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Learning objectives
 General learning objectives
1. Discuss the differences between 
bronchopneumonia, interstitial pneumonia, 
bronchointerstitial pneumonia, and embol-
ic pneumonia; with regard to cause, route 
of  infection, pathogenesis, and gross and 
histologic lesions. List the causes of  each 
of  these types of  pneumonia in dogs, cats, 
cattle, swine, sheep, goats, and horses. 

2. By examining specimens or photos 
of  lung lesions from the species of  animals 
listed above, classify the type of  pneu-
monia (bronchopneumonia, interstitial 
pneumonia, bronchointerstitial pneumonia, 
and embolic pneumonia), formulate a list 
of  differential diagnoses, and list which 
additional tests would be useful to make a 
definitive diagnosis. 

3. Identify and interpret cytological 
findings in transtracheal washes, broncho-
alveolar lavages, and pulmonary aspirates 
with respect to the underlying disease 
processes, including infectious, allergic, and 
neoplastic diseases of  the lung. 

4. Describe the sequelae of  injury to 
bronchiolar or alveolar epithelium, and 
predict the functional and clinical changes 
that result from these lesions. 

5. Discuss the cause, pathogenesis, 

morphology, and functional and clinical 
significance of  the following conditions: 
atelectasis, bronchiectasis, bronchiolitis 
obliterans, emphysema, hydrothorax, pneu-
mothorax, pulmonary edema, pulmonary 
hemorrhage, sequestrum. 

6. Describe how the lung is normally 
defended against bacterial infection, and 
list several causes whereby these defences 
are impaired. 

Specific diseases
1. Discuss the importance, etiology, 
pathogenesis, clinico-epidemiologic pre-
sentation, gross and histologic lesions, and 
diagnostic tests for the major respiratory 
diseases listed in the table below. 

2. Describe the cause, gross lesions, 
type of  pneumonia, and diagnostic tests 
(where appropriate) for the minor respira-
tory diseases listed in the table below. 

3. List the cause, importance, and type 
of  pneumonia for the other respiratory 

diseases listed in the table below. 

Note that this pdf  file con-
tains many interactive pan-
els, that allow you to scroll 
through series of  images, 
and look at answers for 
each question box.
Adobe Reader or Acrobat 
are required to view these 
features. They do not work 
with “Preview” on a Mac. 
The “text only” version 
of  these notes does not 
include images, image cap-
tions, questions or answers.

References

1. Pathologic Basis of  Veterinary Disease.  McGavin MD, Zachary J (eds.).  
(at a level suitable for Phase III).

2. Pathology of  domestic animals, 5th ed. (reference only)
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 Major diseases Minor diseases Other diseases
Dogs • Blastomycosis

• Pulmonary 
neoplasia

• Bacterial pneu-
monia

• Nasal aspergil-
losis 

• Nasal carci-
noma 

• Herpesvirus

• ARDS
• Eosinophilic 

lung disease
• Pulmonary 

embolism
• Pyothorax 

• Kennel cough
• Tracheal collapse
• Oslerus oslerii
• Crenosoma vulpis 
• Canine distemper

Cats • Viral: herpes, 
calicivirus

• Bacterial pneu-
monia

• Pulmonary 
neoplasia

• FIP
• Paragonimus

• Aleurostrongy-
lus 

• Empyema
• Cryptococcosis
• Bordetella

• Mycoplasma felis
• Toxoplasmosis
• Idiopathic pulmo-

nary fibrosis

Hors-
es

• Rhodococcus 
equi 

• Strangles/ 
Streptococcus 
equi 

• Equine influ-
enza 

• Equine viral 
rhinotracheitis 

• Heaves

• Interstitial 
pneumonia of  
foals 

• Guttural pouch 
mycosis 

• Exercise-
induced pul-
monary hemor-
rhage 

• Pleuropneumo-
nia

• Equine rhinovi-
ruses 

• Equine adenovi-
rus 

• Dictyocaulus 
arnfieldi 

• Pneumocystis 
carinii

Major diseases Minor diseases Other diseases
Cattle • Pneumonic pasteurel-

losis 
• Mycoplasma bovis
• Bovine respiratory 

syncytial virus 
• Infectious bovine 

rhinotracheitis 
• 3-MI toxicity 
• Aspiration pneumo-

nia
• Histophilus pleuritis

• Parainfluenza, 
coronavirus

• Embolic pneu-
monia

• Dictyocaulus 
• Tuberculosis
• Interstitial 

pneumonia of  
feedlot cattle

• Ascaris suum 
larval migra-
tion 

• Contagious 
bovine pleu-
ropneumonia 

Sheep 
and 
goats

• Maedi-visna/ ovine 
progressive pneumo-
nia 

• Muellerius capillaris 
• Pasteurellosis: pneu-

monic and septicemic 
forms 

• Respira-
tory syncytial 
viruses 

• Mycoplasma 
spp. 

• Oestrus ovis 
• Transmissible 

nasal carci-
noma

• Pulmonary 
adenomato-
sis 

• Peste des 
petits rumi-
nants 

Swine • PRRS
• Mycoplasma hyo-

pneumoniae 
• Swine influenza 
• Actinobacillus pleu-

ropneumoniae
• Strep suis

• Circovirus/ 
PMWS 

• Atrophic rhi-
nitis 

• Haemophilus 
parasuis

• Pseudorabies 
• Porcine 

respiratory 
coronavirus 

• Metastron-
gylus 

• Inclusion 
body rhinitis 

• Actinobacil-
lus suis
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Respiratory system: 
Anatomy and function

Anatomy of  the nasal cavity
 Air flows throught the ventral, middle, 
and dorsal meatuses (which are separated 
by the nasal tissue of  the ventral and dor-
sal conchae/turbinates). Air continues past 
the ethmoid conchae in the caudal nasal 
cavity, then through the choanae into the 
nasopharynx.

 Particles impact on the mucosa of  the 

Figure: Normal nasal anatomy in a cow (left) and Yorkshire terrier dog (right). Identify the nasal meatuses, dorsal middle & ventral 
concha (turbinates), ethmoid conchae, nasopharynx, and the thin cribriform plate separating the nasal cavity from the olfactory lobe 
of  the brain. Once you’ve identified these structures, click on the image to see the labels.

nasal turbinates, and mucociliary clearance 
propels trapped particles to the nasophar-
ynx where they are swallowed.

Olfactory epithelium is present in the cau-
dal nasal cavity, and olfactory nerves pen-
etrates the cribriform plate before entering 
the olfactory lobe of  the brain. Note the 
close association of  ethmoid turbinates 
and brain, so that nasal neoplasia or fungal 
infections may induce neurologic disease 
by local invasion, and viruses may gain 
access to the brain via the olfactory nerves.

Airways
 The epithelium of  the trachea and bronchi 
consists mainly of  pseudostratified ciliated 
epithelium. Cilia move at about 20 beats 
per second, propelling the mucus blanket 
toward the nasopharynx.

 Non-ciliated cells (Clara cells) become 
more numerous in the smaller airways, and 
outnumber ciliated cells in the small bron-
chioles. These are the progenitor cells to 
replace damaged ciliated epithelium, they 
metabolize and detoxify chemicals and 
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Left: respiratory epithelium, with ciliated epithelial cells (CE) at the surface, and seromu-
cinous nasal glands (NG) in the lamina propria.

Right: olfactory epithelium (OE) with non-ciliated epithelium (bipolar, sustentacular 
and basal cells), Bowman’s glands (BG), and olfactory nerve (ON).

drugs in some species, and secrete proteins 
that help to regulate the inflammatory 
response.

Mucus lining the large airways is produced 
by goblet cells in the surface epithelium, 
and submucosal glands in trachea & bron-
chi. Mucus-secreting cells are absent from 
the smaller bronchioles. In addition to 

secreting mucus, these cells produce pro-
teins that defend the airways against infec-
tion: lysozyme, defensins, cathelicidins, and 
others.

The airway smooth muscle induces bron-
choconstriction that regulates the airway 
diameter. Smooth muscle constriction is 
regulated by the autonomic nervous sys-

Above: ciliated epithelium carpets a large 
bronchiole. Below: A smaller bronchiole 
is covered by a mix of  ciliated epithelium 
and non-ciliated Clara cells. (Credit: Dr. P. 
Katavolos & D. Bienzle)
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Above: a large bronchus is lined by ciliated 
epithelial cells. Goblet cells (arrows) in this 
epithelium, and bronchial glands (asterisk) 
in the lamina propria are the source of  the 
mucus that lines the airways, which is pro-
pelled by cilia toward the larynx. Antimi-
crobial peptides and proteins are abundant 
within these secretions. Below: a terminal 
bronchiole lined by non-ciliated Clara cells.

tem and locally secreted mediators.

Bronchus-associated lymphoid tissue 
(BALT) acts in the surveillance of  inhaled 
antigens, as well as the effector responses 
of  antibody production and cell-mediated 
mucosal immune responses.

Alveoli
Type I pneumocytes (membranous pneu-
mocytes) are the thin cells that cover 95% 
of  the alveolar surface. They are so thin 
that they are barely seen histologically. 
Type I pneumocytes are thin to allow gas 
exchange, and pump fluid out of  the alveo-
lus. Because the cytoplasm contains so few 
organelles, these cells have few defences 
against injury. 

Above: junction between a terminal bron-
chiole and the alveoli, dog. Below: high 
magnification of  a terminal bronchiole 
(left), and alveoli separated by thin alveolar 
septa.
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Below: electron micrograph of  an alveo-
lus and a capillary. The air-blood barrier 
consists only of  the plasma membranes 
of  the type I pneumocyte and the capillary 
endothelial cells, a thin basement mem-
brane, and very scant collagenous matrix. 
This septum is susceptible to injury: it 
must be thin to allow gas exchange, yet it is 
stretched with each breath and receives all 
the blood flow from the right ventricle.

Type II pneumocytes are cuboidal cells at 
the corners of  the alveolus. They are the 
progenitor cells: following loss of  type I 
pneumocytes, type II pneumocytes prolif-

erate to form a cuboidal epithelium lining 
the alveolus, and eventually differentiate 
to type I pneumocytes. Type II pneumo-
cytes secrete surfactant lipids and proteins. 
Surfactant is composed of  lipids—mainly 
phosphatidylcholine—which is stabilized 
by surfactant proteins B & C. Surfactant 
reduces surface tension to allow dilation of  
the alveolus with each breath. Finally, type 
II pneumocytes biotransform xenobiotics 
(including toxins) in some species. Similar 
to the situation with periacinar hepato-
cytes, this biotransformation function can 
lead to toxic lung damage. 

Alveolar macrophages
These cells are derived from blood mono-
cytes but form a self-perpetuating popula-
tion of  cells residing in the lung. Alveolar 
macrophages ingest and remove inhaled 
particulates, recycle or degrade surfac-
tant, and produce inflammatory mediators 
that generate a rapid response to infec-
tious agents. Alveolar macrophages are 
great cells: both the housekeepers and the 
guards in the alveolus.

Pulmonary function
The major function of  the lung is gas 
exchange: O2 absorption and CO2 excre-
tion. This is dependent on all of  the fol-
lowing: 

•  Ventilation. Adequate ventilation 
requires adequate functioning of  the 
respiratory centre in brain, respiratory 
muscles, normal balance between bron-
chodilation and bronchoconstriction, 
and patency of  airways.

• Gas exchange. Gases are exchanged 
across a barrier formed by type I pneu-
mocytes, alveolar interstitium consisting 
of  a fusion of  the 2 basement mem-
branes, and endothelium. This barrier 
can be thickened by mats of  fibrin on 
the alveolar surface (“hyaline mem-
branes”), by replacement of  membra-
nous type I pneumocytes with cuboidal 
type II pneumocytes, or by thickening 
of  the alveolar septum in the form of  
interstitial fibrosis.

• Perfusion. Low oxygen tension in the 
alveoli triggers local pulmonary vaso-
constriction, which serves to match 
blood flow to ventilation within individ-
ual acini. This optimizes gas exchange 
in areas of  localized hypoxia. However, 
widespread hypoxia—for example, due 
to high altitude or bronchiolar obstruc-
tion—may induce widespread vasocon-
striction leading to right heart failure. 
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Respiratory physiological trivia to thrill 
and amaze you...

•  Gas exchange in the alveolus takes 
0.25 seconds—1/3 of  the transit time 
of  the erythrocyte. As a result, condi-
tions which thicken the alveolar sep-
tum (fibrosis, cellular hypertrophy) can 
easily reduce the exchange of  oxygen 
between the alveolar air and the hemo-
globin-laden erythrocytes.

• The entire blood volume—about 5 
litres in humans—passes through the 
lung each minute. In animals with 
pulmonary intravascular macrophages, 
the lung is effective in removing foreign 
material such as bacteria, and is a prime 
target organ of  endotoxemia. However, 
conditions which impair blood flow 
through the lung will result in right 
heart failure, a condition known as cor 
pulmonale.

• The total surface area of  the human 
alveoli is about 80 m2—the size of  a 
tennis court.

• Human lung contains about 20,000 aci-
ni and 480,000,000 alveoli. Each mm3 
of  human lung contains 170 alveoli.

• A person inspires about 10,000 litres of  
air daily. An effective system of  defence 
is essential to protect the lung from the 

particles that accompany this inhaled 
air.

Endocrine functions of  the lung include 
angiotensin metabolism, and prostaglandin 
production.

Biotransformation of  some toxins occur 
in the lung. Clara cells and type II pneumo-
cytes, like hepatocytes in the liver, convert 
some chemicals and drugs to highly reac-
tive intermediates, which are then detoxi-
fied to compounds which can be more 
easily excreted. However, if  these reactive 
intermediates cannot be adequately detoxi-
fied, they may react with membrane lipids 
and injure resident cells of  the lung.

Pulmonary mechanics and gas 
exchange
Pulmonary compliance measures how 
easily the lung expands, and is defined by 
the change in lung volume resulting from 
a given change in transpleural pressure 
(ΔV/ΔP). For non-mathematical thinkers: 
with normal compliance, chest expansion 
induces a big change in volume during 
inspiration and expiration, whereas the 
same effort gives a lower tidal volume in a 
non-compliant lung.

Airway resistance is the difficulty with 
which air flows through the airways. It is 
increased by bronchoconstriction, exudates 

in the airway lumen, or edema and inflam-
mation of  airway wall. Normally, most 
airway resistance is in the larger airways 
& nasopharynx, so partial obstruction of  
the upper airways has a big effect on lung 
function.

Causes of  hypoxemia

• Hypoventilation: due to respiratory 
depression, weak respiratory muscles, 
chest injury, upper airway obstruction, 
airway diseases. These changes reduce 
lung compliance and/or increase airway 
resistance. If  the lungs are not venti-
lated, gas exchange cannot occur.

• Impaired diffusion: due to diseases 
affecting the alveolar septum. These 
especially induce hypoxemia, because 
O2 diffusion takes 0.3 sec, while capil-
lary transit time for blood is only 0.75 
sec. CO2 diffuses more readily than O2; 
therefore, barriers to diffusion of  gas 
across the alveolar wall tend to cause 
hypoxemia but not hypercapnea, unless 
they also alter the matching of  ventila-
tion and perfusion.

• Ventilation-perfusion mismatch-
ing: In poorly ventilated areas of  lung, 
blood supply is diminished because 
of  alveolar hypoxic vasoconstriction. 
However, inflammation can cause 
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dilation of  these blood vessels, so that 
non-oxygenated blood flows past the 
hypoventilated alveoli to reach the sys-
temic circulation.

• Shunts: congenital anomalies. As 
above, this can cause severe hypoxemia.

Key points

The conducting system of  the respiratory 
system includes the nasal cavity, trachea, 
bronchi, and bronchioles. It is lined by cili-
ated epithelium and covered by a layer of  
mucus, and functions to warm and humid-
ify the inspired air, remove inhaled parti-
cles, and protect the lung against infection

 The alveoli are mainly lined by type I 
pneumocytes, which have very little cyto-
plasm. The thinness of  the type I pneumo-
cytes and the lack of  interstitial connective 
tissue in the alveolar septa are essential 
for normal gas exchange and maintaining 
pulmonary compliance, but make the lung 
susceptible to injury.

 Type II pneumocytes are cuboidal epithe-
lial cells lining alveoli, that are the regen-
erative cell to replace injured type I pneu-
mocytes, and also metabolize toxins and 
produce surfactant.

Alveolar macrophages are present in nor-
mal lung, and function to remove inhaled 
particles including bacteria.

Pulmonary Defences
The necessary function of  gas exchange 
requires that the lung remain exposed to 
the environment. Thus, the sterility of  the 
lung is continuously challenged by micro-
organisms and foreign material in inhaled 
air, and by opportunistic pathogens within 
droplets that are aspirated from the non-
sterile upper respiratory tract. Despite this 
constant challenge, the lung must remain 
sterile or at least minimally contaminated, 
because excessive numbers of  bacteria 
induce inflammation, which impedes 
gas exchange in the lung. Thus, the lung 
requires a multi-layered system of  defence 
against infectious agents, including muco-
ciliary clearance, antibodies and innate 
defence proteins, alveolar macrophages, 
and neutrophils.

If  the infection cannot be contained by 
these mucociliary clearance and defence 
proteins, inflammation is triggered in an 
attempt to control the threat: alveolar mac-
rophages produce inflammatory mediators 
that recruit neutrophils and more macro-
phages to the site of  invasion, and increase 
the production of  antibacterial proteins 
by airway epithelial cells. But this response 
has the potential to do harm: inflammatory 
exudates impair gas exchange, leukocyte-
derived enzymes and oxygen radicals cause 

injury to lung tissue, and repair processes 
organize alveolar exudates into fibrous tis-
sue that permanently decreases lung com-
pliance and thickens the blood-gas barrier. 

Deposition and clearance of  inhaled 
particulates

Important particulates include infectious 
agents, allergens, and inert particles (eg. 
dusts, asbestos, silica). The nasal cavity 
removes most particles >10 mm diameter. 
Most 3-10 mm diameter particles lodge in 
the trachea and bronchi, and are removed 
by the mucociliary apparatus. 0.1-5 mm 
particles such as bacteria may reach termi-
nal airways. 

Airway mucus is secreted by goblet cells 
and by bronchial submucosal glands. The 
secretions of  these glands covers the epi-
thelial surface, including a lower aqueous 
layer in which the cilia beat, and a super-
ficial mucus blanket that traps particles 
and carries them upward. Mucus contains 
many protective substances:

• Defensins, cathelicidins, lysozyme, 
complement, and lactoperoxidase cause 
direct injury to microbes.

• Immunoglobulin A blocks attachment 
of  bacteria to mucosal surfaces.

• Immunoglobulin G, complement C3b, 
and surfactant proteins A & D opso-
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nize bacteria and make them tastier for 
macrophages.

• Lactoferrin binds iron and makes it 
unavailable for pathogens.

