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Abstract

Acute interstitial pneumonia (AIP) has been rec-
ognized in feedlot cattle for decades, but the cause is
still unknown. AIP is most common in cattle on feed
greater than 45 days; heifers may be disproportionally
affected. Clinical signs suggest severe respiratory dis-
tress, but a definitive diagnosis can only be made at
postmortem. At postmortem, the lungs fail to collapse,
interstitial emphysema and edema is evident, and a
“checkerboard” pattern of light and dark colored, inde-
pendently movable lobules is commonly seen. Histo-
logically, hyaline membranes, type II pneumocyte
hyperplasia, and later, cellular infiltrates are found. No
specific treatment is reliably effective. Known causes
of AIP outside feedlots include 3-methylindole, perilla
mint, and moldy sweet potato toxicity. Bovine respira-
tory syncytial virus can cause lesions similar to AIP.
Bronchopneumonia and histologic evidence of chronic
bronchiolar injury have been described in cattle with
feedlot AIP, suggesting that chronic airway inflamma-
tion may predispose cattle to the disease. Recent re-
search suggests that 3-methylindole, hormonal
influences (including the feeding of melengestrol ac-
etate), and bacterial lung infection may influence the
development of feedlot AIP; however, no evidence is cur-
rently strong enough to support any of these as a single
cause. Recent research does not support acute BRSV
infection as a cause. Other insults speculated to cause
feedlot AIP, such as dust exposure, heat, and allergic
reactions, have not been investigated. Currently it
seems most likely that feedlot AIP has a multifactorial
etiology, and the relative importance of various factors
may differ among feedyards. More information is needed
before informed recommendations regarding prevention
of feedlot AIP can be made.

Introduction
Acute interstitial pneumonia (AIP) can be a frus-

trating problem for feedlots. Clinical signs can be subtle
in the early stages of the disease, but the condition rap-

idly progresses to cause respiratory distress and death.
Death due to feedlot AIP is most common in cattle on
feed greater than 45 days,'”'® thus losses are amplified
by the resources invested in animals prior to death. No
reliable treatment has been identified, and clinical ex-
perience with a similar syndrome in human beings
suggests that a treatment that is consistently effective
and practical for use in the feedlot is unlikely to be
found.” Thus, efforts should be aimed at preventing feed-
lot AIP and decreasing losses due to the disease. Al-
though experienced feedlot staff can often guess when
AIP deaths are likely to increase, they can’t implement
effective preventative measures because so little is
known about the cause of the disease. A review of the
history of AIP and examination of some recent research
may help clarify misconceptions about feedlot AIP, and
will establish a basis for understanding the results of
ongoing research aimed at identifying preventative
measures.

Clinical Signs and Pathology

Clinical signs of AIP include evidence of respira-
tory distress characterized by a sway-backed appear-
ance with extended head, open mouth breathing, and a
wide-based stance in the front limbs.?? The respiratory
rate may be increased or may be relatively slow due to
the effort associated with breathing. An expiratory ab-
dominal push, sometimes with an audible grunt, is of-
ten evident. Animals with these clinical signs must be
moved with care if at all, as it is not unusual for them to
die due to the stress and effort of forced exercise.

It is important to note that the clinical signs de-
scribed above are not perfectly specific for AIP and may
also be seen with other types of respiratory disease, or
with severe heat stress. Fever is inconsistent in ani-
mals with AIP (Woolums et al, unpublished data), and
lack of fever may help distinguish some cases of AIP
from cases of acute pneumonia due to infectious causes.

Gross pathologic findings of AIP include expanded
lungs that fail to collapse when the thorax is opened.
The lung tissue feels “meaty” or rubbery (heavier and
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firmer than normal). Interstitial edema and emphy-
sema is often present. It is important to remember that
some emphysema often develops in response to agonal
breathing in cattle, thus the finding of grossly apparent
emphysema cannot alone be considered sufficient to
make a diagnosis of AIP. In some cases of AIP, the cut
surface of lung may appear wet or shiny due to intersti-
tial edema, however, this is not a consistent finding. In
some AIP cases the surface appears relatively dry. A
common finding is that individual lobules appear “freely
movable”,* due to their separation by interlobular
edema or emphysema. The color of the lobules often
varies, with some dark red and others pale, giving a
“patchwork” appearance to the lung. It is possible for
individual regions of the lung to be affected with AIP, or
for the gross abnormalities to be distributed evenly
throughout all lung fields. Animals with AIP may have
gross evidence of concurrent bronchopneumonia.

