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Comparing silo filler disease with farmer’s lung disease
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Abstract

Farmer’s Lung and Silo Filler’s Disease are syndromes long associated with agricultural workers worldwide. The symptomology, including route of inoculation
for these diseases are similar, as is the target organ (lung) but the disease causing agents are vastly different, as is how the human body responds to the antigens
themselves. Farmer’s Lung is caused by mold and Silo Filler’s Disease is caused essentially by gas poisoning. Both may be fatal, and both are preventable largely
by education of the conditions with which farmers work, including certain straightforward precautions. Following precautions such as masking, allowing for farm

products such as hay to dry during the wet seasons and using ventilation in at risk facilities leads to greater protection for the agricultural worker.

Disease states

Regardless of how one defines climate change there is increasing
awareness that this condition is caused by pollution, and generalized
disease states on a global scale and on a more individualized level,
respiratory disease can occur. These effects may not be recognized
immediately but over time and with increased opportunities for
exposure, pollutants regardless of their source, which include a range
from carbon monoxide released into the atmosphere to nitrogen gas
buildup in silos found on farms, can and do progress to immunologic
disorders or infection. The portal of entry and target organ is often
the lung. While mortality due to infectious disease has decreased,
respiratory related infections still remain a major problem. In
agricultural areas, nitrogen dioxide buildup can impair an individual’s
immune response and working with farm products which may occur
during hay making season can lead to infections.

Lung disease in the farming community in the United States and
around the world is often underreported or ignored. This is due to the
nature of the work and the natural self-reliance of the farm managers
and workers. Farmer’s Lung (FL) and Silo Filler’s Disease (SF) have
similar symptomology but vastly different etiologic agents. Silo Filler’s
Disease is a condition that has been long associated with farm laborers.
The condition was first described, but not named in the 1800’s [1]. The
syndrome is caused by exposure to nitrous dioxide. This commonly
occurs in unventilated or under-ventilated grain silos [2,3]. Nitrogen
dioxide is produced from the oxidation of plants or from nitrogen rich
soil. Nitrogen gas will accumulate in closed silos within a short time
(hours) of the silo being filled. High concentrations are reached within
a few days and will dissipate at a slower rate (weeks) upon ventilation.
In the early stages of exposure, there is lung irritation with symptoms
including pulmonary edema post exposure followed by what may
appear to be a brief recovery and then a relapse to acute bronchilolitis
[4-8]. The nitrogen dioxide will accumulate first at the top of the
poorly ventilated silos (200 — 2000 ppm within 1-2 days) and when
inhaled by humans or other animals the reaction of the NO, with water
results in nitrous acid, causing damage to the airways, or potentially
any other surface that was exposed to NO, [9-11]. Pulmonary edema
may be found if high concentrations of gas are inhaled during normal
breathing and work related to silo operations. In lower concentrations
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exudate and bronchia-constriction are observed. Impaired breathing
also occurs as was measured by Scott and Hunt [12]. Sudden death
has been reported due to exposure at extremely high concentrations
of gas. This is due to the rapid consumption of oxygen by nitrogen
oxides resulting in less oxygen being available, with resulting hypoxia.
The best treatment for the disease is prevention through education
of farm workers and managers. Specifically working in silos properly
ventilated, and where possible not working alone. Steroid therapy has
been used to treat the disease with varying degrees of success.

However, not all of parts of the immune system may be involved.
In vitro effects of nitrogen dioxide (NaNO,) were studied in an assay
which used vesicular stomatitis virus (VSV) to infect rabbit RK-
13 cells. Type 1 interferon (IF) produced completely inhibited virus
(VSV) plaque production derived from splenic lymphocytes either
treated or not treated with NaNO, below an IF dilution of 107 At
the 10° dilution of IF, plaque numbers in both treated and untreated
groups were reduced 95%. The 10?*° and 10 dilutions produced an
82% and 66% reduction respectively in plaque number. The protective
effect was mediated by a reduction in the IF level, not by presence
of NaNO,. These data indicate that at least for interferon (Type 1),
nitrogen dioxide presence may not be a relevant factor in preventing
the immune response, in this case interferon from attacking this virus.
This also is an indicator of the toxic, yet selective nature of the gas in
solution.

