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Introduction

In feedlot cattle, acute interstitial pneumonia (AIP) is a sporadically occurring respiratory condition that
is often fatal. AIP can have a serious negative impact for individual feedlots, because cattle that have
been on feed for some time can be affected, because treatment is often ineffective, and because
outbreaks leading to death of multiple cattle can occur

Clinical signs and definition

Cattle with AIP have a sudden onset of dyspnea. They stand with the head lowered and neck extended,
and breathe with an open mouth, with an expiratory grunt. They may have a base-wide stance in the
front limbs. Nasal discharge and coughing are not common. Cattle suspected to have AIP must be
moved for examination or treatment carefully, as handling and movement may lead to death. Affected
cattle may be found dead without previous signs of disease having been noticed.

“Acute interstitial pneumonia” is a pathologic definition that can only be confirmed by microscopic
(histopathologic) evaluation of lung tissue. Therefore, a live animal can only be identified to have signs
consistent with AIP; without a lung biopsy AIP cannot be definitively diagnosed in the live animal. In
humans and other species with AIP, characteristic clinical signs and diagnostic test results are used to
confirm a clinical definition of “acute respiratory distress syndrome” (ARDS).! A diagnosis of AIP can
only be confirmed by histopathologic evaluation of lung tissue collected at postmortem. Experienced
feedlot staff may accurately diagnose many AIP cases, but even knowledgeable individuals may
misdiagnose some cases when making a judgment based on clinical signs or gross pathology alone.
Reports indicated that 67% - 82% of cattle suspected by to have AIP based on their clinical signs were
confirmed by histopathologic evaluation.??

Pathology of AIP

Grossly, lungs from cattle affected by AIP remain expanded when the chest is opened. The lung tissue
has a firm, rubbery consistency. Individual lung lobules may vary in color from pale pink or gray to
brown, dark red, or purple, giving the lung a “patchwork quilt” or “checkerboard” appearance (Figure
2).2* Emphysematous bullae or interstitial emphysema may be grossly evident.>* However, the
presence of grossly evident emphysema, which may simply be a result of agonal breathing, does not
alone confirm a diagnosis of AIP. On cross section, the lung surface may appear shiny, due to edema;
hemorrhage may also be evident. Manual manipulation of the lung often reveals the lobules to be
independently movable, due to their separation by edema or emphysema.® Cattle with AIP can have
concurrent fibrinous bronchopneumonia, or bovine respiratory disease (BRD) affecting the cranial
and/or ventral lung, with firm, dark red, gray, or brown lung that may also have fibrin on the surface.?®
In such cases, primary, possibly chronic bronchopneumonia may have predisposed the animal to
development of superimposed (secondary) AlP.
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Microscopically, the lesions of AIP include alveolar accumulation of pink homogenous material
consisting of proteinaceous fluid (sometimes condensed into “hyaline membranes”).2* Neutrophils,
macrophages, and sometimes eosinophils infiltrate into alveoli and airways. Edema and hemorrhage
may be present in some lobules. These may be the only lesions in cattle that die very soon after disease
onset (the “exudative phase” of AIP). In cases that live longer, proliferation of alveolar type Il
pheumocytes occurs, and is seen microscopically (the “proliferative phase” of AIP).2* With more time,
inflammatory cells and fibrous tissue may infiltrate the interstitial space. Although AIP is an acute
disease, some cattle also have histopathologic evidence of chronic or past airway injury, including
bronchiolitis obliterans.>*® Bronchiolitis obliterans results from injury to the airway epithelium, and
could be due to recent or past viral or bacterial infection, or injury from pneumotoxins or inhaled
irritants. In humans, the lesion can also result from immune-mediated conditions.” The frequent
occurrence of bronchiolitis obliterans in cases of feedlot AIP may be a clue to the etiology, but the exact
cause of the lesion is not known.

Epidemiology and risk factors

In the 2011 USDA NAHMS survey,® 72% of all feedlots reported having cattle with AIP, with AIP affecting
2.8% of cattle placed. For comparison, 97% of feedlots reported having cattle with shipping fever (BRD),
with BRD affecting 16.2% of cattle placed. A survey of causes of death in yearling feedlot cattle over a
single year in 4 western U.S. feedlots revealed AIP in 5.3% of the cattle subjected to necropsy.*
Mortality rates ranging from 0.03% - 0.15% of all cattle placed have been reported.*° Compared to BRD,
cattle die of AIP relatively late in the feeding period;° the average number of days on feed at the time of
death for cattle with AIP has been reported to be 114 — 136 days.>>!° Heifers may be disproportionately
affected; in one report the odds of an animal with AIP being a heifer were 3.1 times greater than
controls.!! However, in a survey of feedlots to determine risk factors for AIP, feedlots where 50% - 75%
of placements were heifers did not always report having cases of AIP.*2 Thus, in feedlots where AIP
occurs, heifers may be disproportionately affected, but feedlots placing large numbers of heifers do not
always see AlP.