In our ongoing research we have found that some
cases of bronchopneumonia without AIP can have ex-
panded, “meaty”-textured dorsocaudal lung that appears
grossly to be AIP, but which is not confirmed histologi-
cally. In these cases the gross findings are due to inter-
stitial inflammation that may be related to a generalized
inflammatory response in the lung resulting from the
primary infectious etiology.

Histopathologic evaluation is necessary to confirm
a diagnosis of AIP. A definitive diagnosis of AIP is made
based on identification of hyaline membranes (a result of
alveolar accumulation of proteinaceous fluid), alveolar
type II pneumocyte proliferation, interstitial edema and
emphysema (and sometimes hemorrhage), and intersti-
tial infiltration of inflammatory cells, both neutrophils
and mononuclear cells.*'7?%28 The most acute changes
are hyaline membrane formation and interstitial edema
and emphysema, which are attributed to leakage of fluid
into the alveoli and air into the interstitium as a result of
damage to the alveolar-vascular interface. Later, the
subacute changes of type II pneumocyte proliferation and
inflammatory cell infiltrate are seen. Inindividual cases
of AIP either the acute or subacute changes may predomi-
nate. In early reports this difference between cases was
attributed to different etiologies,?® but it is more likely
that the difference is due to varying duration of time from
the onset of disease until death.

It is interesting to note that changes consistent
with chronic bronchiolar injury, specifically bronchioli-
tis obliterans, have been described in cases of AIP in
many reports.>!"?8 In at least one report® bronchiolitis
obliterans was present significantly more often in AIP
cases than controls. This indicates that chronic airway
insult is occurring in animals that go on to develop AIP.
The cause of the airway insult is unknown, but could
include past infection with Mycoplasma, BRSV, or
parainfluenza virus (PI3), or irritants such as dust.

It is important to note that not all cases identified
as AIP based on clinical signs or gross pathology are
confirmed histologically. In one study,' 82% of cases iden-
tified based on clinical signs and gross pathology were
confirmed to be AIP. Our ongoing research has revealed
a similar or sometimes lower level of agreement in dif-
ferent feedyards. In our research, animals found not to
have AIP have instead been found to have histopatho-
logic changes consistent with chronic bronchopneumo-
nia or chronic bronchiolitis.

It must be emphasized that the pathologic changes
of AIP can occur in response to a variety of insults that
cause severe acute alveolar damage. Thus the lesion of
AIP should not be considered as specific for one particu-
lar etiology, but rather a possible result of a variety of
etiologies. The challenge for researchers will be to de-
termine which etiologies are the most important causes
of AIP in feedlot cattle.

History and Early Research Efforts

In several reports from the 1940’s and 1950’s, dis-
ease consistent with AIP was described in cattle of all
ages and in a variety of production settings.*%26:?" Be-
cause of the failure of usually reliable treatments to work
in animals affected with this syndrome, and also be-
cause of what was thought to be unusual pathology com-
pared to that seen in cattle with bronchopneumonia, the
disease was considered an atypical pneumonia, and was
often referred to as “atypical interstitial pneumonia”.?
We now know the pathology was not atypical, but was
actually typical of that seen following acute alveolar
injury.!? A variety of other names were also applied to
the syndrome, including pulmonary adenomatosis (due
to the histological glandular appearance of the lung),
bovine pulmonary emphysema, bovine asthma and “fog
fever”. The variety of names revealed the general lack
of knowledge regarding the exact cause of the syndrome.
In many cases feed changes were linked to outbreaks,
particularly the addition of moldy feeds such as corn
stalks or sweet potatoes. Theories regarding possible
causes abounded, and many of the early writers focused
on hypersensitivity as a likely cause.

In the 1970’s, some breakthroughs were made re-
garding the cause of at least some cases of AIP. It was
found that dietary tryptophan could be metabolized by
rumen microbes to indoleacetic acid and then to 3-
methylindole (3-MI), which is a pneumotoxin that can
damage ruminant lung and lead to lesions typical of
AIP.'* This was determined to be the major cause of
AIP associated with an abrupt move of cattle to green
pasture. Around the same time it was found that other
pneumotoxic compounds were present in moldy sweet
potatoes and purple mint.3! In light of this informa-
tion, AIP outbreaks associated with abrupt diet changes
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or introduction of novel feedstuffs are often attributed
to dietary pneumotoxins, even when there is not neces-
sarily evidence for this etiology.