The Mayo Clinic collected patient data over a 32 year period for
patients exposed to silo gas. There were 17 patients examined with
acute lung injury occurring in 11 of those patients. Clinical findings
included alveolar damage hemorrhagic edema [13]. Hypoxemia
and airway obstruction occurred, but infiltrates were not observed.
Corticosteroids were the treatment regimen in this study as was the
case for other studies [3,7].
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Farmer’s Lung is one member of a disease group known collectively
as Hypersensitivity Pneumonia (HP). Other diseases included in this
group are Summer-type HP, Hot Tub Lung, Pigeon Breeders disease
and MDI HP [14]. Summer-type HP is a disease that occurs almost
exclusively in Asia, especially Japan where it is the most common type
of pneumonitis accounting for about 70% of all reported cases [15,16].
Specific antibody may be detected against Trichosporon asahii and
Trichosporon mucoides. Interestingly, data indicate that smoking tends
to suppress the disease presumably by stimulating macrophage activity
in the lung and thus antigen clearance [16]. Hot Tub Lung is a more
recent syndrome associated with hotels and spas [17]. Hot Tub Lung is
a granulomatous disease caused by the Mycobacterium avium complex.
The bacterial complex is inhaled as part of a water aerosol mixture and
has recently (2016) been reported associated with a husband and wife
in Japan [18]. Pigeon Breeders disease is an HP caused by the inhalation
of bird derived proteins [19,20]. The condition may be acute, subacute
or chronic. The pathology of this disease may be linked to frequency
and intensity of exposure to the protein complex. CT scans show
pulmonary cysts and a diffuse ground-glass appearance [19]. Patients
who avoid contact with the antigen complex for a sustained period
demonstrate relief from the disease. Methylene diphenyl discocyante
hypersensitivity pneumonitis, (MDI HP) is chemical that following
exposure can lead to a variety of symptoms. The chemical causes an
allergic contact dermatitis and asthma [21,22]. This chemical is used
worldwide and has the ability to penetrate into the lower lung [21]. It
can penetrate protective equipment such as gloves and thus cause skin
dermatitis [22].

Farmer’s Lung is a hypersensitivity (pneumonitis) condition
caused by inhalation of mold spores [23]. Symptoms may occur as
early as 2-4 hours in the acute form after exposure and include cough,
fever, chills, sweating headache and malaise. Nausea has been reported
within 10 hours post-exposure. The chronic form of the disease has
an onset over months with increased fatigue and weight loss. A more
recent and much rarer manifestation is the presence of large bulla in
the lung [24]. The disease usually manifests itself during the winter
months when handling moldy organic materials. Rain during the
harvest season is a major factor. Studies have linked the prevalence of
the disease to weather conditions. Serological testing for the antigens is
common but may not be conclusive in disease diagnosis. In the acute
phase of the disease loss of lung volume is noted. Chest radiology may
indicate nodular or linear shadows. In the more prolonged chronic
phase of the disease, weight loss and fatigue may result. The prevalence
of the disease may range from 3% to 9%, and is more common in
climatic conditions which may support mold growth such as increased
humidity the associated dampness, especially in areas where hay
is stored. Other authors put the prevalence of the disease at 0.5% to
3%. A study in China among 5,880 active greenhouse farmers put the
incidence at 5.8% [25].

More recently Saccharopolyspora rectivirgula and Eurotium
amstelodami have been specifically identified associated with compost
workers and subsequently associated with serum antibodies in the
blood of these workers especially during hay making season and thus as
causative agents of FL [26,27]. The genome sequence for these antigens
has been shown [28].

Treatment includes avoidance of, or protection from moist hay,
especially with workers previously exposed who have had an infection.
Since FL often manifests itself as lung inflammation, some farmers
have taken steroids proactively during hay making season to lessen or
avoid the symptoms of the disease. Chief among these is prednisolone.
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However, steroids have not been shown to have a beneficial effect in
long term disease treatment. Work practices on farms have a major
effect. The quality and moisture content of hay have a major impact on
the prevalence of the disease. Warm air drying of loose hay leads to less
contamination and thus less chance of exposure.

Conclusion

These two diseases have been almost endemic in the agricultural
industry worldwide for centuries. Sheer speculations about the cause of
these syndromes have given way to specific disease causes and genetic
mapping of the etiologic agents of Farmer’s Lung. While the causes
of these diseases have followed the same learning trajectory as more
recent syndromes of the modern age such as Zika Virus, the treatment
or prevention regimens are the same. In the case of Farmer’s Lung and
Silo Filler’s Disease, the main treatment is prevention. Specifically,
avoidance of the disease causing agents.
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