Gastrointestinal problems may predispose feedlot cattle to develop AIP. An analysis of health records
for 128,500 feedlot cattle collected over 18 months showed that the incidence of AIP was approximately
70% greater in pens where at least one digestive death occurred, as compared to pens where a digestive
death did not occur.'® However, AIP does not appear to result from acidosis; cattle with feedlot AIP have
been found to have higher ruminal pH values than expected for cattle adapted to a high concentrated
diet. Ruminal pH in AIP cases ranged from 5.6 to 7.2 in one study? and from 4.9 to 7.4 in another,**
whereas the ruminal pH of cattle adapted to a high concentrate diet is typically about 5.5 to 5.6.%> Many
proteins are relatively basic; therefore the high ruminal pH could be related to abnormal protein
metabolism. However, the relatively high ruminal pH could also be caused by anorexia.

A survey of U.S. feedlots!? found that feedlots in northern states (Nebraska, Utah, Idaho, South Dakota,
North Dakota, Montana, and Washington) were less likely to recognize AIP as a cause of morbidity and
mortality than feedlots in other states, with 66% of northern feedlots recognizing AIP, versus 94% of
feedlots in other regions (P < 0.01). Larger feedlots were more likely to recognize AIP; 90% of
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responding feedlots that placed 10,000 or more cattle annually reported AIP as a cause of morbidity and
mortality, as compared to 62% of feedlots placing fewer than 10,000 head annually (P < 0.01). Feedlots
that vaccinated over 95% of their cattle against Mannheimia haemolytica +/- Pasteurella multocida were
less likely to report seeing AIP cases, as compared to feedlots vaccinating 95% or fewer of their cattle (P
< 0.001). The significance of the relationship between Mannheimia/Pasteurella vaccination and AIP is
not known. Because a trend toward increased recognition of AIP by feedlots placing more yearling
cattle was also identified in the survey, the relationship between Mannheimia/Pasteurella vaccination
and decreased recognition of AIP may have been because AIP was less common in feedlots placing
younger cattle, where vaccination against Mannheimia/Pasteurella was likely more common.

So...what the heck causes AIP?

Acute interstitial pneumonia occurs following injury to alveolar epithelial cells; therefore cattle with
feedlot AIP have been exposed to something that injures these cells. However, the exact cause of this
injury may be difficult or impossible to determine. In cattle outside of feedlots, pneumotoxic
compounds such as 3-methylindole (3-Ml), produced by ruminal metabolism of L-tryptophan in green
forage®® are known to cause bronchiolar and alveolar epithelial cell injury, leading to AIP. Metabolites of
3-Ml such as 3-methyleneindolenine (3-MEIN) bind to cellular proteins and nucleic acids, leading to
cellular dysfunction and death. Pneumotoxins in moldy sweet potatoes'’ and perilla mint*® likewise
cause AIP by direct cellular injury. Other feeds, including turnip tops, moldy hay, and individual batches
of silage, have been associated with AIP outbreaks, but the causative components of these feeds is not
known. Toxic gases, such as nitrogen dioxide, zinc oxide, or chlorine gas, can cause AIP, but in most
cases feedlot cattle are unlikely to be exposed to concentrations of these gases sufficient to cause
disease. Smoke inhalation can also cause AIP, and exposure is usually obvious.

While the exact cause of feedlot AIP is not known, research undertaken to determine the cause has
identified the following factors to be associated with the disease in one or more reports:

3-methylindole (3-MI) and metabolites of 3-MI>!
melengestrol acetate (MGA)2°

BRSV infection®?!

bacterial pneumonia®®

airway epithelial cell injury (bronchiolitis obliterans
hot weather®*

dusty conditions®*

)2,4,6

Two or more of the above factors may interact to induce AIP in many cases. This is suggested by the
finding that experimental exposure of cattle to BRSV with 3-Ml has been shown to cause lung lesions of
significantly increased severity compared to those seen in cattle exposed to BRSV or 3-Ml alone.??

Taken together, the available information suggests that: 1) factors related to the formulation or
delivery of the diet, or rumen metabolism of dietary components; and/or 2) viral or bacterial
respiratory infection are likely the most important factors contributing to the development of most
cases of feedlot AIP.
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It has been repeatedly reported that more AIP cases occur during hot or dusty weather, but it is not
clear why this is so. Perhaps hot or dusty weather stresses the respiratory system when it is primed for
AIP by one or more of the factors listed above, pushing cattle to a “tipping point” that leads to disease.
Exposure of sheep or goats to repeated doses of aerosolized feedlot dust containing microorganisms
and endotoxin did not lead to AIP,2>?* and exposure to Mannheimia haemolytica or Pasteurella
multocida did not induce serious lung disease in goats exposed to aerosolized feedlot dust.?* Similarly,
tracheal instillation of spores of fungi commonly found in feedlot dust did not induce AIP in goats.?
These studies suggest that feedlot dust exposure alone is unlikely to cause AIP.