Alveolar macrophages are derived from 
blood monocytes, or from macrophages 
that replicate in the lung. Particulates that 
reach the alveoli are engulfed within 2 
hours by alveolar macrophages, and this 
is enhanced if  particles are opsonized by 
antibody, complement, or surfactant pro-
teins. These cells kill bacteria using oxy-
gen radicals, nitric oxide and lysosomal 
enzymes. They also call more neutrophils 
and macrophages to the site of  infection. 

Pulmonary intravascular macrophages-
reside within the capillaries of  the alveolar 
septa. Pulmonary intravascular macro-
phages are present in pigs, horses, rumi-
nants and cats, but not in rodents, dogs 
or humans. These cells remove infectious 
agents and other particles from blood, 
similar to Kupffer cells in liver and splenic 
macrophages. In species that have pulmo-
nary intravascular macrophages, septicemia 
and endotoxemia tends to target the lung, 
causing pulmonary edema and dyspnea.

How are respiratory defences over-
come?

• Aspiration pneumonia: exposure to an 

overwhleming number of  bacteria.

• Viruses predispose to bacterial pneu-
monia by damaging the airway epitheli-
um and reducing mucociliary clearance, 
by reducing the secretion of  antimi-
crobial peptides, and by impairing the 
function of  alveolar macrophages.

• Mycoplasma and Bordetella adhere to 
cilia and impair mucociliary clearance.

• Stresses and adverse climatic conditions 
are important causes of  reduced lung 
defence. Stress reduces alveolar macro-
phage function and pulmonary immune 
responses, and inhibits production of  
antimicrobial peptides. Cold-stressed 
animals have reduced mucociliary func-
tion.

• Immunosuppressive drugs reduce pul-
monary immune responses.

• Neutropenia deprives the lung of  a 
major defence mechanism: neutrophils.

• Pollutants and toxic gases, for example 
in poorly ventilated or overcrowded 
barns, may reduce the ciliary function 
in airway epithelial cells.

• Genetic disorders are a rare cause of  
impaired lung defences. Ciliary dys-
kinesis: affected cilia lack the normal 
dynein arms, so ciliary beating is abnor-
mal. Cystic fibrosis in children: altered 

ion exchange results in viscous airway 
mucus which cannot be adequately pro-
pelled to the pharynx. 

Common artefacts
The photos on the next pages illustrate 
some normal features that can be confused 
with lesions, and some common artefacts.

Above: Precipitates of  the solution used 
for euthanasia, on the pleural surface of  a 
pig (after attempted intracardiac injection). 
The material forms raised white plaques 
with a very characteristic gritty texture. 
Palpation is the key to the diagnosis.
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Above: Fetal atelectasis. The lungs of  the 
fetus and stillborn animals lack air, and are 
thus deeper red with a rubbery texture.

Below: Froth is normally found in the 
trachea and bronchi. Froth is particularly 
voluminous in equine airways. The amount 
of  froth may be increased with pulmonary 
edema (eg. heart failure), but be careful not 
to over-interpret this finding.

Above: Diffuse or nearly diffuse conges-
tion. Normal fresh lungs are salmon-pink, 
but darker red-purple discoloration is a 
very common artefact at necropsy. Be 
sceptical of  diffuse colour changes in 
the lung. Use the colour change as a sug-
gestion of  which areas of  lung might be 
abnormal, but trust your fingers more than 
your eyes. Palpation is the key to success!

Above: In cattle, the dorsocaudal pleura 
(green arrow) is thick, fibrous and opaque, 
which contrasts with the thin translucent 
pleura covering the cranioventral lung. 

Below, left and centre: Tiny white gritty 
nodules are common in the lung of  older 
dogs, but are of  no significance. They are 
bits of  bone forming within the lung: osse-
ous metaplasia.
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of  hemosiderin-laden macrophages in the 
alveoli (“heart failure cells”).

Edema
Mechanisms. There are 4 general mecha-
nisms of  edema in any tissue: 

• Vascular permeability. This is most 
commonly the result of  inflammation, 
such as in cases of  bronchopneumo-
nia. The second category are diseases 

General pathology 
of  the lung

This section deals with general pathologic 
processes in the lung, including hyper-
emia, congestion, hemorrhage, thrombo-
sis, embolism, infarction, atelectasis and 
emphysema.

Hyperemia and congestion
Hyperemia occurs in inflammation. Look 
for other evidence of  inflammation, such 
as the cranioventral distribution expected 
in bronchopneumonia, or the presence of  
inflammatory cells or fibrin.

Congestion
Pooling of  blood in the lungs is very com-
mon after death, so mild diffuse conges-
tion should be interpreted with caution 
and is usually of  no significance.

Left heart failure causes pulmonary con-
gestion: look for lesions in the heart.

Grossly, the congested lung is diffusely 
reddened, with no or little change in tex-
ture. In contrast, hemorrhage is usually 
multifocal or patchy, rather than diffuse. 
Hyperemia and congestion cannot be dis-
tinguished in dead tissues.

Histologically, severe congestion may lead 
to alveolar hemorrhage, with formation 

Above: Bacterial bronchopneumonia in a 
dairy calf. Compared to the salmon-pink 
dorsocaudal lung (left), the red-purple dis-
coloration of  the cranioventral lung (right) 
is due to hyperemia and congestion, as a 
consequence of  inflammation. The local-
ized rather than generalized/diffuse dis-
tribution as well as the sharp demarcation 
gives us confidence that this discoloration 
is not an artefact.

Above: Diffuse pulmonary congestion 
and edema due to heart failure. Doberman 
pinscher with dilated cardiomyopathy. The 
lung is diffusely red-purple and heavy. Be 
cautious in interpreting the diffuse discol-
oration of  the lung, but the heaviness (as 
well as the heart lesions) convinces us it is 
antemortem congestion and not artefact.

Below: Brown hemosiderin-laden macro-
phages (“heart failure cells”) in the alveoli 
of  a dog with chronic left heart failure.
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that damage endothelial cells or type I 
pneumocytes, and result in interstitial 
lung disease. The alveolar endothelium 
and epithelium are both important in 
keeping alveoli dry, and damage from 
viruses or from endotoxemia will lead 
to pulmonary edema.

• Reduced oncotic pressure caused by 
hypoproteinemia (glomerular, enteric, 
or hepatic disease), or resulting from 
fluid therapy or volume overload.

• Increased venous pressure: left heart 
failure.

• Lymphatic obstruction: masses/
tumours, etc. This is an uncommon 
mechanism of  pulmonary edema.

Morphology. Grossly, edema is detected 
by a combination of  the following: 

• Heavy: water is heavier than air, so 
edema increases lung weight. Lift the 
lungs at necropsy, to develop a sense of  
normal lung weights.

• Fluid leaks from the cut surface of  the 
lung.

• Foam is abundant in the trachea and 
bronchi. But be cautious: some foam is 
normal after death, and is usually abun-
dant in horses.

• Interlobular septa are more prominent 

than normal, because they are separated 
by clear fluid.

Consequences. Edema fills alveoli and 
bronchioles, preventing ventilation of  
alveoli as well as diffusion of  gases across 
the blood-air barrier in the alveoli. Less 
obviously, edema disrupts the surfactant 

Gross appearance of  pulmonary edema.

Right, top: fluid exudes from the cut sur-
face of  the lung. Calf, left heart failure. 

Right, middle: subtly increased promi-
nence of  interlobular septa. Calf.

Right, bottom: fluid expands interlobular 
septa and the pleural tissue. Horse, post-
surgical pulmonary edema. Click the photo to 
scroll through the images.

Above: prominent interlobular edema. Pig, 
heart failure (ventricular and atrial septal 
defects). Click the photo to scroll the images.
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of  the caudal lung lobes. Some day, you’ll 
be glad you did!

The functional importance of  pulmo-
nary thrombosis or embolism depends on 
the extent of  vascular obstruction. Minor 
thrombosis or embolism may result in 
pulmonary hemorrhages that are of  no 
functional consequence, because this area 
of  lung may remain adequately perfused 
by bronchial arteries (systemic circula-
tion). Ischemia and infarction of  the lung 
is more likely if  thrombosis or embolism 
occurs at the periphery of  the lung, or if  
the bronchial or systemic circulation is also 
impaired. Emboli that obstruct a large pro-
portion of  the branches of  the pulmonary 
artery may cause right heart failure or sud-
den death because of  obstruction to flow.

Atelectasis
Definition: reversible collapse of  alveoli 
without injury to alveolar septa.

Gross appearance: The entire lung, or the 
affected lobules, are collapsed, reddened 
because capillaries are more closely spaced, 
rubbery and lacks the spongy texture of  
normal lung.

Causes 

• Airway obstruction: air cannot enter 
alveoli, and trapped air is gradually 
absorbed. For example, in mild bron-

Thrombosis, embolism,  
ischemia, infarction
Pulmonary thrombosis and embolism is 
an important cause of  disease and sud-
den death in people, but is less commonly 
recognized in domestic animals. Because 
all blood from the right ventricle must pass 
through the lungs, obstruction of  flow 
through the pulmonary system can have 
serious consequences. 

Thrombosis. Thrombi that form in situ 
in the lung are usually not grossly visible. 
In contrast, emboli may be grossly visible. 
Thrombi form in the lung in hypercoagu-
lable states: glomerular disease with loss of  
antithrombin, corticosteroid treatment or 
hyperadrenocorticism, disseminated intra-
vascular coagulation, sepsis, or dissemi-
nated neoplasia.

Pulmonary embolism may originate 
from endocarditis of  the right heart valves, 
from liver abscesses in cattle, from jugular 
thrombi as a complication of  intravenous 
injection, and occasionally other unusual 
primary sites. You will overlook pulmonary 
emboli, and miss an important diagnosis, 
if  the pulmonary arteries are not opened. 
After you open the right heart and pul-
monic valve, take the extra 15 seconds to 
extend this cut to the pulmonary arteries 

layer in the alveoli, increasing the surface 
tension, and reducing lung compliance. 
Thus, in addition to the obvious effects on 
getting air into alveoli, more effort is need-
ed to expand the edematous lung.

Hemorrhage
Common causes of  massive or widespread 
pulmonary hemorrhage include exercise-
induced pulmonary hemorrhage in rac-
ing horses, lung trauma with laceration or 
rupture of  blood vessels, and abscesses or 
tumours that erode pulmonary blood ves-
sels. Petechial or ecchymotic hemorrhages 
in the lung can result from septicemia, 
disseminated intravascular coagulation, or 
hemorrhagic diatheses.

The consequences of  pulmonary hemor-
rhage usually relate more to blood loss, 
rather than compromised lung function.

Alveolar macrophages phagocytose eryth-
rocytes, and hemoglobin is degraded to 
hemosiderin. Hemosiderin-laden mac-
rophages persist in the alveoli, and are a 
histologic indicator of  previous hemor-
rhage. These are referred to as “heart fail-
ure cells” because left-sided heart failure is 
one common cause, but hemosiderin-laden 
macrophages are also seen in other causes 
of  pulmonary hemorrhage.
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• Congenital atelectasis: lung inflates after 
birth, so atelectasis in aborted fetuses 
or stillborn animals is normal. 

Emphysema and overinflation
Overinflation: excessive air distending 
alveoli. This is reversible, if  the cause can 
be corrected. 

Alveolar emphysema: Enlargement of  
alveolar airspaces due to destruction of  
alveolar walls. This is a permanent change 
within the lung. Alveolar emphysema is 
detected grossly by an excessively spongy 
texture. Alveolar emphysema is rare in 
animals.

Interlobular and bullous emphysema: 
air present within the interlobular septa, or 
forming large air bubbles in the subpleural 
connective tissue. Interlobular emphysema 
results in crepitus: a crackly texture when 
the lung is palpated. On the pleural sur-
face or the cut section of  lung, lines of  
air bubbles are seen, corresponding to the 
interlobular septa.

Over-inflation or air trapping is common 
in animals. It is often the result of  airway 
obstruction. Complete airway obstruc-
tion causes atelectasis. However, with 
partial airway obstruction, gas can enter 
the lung when the airways are expanded 
during inhalation, but the gas is trapped 

Below: Massive hematoma in the lung of  a 
cow, resulting from an abscess that eroded 
a blood vessel. Affected animals can devel-
op epistaxis and die of  blood loss. Click the 
photo to scroll through the images.

chopneumonia, neutrophils fill and 
obstruct the bronchioles, causing a 
lobular pattern of  collapse. In more 
severe bronchopneumonia, the neutro-
phils also fill the alveoli, so they can no 
longer collapse.

• Compression of  the lung: pleural effu-
sions, pneumothorax, rumen tympany/
bloat, diaphragmatic hernia.

• Surfactant dysfunction. Surfactant 
reduces surface tension in the lung and 
permits expansion of  the alveoli. Foals 
that are born prematurely may not have 
produced surfactant yet, and their lungs 
may fail to inflate.

Above: Dark red hemorrhagic infarcts at 
the periphery of  the lung of  a puppy with 
parvoviral enteritis. Endotoxemia due to 
intestinal mucosal injury is the likely cause 
of  pulmonary thrombosis, and hypoten-
sion from sepsis and dehydration would 
concurrently compromise the bronchial/
systemic circulation in the lung.

Below: Embolism in a large pulmonary 
artery. Calf, endocarditis of  the right atrio-
ventricular valve. Click photo to scroll images.
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in the alveoli when the airways collapse 
during exhalation. Bronchiolitis (eg. viral 
infection, recurrent airway obstruction, or 
bacterial pneumonia) or masses such as 
tumours can cause air trapping in alveoli 
supplied by the affected airways.

Interlobular and bullous emphysema 
results from destruction of  alveolar septa 
with subsequent loss of  gas into the 
interlobular tissue. This is most often the 
result of  severe dyspnea due to interstitial 
lung disease. It can also be seen in dys-
pneic animals with lung disease other than 
interstitial pneumonia, or even with non-
respiratory disease such as downer cows 
with milk fever or toxic mastitis. Finally, 
barometric trauma can rupture alveoli; for 
example, positive pressure ventilation using 
excessive force, or accidental closure of  
the pop-off  valve in the anesthetic circuit.

Congenital lobar emphysema in dogs is a 
special form, in which a single lobe devel-
ops an emphysematous bulla that ruptures 

causing pneumothorax and severe dys-
pnea. Surgical removal of  the affected lobe 
(lobectomy) is curative.

Right top: Atelectasis due to bronchiolar 
obstruction, calf  with bronchopneumonia. 
At the margin of  the lesion, the unaffected 
pink lobules are inflated, whereas the 
inflammed maroon lobules are collapsed. 
Click the photo to scroll through the images.

Right middle: Diaphragmatic hernia, cat. 
The head is at right. Diaphragm (D). The 
chest contains intestines (I), a lobe of  liver 
(H), and atelectatic lungs (L). Click to scroll.

Right bottom: Cat, atelectasis due to 
pneumothorax. The lungs are collapsed, 
and occupy less space in the chest than 
normal.
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Above: Interlobular emphysema, in a feed-
lot steer with bronchointerstitial pneumo-
nia caused by BRSV. The interlobular septa 
are distended by gas bubbles.

Below: Interlobular emphysema in a cow 
with aspiration pneumonia. The presumed 
pathogenesis is: aspiration pneumonia→ 
dyspnea→ damage to alveolar septa→ 
leakage of  gas into the interstitium. Click 
the photo to scroll through the images.

Above: Tiny subpleural bullae in a foal 
with severe dyspnea. The disease in this 
case was “Bronchointerstitial pneumonia 
of  foals”, described later.

Below: A large subpleural bulla in a cow 
that was dyspneic due to weakness and 
recumbency from toxic mastitis. What 
would have happened had this bulla rup-
tured prior to death? 
Click the photo to scroll through the images.
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Pulmonary neoplasia
Most tumours affecting the lungs of  
domestic animals are metastases from a 
distant site. Primary lung tumours—those 
arising in the lung—are very important in 
humans, but much less common in domes-
tic animals.  

Metastatic lung tumours form multiple 
small nodules throughout the lung. In con-
trast, primary lung tumours usually cause 
one or a few larger masses, although intra-
pulmonary metastases may cause multiple 
tiny nodules in addition to the fewer large 
ones.

Pulmonary carcinoma (aka adenocar-
cinoma) is uncommon in dogs, but is a 
somewhat common condition in cats. 
The condition in cats is unique because 
the metastases, not the lung tumour, are 
frequently responsible for the presenting 
clinical signs. Pulmonary adenocarcinoma 
in cats metastasizes to unusual places—
footpad, skeletal muscle, bone, eye, or 
brain—or invades through the pleura to 
cause pleural effusion.

The clinical manifestations of  lung 
tumours result from:

• Lung failure from occupying space 
within the lung tissue

• Compressing an important structure 

such as the bronchus

• Invasion into the pleura, causing pleural 
effusion that leads to dyspnea

• Rupture leading to blood loss (heman-
giosarcoma)

• Metastasis (eg. feline pulmonary carci-
noma described above)

• Systemic effects of  malignancy: malaise, 
anorexia, weight loss

• Paraneoplastic syndrome: hypertrophic 
osteopathy, manifesting as periosteal 
proliferation of  long bones.

Above: Dark masses throughout the lung. 
Dog, pulmonary metastases of  a malignant 
oral melanoma. 
Click the photo to scroll through the images.

Above: Right atrial hemangiosarcoma 
(arrow) with multiple purple-black metas-
tases throughout the lung. (The photo shows 
the cranial aspect of  the heart, with the trachea 
retracted dorsally)

Below: A single white 10 cm mass in the 
lung. Dog, pulmonary adenocarcinoma. 
This mass might not cause clinical signs, 
unless it compressed a bronchus (cough-
ing) or infiltrated the pleura (dyspnea).
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Patterns and mechanisms of  lung disease

Morphologic patterns of  lung disease
Why classify pneumonia? Making order from chaos: many lung diseases appear clini-
cally and pathologically similar. By classifying disease, we can sort the numerous causes 
of  lung disease into manageable groups that have similar etiologies, routes of  exposure, 
and disease outcome. It is then easier to understand the pathogenesis in the case that we 
are examining, to devise a plan to determine the etiology, and to institute appropriate 
therapeutic or control measures.
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1. Bronchopneumonia. Inflammatory 
exudates fill alveoli and bronchioles. This 
is almost always caused by bacteria that 
have reached the lung by an airborne route, 
colonize the air spaces of  the alveoli and 
bronchioles, and elicit an inflammatory 
reaction that fills these air spaces. Bron-
chopneumonia typically has a cranioventral 
distribution of  lesions in the lung. 

2. Airway disease. Inflammation or 
necrosis specifically affects the bronchi or 
bronchioles. This may be caused by virus-
es that infect and kill airway epithelium 
(eg. influenza virus), or by inflammatory 
responses that target airways (eg. heaves 
in horses, or asthma). This pattern has no 
consistent gross lesions.

