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Abstract

Background: Free-range pig farming represents a minor proportion of pig production in France but
attracts an increasing number of farmers because of societal expectations and the opportunity to use
fodder consumed in the meadow. However, this type of farming faces several sanitary challenges,
including biosecurity, parasitic management, and contact with wild fauna and pathogenic flora.

Case presentation: Two Gascon pigs raised on an outdoor fattening farm in the Hautes-Pyrenees
department of France were submitted after sudden death for necropsy at the National Veterinary School
of Toulouse. The pigs were of two different breeds but from the same batch of 85 animals that had
grazed on a 4-hectare plot of land being used for the first time. The combination of an in-depth interview
with the breeder, the epidemiological information available, and the necropsy and histology examinations
enabled the hypothesis of great eagle fern intoxication. Despite the small sample of animals available for
diagnosis, the success of the administered therapy helped to confirm our diagnosis. In the short term, it
was recommended that the animals be prevented access to the eagle fern by changing their pasture or by
removing the plants. Vitamin B1 was administered in the feed in the amount of 1 mL per 10 kg body
weight for two days (Ultra B®: 4.46 mg thiamine and 2.06 mg pyridoxine (vitamin B6) per kg body weight
per day). A remarkable remission was observed, allowing 6 of 12 intoxicated animals with symptoms to
survive (therapeutic success rate: 50%), but without compensating for the loss of the initial body
condition. In total, out of the 85 animals in the batch after this intoxication, 6 animals died and 6
recovered.

Conclusion: The interest of this report lies in the scarcity of eagle fern intoxication cases reported in the
literature, although it may become a significant problem along with the development of outdoor rearing.
In this context, it should be included in the differential diagnosis of nervous system symptoms in swine.
The case also underlines the importance of anamnesis and discussions with the farmer to guide the
diagnosis and reminds us that this step is essential in the clinical process.

Background

Today, free-range pig farming represents 5% of pig production in France [1]. It faces several challenges,
including the climate that may impact feed conversion [2], contact with the soil that may favour parasites,
potential interaction with wild animals and ingestion of plants that may be toxic [3]. As this type of
farming attracts an increasing number of farmers because of societal expectations [4] and the
opportunity to use fodder consumed in the meadow [5, 6], it is most likely that plant poisoning following
ingestion, such as with eagle fern, will become more important, although it has been rarely reported until
now.

The great eagle fern (Pteridium aquilinum) is an invasive plant that grows globally in very diverse
environments, leading to it being difficult control in pastures [7]. Intoxication following ingestion is well
documented in ruminants, including cattle, sheep and wild cervids [8, 9]. In cattle, bracken fern ingestion
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causes enzootic haematuria, characterized by lower urinary tracts haemorrhages and neoplasms of
epithelial and mesenchymal origins [9]. Additionally, acute haemorrhagic syndrome, secondary to bone
marrow aplasia and retinal atrophy have been documented in sheep [8], as has polioencephalomalacia
[10].

In monogastric species, bracken fern poisoning is poorly documented. In horses, poisoning has been
associated with the ingestion of poor quality hay containing a high proportion of big eagle fern [11], the
use fern as bedding [12] or overgrazing [13]. Case reports in pigs are even rarer [14, 15, 16], probably
because outdoor rearing is less prevalent, but it may also be due to the high resistance of pigs that can
ingest this plant without being exposed to the poison for a period of six weeks [10].

Bracken fern contains several toxins including ptaquiloside, thiaminase, quercetin and bleeding factors
[17, 18]. These toxic molecules, ptaquiloside and thiaminase in particular, are found in high
concentrations in the young growing parts of the plants and in the rhizomes. Thiaminase is an enzyme
that breaks down thiamine (an essential vitamin B1) into pyrimidine and thiazole. Since vitamin B1 is
essential for the metabolism and maintenance of peripheral nerve myelin [10], vitamin B1 deficiency
leads to peripheral or central neuropathy, with manifestations including impaired health status, weight
loss and slight loss of movement coordination [11]. Symptoms suggestive of heart failure and anorexia
have also been reported. Cardiopathy related to vitamin B1 deficiency has been studied in pigs to
understand the pathogenesis of beriberi, a human disease caused by a nutritional deficiency in vitamin
B1. One study showed that thiamine deficiency was associated with nonhypertrophic cardiac dilatation
and histopathological lesions, including focal to diffuse necrosis of the myocardium and neutrophilic and
mononuclear myocarditis [19].