Treatment of cattle suspected to have AIP

Evidence-based guidelines for treatment of feedlot AIP are lacking. It is noteworthy that there are
currently no specific treatments for humans with the clinical syndrome ARDS, likely due to AIP;%:?7
current recommendations for treatment of humans with ARDS include rigorous supportive care, with
certain mechanical ventilation strategies most commonly cited as improving outcomes. In humans, beta-
adrenergic agonists, high-dose or moderate-dose corticosteroids, neutrophil elastase inhibitors, and a
variety of other therapies have been tested, but have failed to improve outcomes in patients with
ARDS.?” Low doses of corticosteroids appear to be beneficial, but repeated daily treatments for one to
four weeks are used;?® such a regimen is not likely feasible for use in feedlot cattle.

Although no specific therapies are proven to be effective in cattle with feedlot AIP, and no drugs are
labeled for the treatment of feedlot AIP, it is rational to treat cattle suspected to have AIP with drugs
that address the lesions known to occur in affected lungs, namely, cellular injury, inflammation, and, in
some cases, bacterial infection. Additionally, because antemortem case definition is not perfectly
accurate, it is prudent to treat apparent AIP cases with antimicrobials, because some may actually have
BRD. Treatments most commonly recommended include antimicrobials appropriate for treatment of M.
haemolytica and P. multocida, and

NSAIDs, particularly aspirin. Because cattle with AIP may die suddenly, and because treatment may not
be effective, emergency slaughter of AIP cases when they are first identified may be the best course of
action.33

Case fatality and chronic rates for cattle with AIP have not been published, but the reported use of
emergency slaughter to handle cases suggests that feedlots do not find therapy to be rewarding.
Because it is not possible to make a definitive antemortem diagnosis of AIP in the feedlot setting, it is
difficult to know whether cattle that survive an apparent episode of AIP truly had AIP. Humans that
survive episodes of ARDS can have long-term debilitation that has a negative impact on quality of life.?®

Prevention of Feedlot AIP

There is currently no published evidence from controlled trials that supports the development of
recommendation to prevent feedlot AIP. Monensin decreases the metabolism of tryptophan to 3-Ml by
Lactobacillus sp. in the rumen; for this reason monensin is sometimes fed to cattle at risk for pasture-
associated AIP. Monensin may also help control feedlot AIP; however, feedlot cattle fed rations
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containing monensin sometimes still develop AIP.2?° Because free radical scavengers can reduce the

toxicity of metabolites of 3-Ml, both vitamin E?>3° and the glutathione precursor cysteine (provided as

feather meal)?® have been administered to decrease rates of AIP or to improve growth and health in

cattle at risk for AIP. However, no clear beneficial effect of these treatments has been identified.

Likewise, while aspirin is theoretically beneficial because it can inhibit function of prostaglandin H
synthetase, which can generate toxic metabolites from 3-MI,3! a clear protective effect against AIP has
not been identified.3*32 However, it has been claimed that aspirin treatment of cattle with clinical signs
of AIP is associated with longer survival.®

Removal of MGA from heifer diets has been reported to decrease AIP.3* In a subsequent clinical trial,
these researchers found no difference in death loss in pens of heifers fed MGA compared to pens of
heifers not fed MGA; however, rates of emergency slaughter (due to clinical signs consistent with AIP)
for heifers fed MGA were over 3 times higher than those for heifers not fed MGA.?° However, it should
be noted that others have suggested that erratic consumption of MGA, leading to estrus, with related
hormonal changes, decreased feed intake, and resulting digestive changes, may actually cause AIP.2
This line of reasoning suggests that inadequate MGA consumption leads to AIP. If MGA does contribute
to the pathogenesis of AIP its role is not clear; it has been speculated to increase production of 3-Ml
through multiple possible pathways.

Given the list of factors associated with feedlot AIP, it is rational to consider the following interventions
to decrease occurrence of the disease:

1. Ensure that rations are formulated, mixed, and delivered consistently.
2. Ensure that monensin is included in the ration at the highest appropriate dose.

3. Review MGA use if AIP in heifers is a problem. Ensure consistent intake, or consider removing from
ration (expert views are mixed on the role of MGA).

4. Institute practices to decrease dust and minimize heat stress. Focusing on pens of cattle that have
been in the feedlot > 45 days may be most efficient

5. Ensure timely identification and treatment of cattle with signs of BRD, which may predispose cattle to
later develop AIP.
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