Another relevant discovery in the 1970’s was a new
respiratory virus that was associated with some out-
breaks of AIP, particularly those occurring in weaned
calves. This virus was bovine respiratory syncytial vi-
rus (BRSV).%® BRSV infection causes many of the
pathologic lesions also seen in AIP, but histologic iden-
tification of syncytial (multinucleated) cells in bronchi-
oles and alveoli is particularly characteristic and is not
consistently present in AIP. Moreover, acute bronchi-
olitis is a hallmark of acute BRSV infection that is not
consistently found in AIP. However, the fact that BRSV
can be difficult to isolate and often eluded early investi-
gators no doubt led to confusion regarding which out-
breaks were due to BRSV infection and which were AIP
due to other causes. Further clouding the issue was the
observation made by many that BRSV outbreaks seemed
to be associated with feeding corn silage. This led to
speculation that dietary pneumotoxins and BRSV some-
how interacted, a theory that was to be revisited in com-
ing decades.?®

Another theory that has often been raised is that
toxic gases, either inhaled from environmental sources
or generated in the rumen, cause AIP. This theory has
been much discussed but to this date almost no research
has been done to test the hypothesis. In one small study,
one steer was exposed to large amounts of nitrogen di-
oxide by inhalation and that animal did develop signs
of AIP.’® However, a second animal that had large quan-
tities of nitrogen dioxide pumped into the rumen for
several days never developed AIP. The amount of nitro-
gen dioxide required to induce AIP in the single animal
affected was so large that the investigators considered
it highly unlikely that such exposure was the cause of
any significant number of natural AIP cases.

The theory that anaphylaxis or hypersensitivity
causes AIP has also been much discussed, but studied
very little. One group of researchers tested the ana-
phylaxis theory by inducing hypersensitivity in cattle
and sheep to egg protein or horse serum.!®* These ani-
mals did develop respiratory distress, and one animal
that died acutely did have some of the lesions typical of
acute AIP, including interstitial edema, emphysema and
hyaline membrane formation. However, the majority
of the animals recovered, and when they were
euthanized a few days later they did not have the typi-
cal subacute lesions of AIP, alveolar type II pneumocytes
proliferation with inflammatory cell influx. These find-
ings suggested that AIP is not initiated by a hypersen-
sitivity response. A limitation of this study was that
the allergen was delivered by injection, rather than by
inhalation. Many people have speculated that inhaled
allergens contribute to AIP, but no research has been

done to investigate this possibility. It should be noted
that extrinsic allergic alveolitis, which is due to type III
and type IV hypersensitivity responses to inhaled aller-
gens, is characterized by very different pathology than
AIP.2

Thus, by the end of the 1970’s at least two major
causes of the bovine lung lesion typical of AIP had been
identified; dietary pneumotoxins, especially 3-MI asso-
ciated with dietary tryptophan, and BRSV infection.

In 1988, the first published attempt to determine
a cause of feedlot AIP was reported. In a small obser-
vational study, researchers tested the hypothesis that
BRSV was associated with AIP. They found that 11 of
15 cattle with naturally occurring fatal AIP were infected
with BRSV, while only 5 of 18 cattle with other types of
respiratory disease were infected with BRSV. This as-
sociation was significant, suggesting that BRSV was the
cause of at least some cases of feedlot AIP, however, later
research would not support this finding.!1928

Recent Research

Since the 1990’s more research has been carried
out that directly or indirectly provides information re-
garding possible causes of feedlot AIP. In two studies,
investigators tested the hypothesis that concurrent ex-
posure to 3-MI and BRSV causes more severe lung dis-
ease than exposure to either agent alone. In one study,
disease was not enhanced in cattle exposed to both 3-
MI and BRSV,® but in a later study combined exposure
did enhance disease®. Failure to induce enhanced dis-
ease in the first study may have been related to low
virulence of the BRSV isolate used for challenge. These
findings raise the possibility that low levels of 3-MI com-
bined with low-level BRSV challenge may together lead
to AIP when the dose of each is insufficient to cause
disease alone.

A direct examination of feedlot AIP was undertaken
by researchers in western Canada'. In selected west-
ern Canadian feedlots, heifers appeared to be
disproportionally affected by AIP. Anecdotal evidence
suggested that withdrawal of melengestrol acetate
(MGA) decreased the incidence of AIP. Controlled stud-
ies indicated that ewes fed MGA had higher baseline
levels of a toxic metabolite of 3-MI, 3-
methyleneindolenine (3-MEIN), in their plasma than
control sheep.? Additionally, when sheep fed MGA were
challenged with 3-MI, they developed respiratory dis-
tress more rapidly than control sheep not fed MGA, and
3-MEIN levels were higher in the lung of sheep fed MGA
than in controls. This research supported the concept
that MGA exposure could increase levels of pneumotoxic
metabolites in the lung following 3-MI exposure.