The purpose of this report is to describe a case of great eagle fern poisoning with sudden deaths in one
batch out of eight on an outdoor Gascon pig fattening farm in the Hautes-Pyrenees department of
France. The affected batch of 85 pigs had been reared on a new pasture of 4 hectares.

Case Presentation

The case described here occurred in an outdoor fattening farm with 680 Gascon pigs in the Hautes-
Pyrenees department of France. Every 2 or 3 months, 85 animals weighing approximately 30-40 kg arrive
from a breeding farm and remain on the same plot until they are approximately a year old with an
average carcass weight of 140 kg. The plot will then be subjected to a 2-month period with no pigs
present on it. Eight batches are present simultaneously. The animals are fed with triticale flour in addition
to what they find in the environment: acorns, chestnuts, grass, brambles, heather and elements from the
soil excavation. Watering is provided by well water, which does not undergo any chemical treatment. To
prevent parasites, the farmer adds Panacur 4%® to the drinking water at a dosage of 12.5 g per 100 kg of
body weight every two months. Biosecurity is limited (there is no electric fencing, but wires are present).

In October 2019, the farmer noticed a loss of body condition and a loss of appetite in approximately ten

pigs from a single plot. Breathing difficulties with an open mouth and complaints were observed in many
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animals, as well as nervous system signs that manifested as a wobbling gait. There was no diarrhoea.
Two pigs that died suddenly were brought for necropsy to the Veterinary School of Toulouse. One pig had
been found dead three weeks before this. These animals came from the same batch of 85 animals and
were grazed on 4 hectare plot of land being used for the first time.

The clinical signs reported by the breeder were partially non-specific, with signs of weight loss and loss of
appetite, but this suggests a less acute evolution than the sudden mortality reported concomitantly.
Nervous system symptoms suggested central nervous damage that might have been caused by a wide
variety of aetiologies, both infectious (oedema disease) and non-infectious (nutritional deficiency or
intoxication). The respiratory symptoms may have also had various causes and may or may not have
been related to the nervous system symptoms. Parasites can also lead to death and are important to
consider in particular in an outdoor setting, such as metastrongias (Metastrongylus aprii) or trichurias
(Trichuris suis), for example. However, since the plot on which the pigs were located was being used for
the first time for fattening and since parasite treatment was administered regularly, this hypothesis was
not retained at first.

Epidemiologically, the phenomenon appeared that it could be contagious or anazootic. Since it was
limited to a single batch at the time of the call, with a 15% morbidity, 3.5% mortality and 23% lethality, a
contagious origin was not retained as first. However, given the context of African swine fever in Europe,
particular attention was paid not to overlook the possible detection of this disease, especially as
biosecurity was not optimal in this outdoor farm and the wild boar population is increasing in the region
[20].

Post-mortem investigation

Two pigs that were found dead were submitted for complete necropsy: an 8 month-old, 89 kg sow and an
8 month-old, 59 kg male pig that died the day before. On the sow, external examination presented
congestive ocular and oral mucosa. Cavity openings revealed 500 mL and 15 mL yellow translucent
effusion consistent with transudate in the peritoneal and pericardial cavities, respectively. The lung
presented a moderate cranio-ventral consolidation and marked diffuse interlobular oedema (Figure 1).

The mediastinal lymph nodes were enlarged 2.5 x 1 cm and 3.5 x 1 cm. Extensive fundic congestion
(Figure 2), as well as foamy liquid in the tracheal lumen and diffuse petechiae on the diaphragm, was
found.

On the male pig, gross lesions were limited to 70 mL of yellow pericardial effusion, diffuse fundic
congestion and multifocal foci of congestion in the caecal mucosa without luminal abnormalities. The
rest of the examined organs were within normal limits, including the gross external examination of the
brain and meninges.