3. Interstitial lung disease. Damage to 
the pulmonary interstitium (alveolar septa, 
interlobular septa). Often, the cause dam-
ages the alveolar epithelium or endothe-
lium. This may be from viral infection, 
septicemia/endotoxemia, or toxic lung 
injury. Interstitial lung diseases typically 
have a generalized diffuse distribution in 
the lung. Histologic lesions include hyaline 
membranes, type II pneumocyte prolifera-
tion, and interstitial fibrosis.

3a. Bronchointerstitial pneumonia. This 
can be confusing because of  its name: it 
simply represents injury to both the airway 

epithelium and the alveolar epithelium (and 
can therefore be thought of  as a combina-
tion of  patterns #2 and #3. Many viruses 
infect both airway and alveolar epithelium, 
and cause this pattern.

4. Embolic pneumonia. Inflammation 
resulting from hematogenous infection, 
usually caused by bacteria or fungi. Embol-
ic pneumonia has a generalized multifocal 
distribution in the lung. 
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Bronchopneumonia
Cause. Bronchopneumonia is caused 
by opportunistic bacterial infection, that 
reaches the lung via the airways. Usually, 
this requires either exposure to large num-
bers of  bacteria (aspiration pneumonia) 
or impairment of  the normal respiratory 
defences (by viral infection, stress, etc.). 
See “How are respiratory defences over-
come?”, in the section on Anatomy/Physi-
ology-—Lung Defences. In addition to 
aspiration pneumonia, some major etiolo-
gies of  bronchopneumonia are: 

• Cattle, sheep and goats: Mannheimia 
haemolytica, Histophilus somni, Pasteurella 
multocida, Mycoplasma bovis.

• Swine: Actinobacillus pleuropneumoniae, 
Pasteurella multocida.

• Horses: Streptococcus zooepidemicus, Rhodo-
coccus equi

• Dogs: Streptococcus sp., Bordetella bronchi-
septica. Aspiration pneumonia is particu-
larly important in dogs, and the etiology 
is a variety of  bacteria including E. coli.

• Cats. Bordetella bronchiseptica, Pasteurella 
multocida.  

Pathogenesis. Bacteria, entering the lungs 
in via the airways, colonize the air spaces 
of  the bronchioles and alveoli. The inflam-

matory response therefore targets these 
air spaces with exudation of  fluid (edema), 
plasma proteins (fibrinogen/fibrin), and 
rapid infiltration of  neutrophils and mac-
rophages. 

Morphology. 

Histologic appearance. In very early 
lesions, neutrophils congregate in the 
lumens of  terminal bronchioles and adja-
cent alveoli. By the time the disease is 
clinically apparent, alveoli are filled with 
neutrophils, sometimes fibrin, and edema.

Below: Histologic appearance of  broncho-
pneumonia, with neutrophils (right) and 
pink edema fluid (centre) filling alveoli.
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referred to as a lobar pattern. On the other 
hand, subacute “smouldering” cases of  
bronchopneumonia may have a lobular dis-
tribution, in which some entire lobules are 
inflammed while adjacent lobules are unaf-
fected. Recognize that the pathogenesis is 
the same in both cases, but the acuteness 
of  the lesion and rapidity of  spread within 
the lung is different.

Other lesions that may be present include:

• Fibrin on the pleural surface, as bac-
teria translocate from the alveoli to 
the pleura. This fibrin will eventually 
be removed, or organized into fibrous 
adhesions.

• Fibrin thickening interlobular septa, 

Gross appearance. Bronchopneumonia 
causes a cranioventral distribution of  
consolidation (solidification of  the lung, 
with firm texture) and either red-purple 
or tan-white discoloration. The filling of  
alveoli with exudate gives the gross appear-
ance of  consolidation, and the accompany-
ing hyperemia and congestion impart the 
red-purple colour to the lung. As the acute 
inflammatory response subsides, the hyper-
emia lessens and leukocyte infiltration 
increases: this can shift the colour from red 
to tan/white. 

Lobular vs. lobar distribution. Severe acute 
bronchopneumonia develops so quickly 
that an entire lobe is often affected. This is 

Left: Bronchopneumonia, puppy. Neutro-
phils and macrophages fill alveoli (A) and a 
bronchiole (B).

Above: Lobar bronchopneumonia. Feedlot 
steer, Mannheimia haemolytica. The entire left 
cranial lobe is affected, as is part of  the left 
caudal lobe.

Below: Mild lobular bronchopneumonia, 
dairy calf  with no clinical signs. Some 
lobules are entirely affected and maroon-
purple, while adjacent lobules are normal 
and salmon-pink.
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giving a marbled appearance to the cut 
section.

• Pus that can be squeezed from the 
airways, but only in subacute or chronic 
cases. Don’t confuse the normal foamy 
content of  the airways with pus.

There are two main exceptions to the rule 
that bronchopneumonia is cranioventral: 

1. Viral bronchointerstitial pneumonia 
may have either a generalized or a 
cranioventral distribution. BRSV in 
cattle and influenza in swine are good 
examples. When these lesions have a 
cranioventral distribution, they may 
be mistaken for bronchopneumonia. 
However, the lesions tend to be rub-
bery—not as firm or hard as broncho-
pneumonia.

2. Actinobacillus pleuropneumoniae infection 
in swine causes bronchopneumonia, 
but it typically affects the caudal lobes. 
No one knows why...

Aspiration pneumonia. Aspiration intro-
duces massive numbers of  low-virulence 
bacteria directly into the lung, overhelming 
even the healthiest defences. Seen in all 
species, it is most frequently encountered 
in dogs and cattle. Important predisposing 
causes include vomiting (parvoviral enteri-
tis, inflammatory bowel disease), regurgita-

tion (megaesophagus, myasthenia gravis), 
reduced swallowing reflex (recovery from 
general anesthesia, laryngeal disease, neu-
rologic disease), cleft palate, or inadver-
tant passing of  a nasogastric tube into the 
lungs. 

Recognition of  aspiration pneumonia is 
based on:

• Focal/unilateral distribution, in contrast 
to the usually bilateral and more-or-less 
symmetrical distribution of  other bron-
chopneumonias.

• Foul smell, abundant necrosis, and 
green discoloration; because of  the 
large number of  bacteria aspirated, and 
the fact that many are anerobes.

• Culture reveals a mixed population of  
environmental bacteria, rather than the 
1 or 2 recognized pathogens isolated 
from other bronchopneumonias.

• Plant material (herbivores) or meat (car-
nivores) may be visible histologically.

Sequelae. The lesions of  bronchopneu-
monia can resolve if  the infection is 
eliminated. Fibrin is removed by plasmin 
(fibrinolysis), and neutrophils undergo 
apoptosis. If  the infection cannot be elimi-
nated, sequelae include chronic suppurative 
bronchopneumonia, abscess formation, 

Above: Bovine respiratory syncytial virus. 
The cranioventral lung is reddened and 
collapsed, but the rubbery texture helps to 
distinguish this from a bronchopneumonia.

Below: Pig, Actinobacillus pleuropneumoniae. 
Head to the left, abdomen to the right. 
The lesion is a bronchopneumonia, but 
the red-black area of  consolidation is in 
the caudal lobe. Fibrin covers the pleural 
surface.
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bronchiectasis, and sequestrum formation.

1. Abscesses form when the bacterial 
infection can be contained but not 
eliminated. The typical appearance is 
cranioventral consolidation and/or atel-
ectasis, with multifocal pus-filled encap-
sulated nodules. Since antibiotics can-
not penetrate well, abscesses (as well as 
bronchiectasis and sequestra) can per-
sist for the life of  the animal, and clini-
cal signs often relapse after antibiotic 
therapy is discontinued. Animals with 
lung abscesses may be clinically normal, 

Below: Cow, aspiration pneumonia. The 
lesion is unilateral (right side), localized, 
green, and foul-smelling. Interlobular 
emphysema is present, secondary to dys-
pnea. Click the photo to scroll the images.

or have chronic respiratory signs. In 
other cases, erosion into a bronchus or 
a blood vessel can cause fatal broncho-
pneumonia, septicemia, or pulmonary 
hemorhage with epistaxis.

2. Bronchiectasis: greatly dilated bron-
chi that are filled with pus. This may 
appear similar to abscesses, but forms 
cylindrical structures that eventually 
join with the larger bronchi. Bronchi-
ectasis develops as a result of  chronic 
bacterial infection, when inflammatory 
exudates obstruct airways and cannot 
be expelled. The leukocytes’ proteolytic 
enzymes and oxygen radicals damage 
the bronchial wall, and the bronchus 
dilates because the wall is weakened. 
Like abscesses, bronchiectasis is always 
chronic.

3. Sequestrum formation: a large mass 
of  necrotic lung tissue. Because mac-
rophages cannot penetrate far into the 
dead avascular tissue, it cannot be read-
ily removed.
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Chronic sequelae of  bronchopneumonia: 
abscesses, bronchiectasis, and sequestra.

Left, top: Abscesses forming within the 
cranioventral lesions of  bronchopneumo-
nia in a feedlot steer. The raised masses are 
filled with purulent exudate.  
Click the photo to scroll through the images.

Left, middle: Bronchiectasis in a cow. 
This small piece of  lung contains multiple 
large bronchi (actually, small bronchi that 
have become dilated) filled with pus. The 
second image shows the appearance with 
the pus removed.Click photo to scroll images.

Left, bottom: Bronchiectasis in a cow. 
These lesions in the cranioventral lung 
resembled abscesses, but dissection 
revealed that they formed cylindrical pus-
filled fibrous-walled tracts (bronchi) cours-
ing toward the hilus of  the lung. Click the 
photo to scroll through the 6 images in this series.

Right, top: Sequestrum, cow, Mycoplasma 
bovis. The yellow material is a mass of  
necrotic lung tissue, which because of  its 
size cannot be degraded or expelled. 

Right, bottom: The cranial half  of  the 
right lung forms a sequestrum. Feedlot 
steer, Mycoplasma bovis. 
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Airway disease
Also known as : 
Bronchitis/bronchiolitis/bronchiolar necrosis

Causes of  airway disease include infec-
tious agents, hypersensitivity reactions, and 
toxins. In this discussion of  lung disease, 
the “airways” refers to the bronchi and 
bronchioles; trachea and nasal tissues may 
also be affected.

Viruses infect airway epithelial cells and 
induce acute epithelial injury. Some of  
these viruses also infect and damage alveo-
lar epithelium. As discussed later, this 
combination of  airway and alveolar injury 
constitutes bronchointerstitial pneumonia. 
Some viral respiratory infections are: 

• Cattle: Bovine respiratory syncytial 
virus, Bovine herpesvirus-1 (infectious 
bovine rhinotracheitis), Bovine corona-
virus, Bovine parainfluenza virus.

• Sheep and goats: BRSV. (Maedi-visna 
virus and enzootic nasal tumour virus 
are important but don’t cause airway 
disease).

• Swine: Influenza (PRRS virus and Por-
cine circovirus are important but don’t 
cause airway disease).

• Horses: Equine herpesviruses-1&4, 
Equine influenza virus, Equine rhinitis 
virus.

• Dogs: Canine coronavirus, Canine 
distemper virus, Canine adenovirus-2, 
Canine parainfluenza virus, Canine 
influenza virus.

• Cats: Feline herpesvirus, Feline calicivi-
rus. 

Bacterial infections can cause bronchitis, 
although severe infections more typically 
result in bronchopneumonia.

Hypersensitivity reactions are important 
causes of  airway disease. Examples include 
heaves or recurrent airway obstruction in 
horses, asthma in cats and humans, and 

chronic bronchitis in dogs and cats.

Toxins & chemical irritants can cause 
airway disease, alveolar disease, or both. 
Smoking, dusts, & gases directly irritate or 
kill the airway epithelium, leading to bron-
chitis and bronchiolitis. Other toxins, such 
as 3-methylindole, must be metabolized to 
reactive intermediates. Clara cells contain 
cytochrome p450 mixed function oxidases 
(similar to periacinar hepatocytes) and 
transform xenobiotics to reactive interme-
diates in the process of  detoxifying them. 
However, these reactive intermediates may 

Below: Feedlot calf, Bovine coronavirus. The 
bronchiole is partially lined by relatively 
normal epithelium (right), but the epithe-
lium at the left is necrotic, and the lumen is 
filled with sloughed necrotic cells. Click the 
photo to scroll through the images.

Below: Heaves in a mature horse (recur-
rent airway obstruction. The bronchioles 
are filled with mucus and a few neutrophils 
(asterisk), and surrounded by a leukocyte 
infiltrate (arrows). The alveoli are not 
inflammed, but are overinflated because of  
air trapping. Click the photo to scroll through the 
5 images in this series.
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induce tissue damage before they are con-
jugated and excreted. 

Morphology of  airway disease. There 
may be no gross lesions. Histologic lesions 
include inflammation centred on airways, 
and/or necrosis of  ciliated epithelium.

Functional consequences of  airway 
disease. These diseases cause airway 
narrowing mainly as a result of  smooth 
muscle contraction (bronchoconstric-
tion), triggered by inflammatory mediators 
such as leukotrienes, other eicosanoids, or 
cytokines. Other contributors to airway 
obstruction are inflammation and edema 
of  the airway wall, and exudates and 
necrotic cells within the lumen. The func-
tional effects of  airway obstruction are:

• Increased resistance to airflow through 
the airways

• Increased respiratory effort (dyspnea)

• Failure to ventilate the alveoli, thus 
leading to hypoxemia and hypercapnea.

Recall the physiologic reflex by which alve-
olar hypoxia (as a result of  airway obstruc-
tion) triggers vasoconstriction. In cases of  
mild bronchopneumonia, this is beneficial 
because it minimizes perfusion of  the non-
ventilated lung and prevents shunting of  
non-oxygenated blood past the non-ven-
tilated area of  lung (ventilation-perfusion 

matching). However, if  alveolar hypoxia 
is widespread (due to widespread airway 
lesions), then generalized pulmonary vaso-
constriction may lead to pulmonary hyper-
tension and cor pulmonale. Cor pulmonale 
refers to pulmonary hypertension and right 
heart failure as a consequence of  lung 
disease.

Sequelae and resolution

1. Optimal sequence of  events. The air-
way epithelium heals quickly following 
an acute one-time insult, as follows: 
Viral infection→ Necrosis→ Slough-
ing of  necrotic epithelial cells with 
exposure of  basement membrane→ 
Flattening and stretching of  surviving 
epithelial cells to cover the basement 
membrane→ Clearing of  exudates by 
mucociliary clearance, macrophages 
and proteolytic enzymes→ Prolifera-
tion of  epithelial cells→ Differentiation 
into normal epithelium.  
Healing is usually perfect following viral 
infections, but may not occur if  there is 
repetitive injury (eg smoking in people, 
irritant gases, chronic infections), or if  
there is overwhelming damage to the 
epithelium.

2. Increased susceptibility to bacterial 
pneumonia. Necrosis of  the ciliated 
airway epithelium impairs mucociliary 

Above: Bronchiolitis obliterans, a chronic 
sequel to viral infection of  the bronchiolar 
epithelium. The bronchiole is filled with a 
polyp of  fibrous tissue that is covered by 
epithelium, which occludes air flow.

clearance, thus predisposing to oppor-
tunistic bacterial infection of  the lung.

3. Atelectasis and/or emphysema may 
occur as a result of  airway obstruction.

4. Bronchiectasis, described above in the 
section on bronchopneumonia, can 
occur due to chronic bronchitis.

5. Bronchiolitis obliterans fibrosa (aka 
obliterative bronchiolitis, intrabronchial 
polyps). If  exudate in bronchioles can-
not be removed, it is organized like any 
wound: fibroblasts infiltrate and syn-
thesize collagen production, and there 
is neovascularization and re-epithelial-
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ization. However, because this occurs 
in the airway lumen, it leads to airway 
obstruction by an epithelium-covered 
mass of  fibrous tissue in the airway 
lumen. This fibrous tissue obliterates 
the bronchiolar lumen, leading to alveo-
lar hypoxia, reflex vasoconstriction, & 
(if  the lesion is widespread) pulmonary 
hypertension. The pulmonary hyperten-
sion may cause right heart failure, with 
subcutaneous edema and ascites.

6. Mucous and squamous metaplasia, 
neoplastic transformation. Ongoing 
injury may cause the bronchial epithe-
lium to adapt to the harsh conditions. 
Although this sequence of  events is 
important in smoking-related diseases 
in people (chronic obstructive pulmo-
nary disease and pulmonary adenocar-
cinoma), it is uncommonly recognized 
as an important sequel in animals. 
Chronic airway injury may manifest as 
mucous hyperplasia (increased num-
ber of  mucus-secreting goblet cells in 
the airway epithelium) or squamous 
metaplasia (replacement of  the ciliated 
epithelium with squamous epithelium). 
These represent adaptive responses: the 
mucus serves to better protect the epi-
thelium from injury, and the squamous 
epithelium is more resistant to injury 

than ciliated epithelium. This predis-
poses to bacterial pneumonia, because 
mucociliary clearance is impaired or 
absent. Neoplastic transformation may 
be a sequel to chronic injury to airway 
epithelium, due to DNA damage and 
reparative attempts. 

Below: Squamous metaplasia, pig, experi-
mental infection with Nipah virus. Only a 
few lonely ciliated epithelial cells remain, 
and the bronchial lumen (top) is mainly 

lined by stratified squamous epithelium. 
This failure of  squamous epithelium is like  
Highway 401, for bacteria travelling deep 
into the lung!
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Interstitial lung disease
also known as “Interstital pneumonia”

Causes of  injury 

• Infectious agents: many viruses, migrat-
ing larva (eg. Ascaris suum), protozoa 
(eg. Toxoplasma)

• Endotoxemia and septicemia

• Hypersensitivity: allergic alveolitis 
in housed adult dairy cattle. This is 
uncommon.

• Toxins that are activated by biotrans-
formation: 3-methylindole (fog fever), 
paraquat, mouldy sweet potatoes, Perilla 
mint, ... These are rarely recognized, in 
Ontario.

• Toxins that cause direct injury without 
biotransformation: chlorine gas, 100% 
oxygen, acid aspirated from vomitus, 
silo gas, noxious gases

• Thermal injury from smoke inhalation

• Pneumoconiosis: inhalation of  inor-
ganic dusts can cause chronic interstitial 
lung disease. Asbestosis, silicosis and 
many others are well-recognized in 
humans, but are rare in domestic ani-
mals.

Pathogenesis. The above etiologies share 
the common feature of  causing damage to 
alveolar epithelium or endothelium. Virus-

es and protozoa infect and cause necrosis 
of  alveolar epithelial cells. Chlorine gas 
directly damages the alveolar epithelium, 
while 3-methylindole is metabolized by 
type II pneumocytes to reactive interme-
diates that injure the epithelium. Endo-
toxemia and septicemia cause a “cytokine 
storm”, in which high levels of  circulating 
cytokines increase vascular permeability in 
the lung.

The endothelium and the epithelium are 
both important barriers to water move-
ment across the air-blood barrier. Damage 

to either of  these cell types causes alveolar 
edema.

