the plant’s growth stage when 
infected, and the tomato cultivar.

Generally, plants infected with a tobamovirus are stunted, 
and leaves show mosaic or mottling (green and yellow 
areas) and distortion (Figure 1A-E). In severe cases, leaf 
symptoms include elongation or ‘shoe-string’ like growth 
(Figure 1A). Maturing fruits show a range of symptoms, 
including no symptoms, some degree of deformation and 
chlorotic spots (i.e., uneven ripening or ‘marbling’), brown 
walls, and necrotic lesions (Figure 2).

How ToBRFV Is Different from Other 
Tobamoviruses
The main difference between ToBRFV and other tobamovi-
ruses is that ToBRFV breaks the Tm-22 resistance gene and 
induces more severe fruit symptoms that, in some cases, 
include brown wrinkled (rugose) patches, especially when 
present in mixed infections with other tomato-infecting 
viruses (Figure 1E). Brown (necrotic) streaks may develop 
on stems, petioles and calices (Figure 2A and B). ToBRFV 
can be found in mixed infections with pepino mosaic virus 
(PepMV), a virus used for cross-protection in tomatoes 
produced in Canada and Europe. For instance, both viruses 
were identified in some of the Florida tomato fruits coming 
from Mexico and Canada.

Survival and Transmission
Tobamoviruses, including ToBRFV, are robust and can 
survive in plant debris for >10 years. Survival in soil and on 
contaminated objects or surfaces (benches, trellising ropes, 

Figure 1. Foliar symptoms of tobamoviruses. (A) Distortion and 
“shoestring” leaf symptoms in a tomato plant infected with 
tobamovirus. (B–E) Symptoms of mosaic and mottle in leaves of 
tomato plants infected with tomato brown rugose fruit virus (ToBRFV).
Credits: Seminis®; Fidan et al. (2019) and Luria et al. (2017)

Figure 2. Fruit symptoms of tomato brown rugose fruit virus (ToBRFV). 
(A) Dried pedicles and calyces on cherry tomato plants leading 
to fruit abscission. (B) Necrotic symptoms on pedicle and calyces. 
(C–D) Typical fruit symptoms with yellow/green “marbling” spots. 
(E) Cracked, scarred and discolored fruits from tomato plants with 
mixed infections of ToBRFV and pepino mosaic virus (PepMV). (F) Fruit 
symptoms with yellow/green “marbling” spots from Florida grocery 
stores.
Credits: A. Dombrovsky, O. Batuman, Fidan et al. (2019) and Luria et al. 
(2017)
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plastic containers, and equipment) used in any production 
stage can range from months to years.

Tobamoviruses, including ToBRFV, are efficiently 
transmitted by contact, particularly in protected cultures 
where plants are frequently handled. Although most 
Florida field-tomato varieties are determinate and are 
tied several times throughout the season, they are not 
intensively handled (i.e., pruning and tying) by workers 
throughout the production cycle. There is no insect vector. 
However, bumble bees were shown to carry the virus in 
greenhouses (Levitzky et al. 2019). Thus, tobamoviruses 
may be less likely to spread extensively in open-field 
production systems. Tobamoviruses readily contaminate 
the seed coat and can be spread long distances with seeds, 
but the viruses are not believed to infect the embryo.

What to Do If You Think You Have 
ToBRFV in Your Field
Commercially available immunostrip (‘dipstick’) tests for 
ToBRFV, which cross-react with other tobamoviruses, 
including TMV, ToMV, and ToMMV, are available now. If 
you see tobamovirus-like symptoms in your tomato plants, 
use an immunostrip test for ToBRFV (Figure 3). If your 
tomato has virus-like symptoms and your test is positive 
by this assay, additional molecular tests (i.e., RT-PCR) are 
required for ToBRFV confirmation. If growers see unusual 
symptoms or suspect they may have a virus, they should 
immediately contact their local extension office for 
assistance or submit samples to their local UF-IFAS Plant 
Diagnostic Lab or FDACS-DPI (FDACS-DPI Helpline 
Number 352-395-4600).

The Florida Response
ToBRFV has rapidly spread globally in only a few years. It 
is highly virulent and is not controlled by currently avail-
able resistance genes. Although ToBRFV is not currently 
established in Florida, it was detected in imported tomato 
fruits sold in national chain grocery stores throughout 
Florida in 2019-2023 and a few community gardens in 
the fall of 2019. Therefore, we should take the following 
precautions to avoid the introduction of ToBRFV to tomato 
production fields:

1.	Seed companies, as a standard practice, currently test for 
the presence of tobamoviruses. Contact the seed com-
pany representatives you work with to ensure your seed is 
tested for tobamoviruses. Purchase only seeds certified to 
be ToBRFV-free.

2.	Inspect and discard tomato transplants with virus symp-
toms before planting in your field.

3.	Train your workers about ToBRFV (and potential occur-
rence in tomatoes sold in grocery stores) and implement 
sanitation measures such as washing hands and clothes 
before work, avoid bringing or touching tobacco and 
other potential host plant materials, and disinfect com-
mon tools, benches, and other equipment. Although 
undamaged fruit surfaces do not have viable virus 
particles, juice and other edible parts are highly infectious 
(Klap et al., 2020). Do NOT touch or bring tomato (or 
pepper) fruits from the outside into your production 
facilities.

4.	Monitor for virus symptoms to allow early detection if 
introduced into fields.

If you have additional questions or need assistance in 
testing, contact your local UF/IFAS Extension agent or 
Ozgur Batuman at UF/IFAS Southwest Florida Research 
and Education Center (email: obatuman@ufl.edu).

Summary
•	 ToBRFV is a recently described tobamovirus that 

impacts solanaceous crops such as tomatoes, peppers, 
and eggplants.

•	 ToBRFV is not currently established in Florida, but its 
continued presence in grocery stores, tomato fruits, 
and community gardens requires proactive preventa-
tive measures.

•	 What we know about this virus suggests that ToBRFV 
primarily threatens tomato production in protected 

Figure 3. Growers can detect tobamoviruses with commercially 
available TMV immunostrip “dipstick” tests in 5–20 min in the field.
Credits: Agdia©
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cultures (greenhouses and screenhouses). However, a few 
outbreaks in Mexico and Israel have occurred in open 
fields.

•	 Genetic resistance is still being developed, but several 
seed companies may offer some cultivars with varying 
resistance (i.e., IR- or HR-resistant) to ToBRFV.

•	 ToBRFV is spread quickly and efficiently by contact 
with any infected plant material. Although it is not 
known to infect the seed (embryo), it can readily 
contaminate the seed coat (outside of seed) and can be 
spread long distance with the seed (and fruit).

•	 ToBRFV particles are robust and can survive for >10 
years in soil, infected debris, or contaminated equipment 
and implements.

•	 Symptoms include mosaic and mottling on the leaves, 
irregular ripening and necrosis, and similar to other 
tobamoviruses.

•	 If ToBRFV is suspected, ToBRFV immunostrips can 
detect it, but confirmation will require further laboratory 
testing.

•	 Once the virus is introduced in an area, control measures 
are very limited and mainly rely on eliminating infected 
plants and following strict sanitation measures, such as 
regular hand washing of the workers, changing clothes, 
and cleaning boots before entering production areas.
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