
Mycotoxins in poultry – External
signs can give a hint

Part 2: Beak/mouth lesions
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The second part of this series will focus on oral lesions as signs of mycotoxin exposure. In this segment, we
will delve into the appearance and development of oral lesions, their specific locations based on the type
of mycotoxin, and how toxin levels and duration of exposure impact these lesions.

A bit of history: oral lesions in poultry and
their association with mycotoxin exposure
Exposure to trichothecenes, a specific group of mycotoxins that includes T-2 toxin and scirpenols- such as
monoacetoxyscirpenol (MAS), diacetoxyscirpenol (DAS), and triacetoxyscirpenol, has been associated with
oral lesions since the early studies related with mycotoxins:

After reports of toxicosis in farm animals, Bamburg’s group (1968) aimed to isolate the toxins
produced by Fusarium tricintum, then considered the most toxic fungus found in moldy corn in
Wisconsin (USA). Their experiments led to the discovery of the T-2 toxin, named after the strain
of F. tricintum from which it was isolated. Today, we know that this fungus was wrongly
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identified; it was F. sporotrichioides (Marasas et al., 1984). However, the toxin remained known
as T-2.
Wyatt’s group (1972) already described yellowish-white lesions in the oral cavity of commercial
broilers in a case report from 1972. The birds also presented lesions on the feet, shanks, and
heads, which raised the possibility of contact with the toxin from the litter.
In some of the earliest experimental works regarding T-2 toxin in poultry, Christensen (1972)
noted the development of oral necrosis in turkey poults consuming increasing levels of feed
invaded by tricintum; also Wyatt (1972) found a linear increase in lesion size and severity with
increasing toxin concentrations of T-2 in broilers, starting with 1 ppm. He noted that oral lesions
occurred without exception in all birds receiving T-2 toxin.
Later, Chi and co-workers (1977) tested what later were considered sub-acute levels of T-2 in
broiler chickens, finding oral lesions from 0.4 ppm after 5 to 6 weeks of exposure. At higher
levels, the lesions appeared after two weeks. In the same year, Speers’ group (1977) concluded
that adult laying hens are more tolerant to T-2 than young chicks and also found that another
mycotoxin can produce oral lesions in poultry: monoacetoxyscirpenol (MAS).
Fast forward, scientific research continued and the effects of T-2 and scirpenols, either alone or
in combinations, on performance and oral lesions in poultry are today well known, as studied by
Kubena et al. (1989), Ademoyero & Hamilton (1991), Kubena et al. (1994), Diaz et al. (1994),
Brake et al. (2000), Schuhmacher-Wolz et al. (2010), Verma & Swamy (2015), Vaccari (2017),
and reviewed by Sokolovic et al. (2008), Minafra et al. (2018), Puvača & Ljubojević Pelić (2023),
and Vörösházi et al. (2024).

What are oral lesions and how do they develop?

Oral lesions caused by feed contaminated by T-2 toxin or scirpenols first occur as yellow plaques that
develop into raised yellowish-gray crusts with covered ulcers (Hoerr et al., 1982). They also have been
described as white in color and sometimes caseous in nature, as well as round and small, pin-point-sized,
or large sheets covering a wider part of the mouth (Wyatt et al., 1972; Ademoyero and Hamilton, 1991).

Under the microscope, the lesions show a fibrinous surface layer and intermediate layers with
invaginations full of rods and cocci, suggesting that the surrounding microbiota quickly colonizes the
lesion. Inflammation immediately ensues as Wyatt’s team (1972) found the underlying tissues filled with
granular leukocytes.

Why do T-2 toxins and other trichothecenes
cause such lesions?
T-2 toxin and other trichothecenes are known for their caustic nature (evidenced by studies of Chi and
Mirocha, 1978; Marasas et al., 1969), and for incidents involving accidental exposure by laboratory
personnel (Bamburg et al., 1968, cited in Wyatt et al., 1972).

Induction of necrosis has been proposed as the main toxicity effect based on in vitro experiments on
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human skin fibroblast models. The findings were a reduction of ATP production in the cell line together with
disruption of mitochondrial DNA (mtDNA) but without an increase in reactive oxygen species (ROS) or
activity of caspase-3 and caspase-7, which would be the case for apoptosis (Janik-Karpinsa et al., 2022). A
further study (Janik-Karpinsa et al., 2023) found that T-2, on the same cell line, reduced the number of
mtDNA copies, damaging several genes and hindering its function; consequently, ATP production is
inhibited, and cell necrosis ensues.

Meanwhile, an inflammatory response is triggered, and the lesions are colonized by the surrounding
microbial flora (Wyatt et al., 1972). Supporting this notion, Hoerr et al. (1981) observed no mouth lesions
after directly administering toxins via crop gavage. Enterohepatic recirculation, facilitating the return of
toxins to the oral cavity through saliva, can amplify their toxic effects (Leeson et al., 1995).

Oral lesions depend on…

…the toxin
Oral lesions vary depending on the type of toxin involved. The location of lesions is influenced by the
specific mycotoxin in the feed. For instance, research by Wyatt et al. (1972) revealed that with T-2 toxin,
lesions initially manifest on the hard palate and along the tongue’s margins. Over two weeks, these lesions
progress to affect the lingual papillae at the tongue’s root, the underside of the tongue, and the inner side
of the lower beak near the midline.