In the acute stages of  interstitial lung dis-
ease, hyaline membranes form in the alve-
oli. Hyaline membranes are a mixture of  
plasma proteins (including fibrin), surfac-
tant proteins and sloughed type I pneumo-
cytes, which line the inner surface of  the 
alveolus. Think of  hyaline membranes as 
a scab covering the alveolar surface. Hya-
line membranes are a diagnostic indicator 
that there has been damage to the alveolar 
epithelium. The epithelium is too thin to 
see, but the hyaline membranes tell us it 
has been injured.

Type II pneumocytes are the regenerative 
cell in the alveolus. Starting at 3 days after 
injury to type I pneumocytes, the type II 
cells proliferate. At this stage, the alveolus 
becomes lined by cuboidal type II pneu-
mocytes. Although this is a necessary step 
in repair of  alveolar injury, lung function is 
still abnormal because oxygen is not readily 
exchanged across type II pneumocytes.

Following an acute one-time injury, type 
II pneumocytes differentiate into type I 
pneumocytes and lung function will return 
to normal. In less favorable circumstances, 
type II pneumocytes persist and interstitial 
fibrosis may develop. This may permanent-
ly impair gas exchange, and reduces the 
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Histologic features of  interstitial lung dis-
ease. Above: Acute stage, alveoli contain 
pink-staining edema (E) and are lined by 
hyaline membranes (arrows). Foal, idio-
pathic bronchointerstitial pneumonia.

Right, top: Alveoli are completely lined by 
cuboidal epithelium (type II pneumocytes, 
regenerating the damaged epithelium) and 
contain leukocytes in the lumen (*). Pig, 
PRRS. Click photo to scroll the images.

Right, bottom:  Alveolar septa are dif-
fusely thickened by collagen / fibrous tis-
sue (arrows). B=bronchiole. Cat, idiopathic 
pulmonary fibrosis.
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elasticity or compliance of  the lung. 

The balance between epithelial repair (opti-
mal) and repair by fibrosis (a permanent 
barrier to gas exchange) depends on persis-
tence of  the stimulus and extent of  injury 
(and perhaps also the adequacy of  the 
repair process). Chronic persistent stimuli 
(such as hypersensitivity, inorganic dusts, 
inhaled irritant chemicals) are more likely 
to cause fibrosis than one-time insults 
(such as viral infection). Similarly, chronic 
inflammatory responses may heal by fibro-
sis. Finally, with severe damage, fibrosis 
may occur before the tissue has healed.

Functional effects. The obvious effect of  
alveolar edema, hyaline membranes, type 
II pneumocytes and interstitial fibrosis is 
to act as an obstruction to gas exchange in 
the alveolus. Less obvious is the reduction 
in the elasticity or compliance of  the lung: 
it takes more work to inflate a fibrotic lung. 
Finally, because the lung doesn’t expand 
as much during inspiration, nor collapse 
as much during exhalation, the functional 
lung volume is reduced. 

Morphology. Interstitial lung disease 
forms lesions throughout the lung, usually 
in a diffiuse distribution (or occasionally in 
a lobular or “checkerboard” distribution). 
These lungs fail to collapse and sometimes 
have impressions of  the ribs on their pleu-

the more normal caudodorsal lung is also 
diffusely firmer than normal and usually 
fails to collapse. These cases may have a 
chronic history of  relatively mild respira-
tory disease (caused by the bronchopneu-
monia) with acute severe fatal exacerbation 
(caused by the interstitial lung disease). 
This pattern is recognized, for example, in 
foals with relatively mild bronchopneumo-
nia caused by Rhodococcus, or in cattle with 
mild bronchopneumonia caused by Myco-
plasma bovis.

Above: Dog, interstitial lung injury . The 
lung is heavy, diffusely discolored tan-pink, 
and is firmer than normal with a rubbery 
texture. Click photo to scroll the images.

ral surface. They are firmer than normal 
(but this is less obvious than for broncho-
pneumonia), heavy and wet because of  
edema, and often reddened. Interlobular 
edema and/or interlobular emphysema 
may be present.

Histologic features include edema and 
hyaline membranes in acute stages, or 
proliferation of  type II pneumocytes and 
interstitial fibrosis if  chronic.

Sometimes, interstitial lung disease and 
bronchopneumonia occur concurrently, 
and these cases can be tricky to evaluate 
grossly. The obvious lesion in such cases 
is cranioventral bronchopneumonia, but 
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Bronchointerstitial pneumonia
Bronchointerstitial pneumonia can be con-
sidered a sub-category of  interstitial pneu-
monia, in which there is a combination of  
bronchiolar necrosis + alveolar injury. 

Although the names sound similar, bron-
chointerstitial pneumonia has nothing to 
do with bronchopneumonia (except that 
the viruses that often cause bronchointer-
stitial pneumonia may predispose the lung 
to develop bacterial bronchopneumonia). 
In fact, these two patterns are opposites 
(see the table): 

• Bronchointerstitial pneumonia is 
defined by damage to the epithelium 
(alveolar and bronchiolar) and exudate 
in the air spaces may or may not be 
present.

• Bronchopneumonia is defined by exu-
date in the air spaces (alveoli and bron-
chioles) and damage to the epithelium 
may or may not be present.

Bronchointerstitial pneumonia can be 
caused by viruses (canine distemper, influ-
enza, parainfluenza, herpesviruses, respira-
tory syncytial viruses, adenoviruses), since 
these viruses infect and kill both alveolar 
and bronchiolar epithelial cells. Toxic lung 
disease can also cause this pattern, but this 
is a rare condition.

Lesions (bronchioles & alveoli)
Exudate in air 

spaces
Damage to 
epithelium

Broncho-
pneumonia

Required +/-

Broncho 
interstitial 

pneumonia
+/- Required

Morphology: Grossly, bronchointerstitial 
pneumonia can appear the same as diffuse 
interstitial pneumonia. In other cases, there 
is a cranioventral distribution of  atelectasis, 
edema, and firmness; with emphysema and 
firmness of  the dorsocaudal lung (that is, 
firm throughout the lung, atelectatic crani-
ally, and emphysematous caudally).

Histologic lesions are of  bronchiolar 
necrosis (flattened bronchiolar epithelium) 
+ alveolar injury (hyaline membranes, pro-
liferation of  type II pneumocytes).

Embolic pneumonia
This form of  pneumonia results from 
hematogenous infection, caused by bacte-
ria or fungi. Bacterial infections often orig-
inate from endocarditis, omphalitis, liver 
abscesses, or jugular venipuncture. Acute 
massive showering of  the lung by bacte-
ria—such as from a ruptured liver liver 
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absecess—would cause diffuse interstitial 
pneumonia. In contrast, a more chronic 
showering would seed bacteria in scattered 
foci in the lung, and each would develop 
into an abcess. Embolic pneumonia, there-
fore, appears as multifocal nodular lesions 
throughout the lung.

Above: Embolic pneumonia in a dairy cow. 
Multiple dark foci are visible throughout 
the lung, from the pleural surface. On the 
cut section, these correspond to pus-filled 
encapsulated abscesses. Examination of  
other tissues did not reveal endocarditis, 
jugular thrombosis or hepatic abscesses/
phlebitis. The source was eventually identi-
fied to be infection of  the body wall (cellu-
litis) at the site of  toggle pin placement for 
correction of  a left displaced abomasum. 
Click the photo to scroll through the 5 images in 
this series.

Above: Lamb, Staph. aureus bacteremia. 
White raised 1-3 mm nodules in all lobes 
of  the lung.

Below: Pig. Embolic pneumonia super-
imposed on bronchopneumonia. Cranio-
vental aspects of  the lung are darker pink-
tan and very firm (bronchopneumonia). In 
addition, 5-10 mm white-tan nodules are 
sprinkled throughout the lung. This pig 
has chronic infection of  bite wounds on 
the ears, which are the likely source of  the 
embolic lesion.

Pleural diseases
 Pleural diseases are relatively common 
in small animal practice. Fluid within the 
pleural cavity compresses the lungs, leading 
to atelectasis, and failure of  ventilation of  
the lung.

Hydrothorax 
Think of  this as “edema of  the pleural 
space”. Clear fluid (transudate) fills the 
pleural cavity and compresses the lungs. 
The major causes and the mechanisms by 
which they cause fluid transudation are: 

• Heart failure: increased venous pressure

• Hypoproteinemia: reduced oncotic 
pressure

• Lymphatic obstruction.

Chylothorax 
Milky pleural fluid, rich in triglyceride and 
lymphocytes, represents loss of  lymph 
fluid into the pleural space.

The major causes are: 

• Heart failure. Increased central venous 
pressure prevents drainage of  lymph 
from the thoracic duct into the vena 
cava.

• Many cases are idiopathic.

• Uncommonly due to obstruction of  
the thoracic duct by tumours or other 
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Above: Cat, hydrothorax. The ruler dips 
into clear fluid that fills the pleural cavity. 
In this case, the pleural effusion developed 
as a result of  excessive fluid administra-
tion, in a cat with renal failure caused by 
Lily toxicity.

Below: Chylothorax. Opaque fluid fills the 
chest of  a cat with hypertrophic cardiomy-
opathy. Note the atelectatic lungs, which 
fail to inflate because of  the pleural fluid.

masses, or rarely due to traumatic rup-
ture of  thoracic duct.

Hemothorax 
Causes include trauma (eg. fractured ribs), 
ruptured tumours (especially hemangio-
sarcoma), idiopathic hemothorax in dogs, 
anticoagulant rodenticide toxicity, and thy-
mic hemorrhage syndrome in young dogs.

Pleuritis 
Inflammation of  the pleural cavity usu-
ally represents bacterial infection, and the 
bacteria can arrive in the pleural space by 
three routes:

• External penetrating injury: cat bite 
wounds, penetrating injury, plant awn 
migration in dogs, etc. 

• Extension from bacterial pneumonia 
or rupture of  a lung abscess. This is 
the common cause of  pleuritis in adult 
horses. Careful inspection reveals con-
solidation of  the underlying lung tissue.

• Hematogenous spread: bacteremia or 
septicemia, such as in neonates with 
omphalitis or failure of  passive transfer, 
or feedlot cattle with pleuritis caused 
by Histophilus somni. Feline infectious 
peritonitis usually induces peritoneal 
lesions, but some cats present with 
pleural effusion.

Above: Neonatal calf. Laceration of  the 
lung by a rib that was fractured during 
delivery, resulting in hemothorax. The lung 
is inflated, indicating the calf  breathed 
prior to death.  

Below: Hemothorax, pulmonary atelecta-
sis, and gingival pallor in a dog with  
anticoagulant rodenticide toxicity. 

Click the photo to scroll through the images.
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Above: White creamy purulent exudate 
fills the chest cavity. The underlying lung 
tissue is normal. Dog, Nocardia infection, 
probably introduced by a migrating grass 
awn. Photo credit: Dr. Fernanda Castillo, Ross 
University.

Below: Cat, pleural implantation of  a pul-
monary adenocarcinoma. Click the photo to 
scroll through the images.

ent cause (such as pleural fluid, etc.).

External pneumothorax: penetrating injury 
that allows air into the pleural space.

Internal pneumothorax: rupture of  a 
pulmonary bulla, or penetrating injury that 
punctures the lung. The pleural lesion can 
be impossible to see. To detect the site of  
leakage, immerse the lungs in water, tie 
off  the trachea with string, and use a large 
syringe to inject air into the trachea. As the 
lungs inflate with air, bubbles leaking from 
the lung will be obvious, and identify the 
site of  the ruptured bulla. A “low-tech” 
diagnostic test; molecular analysis is not 
needed!

 

Pleural neoplasms
Lung tumours, such as pulmonary adeno-
carcinoma, may invade the pleura and 
spread widely in the pleural space. The 
metastatic tumour leaks fluid into the 
pleural cavity, which is the basis for clinical 
signs of  respiratory distress. A mass in the 
lung should be apparent. 

Mesothelioma arises from the mesothelial 
cells lining the pleura. It implants widely 
on the pleura, and invades the underlying 
chest wall and lung. This is rare in domes-
tic animals and, unlike in people, is not 
associated with asbestos exposure.

Pneumothorax 
Pneumothorax refers to the presence of  
air in the pleural space. Diagnostic features 
at necropsy: 

• The in-rush of  air that is normally 
heard when the diaphragm is opened 
will not be detected, but this can be dif-
ficult to detect in small animals.

• Incise the diaphragm when the abdo-
men is opened but the chest is still 
intact. Normally, the concavity of  the 
diaphragm collpases as air enters the 
chest, but this concavity is absent in 
cases of  pneumothorax.

• Atelectasis of  the lungs, with no appar-
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Right: Cow, fibrous pleural 
adhesions. These are the 
healed result of  a prior bout 
of  pleuritis or pleuropneu-
monia. They are of  no func-
tional consequence: unlike 
the potential for pericardial 
fibrosis to cause tamponade, 
these do not impair expan-
sion of  the lung.

Click the photo to scroll through 
the images..

Above: Cat, pulmonary atelectasis due to 
pneumothorax, the result of  repeated tho-
racocentesis to drain an idiopathic chylous 
effusion.

Above: Cat, pyothorax presumed to be 
caused by a bite wound. Pasteurella mul-
tocida and mixed anerobes were cultured 
from the pleural fluid. Note the chunky 
aggregates of  fibrin and pus draining onto 
the necropsy table.

Click the photo to scroll through the images..
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Respiratory Diseases  
of  Cattle

Respiratory diseases of  cattle can be a 
tiny bit challenging because there are so 
many, but it’s easiest to think of  them in 
the context of  the morphologic patterns 
encountered previously. As you read the 
notes, keep track of  which diseases cause 
bronchopneumonia, bronchointerstitial 
pneumonia, interstitial pneumonia, embol-
ic pneumonia, pleuritis, or upper respira-
tory (nasal/tracheal) lesions.

Pneumonic pasteurellosis
Pneumonic pasteurellosis refers to bron-
chopneumonia caused not only by Pasteu-
rella sp., but by any bacteria of  the family 
Pasteurellaceae. It affects cattle of  a variety 
of  ages, including dairy calves, and adult 
dairy cows in the autumn. “Shipping 
fever” describes describes the same disease 
when it occurs within several weeks of  
weaning, transport, and mixing. 

The major etiologies are bacteria of  the 
family Pasteurellaceae: Mannheimia haemo-
lytica, Histophilus somni, and Pasteurella mul-
tocida. Note that Histophilus somni (formerly 
Haemophilus somnus) may also cause bactere-
mia and vasculitis that result in encephalitis 
(ITEME), polyarthritis, myocarditis, pleu-

ritis, uveitis, and endometritis; frequently, 
only one form of  disease is present in an 
individual animal (i.e. calves with H. somni 
pneumonia do not often have ITEME, 
etc.).

All three of  these bacteria may be car-
ried in the nasopharynx of  normal calves. 
Disease is thought to require a predispos-
ing cause, such as stress or viral infection. 
Viral infections occur when naïve stressed 
calves are mixed with calves from other 
sources, and these viral infections impair 
respiratory defences by infecting ciliated 
epithelium to reduce mucociliary clear-
ance, by infecting alveolar macrophages to 
reduce their antibacterial functions, as well 
as several other mechanisms.

Stresses of  weaning, transport, crowding, 
reorganization of  social groups, change in 

feed, water restriction, and adverse climatic 
conditions impair respiratory defences. 
Stress may also stimulate proliferation of  
bacteria in the nasopharynx, and induce a 
shift to a more virulent form.

Cold stress (changes in weather, precipita-
tion) reduces mucociliary clearance. 

Mannheimia haemolytica produces a 
leukotoxin which causes necrosis of  
ruminant macrophages and neutrophils, 
thus impairing this important pulmonary 
defence mechanism. 

Clinical signs are usually of  acute 
onset and mainly reflect the acute phase 
response: fever, depression, anorexia, lack 
of  rumen fill, and holding back from the 
feed bunk. Other clinical signs are more 
variable: hyperpnea, dyspnea, coughing, 
mucopurulent nasal discharge.

Major diseases Minor diseases Other diseases
Cattle • Pneumonic pasteurel-

losis 
• Mycoplasma bovis
• Bovine respiratory syn-

cytial virus 
• Infectious bovine rhino-

tracheitis 
• 3-MI toxicity 
• Aspiration pneumonia

• Parainfluenza, corona-
virus

• Embolic pneumonia
• Dictyocaulus 
• Tuberculosis
• Interstitial pneumonia 

of  feedlot cattle
• Histophilus pleuritis

• Ascaris suum lar-
val migration 

• Contagious bovine 
pleuropneumonia 
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Above: Acute fibrinous bronchopneumo-
nia in a feedlot calf  that was found dead. 
Fibrin covers the pleural surface, and the 
cranioventral 80% of  the lung is purple-
black, fails to collapse, is firm, and cuts 
crisply. A tiny strip of  more normal pink 
lung is present dorsally.

Bottom: Two examples of  the foci of  
coagulation necrosis (green arrows) that 
are common in acute bronchopneumonia 
caused by Mannheimia haemolytica.

Click the photo to scroll through the images.

Morphology. The gross lesions typical 
of  shipping fever are a cranioventral lobar 
pattern of  consolidation and reddening, as 
a result of  fibrinopurulent exudate in the 
alveoli (making them hard). In addition, 
peracute or acute cases often have:

1. Hemorrhagic purple-black lobules, giv-
ing a red/tan checkerboard pattern

2. Fibrinous exudate on the pleural sur-
face

3. Interlobular septa distended by edema 
and fibrin

4. Foci of  necrosis visible on the cut sur-
face, which appear as irregularly shaped 
pale foci surrounded by a rim of  red 
(hemorrhage) or white (intense leuko-
cyte infiltration).

In less severe cases, the lesions may be in 
a cranioventral lobular distribution, and 
consist of  consolidation (firm red areas) 
without fibrinous exudate.

Chronic cases may develop fibrous adhe-
sions on the pleura, abscessation of  lung 
tissue, bronchiectasis, or sequestrum for-
mation.

Diagnosis: Pneumonic pasteurellosis is 
by far the most common cause of  respira-
tory signs in cattle, and the gross lesions 
are usually sufficient for diagnosis. Gross 
features that would lead to an alternative 

diagnosis include:

• Rubbery rather than firm/hard lesions 
in cranioventral lung may indicate 
bronchointerstitial pneumonia such as 
BRSV.

• The concurrent findings of  cranioven-
tal subacute bronchopneumonia and 
dorsocaudal acute interstitial pneumo-
nia may explain acute exacerbation of  
clinical signs.

• Bronchopneumonia with concur-
rent necrosis of  tracheal epithelium is 
indicative of  infectious bovine rhinotra-
cheitis, with a fatal secondary bacterial 
pneumonia.

• Bronchopneumonia containing mul-
tifocal white circular crumbly foci of  
necrosis indicates Mycoplasma bovis.