These researchers extended their studies by mea-
suring levels of 3-MEIN in the tissues of cattle dying of
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AIP in western Canadian feedlots. In 31 animals with
naturally occurring AIP, plasma 3-MEIN levels were
increased compared to control animals. However, 3-
MEIN levels were not increased in the lung of AIP cases.!
In a further study,’ 3-MEIN levels were measured in
the plasma of intact heifers, ovariectomized heifers, and
in heifers fed MGA. No differences were found, sug-
gesting that feeding MGA did not cause a baseline in-
crease in 3-MEIN levels in heifers as it had in sheep. In
summary, the western Canadian research supports some
role for 3-MI in feedlot AIP, but the relationship between
3-MEIN levels and the development of AIP is not
straightforward.

Other research aimed at determining the cause of
feedlot AIP has been done by investigators at Colorado
State University.'* Levels of 3-MEIN were measured
in lung tissue taken at postmortem from animals with
AIP, animals with bronchopneumonia, and animals sub-
jected to postmortem for nonrespiratory disease. Blood
for analysis was also available from a subset of the ani-
mals. Levels of 3-MEIN were higher in the blood of ATP
cases than in cattle with bronchopneumonia or the con-
trol animals. Levels of 3-MEIN were also higher in the
lung of AIP cases as compared to control animals, but
there was no difference in 3-MEIN levels in the lung of
AIP cases compared to animals with bronchopneumo-
nia.?® These results are interesting because they sug-
gest that toxic 3-MI metabolites may be involved with
disease due to both AIP and bronchopneumonia. How-
ever, if 3-MI is a unique cause of AIP, it is not clear why
3-MEIN levels are not higher in the lung tissue of cattle
with AIP compared to cattle with bronchopneumonia.

In addition to 3-MI, recent research has evaluated
the association of infection with respiratory pathogens
with feedlot AIP. Bacterial infection was associated with
AIP in two reports,'®?® but not in a third.’* BRSV infec-
tion was not associated with AIP in three recently pub-
lished studies,'*?® indicating that acute BRSV infection
is not associated with AIP, in contrast to the early re-
port by Collins et al.® To date, our ongoing research has
not supported a role for acute BRSV infection. Because
evidence of chronic bronchiolar injury is common in
cattle with AIP*1728 and because BRSV causes bronchi-
olar injury, a role for past BRSV infection cannot be ruled
out. Acute infection with PI3, bovine viral diarrhea vi-
rus (BVDV), or bovine herpesvirus-1 (BHV-1) was also
not found to be associated with development of AIP in
one study.'®

Summary of Current Concepts Regarding the
Cause of Feedlot ATP

Reading the available information on feedlot ATP
can be nearly as frustrating as dealing with AIP cases
in the feedlot. Some hypotheses have been tested sev-

eral times, with different answers resulting. Other hy-
potheses have never been tested, although they are still
discussed. The available information can be summa-
rized as follows:

3-MI

Animals with AIP have repeatedly been found to
have higher levels of 3-MEIN, a toxic metabolite of 3-
MI, in their blood as compared to control animals. This
suggests that 3-MI toxicity is somehow involved with
AIP. However, it is not clear why the toxic metabolites
are not higher in the lung tissue of animals with AIP.
Researchers do not understand the equilibrium of these
metabolites well. It may be that 3-MEIN leaks from
damaged lung back into the blood. Some research has
suggested that 3-MI contributes to other BRD as well.?

If 3-MI toxicity contributes to feedlot AIP, it is im-
portant to determine where the 3-MI comes from. Nor-
mal cattle produce some 3-MI from rumen metabolism
of dietary proteins. Feedlot AIP is particularly a prob-
lem in animals on feed for over 45 days, and these ani-
mals normally don’t experience large, erratic changes
in ration that would be likely to lead to large spikes in
3-MI production. However, it may be that some combi-
nation of feedstuffs can lead to 3-MI spikes that con-
tribute to the development of AIP. More research is
necessary to determine whether specific feedstuffs can
be associated with feedlot AIP.

Treatment with vitamin E or aspirin, and feeds
containing elevated cysteine levels (for example, feather
meal), have all been proposed to decrease incidence due
to AIP through various mechanisms.??!*> While some
of these interventions have shown promise in small tri-
als, a consistent and cost-effective advantage for these
treatments has not yet been confirmed.