The necropsic examinations did not reveal any specific lesions supporting a definitive diagnosis of an
infectious agent except for in the lung, where there were the lesions might have suggested enzootic

Page 4/14



bronchopneumonia (Mycoplasma hyopneumonia€), and an underlying acute diffuse inflammatory lesion
that did not allow the complete ruling out of a parasitic or viral interstitial pneumonia. At the time of
necropsy, the brain, liver, and heart of both animals and the lung, kidney, mediastinal and mesenteric
lymph nodes of the sow were harvested and fixed in 10% buffered formalin. After fixation, they are
routinely processed in paraffin blocks, sectioned in 4 pm slices and stained with haematoxylin and eosin
(HE) for microscopic evaluation.

At the same time, the farmer was contacted again to gather more information on the environment in
which the animals evolved, in particular, on the possible neighbourhood issues and the plants present on
the plot, bearing in mind that it was being used for the first time for pig fattening and considering the
presence of nervous system signs, as well as the absence of clinical signs in the other groups present on
the farm, all of which were on plots that had already been used for pig farming.

This second in-depth interview with the breeder revealed the significant presence of great eagle fern
(Pteridium aquilinum) in the stockyard, which was confirmed by pictures sent by the breeder (Figure 3).

At that point, the lack of specificity of the necropsic findings associated with the presence of the fern
without any change in the animals' management, particularly regarding the feed distributed, led to a
strong suspicion of plant intoxication by this fern, which can lead to thiamine deficiency.

Histology.

Samples taken from the male pig showed no abnormalities except in the brain. Lesions consisted of
segmental cortical laminar and multifocal lesions in the brainstem, basal nuclei, and cerebellum,
associated with acidophilic neuronal necrosis and spongiosis and admixed with gitter cell infiltration
(Figure 4). Inflammation was observed in the leptomeninges and perivascular spaces, including
endothelial activation, hyperaemia, and mixed leukocytic infiltration including mononuclear cells and
eosinophils. Vascular fibrinoid necrosis and haemorrhages were occasionally seen. A diagnosis of
polioencephalomalacia was assessed, suggesting a toxic or metabolic aetiology, including a toxic plant
or a thiamine deficiency.

In the sow, the brain, lymph nodes, liver and kidneys were within normal limits. The heart showed lesions
consistent with severe progressive polyphasic necrotizing myocarditis with mixed leukocytic infiltration,
and the lungs showed leukocytoclastic necrotizing vasculitis with diffuse congestive and oedematous
pneumonia (Figure 5).

A systemic infectious origin, notably viral, such as porcine circovirus type 2 (PCV2), was suggested
without evidence of pathognomonic lesions, such as basophilic inclusions or granulomatous
inflammation, and with myocardial lesions being found more often in runts or small piglets. Despite the
nonspecificity, intoxication could not be ruled out, since pulmonary vasculitis was previously described in
bracken fern intoxication of pigs [16].

Diagnostic and recommendations
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Considering anamnesis, epidemiology, and post-mortem investigations and histology, the most likely
diagnostic hypothesis retained was intoxication by great eagle fern. This was confirmed by the good
response to the therapy that was implemented.

In the short term, it was recommended to prevent access of the animals to the eagle fern by changing
their pasture or by removing the plants. Vitamin B1 was administered in the feed in the amount of 1 mL
per 10 kg body weight for two days (Ultra B®: 4.46 mg thiamine and 2.06 mg pyridoxine (vitamin B6) per
kg body weight per day). A remarkable remission was observed, allowing 6 of the 12 intoxicated animals
with symptoms to survive (therapeutic success rate: 50%), but this did not compensate for the loss of
initial body condition. In total, out of the 85 animals in the batch following this intoxication, 6 animals
died and 6 recovered.

Discussion And Conclusion

Here, we report a case of eagle fern intoxication in the rearing of post-weaning, free-range fattening
Gascon pigs. The interest in this case lies in the scarcity of cases reported in the literature and underlines
the importance of anamnesis and discussions with the farmer to guide the diagnosis. This reminds us
that this step is essential in the clinical process.