• Diffuse pulmonary edema and conges-
tion, with soft or slightly rubbery tex-
ture, in cases of  heart disease (valvular 
endocarditis, Histophilus somni myo-
carditis, white muscle disease).

Bacterial culture is used if  identification of  
the specific pathogen and its antimicrobial 
susceptibility is needed. Cultures are often 
negative if  the animal has been treated 
with antibiotics, and the antimicrobial 
susceptibility of  isolates from antiobiotic-
treated animals should not be used to 
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Below: Mycoplasma bovis, caseonecrotic 
bronchopneumonia. Lesions affect the 
cranioventral 35% of  the lung, and contain 
multiple round white raised foci of  caseous 
necrosis. The last photo shows fibrinous 
arthritis of  the carpus, due to hematog-
enous spread from the lung.  
Click the photo to scroll through the images.

guide the selection of  antibiotics for treat-
ment of  surviving herdmates.

Should you use swabs or pieces of  tissue 
for culture? Swabs allow precise sampling, 
and the transport medium supplied with 
the swab preserves the pathogen dur-
ing shipment to the lab. However, con-
taminants are more likely, because of  the 
impossibility of  using aseptic technique in 
a field necropsy. Submitting a 2x2 cm piece 
of  tissue for culture is the alternative, and 
contamination is less likely because labo-
ratory technicians sear the surface before 
taking a culture of  the deep tissue. How-
ever, it is more effort to bag tissue samples 
than to take a swab, and tissue samples are 
more prone to degradation during trans-
port.

Cultures should be taken from the “leading 

edge” of  the lesion (the area of  affected 
cranioventral tissue that is close to the 
more normal dorsocaudal lung), because 
the older lesion in the most severely affect-
ed part of  the lung may be secondarily 
colonized by other bacteria (eg. Arcanobacte-
rium pyogenes). But be sure to take the sam-
ple from tissue with lesions, as it is a waste 
of  effort to culture normal tissue.

Sequelae: Animals may die acutely due to 
sepsis or “toxemia”, and often not due to 
respiratory failure per se. Chronic sequelae 
include chronic bronchopneumonia, 
abscessation, sequestrum formation, bron-
chiectasis, and pleural adhesions. Relapses 
following apparently successful treatment 
often occur, because abscesses are a persis-
tent source of  infection that resists antibi-
otic treatment.

Mycoplasma bovis 
Mycoplasma bovis causes “Chronic pneu-
monia and polyarthritis syndrome”, often 
in conjunction with other pathogens. The 
condition in feedlot cattle appears in the 
second month after arrival in feedlots, 
in contrast to the usual development of  
pneumonic pasteurellosis in the first few 
weeks.

The pathogenesis of  the disease is uncer-
tain, as most calves are infected with M. 

bovis yet few develop disease. The evidence 
suggests that M. bovis proliferates within 
lesions of  shipping fever pneumonia, and 
persists and causes chronic disease even 
when the Mannheimia is cleared by anti-
biotic therapy or a developing immune 
response. BVDV infection predisposes 
to both pneumonic pasteurellosis and M. 
bovis pneumonia, but doesn’t appear to play 
a direct role in the pathogenesis of  this 
disease.

Below: Distention of  interlobular septa by 
white fibrin.
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Below: Cow, aspiration pneumonia. The 
lesion is unilateral (right side), localized, 
green, and foul-smelling. Interlobular 
emphysema is present, secondary to dys-
pnea. Click the photo to scroll the images.

The characteristic lesions are termed “case-
onecrotic bronchopneumonia”: cranio-
ventral bronchopneumonia with multiple, 
circular, white, raised, friable foci of  case-
ous necrosis in the cranioventral lung. In 
contrast, the foci of  coagulation necro-
sis caused by Mannheimia are irregularly 
shaped, red, non-raised and not friable.

Half  of  the cases also have fibrinopuru-
lent polyarthritis and tenosynovitis, due to 
hematogenous spread from the lungs.

Aspiration pneumonia
Major reasons for aspiration pneumonia in 
cattle include: 

• Force-fed milk replacer, liquid medi-
cines, misplaced esophageal tube

• Cleft palate

• Recumbency: milk fever or mastitis

Grossly, this may appear as a cranioven-
tral area of  consolidation similar to other 
forms of  bronchopneumonia. However, 
the characteristic features to suggest aspi-
ration pneumonia are a localized or uni-
lateral lesion, which is often foul-smelling 
and necrotic/friable due to anaerobic 
bacterial infection.

Viral pneumonia
Viral infections, along with stress, pre-

dispose to bacterial pneumonia in cattle. 
However, primary viral pneumonia also 
occurs, in which bacterial infection plays 
little or no role. These infections may 
cause outbreaks, endemic disease, or affect 
only a single animal. Viral pneumonia is 
most common in young calves, occasional-
ly occurs in feedlot cattle soon after arrival, 
and is uncommon in adult cows.  Impor-
tant predisposing factors are ventilation, air 
quality, crowding, and mixing: factors that 
affect the opportunity for spread of  patho-
gens, as well as the health of  the respira-
tory mucosa.

Etiology: 

• Bovine respiratory syncytial virus

• Bovine herpesvirus-1

• Bovine coronavirus

• Bovine parainfluenza virus

Bovine viral diarrhea virus is an important 
predisposing cause of  bacterial broncho-
pneumonia, but does not cause respiratory 
disease by itself.

Morphology: Gross lesions are of  bron-
chointerstitial pneumonia. There is usually 
a cranioventral lobular pattern of  atelecta-
sis with rubbery texture, not as hard as in 
fibrinous bronchopneumonia. Dorsocaudal 
lobes are often emphysematous and rub-
bery. So, the entire lung has firmer texture 
than normal, with collapse of  cranioventral 
lung and crepitus of  the dorsocaudal area.

Secondary bronchopneumonia may be 
present, as these viruses impair mucociliary 
clearance and alveolar macrophage func-
tion.

Diagnosis:  
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On dead animals: Histologic lesions of  
bronchiolar necrosis and alveolar hyaline 
membranes or type II pneumocyte prolif-
eration suggest viral infection, and cases 
that die soon after infection may show 
syncytia in bronchioles that indicate BRSV. 
Confirmation involves demonstrating virus 
in frozen tissue using PCR testing, or in 
fixed tissue using immunohistochemistry. 
BRSV grows poorly in tissue culture, so 
virus isolation is not recommended. 

On live animals: Virus can be identified in 
nasal swabs, using PCR, antigen-detection 
assays, or virus isolation. These methods 
can provide a rapid diagnosis of  the cause 
of  the respiratory disease. It is important 
to recognize, for most respiratory viruses 
in all species, that the virus is cleared 
within 4-7 days of  infection, and this cor-
responds to the first 1-4 days of  clinical 
signs. Samples taken after this time will not 
contain viral antigen or nucleic acid, no 
matter what test method is used. There-
fore, to detect virus/antigen/nucleic acid, 
samples must be taken in the first 3-4 days 
of  the outbreak from calves in the early 
stages (1-2 days) of  disease. If  you are 
not called to the farm until after this stage 
of  disease, it may be impossible to detect 
virus/antigen/nucleic acid in samples from 
live animals or dead animals.

Serology is the alternative testing strategy 
in the above situation. Serum antibody 
titres are measured in samples taken during 
acute disease and three weeks later. Mea-
suring titres in a single serum sample is of  
no value. Serology is a very sensitive meth-
od to identify the cause of  the outbreak, 
and rising titres can be detected even if  
you are called late to the farm. The disad-
vantage of  serology is that the diagnosis is 
not made until the outbreak is long past. 

Infectious bovine rhinotracheitis
Bovine herpesvirus-1 (BHV-1) was men-
tioned above with viral pneumonia, but it 
causes a “special” disease: IBR. Note that 
BHV-1 may also cause other disease con-
ditions: systemic disease in neonates, or 
encephalitis, or abortion.

IBR causes an acute onset of  fever, depres-
sion, and variable degree of  dyspnea, and 
careful inspection of  the nasal cavity may 
reveal erosions.

Gross lesions are erosions of  nasal, laryn-

Above: Bovine respiratory syncytial virus. 
The cranioventral lung is reddened and 
collapsed, but the rubbery texture helps to 
distinguish this from a bronchopneumonia.

Below: A bronchiole contains necrotic 
cells in the lumen (*), and multinucleated 
epithelial syncytia in the lining epithelium 
(arrows). These syncytia are diagnostic, but 
they are only preesnt in the first 1-4 days 
of  clinical illness.
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on lung tissue from dead animals, or serol-
ogy or testing of  nasal swabs from live 
animals.  

Toxic lung disease
3-Methylindole toxicity (acute bovine 
pulmonary edema and emphysema, “fog 
fever”) affects adult cattle given sudden 
access to lush pastures. Affected cows 
have an acute onset of  severe dyspnea, and 
death if  forced to exercise. This disease is 
now uncommonly encountered.

Lush pastures contain tryptophan, which 
is metabolized by rumen microbes to 
3-methylindole (3-MI). The toxin is 
absorbed from the rumen, and delivered 
by the blood to the lung. Clara cells and 
type II pneumocytes convert 3-MI to a 
reactive intermediate in the process of  
detoxification. The reactive derivative of  
3-MI causes oxidative injury to lung epi-
thelium, resulting in interstitial or bron-
chointerstitial lung lesions. This process is 
analogous to periacinar hepatic necrosis 
caused by conversion of  hepatotoxins to 
reactive intermediates.

Morphology: Gross lesions are diffuse 
pulmonary edema, emphysema, and firm 
or rubbery texture. Histologic lesions 
include alveolar edema and hyaline mem-
branes.

Below: Three cases of  infectious bovine 
rhinotracheitis, with tracheal and nasal 
necrosis covered by an adherent fibrinone-
crotic membrane. The smaller photo of  
trachea shows the pale multifocal erosions 
underlying the fibrinonecrotic membrane 
(arrow). Click the photo to scroll the images.

geal and tracheal mucosa, which appears 
either as tiny white depressed foci, or more 
commonly as a white mat of  fibrin and 
necrotic tissue that sticks to the tracheal 
mucosa. This material cannot be easily 
wiped off  of  the mucosa, in contrast to 
the expectorated material that can be easily 
removed from the tracheal mucosa in cases 
of  bacterial bronchopneumonia. 

Most deaths from IBR result from second-
ary bacterial bronchopneumonia.

Diagnosis is as described for viral pneumo-
nia: PCR testing or immunohistochemistry 

Other toxins which are activated by type 
II pneumocytes and/or Clara cells include 
ipomeanol (mouldy sweet potatoes) and 
perilla ketones (purple mint). 

Other toxins need not be metabolized to 
reactive intermediates, and instead cause 
direct damage to the lung on inhalaion. 
These include ammonia, hydrogen sulfide 
(manure pit gas), nitrogen dioxide (silo 
gas). These gases more commonly cause 
peracute death without lesions (eg. when 
accidentally exposed to gases by agitation 
of  manure pits), but interstitial pneumonia 
may develop in surviving animals.

Toxic lung injury is rare in domestic ani-
mals, but important to recognize because 
many animals are usually affected.

Interstitial pneumonia of  feedlot 
cattle
Commonly identified in southern Alberta 
feedlots, it does occur but is less common 
in Ontario. Affected cattle have an acute 
onset of  severe dyspnea and lesions of  dif-
fuse interstitial pneumonia similar to that 
described for 3-methylindole toxicity (see 
below). The cause is not clear but appears 
to be related to the feed.

Dictyocaulus viviparus
Lungworms are most common in cool 
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wet climates, but are occasionally seen in 
Ontario. This is an important diagnosis 
because multiple animals are usually affect-
ed, and disease control is very different 
than for other respiratory pathogens.

Adults worms are grossly visible thread-
like white nematodes in bronchi within 
caudal lobes. These are easily overlooked if  
the caudal bronchi are not opened. When 
opening the trachea and bronchi at necrop-
sy, always continue to the caudal bronchi: it 
takes an extra 15 seconds, and can lead you 
to an obvious and impactful diagnosis. 

Dictyocaulus causes a confusing series of  
syndromes:

1. Acute diffuse interstitial pneumonia in 

Photos: Three different appearances of  
interstitial pneumonia in cattle. 
Top: Diffusely firm rubbery edematous 

lungs (diffuse interstitial pneumonia). This 
was an old case of  fog fever (3-methyin-
dole toxicity, ABPEE).

Middle: As above, except the general-
ized interstitial pattern is lobular rather 
than diffuse, giving a checkerboard pat-
tern throughout the lung. This was a feed-
associated case in a feedlot steer in Alberta. 
Credit: Feedlot Health Management Services.

Bottom: Cranioventral bacterial brocho-
pneumonia with firmness and emphysema 
of  the dorsocaudal lung. The pathogenesis 
of  the dorsocaudal interstitial pneumonia 
in such cases is unknown.

naive calves exposed to pastures that 
are contaminated with many larvae. 
The disease is so acute that there are 
not yet any adults in the bronchi or 
larva in feces. The diagnosis depends 
on histologic detection of  larvae in 
formalin-fixed sections of  lung. 

2. Chronic patent infections with adults 
in bronchi and larvae in feces, causing 
acute or chronic respiratory disease. 
The diagnosis is usually made by detect-
ing larvae in feces (Baermann test) or, 
in animals that have died, by seeing 
worms in the caudal bronchi.

3. “Reinfection syndrome”: sensitized 
adult animals that are re-infected with 
large numbers of  larvae may develop 
acute interstitial pneumonia, but the 
partial immune response doesn’t allow 
patency. There are no adults in the 
bronchi, and no larvae in feces. The 
diagnosis depends on histologic detec-
tion of  larvae in lung. 

Ascaris suum larval migration
Ascaris suum is the intestinal roundworm of  
pigs, and the larva migrates through liver 
and lung, before returning to the intestine 
where it matures to adulthood. 

This disease occurs in calves raised in 
barns that formerly housed swine. Lesions 
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Below: Embolic pneumonia due to liver 
abscesses in a feedlot steer. Photo credit: 
Feedlot Health Management Services. 

pneumonia) that cause chronic respira-
tory disease. These rarely erode pulmonary 
blood vessels to cause massive epistaxis 
and death by exsanguination.

Fibrinous pleuritis caused by  
Histophilus somni
Histophilus somni causes bronchopneumonia 
(see Pneumonic pasteurellosis) in some 
infected cattle, but others instead develop 
septicemia with formation of  fibrinous 
exudates on serosal surfaces: pleuritis, 
pericarditis, polyarthritis, and sometimes 
peritonitis. The amount of  fibrin present 
is dramatic, but the key feature is that the 
underlying lung tissue is normal. Defini-
tive diagnosis is by culturing a swab of  the 
fibrinous exudate in the pleural cavity.

Above: Dictyocaulus viviparus (2 cases). 
Thread-like worms live in the bronchial 
lumen, in caudal lung lobes. The lowest 
magnification image shows atelectasis and/
or consolidation of  lobules in the caudal 
lung, due to an inflammatory response to 
aspirated eggs. Photo credit: Dr. Ted Clark. 
Click the photo to scroll through the images.

Below: Ascaris suum larva in lung, with 
eosinophilic interstitial pneumonia. Click...

are diffuse interstitial pneumonia, which 
are histologically characterized by numer-
ous eosinophils and rare larvae. You 
probably wouldn’t think of  this disease 
clinically, but the diagnosis can be made 
histologically by observing the wandering 
larvae.

Embolism from liver abscess
Feeder cattle on high energy rations may 
develop chemical rumenitis, leading to 
showering of  liver with Fusobacterium nec-
rophorum or other rumen bacteria. These 
cause liver abscesses, which may eventu-
ally erode a branch of  the hepatic vein or 
caudal vena cava, and cause septic emboli 
to shower the lung. 

Massive embolism may obstruct pulmo-
nary arterial flow, causing acute right heart 
failure with sudden death. Alternatively, 
emboli can obstruct the caudal vena cava 
(you need to open the vena cava between 
the heart and the diaphragm, in the nec-
ropsy examination of  feedlot cattle), caus-
ing obstruction to blood flow and develop-
ment of  ascites.

Sudden showering of  the lung with bacte-
ria causes an acute diffuse interstial pneu-
monia.

More mild cases may develop randomly 
distributed pulmonary abscesses (embolic 
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every few years in Ontario and other prov-
inces, and private practice veterinarians or 
meat inspectors usually play a key role in 
the early identification that leads to quick 
eradiction.

Pathogenesis: Bacilli are phagocytosed 
by macrophages, but the complex cell wall 
lipids—which give the bacteria their acid-
fast staining quality—prevents killing by 
non-activated macrophages. An adequate 
cell mediated immune response enables T 
lymphocytes to activate macrophages to 
kill the pathogen. Most chronically infected 
animals do not show clinical signs, even 
though they intermittently shed bacteria in 
sputum and are thus a source of  infection 
to herdmates.

Gross lesions are caseating tubercles in 
retropharyngeal and tracheobronchial 
lymph nodes and in lung. The tubercles 
consist of  a focal area of  caseous necro-
sis, often with mineralization, and usually 
with a fibrous capsule. Most cases have 
only one lesion in the lung or lymph node, 
yet it is critical to detect these subclinical 
cases because they can transmit infection 
to herdmates. Lesions may erode through 
the pleura and cause multiple tiny nodules 
on pleural surfaces, or erode blood vessels 
to cause disseminated small granulomas 
(miliary tuberculosis) or larger granulomas 

in multiple organs. 

Lesion in farmed cervids (deer and elk) are 
often more suppurative and may be easily 
mistaken for abscesses.

Diagnosis: As this is an immediately noti-
fiable disease, diagnostic testing is done 
by CFIA. This involves intradermal skin 
testing of  affected and in-contact animals, 
as well as testing of  lung and lymph nodes 
of  euthanized animals using special myco-
bacterial culture as well as acid fast stains 
of  histologic sections.

Miscellaneous conditions
• Pulmonary edema. Clinical signs of  

respiratory distress need not be caused 

Below: Histologic appearance: multiple 
pulmonary granulomas, with a centre of  
caseous necrosis ± mineralization, with 
macrophages and giant cells (arrows). 
Click the photo to scroll through the images.

Bovine tuberculosis
Mycobacterium bovis causes bovine tubercu-
losis, and occasionally causes disease in 
humans. Most human cases were enteric 
infections due to ingestion of  contaminat-
ed non-pasteurized milk. The vast major-
ity of  human tuberculosis cases are now 
caused by Mycobacterium tuberculosis, which 
does not affect cattle.

Bovine tuberculosis is an immediately 
notifiable (reportable) disease in most 
developed countries including Canada. 
Although the prevalence is low enough 
that Canada is considered officially free 
of  the disease, nonetheless cases do occur 

Below: Fibrinous pleuritis due to Histophi-
lus somni. Fibrin covers the pleural surface, 
but the underlying lung tissue is normal 
(congested, but otherwise normal).  
Click the photo to scroll through the images.
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by respiratory disease. Heart disease 
can cause a similar picture. Valvular 
endocarditis, Histophilus somni focal 
myocarditis, and (in calves at pasture) 
white muscle disease are the most com-
mon causes of  heart disease in cattle, 
and the clinical signs can mimic those 
of  pneumonia.