Bacterial or viral infection, including BRSV

Three recent studies have found no association be-
tween BRSV and feedlot AIP, making it seem unlikely that
acute BRSV infection causes most feedlot AIP cases. How-
ever, repeated studies have shown that animals with ATP
also have evidence of chronic bronchiolar inflammation,
more than seen in control animals. It may be that past
BRSYV infection, or infection with other viruses or bacteria
that cause bronchiolar inflammation, contributes to the
development of AIP. Perhaps such infections result in
changes in local inflammatory mediators that then con-
tribute to the development of AIP. Acute respiratory dis-
tress syndrome (ARDS) in human beings is a syndrome
very similar to AIP, and it has been shown that human
ARDS is associated with high levels of proinflammatory
cytokines such as tumor necrosis factor alpha (TNF-o) and
interleukin 1 beta (IL-1B).15%* Infection with Mannheimia
haemolytica in cattle has been shown to cause production
of high levels of TNF-o. and IL-1B.%33% It seems possible
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that increased production of such cytokines in response to
chronic airway infection could contribute to feedlot AIP in
at least some cases, particularly those with concurrent
evidence of bronchopneumonia.

One of the problems with past research is that
bacterial cultures were taken from animals that may
have been treated with antimicrobials before death,
making the results of bacterial culture less reliable.
Along with colleagues at other universities, our labora-
tory is currently involved in a study of viral and bacte-
rial pathogens in feedlot AIP cases that have not received
antimicrobial treatment. The results from the untreated
AIP cases are being compared to healthy controls taken
from the same pen. We believe this research will give a
clearer picture of the true role of bacterial infection in
AIP. To date we have found that significant bacterial
pathogens can be found in the lung of some animals with
AIP; however, bacteria are not isolated from many AIP
cases even when they have not received antimicrobial
treatment. These results suggest that bacterial infec-
tion is related to the development of AIP in some cases,
but not in others.

Hormonal influences

Multiple studies have shown that heifers are af-
fected disproportionately with AIP. MGA feeding may
play a role in the occurrence of AIP in heifers. Some
investigators feel that MGA increases a heifer’s risk for
developing AIP. Others feel that hormonal changes as-
sociated with erratic cycling in heifers that ingest in-
consistent amounts of MGA during hot weather may be
to blame. Some have suggested that MGA levels should
actually be increased during periods of hot weather to
assure that heifers receive an effective dose even when
feed consumption is decreased. More research into this
area is needed before recommendations can be made
regarding MGA and AIP.

Environmental dust exposure or other hypersensitivity

As discussed above, the lung lesion of AIP is not
the same as that seen in acute anaphylaxis. Moreover,
the lesions of AIP are not similar to those of extrinsic
allergic alveolitis, which is due to type III and type IV
hypersensitivity to inhaled allergens.?* Thus it is un-
likely that inhalation of airborne allergens alone causes
AIP. However, it is possible that inhalation of allergens
could contribute to the development of an inflammatory
environment in the lung which then, in the presence of
other triggers, leads to AIP. No research has been done
directly addressing how hypersensitivity or dust expo-
sure are associated with AIP.

Heat
In many reports, AIP cases are linked with hot
weather. Multiple AIP deaths are expected in many feed-

lots during times of hot, dusty weather. It has been
speculated that irritation or inflammation in the lung
associated with the rapid, open-mouth breathing typi-
cal of overheated cattle contributes to the induction of
severe airway inflammation and AIP. Perhaps changes
in pulmonary blood flow due to hyperthermia contrib-
ute to AIP. No research has been done investigating the
role of ambient temperature in the pathogenesis of AIP.

In any consideration of possible causes of feedlot
AIP, it is important to remember that the lesion in the
lung is not specific for a single etiology. Based on cur-
rently available information, it seems likely that AIP is
a multifactorial disease, with some causative factors
predominating in some yards, and other factors predomi-
nating in other yards. Perhaps a combination of two or
three insults is necessary to induce feedlot AIP. If this
is the case, the key to helping producers will be to de-
termine the causative factors most prevalent in their
yard. Strategies aimed at mitigating one or two factors
might then significantly decrease deaths to AIP. Cur-
rent research supports the concept that dietary factors
leading to production of 3-MI, hormonal factors, bacte-
rial pneumonia, and insults that cause bronchiolar in-
flammation contribute to the pathogenesis of at least
some cases of feedlot AIP.

A recent NAHMS survey of feedlot operators
showed that AIP was the second leading cause of mor-
bidity, behind BRD.3® This suggests that AIP is a real
problem for some yards. Because AIP can be induced
by many different insults, it is unlikely that the disease
will disappear entirely even with the most vigorous re-
search. However, it is reasonable to expect ongoing re-
search to determine the major etiologies in yards where
the disease is a particular problem, so that losses due to
AIP morbidity and mortality can be significantly de-
creased.
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