Symptoms suggestive of heart failure and anorexia reported by the farmer were consistent with what has
been reported in the literature [14, 15, 16]. Focal or diffuse necrosis of the myocardium has also been
recorded by some authors, with neutrophils and mononuclear cells present, similar to cardiomyocyte
necrosis with neutrophilic infiltration observed in the sow in our case [19].

Drug treatment with thiamine (vitamin B1) should be administered as early as possible, but its effect is
often reported to be illusory in all species [13]. In horses, the recommended dose is 500 mg to 1 g/day of
thiamine intravenously on the first day and then intramuscularly for several days [11]. However, in our
case, the administration of 4.46 mg thiamine and 2.06 mg pyridoxine (vitamin B6) per kg body weight per
day in the feed was followed by a remarkable remission, with a therapeutic success rate of 50%, although
without compensation for the loss of the initial body condition.

In the medium- and long-term, the aim is to reduce and remove great eagle fern. Its growth can be slowed
by regular mowing several times a year, but this is a time-consuming technique [21]. The use of a fern-
breaking roller works better, and its light weight allows the emerging broadleaf and grassy plants to grow
and compete with the fern. In addition, there is little damage to the wildlife present as a result of using
this tool. This remains the best method on the market to eradicate this fern and can be used on all soils.
The best time for its use is between June and July, when the maximum rhizome reserves have been
mobilized [22]. This method is effective but time-consuming, with the effects of mowing only becoming
visible after two or three years of double mowing (end of June and end of July) [13]. A study conducted in
2006 and 2007 tested an alternative treatment based on 12% vinegar, which showed a good response in
2006 but regrowth in 2007 only a few months after treatment [23]. The authors hypothesized that there

was a different soil moisture content during application between these two years. In the same study, a
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hexazinone treatment was utilized and showed good results. Nevertheless, this product remains a broad-
spectrum herbicide and is therefore not possible in our context, since the animals graze in the pasture
during the entire year [24]. Therefore, for the time being, the mechanical method is still the most suitable
method for control of great eagle fern.

If therapeutic success indicates that the main hypothesis retained was the most likely cause of the
clinical signs in this case, analysing the stomach content and increasing the number of animals
examined post-mortem could have strengthened our diagnosis before the implementation of a therapy.
Indeed, here the diagnosis was based on the necropsy of two animals out of 85, i.e., 2% of the batch, and
one can doubt the representativeness of the lesions observed in the individuals examined. Furthermore,
considering neuronal necrosis, perivascular and meningeal inflammation and severe myocarditis, the
hypothesis of encephalomyocarditis could have been investigated, but the pattern of cerebrocortical
necrosis did not favour neutropic viruses, whose pattern is a multifocal asymmetrical distribution of
inflammation, and there is currently no clinical case reported in France confirmed by
immunohistochemistry on heart sections, for example. Finally, possible nutritional deficiencies could
have been discussed with the farmer, as the growth of the pigs could probably be improved.

Although few cases of pig eagle fern intoxication have been reported in the literature, this case
demonstrates that this hypothesis should be included in the differential diagnosis of nervous system
symptoms and/or sudden death in swine, particularly in the context of outdoor rearing. In view of the
development of this type of farming in connection with a strong societal demand, it is highly likely that
diseases of parasitic or toxicological types will become increasingly important in this species in the
future. To investigate these, a site visit would be ideal to visualize the facilities in place for the animals.
Otherwise, as in our case, in-depth discussions with the breeder are crucial to establish a diagnosis.
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Figure 1

Lung with moderate cranio-ventral consolidation and marked diffuse interlobular oedema
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Figure 3

Great eagle fern (Pteridium aquilinum).
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Figure 4

Brain histological pictures of the male pig. A. Cerebrocortical acidophilic neuronal necrosis (x400). B.
Gitter cells (arrow) in the spongiotic area (x400). C. Endothelial activation with perivascular leukocytic
infiltration (x200). D. Leptomeningeal leukocyt

ic infiltration, including eosinophils (HE, x400).
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Figure 5

Lung and heart histological pictures of the female pig. A: Lung with necrotizing leukocytoclastic
vasculitis. B: Heart with polyphasic necrotizing and leukocytic myocarditis (HE, x400).
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