• Honker syndrome: tracheal edema 
and hemorrhage syndrome. Affected 
feedlot cattle develop an acute onset of  
dyspnea with stridor (honking inspira-
tory dyspnea) due to marked edema 
and/or hemorrhage of  the tracheal 
mucosa that partially obstructs the 
lumen. The cause is not known.

• Laryngeal ulcers. Focal ulcers of  the 
larynx are thought to develop from 
the trauma of  the larynx crashing shut, 

from hyperpnea in feedlot cattle with 
pneumonia. These should not be con-
fused with diphtheria of  young calves, 
which causes more extensive necro-
tizing lesions of  the oropharynx, and 
sometimes involves larynx and trachea.

• Contagious bovine pleuropneu-
monia. Caused by Mycoplasma mycoides 

Three cases of  tuberculosis.

Top: Focal granuloma in the lung. A single 
granuloma in lung or lymph node is the 

most common manifestation of  tuber-
culosis. Don’t expect to find widespread 
lesions. Photo credit: Dr. K. Williams, Michigan 
State University. 
Left, middle: Tiny granulomas dissemi-
nated throughout the lung. Photos credit: Dr. 
Kurt Williams, Michigan State University.

Left, bottom: Lung abscess in a farmed 
deer. This was caused by Fusobacterium, but 
tuberculosis can cause abscesses in cervids. 
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ssp. mycoides small colony type, it is 
of  major importance in Africa, and is 
an immediately notifiable (reportable) 
disease in Canada.

• Allergic alveolitis or hypersensitivity 
pneumonitis. This is a hypersensitiv-
ity to inhaled spores of  Micropolysporum 
faeni, resulting in chronic coughing 
or dyspnea, and is most common in 
housed cows in wet climates. 

• Meconium aspiration syndrome 
in neonates. Aspiration of  meconium 
during dystocia incites an inflammatory 
reaction in the neonatal calf.

• Septicemic lung injury. Neonatal 
calves with septicemia may have dif-
fusely edematous and firm lungs, repre-
senting interstitial lung disease.
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Below: Histologic appearance (PAS stain)
of  the fungal plaque from a dog, formed 
entirely by fungal hyphae.

Respiratory Diseases  
of  Dogs

Nasal Diseases
Nasal aspergillosis causes focal plaques 
in the nasal cavity, each formed by mats 
of  fungal hyphae, much like plaques of  
mold growing on bread. Clincial signs may 
include sneezing, nasal discharge, hemor-
rhage, and/or nasal depigmentation.

The pathogenesis is obscure, but inhalation 
of  large numbers of  fungal hyphae might 
play a role. Immunosuppression seems not 
to be a predisposing cause.

The diagnosis is made by identifying 
plaques of  fungal hyphae by rhinoscopy, 

sive and destructive growth is the more 
common clinical problem. This tumour 
may cause exophthalmos by invasion of  
the retro-orbital space, seizures by invading 
the cribriform plate into the brain, or inva-
sion into oral cavity. The diagnosis is based 
on histologic or cytologic examination of  
masses that are identified in the nasal cav-
ity. Aggressive rhinoscopy may be required 
to identify the tumour, but this is critical to 
make the diagnosis.

Foreign body rhinitis: the inflammatory 
response is non-specific, and diagnosis 
depends on clinical identification of  for-
eign material.

Allergic rhinitis: histologic lesions of  
eosinophilic rhinitis are suggestive but not 
specific, and the diagnosis must be made in 
conjunction with clinical signs, seasonality, 
and response to therapy.

Lymphoplasmacytic rhinitis: This type 
of  inflammatory reaction can result from 

or cytologic or histologic examination of  
nasal flushes.

Nasal neoplasia. Adenocarcinoma is the 
most common nasal tumour of  dogs, while 
chondrosarcoma and other tumours are 
much less frequent. Nasal tumours cause 
nasal discharge, sneezing, hemorrhage, and 
sometimes nasofacial deformity or stertor. 

Nasal adenocarcinoma does metastasize, 
but late in the disease course. Locally inva-

 Major diseases Minor diseases Other diseases
Dogs • Blastomycosis

• Pulmonary neoplasia
• Bacterial pneumonia
• Nasal aspergillosis 
• Nasal carcinoma 
• Herpesvirus

• ARDS
• Eosinophilic lung disease
• Pulmonary embolism
• Pyothorax 

• Kennel cough
• Tracheal collapse
• Oslerus oslerii
• Crenosoma vulpis 
• Canine distemper

Above: Nasal aspergillosis (in a cow), with 
a focal plaque of  fungus on the mucosa.  
Click the photo to scroll through the images.
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Above: Nasal adenocarcinoma arising 
in the ethmoid conchae, with invasion 
through cribriform plate into brain. Dog.

Below: The tumour may be difficult to 
find by rhinoscopy, but the histologic 
diagnosis is usually straightforward if  the 
appropriate tissue is biopsied.  Here, the 
biopsy is composed almost entirely of  
sheets of  atypical epithelial cells forming 
acini. Click the photo to scroll through the images.

many chronic stimuli, but some cases 
respond to anti-inflammatory therapy and 
are thought to be immune-mediated.

Uncommon nasal diseases: Pneumonyssoi-
des caninum (nasal mite of  dogs), Rhinospo-
ridium seeberi (protozoan). 

On the use of  nasal biopsies. Nasal 
biopsies are highly useful in establishing 
the diagnosis of  nasal neoplasms and nasal 
aspergillosis. In other cases, the lesions 
may be suggestive but non-diagnostic of  
other conditions. The two major limita-
tions are: (1) many nasal diseases cause 
non-specific suppurative or lymphoplas-
macytic inflammatory lesions, and (2) his-
tologic diagnosis is most specific for dis-
eases that cause focal lesions, but it may be 
a clinical challenge to identify and sample 
these focal lesions. Nonetheless, biopsy is 
the only method to make a specific diagno-
sis, for a subset of  nasal diseases of  dogs.

Diseases of  the Larynx, Trachea, 
and Bronchi
Laryngeal paralysis

Brachycephalic airway syndrome. 
Brachycephalic dogs, particularly bulldogs, 
may have a spectrum of  malformations 
that cause airway obstruction: stenotic 
nares, everted laryngeal ventricles, elon-
gated soft palate, and tracheal hypoplasia. 
Affected dogs may develop acute exacerba-
tions due to aspiration pneumonia, prob-
ably because of  the stertorous inspiratory 
effort.

Tracheal collapse causes a chronic honk-
ing non-productive cough in small breed 
adult dogs. Some affected dogs also have 

Above: Bulldog, tracheal stenosis with 
thickening of  the laryngeal mucosa. Click 
the photo to scroll through the images.
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chronic bronchitis and/or left atrioven-
tricular valvular endocardiosis. The gross 
lesions are a lack of  normal rigidity of  the 
tracheal cartilage, with flattening of  tra-
cheal rings, and a widened dorsal tracheal 
membrane. The cause is not known.

Infectious bronchitis/ kennel cough 
is mainly caused by Bordetella bronchiseptica, 
with viruses such as Canine adenovirus-2 
and Canine parainfluenza virus playing a role 
in some cases. Clinical signs are an acute 
onset of  non-productive or productive, 
cough usually after kennelling or other 
exposure to dogs. Mortality is rare.

Chronic bronchitis occurs in older, 
obese, small-breed dogs. There is a lack 
of  specific lesions: chronic inflammation, 
and hyperplasia of  mucus-secreting goblet 
cells. Some affected dogs also have tracheal 
collapse, and/or mitral valvular endocar-
diosis.

Bacterial bronchopneumonia
Some cases of  bronchopneumonia in 
dogs result from infection with relatively 
virulent pathogens: Bordetella bronchi-
septica, Staphylococcus sp., Strepto-
coccus sp., and others. These can cause 
outbreaks in kennel or shelter situations. 
Predisposing causes should be considered, 
such as viral infection, malnutrition or 

debilitation, chilling, crowding that increas-
es the opportunity for pathogen transmis-
sion, neutropenia (parvoviral infection, 
chemotherapy), and rarely immunodefi-
ciency such as ciliary dyskinesia.

Compared to such opportunistic infec-
tions, aspiration pneumonia is more fre-
quent in dogs. The underlying conditions 
are as mentioned above: vomiting (parvo-
viral enteritis, inflammatory bowel disease), 
regurgitation (megaesophagus, myasthenia 
gravis), reduced swallowing reflex (recov-

ery from general anesthesia, laryngeal 
disease, neurologic disease), cleft palate. 

Morphology. The gross lesions may cause 
cranioventral reddening and consolidation, 
as is typical of  bronchopneumonia, but 
lesions in dogs may sometimes be more 
widespread throughout the lung. Acute 
bronchopneumonia in dogs is often more 
hemorrhagic than in other species, and 
the pneumonia can easily be mistaken for 
pulmonary hemorrhage. Lesions of  aspira-
tion pneumonia are typically focal, unilat-
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Photos: the varied appearance of  bron-
chopneumonia in dogs.

Top left: Diffuse congestion and hem-
orrhage with consolidation of  the right 
middle lobe. Hemorrhage is frequent in 
acute pneumonia of  dogs. This dog had 
inflammatory bowel disease, and immuno-
suppressive therapy.

Above left: Cranioventral distribution of  
grey-purple discoloration and firm texture, 
typical of  bronchopneumonia in other spe-

cies. This was a young dog with parvoviral 
enteritis. Click the photo to scroll through the 
images.

Top right: Consolidation of  the right 
middle lung lobe, with hemorrhage in the 
remainder of  the lung.

Above right: Consolidation and purple 
discoloration of  the right middle lung lobe. 
The distribution suggests aspiration pneu-
monia.

eral, or at least asymmetrical. Aspiration 
pneumonia in monogastic animals is often 
less necrotizing and foul-smelling than in 
ruminants.

Canine distemper
This is caused Canine distemper virus, a 
morbillivirus (Paramyxoviridae) related to 
measles. The host range includes canids, 
mustelids (eg. ferrets, which are very sensi-
tive), procyonids (eg. raccoons), and seals. 
Although the virus remains endemic in 
Ontario wildlife, clinical disease is now 
rare in dogs in Ontario, a great success of  
vaccination. The disease is very common 
where vaccination is not widely practiced, 
and cases do occur in pet stores and shel-
ters in Ontario.

Acquired by inhalation, the infection 
causes viremia and systemic infection of  
epithelial and lymphoid tissues. Immuno-
suppression, due to destruction of  lym-
phoid tissue, predisposes to bacterial pneu-
monia, toxoplasmosis, and other infections.

Clinical signs reflect one or more of  respi-
ratory disease, encephalitis, and/or immu-
nosuppression. Acute signs include fever, 
oculonasal discharge, cough, dyspnea, and 
depression. Neurologic signs may include 
ataxia, convulsions, myoclonus, blindness. 
Skin lesions may occur in chronic stages—
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Above: Canine herpesvirus infection in a 
neonatal puppy. The lesions include diffuse 
interstitial pneumonia with multiple white 
foci of  necrosis, and red foci of  necrosis 
in kidney. The heptic pallor is from lipid 
storage, normal in neonates. 

Click the photo to scroll through the 8 images.

nasal and foot pad hyperkeratosis.

Morphology: Gross lung lesions are of  
bronchointerstitial pneumonia. Histologic 
lesions in lung and other tissues are char-
acteristic, with epithelial necrosis in which 
suriving cells form intracytoplasmic inclu-
sions and syncytial cells. 

Canine herpesvirus 
Canine herpesvirus is a relatively common 
cause of  fatal viremia in puppies less than 
about 6 weeks of  age. The infection may 
be transmitted by new dogs entering the 
population, or latent infections in the bitch 
may be re-activated at the time of  parturi-
tion, thus resulting in infection and disease 
in the neonates. The virus grows better 
at temperatures cooler than 37oC, and the 
disease is exacerbated by chilling of  neo-
natal puppies. Lesions are of  diffuse inter-

acute onset of  severe hypoxemia, without 
left atrial hypertension. In humans, ARDS 
is common, often fatal, and usually sec-
ondary to other diseases. A similar condi-
tion is recognized in dogs. Some cases have 
acute bacterial pneumonia. Others repre-
sent diffuse interstitial lung disease, and are 
the result of  a broad spectrum of  initiating 
conditions that result in damage to alveolar 
epithelium or endothelium:

• Systemic diseases that increase the 
permeability of  lung capillaries: mas-
sive trauma, endotoxemia/sepsis, DIC, 
pancreatitis, lung trauma/contusion

• Conditions that damage alveolar epithe-

Below: Acute interstitial lung disease in a 
dog with clinical signs of  ARDS, due to 
trauma.  The lungs are diffusely edema-
tous, congested, rubbery and firm, and fail 
to collapse. Click the photo to scroll the images.

stitial pneumonia and multifocal necrosis 
in kidney and liver. These foci of  necrosis 
often have hemorrhage, appearing as red 
or white spots in kidney, liver and lung.

The histologic lesions are characteristic, as 
intranuclear inclusion bodies are frequent.

Acute respiratory distress syn-
drome (ARDS)
ARDS is a clinical term that defines an 
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Below: Bronchiectasis in a dog. The bron-
chi in this area of  lung are dilated and 
filled with exudate. Bronchiectasis from 
chronic bacterial infection would appear 
similar, but in fact this is a case of  eosino-
philic bronchopneumopathy. Click the photo 
to scroll through the images.lium: aspiration of  sterile gastric acid, 

which injures type I pneumocytes, toxin 
exposure, viral infection

Morphology: The gross appearance is of  
interstitial lung disease: heavy, wet, dif-
fusely firm lungs. Histologic lesions are of  
alveolar edema with hyaline membranes 
and, in later stages, proliferation of  type II 
pneumocytes.

Eosinophilic lung disease
(aka Eosinophilic bronchopneumopathy, 
eosinophilic granulomatosis) 

Eosinophilic lung diseases in dogs are 
uncommon but not rare. They include a 
confusing spectrum of  names, reflecting 
the fact that these probably include several 
distinct diseases. Recognize that eosino-
philic lung diseases of  dogs form infiltrates 

in the lung that are visible grossly and 
radiographically, some cases are immune-
mediated diseases and others are caused by 
parasitism such as Dirofilaria. Many cases 
are responsive to corticosteroid therapy, 
and are therefore more commonly seen 
clinically than at necropsy. 

Uremic pneumonopathy
Uremic toxins injure blood vessels in the 
lung, appearing as diffusely reddened lungs 
with histologic evidence of  mineralization 
of  alveolar septa. Some affected dogs have 
clinical signs of  hyperpnea or dyspnea.

Pulmonary thromboembolism 
Grossly visible thrombi within pulmonary 
arteries are a nice suprise, when perform-
ing a necropsy examination on a dog with 
acute respiratory distress and otherwise 
unsatisfying lesions in the lung or heart. 
But, you need to open the pulmonary 
artery to detect this lesion! This is best 
done when dissecting the right heart: con-
tinuing the cut along the right ventricular 
outflow tract, pulmonic valve, and pulmo-
nary artery until you reach the caudal lung.

This condition is always secondary to 
another disease:

• Embolism from other sites: endocardi-
tis, jugular phlebitis secondary to veni-

puncture or catheterization

• Increased coagulative tendency: glo-
merular disease (with loss of  anti-
thrombin), hemolytic anemia, dissemi-
nated neoplasia, corticosteroid therapy, 
or heartworm.

Blastomycosis
Blastomyces dermatitidis is a dimorphic fun-
gus: it grows as a yeast form at 37oC, but 
as hyphae at environmental temperatures. 
The hyphae are found in the soil and are 
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Below: Pulmonary thromboembolism in a 
dog. The forceps at left hold open the right 
ventricle and pulmonic valve. The arrow 
indicates the thrombus filling the pulmo-
nary artery supplying the left lung. Click the 
photo to scroll through the images.

Above: Histologic appearance of  Blasto-
myces yeast in tissues, with granulomatous 
inflammation. Click the photo to scroll through 
the images.

infectious to animals and humans. The 
yeast form is not contagious, so handling 
infected tissues should not cause respira-
tory infection...but you can develop a skin 
infection if  you cut yourself  with a con-
taminated scalpel.

Blastomycosis is particularly common in 
certain geographic areas, including one 
focused on Kenora, extending from Win-
nipeg to Sudbury and the Ottawa valley. 

Infection begins in the lung, and may 
spread to skin, eye, bone, and/or other 
viscera. Infection induces granulomatous 

inflammation, forming multiple soft white 
nodules. In older dogs, metastatic neoplasia 
is a more likely differential diagnosis. 

Although the multifocal appearance of  the 
pulmonary lesions suggests an embolic 
pneumonia, the pulmonary infection is 
acquired by inhalation. 

The diagnosis depends on identifying yeast 
in affected lesions by cytologic examina-
tion of  aspirates or impression smears, or 

Below: Three cases of  blastomycosis with 
differing morphology. All have multifo-
cal white nodules, 3 mm to 6 cm diameter, 
throughout the lung.
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Below: Oslerus osleri nematodes live in 
nodules at the tracheal bifurcation. Click the 
photo to scroll through the images.

Below: Torsion of  the right middle lung 
lobe in a dog with acute respiratory dis-
tress. The lobe is deeply congested because 
of  venous obstruction. There is abundant 
pleural effusion, also the result of  venous 
obstruction. Click the photo to scroll through 
the images.

noma, a form of  lymphoma termed angio-
tropic T cell lymphoma (or lymphomatoid 
granulomatosis), and histiocytic sarcoma.

Most lung tumours are metastases that 
have originated elsewhere. Some com-
mon tumours that metastasize to the lung 
include carcinomas (mammary, thyroid, 
transitional cell), oral melanoma, splenic 
or right atrial hemangiosarcoma, osteosar-
coma of  long bones, and lymphosarcoma. 
Clinical manifestations of  pulmonary 
neoplasia were discussed in the section on 
general pathology.

Pleuritis
Pleuritis occurs in large-breed dogs sec-
ondary to penetrating injury or migrating 
plant awns contaminated with Actinomyces 
spp. or Nocardia asteroides. The chest cavity 
is filled with exudate—often bloody—and 
there is atelectasis as a result.

Lung lobe torsion
Dogs present with an acute onset of  respi-
ratory distress. Look for an underlying 
tumour. Because this often affects the right 
middle lung lobe, it can resemble aspira-
tion pneumonia.

in histologic sections of  affected tissues. 
More recently, detection of  Blastomyces 
antigen in urine has proven effective as a 
non-invasive alternative test.

Other fungal pneumonias
Dogs occasionally develop pneumonia due 
to Cryptococcus neoformans (more common in 
cats), Histoplasma capsulatum (enteric disease 
is more common), and Coccidioides immitis 
(in the southwestern United States).