In contrast, Ademoyero and Hamilton (1991) found that scirpenols present a different pattern. A study
including 4 mycotoxins at 5 different levels found, after three weeks of exposure, that the lesions caused
by triacetoxyscirpenol (TAS) predominantly occurred in the angles of the mouth (53% of the birds in the
study), sparing the tongue. On the other hand, diacetoxyscirpenol (DAS) primarily induces lesions inside
the upper beak (shown 47% of the broilers), followed by the inside of the lower beak (in 32% of the birds).
The lesion distribution for scirpentriol mirrors that of TAS, while monoacetoxyscirpenol (MAS) resembles
DAS in its impact.

Chi and Mirocha (1978) conducted a comparative analysis of lesions caused by T-2 toxin and DAS (both
5 ppm). They observed that the severity of DAS-induced lesions was higher, leading to difficulties in mouth
closure for some chicks due to encrustations in the mouth angles.

…the contamination level
Different findings regarding the dose dependency of the lesions are available. Wyatt et al. (1972) (Figure
1) showed a relationship between the lesion size and the toxin level. A clear relationship between the
severity and incidence of lesions and the amount of T-2 toxin was also demonstrated by Chi et al. (1977)
and Speers et al. (1976). This linear relationship in the case of T-2 toxin could be confirmed for the
scirpenols TAS, STO, MAS, and DAS by Ademoyero and Hamilton (1991). They demonstrated a distinct
dose-response relationship in a trial with the scirpenols STO, TAS (at 5 levels between 0-8 µg/g), MAS, and
DAS (at 5 levels between 0-4 µg/g).
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Figure 1: Effect of the inclusion rate of T-2 on the lesion
size (Wyatt et al., 1972)

 

Sklan et al. (2001) tested T-2 toxin at more likely levels (0, 110, 530, and 1,050 ppb) in male chickens and
found lesions in 90% of the chickens fed 500 ppb T-2 and in 100% of the ones fed 1,000 ppb of T-2 after 10
to 15 days; the higher dosage provoked the lesions of higher severity. When feeding 100 ppb of T-2, mild
lesions appeared in 40% of the chickens after 25 and 35 days. Another group led by Sklan (2003) studied
four groups of 12 one-day-old male turkey poults fed mash diets with 0 (control), 241, 485, or 982 ppb T-2
toxin for 32/33 days. Feed intake and feed efficiency were not affected, but oral lesions were apparent on
day 7. The severity of the lesions plateaued after 7–15 days, and the lesion score was dose-related (see
Figure 2). In the same trial, they also tested DAS (0, 223, 429, or 860 ppb) and found a similar dose
relationship.

Figure 2: Lesion scores in poults fed T-2 toxin at different inclusion rates and lengths of exposure (Sklan et al.,
2003)

A different result is found in the trial conducted by Hoerr et al. (1982), who observed lesions 2-4 days after
initiating toxin exposure (T-2 toxin and DAS; 4 and 16 ppm for 21 days) and comparable lesions when
feeding 50, 100, or 300 ppm of the same toxins for 7 days. They asserted that the toxin concentration did
not influence the time to onset of lesions nor their severity. Most research, however, shows a clear dose-
response relation.
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…the duration of exposure
On one hand, chronic exposure to low levels of toxins often requires a specific duration before noticeable
effects emerge. And on the other hand, symptoms may also diminish due to hormesis, an adaptive
response of the organism to moderate, intermittent stress.

With high toxin levels, lesions appear very soon after exposure. For example, Diaz et al. (1994) exposed
hens to a diet containing 2 mg DAS/kg feed, finding lesions in 40% of the birds after only 48 h of exposure.
Chi and Mirocha (1978) noted lesions after five days with a T-2 level of 5 ppm. At a comparable level (4
ppm), Chi et al. (1977) reported lesions emerging in the second week of exposure, with nearly 75% of
chicks experiencing oral lesions by the third week. Sklan et al. (2003) saw lesions already on day 7 when
feeding T-2 toxin or DAS at 1 ppm.

When testing lower levels (200 ppb), Sklan et al. (2001) found lesions after 10 days. They became more
severe after 15 to 20 days and then, their severity decreased. Hoerr et al. (1982) also confirmed this by
reporting that the number and size of the lesions increased until day 14 but decreased thereafter. Both
studies confirm the phenomenon of hormesis.

… animal factors
In general, lesions appear with lower levels of toxins in broilers compared with layers and in layers
compared with breeders. Turkeys are also less sensitive than broilers (Puvača & Ljubojević Pelić (2023).

Age also has an influence: young birds usually still have a maturing immune system, and the detoxification
processes might not be entirely in place. However, their feed intake is lower and for this reason, in studies
like Wang and Hogan (2019), higher impact of mycotoxins is found in older chicks.

Furthermore, additional stress factors influence the impact of mycotoxins in animals. Stress factors are
cumulative and, when different factors concur, the severity of mycotoxin effects can increase.

Are oral lesions key indicators for
implementing effective toxin risk
management?
Oral lesions are painful for the animals, distract them from eating, and deteriorate growth performance.
Often they are related with mycotoxins; however, when they appear, an investigation of different factors
should take place, including mycotoxin analysis, as oral lesions may have other causes. Some of the
known causes of oral lesions in poultry are also very fine feed particle size, deficiency of Vitamins A, E, B6
and Biotin, excessive levels of copper sulphate, and some parasite infections.

This article aimed to help with the differential diagnosis by providing a summary of the knowledge we have
about the type and shape of the lesions related to mycotoxin contamination, which can help on a
differential diagnosis. Checking the feed for mycotoxins and implementing effective toxin management
helps prevent their negative effects, keeps the animals healthy, and contributes to animal welfare and,
consequently, performance.
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