Parasites
Oslerus osleri (formerly Filaroides osleri) 
forms nodules at the tracheal bifurcation, 
and is usually an incidental finding.

Crenosoma vulpis is a thread-like worm 
in bronchi. Snails or slugs are intermediate 
hosts. The disease is seen in the Maritimes.

Paragonimus kellicotti: see cat parasites 

Toxocara canis larval migration occasion-
ally causes mild coughing in puppies.

Angiostrongylus vasorum. A nematode 
parasite of  the lung tissue and pulmonary 
vessels, that is quite common on the east-
ern and western shores of  the Atlantic 
Ocean, but rarely identified in Ontario.

Pulmonary neoplasia
Primary lung tumours are infrequent in 
dogs and include pulmonary adenocarci-
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Above: Exudate in the pleural cavity: The 
top case is suppurative, and the bottom 
is bloody with a “tomato soup” texture. 
Nocardia was isolated from both cases.

Above: 1.6 litres of  bloody exudate col-
lected from the pleural cavity of  the same 
Nocardia case as at bottom left.
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Respiratory Diseases  
of  Cats

Viral respiratory diseases
• Feline herpesvirus-1 (feline rhinotra-

cheitis virus). Herpesvirus infections 
often are latent after the initial infec-
tion is cleared by the immune response, 
but recrudescence may occur during 
stressful periods, causing disease and/
or infecting other cats. Intranuclear 
inclusion bodies are often present in 
diseased tissues.

• Feline calicivirus. Calicivirus infections 
may be chronic, and infected cats shed 
the virus almost continuously. 

These viruses mainly infect the upper 
respiratory tract and conjunctival epithe-
lium, causing necrosis of  epithelial cells. 
In some cases, either of  these viruses can 
infect the lung to cause bronchointerstitial 
pneumonia. 

Upper respiratory viral infections are 
very common in young cats, and in older 
cats with impaired defences. The clinical 
signs are mucopurulent nasal and ocular 
discharge and sneezing, with or without 
fever. There may be secondary bacterial 
bronchopneumonia, or chronic rhinitis and 
sinusitis.

Above: Lingual ulcer, feline calicivirus.

Below: Acute laryngotracheitis. FHV-1.

• Respiratory defences are impaired. 
FeLV or FIV infections impair nasal 
defences. Chronic rhinitis destroys cili-
ated epithelium and excavates turbinate 
bone, impairing clearance of  mucus 
from the nasal cavity.

• Infections of  sinuses (sinusitis) and of  
bony tissue (osteomyelitis) may be dif-
ficult to eliminate.

Diagnosis: an etiologic diagnosis is 
not often pursued, but may be useful in 

 Major diseases Minor diseases Other diseases
Cats • Viral: herpes, calici

• Bacterial pneumonia
• Pulmonary neoplasia
• FIP
• Paragonimus

• Aleurostrongylus 
• Empyema
• Cryptococcosis
• Bordetella

• Mycoplasma felis
• Toxoplasmosis
• Idiopathic pulmo-

nary fibrosis

Below: FHV-1. Intranuclear inclusion 
bodies (arrows) in tracheal epithelium. The 
lumen (right) contains necrotic debris.

Why can upper respiratory infections 
become chronic? 

• Persistent infections. Latent herpesvirus 
infection may be reactivated in times of  
stress. Calicivirus and Bordetella infec-
tions are often persistent.
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Below: Nasopharyngeal polyp (forceps)
originating in the auditory tube and pro-
truding into the nasopharynx (dorsal to the 
soft palate, which has been incised).  
Click the photo to scroll through the images.

Above: Purulent sinusitis, cat. Pus fills the 
frontal sinus. This thick pus cannot drain 
readily, and infections in this location may 
persist. 

Below: Chronic rhinitis and sinusitis, with 
loss of  the conchae (turbinates). This 
remodelling impairs nasal defences and 
may perpetuate the disease.

group situations to implement control 
procedures. Oral ulcers suggest calicivi-
rus infection. Marked conjunctivitis sug-
gests chlamydiosis. Histologic evidence 
of  intranuclear inclusion bodies indicaes 
herpesvirus. Virus isolation or PCR testing 
of  conjunctival or oropharyngeal swabs is 
useful to detect herpes- and calici-viruses. 
Bacterial cultures will identify Bordetella.

Nasopharyngeal polyp
This is a common condition in young adult 
cats. A Polyp arises in the nasopharynx or 
in the auditory (Eustachian) tube. It grows 
into the pharynx to cause gagging or dys-
phagia, or into the nasal cavity to cause 
stertor and nasal discharge, or into the 
middle ear to cause head tilt, head shaking 
or Horner’s syndrome.

Nasal neoplasia 
The major nasal neoplasms of  cats are pri-
mary nasal lymphoma (arising in the nasal 
cavity, not a metastasis from elsewhere) 
and adenocarcinoma.

Nasal neoplasia is covered in more detail 

in the sections on General pathology, and 
Diseases of  dogs.

Nasal cryptococcosis
Cryptococcus neoformans is a fungus that is 
maintained in avian feces, and infects many 
mammalian species including cats, less 
commonly dogs, and humans. Cryptococcus 
gattii has recently emerged as an important 
disease of  wild and domestic animals and 
humans in British Columbia, but is not 
found in Ontario. Cryptococcus has a thick 
capsule which invokes very little inflamma-
tion, so the gross lesions appear as a gooey 
gelatinous mass of  yeast bodies. Infections 
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are usually sporadic, and are typically not 
contagious or zoonotic.

Infection is mainly by inhalation, leading to 
nasal disease. The fungus invades from the 
nasal cavity through the cribriform plate 
to cause meningoencephalitis. Aspiration 
of  infected nasal mucus may cause pneu-
monia. In immunosuppressed individuals, 
hematogenous spread results in ulcerating 
cutaneous nodules or uveitis.

Diagnosis depends on identifying the 
organism cytologically in aspirates or 
impression smears, or histologically in 
affected tissues.

Chronic bronchitis and asthma
These conditions most likely represent a 
chronic hypersensitivity response. Some 
define chronic bronchitis as more or less 

constant respiratory disease due to air-
way obstruction from chronic bronchial 
inflammation, whereas asthma is charac-
terized by episodes of  disease separated 
by periods of  health (similar to asthma 
in humans). In humans, viral or bacterial 
infections play a role in exacerbations of  
chronic obstructive pulmonary disease, but 
the role of  infections in exacerbations of  
chronic bronchitis and asthma in cats is 
not known.

Clinical signs include cough, wheeze or 
dyspnea, as a result of  increased airway 
resistance due to bronchoconstriction. The 
diagnosis is usually based on clinical find-

Above: Cryptococcus neoformans in a cat. Tiny 
yeast cells bodies are surrounded by a 
non-staining capsule. This case has some 
macrophages and a few neutrophils in the 
lesions, but the inflammatory response is 
often minimal. Click the photo to scroll images.

Below: Blastomycosis, causing multifocal 
coalescing soft white masses throughout 
the lung of  a cat. Cats do suffer from blas-
tomycosis, albeit not as often as dogs.
Photo crdit: Dr. Margaret Stalker, Animal Health Lab, Univ. Guelph

Below: Carcinoma fills the nasal cavity and 
nasopharynx (blue arrows) and invades the 
cribriform plate into brain (green arrow). 
Cryptococcosis would be a differential 
diagnosis for this gross appearance.
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ings.

In most cases, eosinophilic inflamma-
tion affects the bronchi and/or bronchi-
oles, and there is goblet cell hyperplasia 
and increased mucus secretion. Airway 
obstruction is the result of  bronchocon-
striction, obstruction of  airways by mucus 
and inflammatory cells, and edema of  the 
airway wall.

Bacterial bronchopneumonia
Bacterial pneumonia is often secondary 
to upper respiratory infections. The major 
causes include Pasteurella multocida and Bor-
detella bronchiseptica. Bordetella seems to cause 
outbreaks in groups of  cats, suggesting 
that it may act as a primary pathogen. The 
morphology of  bronchopneumonia in cats 
is similar to that in other species.

Pulmonary neoplasia
Pulmonary adenocarcinoma is a fairly 
common tumour of  cats. It forms a focal 
lung mass, but freqently develops innumer-
able tiny metastases throughout the lung, 
or disseminates within the pleural cavity. 
Distant metastasis is frequent and targets 
unusual locations: footpad, skeletal muscle, 
bone, brain or skin. Although some cats 
develop clinical signs referable to the pres-
ence of  a pulmonary mass, the metastasis 
is often the first indication of  neoplasia 
and the reason for clinical presentation. 

Common neoplasms that metastasize to 
the lung of  cats include lymphosarcoma, 
mammary carcinoma, and oral squamous 
cell carcinoma.

Toxoplasmosis
Toxoplasma gondii is an apicomplexan proto-
zoan. Cats are the definitive host (they pass 
oocysts in feces). Disease occurs in cats, 
sheep, dogs, humans and others. Infec-
tion is by ingestion of  oocysts containing 
sporozoites (from contamination with cat 
feces), by ingestion of  tissues of  an inter-
mediate host which contain bradyzoites, or 
by congenital infection. Asexual replication 
within host cells results in either release of  
tachyzoites by rupture of  the cell (result-
ing in necrosis of  tissue and infection of  

Above: Pulmonary adenocarcinoma, cat. 
The right caudal lobe contains a 4-cm-
diameter mass, with necrosis and liquefac-
tion of  the centre. A mass is also present 
in the right middle lobe. The purple dis-
coloration of  the left cranial lobe is due to 
torsion of  this lobe. Tumour was identified 
in this lobe histologically, and probably 
predisposed to the torsion through a pen-
dulum effect.  
Click the photo to scroll through the images.

adjacent cells), or formation of  cysts con-
taining bradyzoites that are infectious if  
ingested. 

Cell mediated immunity plays an important 
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role in limiting protozoal replication, and 
disease occurs in animals that are immu-
nosuppressed by infection (FeLV or FIV 
in cats, canine distemper in dogs) or by 
therapy (corticosteroids or other immuno-
suppressive drugs).

Clinical signs are highly variable, and may 
include respiratory, nervous, hepatic, pan-
creatic, cardiac, ocular, muscular and/or 
enteric disease.

Lesions in the lungs are of  diffuse inter-
stitial pneumonia. The lungs are edema-
tous, heavy, fail to collapse, diffusely firm 
and red. Other lesions include multifocal 
necrosis and inflammation in liver, heart, 

brain, muscle and pancreas.

Aelurostrongylus abstrusus
Infection with this nematode is relatively 
common in young cats with access to the 
snail or slug intermediate hosts, but this 
does not frequently cause clinical signs.

The gross appearance is of  soft 2-5 mm 
diameter nodules beneath the pleura of  
the dorsal lung. The worms are too tiny to 
be seen grossly, but each nodule contains 
microscopic adults, larvae and eggs, and an 
granulomatous inflammatory response.

Paragonimus kellicotti
This trematode (fluke) parasite is acquired 
from crayfish intermediate host or from a 
paratenic host.

The adult flukes and their pigmented eggs 
reside in cyst-like cavitations in the lung. 
The cat’s illness is the crayfish’s revenge, 
although in truth most infected cats have 
no clinical signs. However, the infection 
can be significant in two ways:

• The cysts can be mistaken radiographi-
cally for tumours, leading to unneces-

Above: Pulmonary adenocarcinoma, cat.  
Click the photo to scroll through the images.

Below: Ulceration of  the footpad and 
base of  the claw, due to metastasis of  pul-
monary adenocarcinoma in the same cat as 
above. Why would a neoplasm choose to 
metastasize to footpad? No one knows...

Above: Toxoplasma cyst (arrow) contain-
ing many zoites, in the lung of  a cat. The 
bronchiole at left has necrotic debris in the 
lumen, and elsewhere there is extensive 
alveolar type II pneumocyte proliferation.
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Below: Two cases of  FIP, showing pro-
tein-rich pleural effusion, with innumerable 
pinpoint granulomas on the pleural surface 
of  the lung. Click the photo to scroll the images.

sary euthanasia.

• Rupture of  the cysts causes pneumo-
thorax, with acute dyspnea.

Feline infectious peritonitis (FIP)
Although peritonitis and nephritis are 
more common manifestations, some cats 
with FIP have pleuritis with or without 
lesions in other tissues. 

In the wet form cloudy, protein-rich fluid 
fills the pleural cavity. These lesions are dif-
ficult to distinguish from bacterial pleuritis.

Below: Aleurostrongylus abstrusus, cat. Mul-
tiple small nodules up to 4 mm diameter 
are present in the lung, and each is packed 
with a nematode family: innumerable 
microscopic eggs, coiled larva, and (not in 
this photo) an adult nematode. 

Click the photo to scroll through the images.

Below: Paragonimus kellicotti, mink. The 
lung contains two cysts. One is intact 
(magenta arrow), and the other (green 
arrow) has been opened to reveal the adult 
trematode. 

Click the photo to scroll through the images.

In all cats with pleural FIP, dry or wet 
form, tiny raised white granulomas are 
present on the pleural surface of  the lung.

Pyothorax
Penetrating injury—such as cat bites—
contaminate the pleural cavity with bacteria 
such as Pasteurella multocida, and elicit a sup-
purative inflammatory response that fills 
the pleural cavity with cloudy fluid.

Chylothorax
Chylothorax is accumulation of  lymph 
fluid in the chest, with a characteristically 
high lymphocyte count and high triglycer-

ide concentration compared to serum. The 
causes include:

• Heart failure, because increased central 
venous pressure reduces drainage from 
thoracic duct into vena cava. Hypertro-
phic cardiomyopathy is the most com-
mon heart disease responsible.

• Mediastinal masses (thymic lymphosar-
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coma, thymoma)

• Thrombosis of  the vena cava

• Many cases are idiopathic

Hydrothorax
Hydrothorax appears as clear low-protein 
fluid in the chest, and is most commonly 
the result of  right or left sided heart fail-
ure.

Above: Pyothorax, cat. Brown foul-
smelling fluid fills the chest cavity, causing 
atelectasis of  the lungs.

Below: Pleural carcinomatosis: a pulmo-
nary adenocarcinoma invaded the pleua 
and implanted throughout the pleural cav-
ity. Click the photo to scroll the images.

Above: Cat, hydrothorax. The ruler dips 
into clear fluid that fills the pleural cavity. 
In this case, the pleural effusion developed 
as a result of  excessive fluid administra-
tion, in a cat with renal failure caused by 
Lily toxicity.

Below: Chylothorax. Opaque fluid fills the 
chest of  a cat with hypertrophic cardiomy-
opathy. Note the atelectatic lungs, which 
fail to inflate because of  the pleural fluid.
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Respiratory Diseases  
of  Horses

Equine respiratory viral infections
Common viral infections in Ontario 
include:

• Equine herpesviruses-1 and 4  
(Equine viral rhinotracheitis)

• Equine influenza  
(currently due to A/equi 2 = H3N8, 
formerly due to A/equi 1 = H7N7)

• Equine rhinitis viruses

• (Equine viral arteritis, but this is rare in 
Ontario)

These viruses are common causes of  
upper respiratory illness. In addition, both 
Equine herpesvirus-1 or -4 and Equine influen-
za can cause pneumonia, which may prove 
fatal if  secondary bacterial pneumonia 
develops.

Equine herpesvirus-1 is an important cause 
of  abortion and of  neonatal illness due to 
systemic viral infection. EHV-1, especially 
certain “neuropathic” strains, can cause 
serious outbreaks of  encephalitis.

The clinical diagnosis of  viral infection is 
usually based on demonstrating rising anti-
body titres in paired serum samples, taken 
from the same animal 3 weeks apart. An 

 Major diseases Minor diseases Other diseases
Horses • Rhodococcus equi 

• Strangles/  
Streptococcus equi 

• Equine influenza 
• Equine viral rhino-

tracheitis 
• Heaves

• Interstitial pneumonia 
of  foals 

• Guttural pouch 
mycosis 

• Exercise-induced pul-
monary hemorrhage 

• Pleuropneumonia

• Equine rhinoviruses 
• Equine adenovirus 
• Dictyocaulus 

 arnfieldi 
• Pneumocystis 

 carinii

Below: Streptococcal bronchopneumonia, 
secondary to Equine influenza virus. The 
lesions are of  cranioventral bronchopneu-
monia, and viral lesions are not grossly 
apparent. The clue to the underlying viral 
infection was the outbreak on the farm, 
2 weeks after 3 other horses were intro-
duced. This was one of  two mares to die, 
of  bacterial complications. Click the photo to 
scroll the images.

Below: Abortion due to EHV-1. Intersti-
tial pneumonia, causing diffusely firm-rub-
bery lungs, is a consistent lesion in EHV-1 
abortions. A fibrin cast in the trachea (the 
yellow material in the trachea of  this case) 
is present in about half  of  cases, but is 
considered nearly pathognomonic. The 
fibrin cast reflects bronchial/bronchio-
lar damage from the viral infection, with 
expulsion of  the fibrin by mucociliary 
clearance.
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alternative is to detect virus or viral nucleic 
acid using virus isolation or PCR testing of  
nasal swabs.

Strangles
Strangles is caused by Streptococcus equi ssp. 
equi. Infection is by inhalation or inges-
tion, and the bacterium colonizes the 
nasopharyngeal mucosa and drains to local 
lymph nodes. Affected horses have muco-
purulent nasal discharge, swollen retropha-
ryngeal and submandibular lymph nodes, 
and fever. The lymph nodes eventually 
rupture and drain pus, which is infectious 
to other horses.

Gross lesions include mucopurulent rhi-
nitis, and suppurative lymphadenitis with 
abscessation.

Sequelae are important in this disease:

• Bacterial bronchopneumonia due to 
aspiration of  exudate from the naso-
pharynx

• Guttural pouch empyema, due to 
extension of  the nasopharyngeal infec-
tion into the guttural pouch

• “Bastard strangles” refers to hematog-
enous spread of  infection to colonize 
lymph nodes and result in abscesses. 
Abscesses of  the abdominal (mesenter-
ic) lymph nodes are particularly conse-

Above left: Strangles: abscessation of  the 
submandibular lymph node.

Above right: Bastard strangles: large 
abscess in the mesentery, presumed to 
originate from the mesenteric lymph node. 
Click the photo to scroll the images. 

Below right: Purpura hemorrhagica. 
Petechial hemorrhages in (clockwise from 
top left) body wall, intestine/mesentery, 
spleen, spleen, bone marrow, skin, intes-
tine/mesentery. This lesion does not con-
tain bacteria.

Below left:Lung abscess, Streptococcus equi.
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quential, and may cause colic.

• Purpura hemorrhagica refers to system-
ic immune-complex-mediated vasculitis. 
This manifests as disseminated hemor-
rhages and edema, in the skin of  the 
distal limbs. 

Guttural pouch mycosis
Aspergillus sp. causes a unilateral plaque of  
fungal hyphae covering a fibrinonecrotic 
and ulcerative lesion, within the guttural 
pouch. The fungal plaque causes inflam-
mation and necrosis of  anatomically 
important structures in the guttural pouch:

• Internal carotid artery→ epistaxis

• Vagus and glossopharyngeal nerves → 
dysphagia

• Sympathetic ganglion or nerve → 
Horner’s syndrome

• Laryngeal nerve→ laryngeal paralysis

Left: Guttural pouch mycosis causing epi-
staxis in a horse. 

1. Ventral view of  the skull, showing the 
location of  the guttural pouches, which are 
usually incised accidentally when the head 
is removed. The left guttural pouch (green 
arrow) contains hemorrhage. The right 
pouch, visible below the arrow, is air-filled.

2. Higher magnification of  hemorrhage 
filling the left guttural pouch.

3. Dissection of  the left guttural pouch 
showing the course of  the carotid artery 
(blue arrows) interrupted by a thrombus 
(green arrow) and tissue necrosis (red-
black material) due to mycosis.

Below: Focal mycotic plaque, as an inci-
dental finding in the right guttural pouch.

Click the photo to scroll through the images.
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Recurrent airway obstruction: 
Heaves
Archaic names: small airway disease, 
chronic obstructive pulmonary disease, etc.

Recurrent airway obstruction (RAO) in 
horses has similarities to human asthma: 
it causes episodes of  inflammation result-
ing in obstruction of  the small airways. 
This results in clinical signs of  respiratory 
distress and cough. RAO is a hypersensitiv-
ity reaction to inhaled substances in dusty 
or mouldy feed. Typically, RAO is not a 
continuous disease, but instead causes epi-
sodes of  clinical signs separated by periods 
of  normality. Although RAO is undoubt-
edly a hypersensitivity, it seems not to be 
an allergy mediated by IgE and mast cells 
(although there is considerable controversy 
on this point). 

The histologic lesions target the bronchi-
oles and include:

• Neutrophils and mucus filling the 
lumen of  the bronchioles 

• Lymphocytes and neutrophils in the 
walls of  bronchioles

• Hypertrophy of  bronchiolar smooth 
muscle

• Goblet cells, which are normally pres-
ent only in the larger airways, are pres-

ent in the small bronchioles (mucous 
metaplasia)

Consider the reasons for airway obstruc-
tion in horse with heaves, and how you 
would manage this clinically. Airway 
obstruction in this disease is due to bron-
choconstriction, the presence of  mucus 
and neutrophils in the lumen, and thick-
ening of  the bronchiolar mucosa by the 
inflammatory response. Inflammation 
triggers all of  these responses—broncho-
constriction, mucus hyper-secretion, leuko-
cyte infiltration, and mucosal edema—so 
inhaled corticosteroids are a mainstay of  
therapy. Bronchodilators may be helpful 
in relieving the smooth muscle contrac-
tion that leads to bronchoconstriction. 
And mucinolytics might be used, although 
evidence of  their effectiveness is lacking. 
Thus, RAO is a nice context for consider-
ing the functional effects and clinical mani-
festations of  airway-centred inflammation.

Rhodococcus equi
Rhodococcus is a Gram positive bacterium 
present in soil. Disease is more common 
on farms with heavy Rhodococcus con-
tamination of  the soil, and where foals are 
kept in dusty paddocks. It is a facultative 
intracellular pathogen that survives within 
macrophages, similar to mycobacteria to 

Below: Recurrent airway obstruction. The 
lesions are restricted to the bronchioles, 
and the alveoli are normal (or over-inflated 
due to air trapping).  The bronchiole is sur-
rounded by an infiltrate of  lymphocytes, 
and the lumen is filled with mucus and 
neutrophils. Click the photo to scroll the images.

which Rhodococcus is closely related. This is 
of  clinical importance because many anti-
biotics are not effective against intracellular 
bacteria. 

The infection causes enzootic or sporadic 
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disease, and occasional outbreaks, affecting 
2-6 month old foals. The infection and the 
lesions are always chronic, but clinical signs 
may be either acute or chronic. 

The respiratory form (due to inhalation of  
bacteria) is most common, with coughing, 
depression, fever, and weight loss. Other 
forms that may occur with or without 
respiratory disease include a colonic form 
causing diarrhea (due to ingestion of  bac-
teria from the environment, or expectora-
tion of  bacteria from the lungs), or polyar-
thritis causing lameness and swollen joints.

Grossly, the lung lesions usually have a 
cranioventral pattern of  consolidation, and 
these consolidated lesions contain mul-
tifocal pyogranulomas that develop into 
abscesses. Mild cases may have multifo-
cal pyogranulomas or abscesses without 
consolidation. Bronchial lymph nodes 
also contain pyogranulomas or abscesses. 
Because the bacteria are not highly toxi-
genic, lung lesions are often very extensive 
before clinical signs become apparent.

The colonic form consists of  abscesses 
in colonic lymph nodes, and sometimes 
colonic ulcers.

Histologic findings are suppurative to 
pyogranulomatous infiltrates in alveoli and 
bronchioles. These often contain multinu-

Rhodococcus equi. Above: Red discoloration 
and firm texture of  the cranial part of  the 
lung, which contains multiple raised white 
pyogranulomas. Click the photo to scroll the 
images.  Below: Blue-staining Gram posi-
tive bacteria in a large macrophage. Click 
the photo... Above right: Enlargement of  
lymph nodes in the mesocolon (granulo-
matous colonic lymphadenitis).

cleated giant cells, and some macrophages 
contain innumerable intracytoplasmic 
Gram positive bacteria.

The diagnosis is confirmed by bacterial 
culture of  fresh or frozen lung tissue, 
taken from the most severely affected area 
of  lung.



Page 72Pathology of the Respiratory System	 	 J. Caswell  Respiratory diseases of horses

Pleuropneumonia
Pleuritis affects mature horses—often 
young adults—especially following trans-
portation. Most cases have an underlying 
bronchopneumonia, with pleuritis devel-
oping as bacteria migrate into the pleural 
space. Some cases represent aspiration 
pneumonia, if  horses are transported with 
their heads held up. The resulting clini-
cal signs include fever, variable dyspnea, 
depression and anorexia, and muffled or 
absent heart and lung sounds.

Grossly, the pleuritis is characterized by 
abundant, often foul-smelling, cloudy fluid 
with fibrin clots and/or fibrous adhesions. 

Top: Pleuropneumonia, with discharge 
from a chest drain.

Middle: Massive fibrinous exudate cov-
ers the pleural surface of  the lungs. The 
underlying lung tissue is mostly normal 
(see below). (Head is to the right; colon in 
the abdomen is visible to left)

Bottom: Exudate is visible on the pleural 
surface (at lower left). In this small area, 
the lung tissue is dark red, consolidated, 
and has white foci of  necrosis. This is the 
primary lesion of  pneumonia, and the 
massive pleuritis is secondary to bacterial 
invasion from this lung lesion.

The pleural exudate is so overwhelming 
that it is easy to overlook the underlying 
lung lesion. However, careful inspection 
usually reveals a localized area of  broncho-
pneumonia that is firm, deep red, and may 
have areas of  necrosis.

Bronchointerstitial pneumonia  
of  foals
This is a somewhat common cause of  
acutely fatal respiratory disease in 2-8 
month old foals. The cause is unknown. 
Suggested causes are an unidentified viral 
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infection, hyperthermia caused by erythro-
mycin therapy for Rhodococcus, or an aber-
rant inflammatory response to Rhodococcus 
infection. Many cases have concurrent but 
mild lesions of  Rhodococcus equi pneumonia.

The disease is sporadic or rarely affects 
multiple foals, with an acute onset of  
severe dyspnea, and poor response to 
therapy.

Grossly, the lungs are diffusely firm with 
rubbery texture. Histologic lesions are 
typical of  bronchointerstitial pneumonia: 
bronchiolar necrosis, hyaline membranes, 
and/or proliferation of  alveolar type II 
pneumocytes. The diagnosis is based on 
the gross and histologic lesions. Attempts 
to isolate viruses have been futile.

Pneumocystis carinii
An uncommon cause of  interstitial pneu-
monia in foals, thought to be always sec-
ondary to immunosuppression.

Equine adenovirus
Fatal pneumonia in immunosuppressed 
foals, such as Arabian foals with combined 
immunodeficiency. The diagnosis is based 
on histologic identification of  the charac-
teristic inclusion bodies.

Bronchointerstitial pneumonia of  foals.

Top: The lungs are diffusely firm and fail 
to collapse. There are a few white Rhodococ-
cus abscesses, but not enough to cause the 
severe dyspnea seen in this foal.

Middle: As above, diffusely firm lungs 
that fail to collapse. There are no Rhodococ-
cus lesions in this case.

Bottom: Cross-section showing the dif-
fuse liver-like appearance and texture.

Above: Pneumocystis carinii. Each fungal 
body forms a tiny dark dot surrounded by 
a clear halo (arrow), which gives a foamy 
appearance to the content of  each alveolus.

Click the photo to scroll the images.
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Hyaline membrane disease 
(aka Neonatal equine respiratory distress 
syndrome “NERDS”)

Premature foals have immature type II 
pneumocytes, which fail to produce ade-
quate surfactant to reduce alveolar surface 
tension. This results in atelectasis and, 
because of  abnormal pressures on the 
alveolar surface, necrosis of  type I pneu-
mocytes that leads to formation of  hyaline 
membranes. Affected foals are dyspneic, 

hypoxemic, and may have secondary cere-
bral injury due to hypoxemia. Differential 
diagnoses include meconium aspiration 
syndrome, equine herpesvirus-1 infection, 
and septicemia.

Septicemia in neonatal foals
A variety of  Gram negative bacteria cause 
septicemia in foals: Actinobacillus equuli, 
Klebsiella pneumoniae, E. coli, and others.

It is important to search for predisposing 
causes, such as inadequate intake of  colos-
trum, concurrent diseases including bron-
chopneumonia, chilling, or dirty environ-
ments.

The acute lesions may be suprisingly subtle 
at necropsy. The lungs are diffusely edema-
tous and may be firm, and there may be 
pinpoint white foci in lungs, kidneys, and 
other tissues. Lesions are more florid in 
other cases, with fibrinous exudates in 
body cavities.

Equine herpesvirus
EHV-1 is an important cause of  diffuse 
intersitital lung disease in neonatal foals. It 
is discussed above with upper respiratory 
disease.

Meconium aspiration syndrome
Aspiration of  meconium by a distressed 

fetus causes interstitial pneumonia in neo-
natal foals, calves, and human infants. The 
diagnosis is based on histologic findings.

Exercise-induced pulmonary 
hemorrhage
EIPH commonly manifests as bilateral 
epistaxis immediately after racing. Infre-
quently, hemorrhage is so massive that it 
causes sudden death during a race.

Dictyocaulus arnfieldi
Donkeys are the natural host, and this 
nematode may cause disease in horses 
exposed to pastures contaminated by 
donkey feces. Donkeys are not numerous 
in Ontario, but D. arnfieldi is rarer still. As 

Above: Exercise-induced pulmonary hem-
orrhage, with diffuse purple-brown discol-
oration of  the dorsal (or dorsocaudal) lung.
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for other Dictyocaulus spp., the worms are 

grossly visible in the caudal bronchi. 
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Respiratory Diseases of  
Sheep and Goats 

Oestrus ovis nasal bots
Oestrus ovis adult flies deposit first-stage 
larvae that migrate through and develop in 
the nasal cavity. These can result in sneez-
ing, and occasionally become imprisoned 
in nasal passages or sinuses as they out-
grow their escape routes. 

Enzootic nasal tumour 
(aka Transmissible nasal tumour)

Nasal adenomas in sheep and goats are 
caused by a retrovirus named Enzootic nasal 
tumour virus, closely related to Jaagsiekte sheep 
retrovirus. Because the disease is contagious, 
multiple cases may occur within a flock. 

Above: Adenoma filling the nasal cavity of  
a ewe, caused by Enzootic nasal tumour virus.

Clinical signs are stertor, sneezing, or fail-
ure to thrive. 

The tumour forms a large, expansile, 
non-invasive, white mass obstructing the 
nasal passage. This occasionally deforms 
the face and is externally visible, but most 
cases would be missed if  the nasal cavity 
were not examined. 

 Major diseases Minor diseases Other diseases
Sheep 
& 
goats

• Maedi-visna
• Muellerius capillaris 
• Pasteurellosis: pneum-

monic and septicemic

• Respiratory syncytial 
viruses 

• Mycoplasma spp. 
• Oestrus ovis 
• Transmissible nasal 

carcinoma

• Pulmonary adeno-
matosis 

• Peste des petits 
ruminants 

Above: Oestrus ovis larva, in the frontal 
sinus of  a ewe. Photo credit: Dr. Fernanda Cas-
tillo, Ross University.

Pneumonic pasteurellosis
Mannheimia haemolytica, Histophilus somni and 
Pasteurella multocida cause similar diseases as 
in cattle. Predisposing causes include viral 
and mycoplasmal infections. 
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Septicemic pasteurellosis
Mannheimia haemolytica and Bibersteinia tre-
halosi (formerly Pasteurella trehalosi) are 
important causes of  septicemia in lambs. 
Affected lambs are usually found dead, 
with widespread petechial hemorrhages 
in lung, muscle, lymph nodes, and serosal 
surfaces. Although both are caused by the 
same bacteria in the family Pasteurellaceae, 
bronchopneumonia and septicemia are dis-
tinct diseases: both are not usually present 
in the same lamb.

Viral pneumonia
Respiratory syncytial viruses cause disease 
similar to BRSV. 

Lentiviral pneumonia
Lentiviruses are a subfamily of  retrovirus-
es. Lentiviruses cause maedi-visna in sheep 
(also known as ovine progressive pneu-
monia in the USA), and caprine arthritis-
encephalitis in goats. 

Maedi visna virus is transmitted by ingestion 
of  infected colostrum, but disease mani-
fests only in adulthood. This was the first-
discovered of  the “slow viral” infections, 
and the Icelandic names reflect this intial 
discovery. “Maedi” (dyspnea) refers to the 
pulmonary form. “Visna” (wasting) refers 
to the neurologic form, which is now rare. 

Above: Bronchopneumonia, Mannheimia 
haemolytica, lamb. The cranioventral lung 
(right) is red-purple and firm. The caudal 
lobe contains a few red-purple lobules that 
represent the same disease.

Below: Septicemia in a lamb caused by Bib-
ersteinia trehalosi. Petechial and ecchymotic 
hemorrhages pepper the lungs and epicar-
dium.

Click the photo to scroll the images.

Above: Maedi, sheep. The lung is diffusely 
pale, firm, and heavy due to interstitial 
pneumonia caused by lentiviral infection.

Below: Jaagsiekte in a sheep in Ireland. 
The lung is solidified by multiple soft white 
coalescing tumours.

Click the photo to scroll the images.
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The disease affects adult sheep usually 
more than 2 years old, causing chronic 
inexorably progressive weight loss and 
dyspnea. Gross lesions are of  interstitial 
pneumonia: the lungs are diffusely pale, 
heavy, wet, and fail to collapse. Bronchial 
lymph nodes are enlarged. There may be 
polyarthritis and/or mastitis. 

An ELISA test for maedi-visna is available, 
but is most useful for herd-level manage-
ment of  the disease rather than individual 
animal diagnosis. Diagnosis in individuals 
is usually based on gross and histologic 
lesions.

Caprine arthritis encephalitis (CAE) is 
the lentiviral disease of  goats. Adult goats 
develop polyarthritis, mastitis, and/or 
respiratory disease. The respiratory disease 
is characterized by progressive cachexia 
and terminal dyspnea, and interstitial pneu-
monia grossly similar to .that described for 
maedi. 

Neurologic or respiratory disease also 
affects kids. Note this difference: maedi-

Below: Muellerius capillaris, sheep. There 
are nodular lesions that are most frequent 
in the dorsocaudal lung. These nodules 
are exceptionally large, and the lesions 
of  Muellerius are more commonly <1 cm 
diameter.

visna is a disease of  adult sheep, whereas 
CAE may affect old or young goats. 

Jaagsiekete
(aka Pulmonary adenomatosis)

Jaagsiekte is an Afrikaans (South African 
Boer) word meaning “driving disease”, 
from the occurrence of  disease when 
sheep are moved or “driven” from one 
area to another. It is a transmissible retro-
viral disease caused by Jaagsiekte sheep retro-
virus, closely related to Enzootic nasal tumour 
virus. Infection causes multiple adenomas 
within the lung. This disease is important 
in many parts of  the world, but rare or 
absent from Canada.

Muellerius capillaris 
Muellerius capillaris infection is common in 
sheep, but usually of  little clinical signifi-
cance. It most commonly causes clinical 
disease in goats. The gross lesions are red 
to gray nodules in the dorsocaudal lung. 
The worms are not grossly visible, simi-
lar to Aleurostrongylus in cats. Microscopic 
examination reveals numerous worms.

Other sheep lungworms include Dictyocau-
lus filaria and Protostrongylus rufescens. Both 
are rare in Ontario. 
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Below: Caseous lymphadenitis, Cory-
nebacterium pseudotuberculosis, sheep. The 
abscesses in the submandibular and medi-
astinal lymph nodes have the characteristic 
laminated appearance characteristic of  
this disese. Culture would be necessary to 
definitively rule out other bacterial causes, 
and this may be important in flocks that 
are certified free of  caseous lymphadenitis. 
Click the photo to scroll the images.

Caseous lymphadenitis
Many different bacteria can cause abscess-
es in lymph nodes of  sheep, but “caseous 
lymphadenitis” is a specific contagious dis-
ease caused by Corynebacterium pseudotuber-

Peste des petits ruminants
PPR is an important disease of  sheep in 
Africa, but is a reportable disease foreign 
to Canada, and unlikely to occur here. It 
is caused by a morbillivirus (Paramyxoviri-
dae) Peste des petits ruminants virus, which is 
closely related to the viruses causing rin-
derpest (as well as canine distemper and 
human measles). Whereas rinderpest (now 
eradicated from the planet) causes lesions 
of  the digestive tract, PPRV causes diges-
tive, upper respiratory and lung lesions.

culosis. Abscesses develop in lymph nodes, 
lung, and other tissues, and often have a 
characteristic laminated appearance on cut 
section.
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Respiratory Diseases  
of  Swine

Inclusion body rhinitis
Caused by Porcine cytomegalovirus (Suid her-
pesvirus-2), a beta-herpesvirus. There is 
typically high morbidity but low mortal-
ity in baby pigs, with sneezing and nasal 
discharge. The diagnosis is based on the 
pathognomonic histologic lesions of  epi-
thelial enlargement (cytomegaly) and intra-
nuclear inclusions. PCR testing is available. 
The infection may also cause stillbirths or 
abortion of  mummified fetuses, and might 
play a role in the “post-weaning failure-to-
thrive syndrome”.

Atrophic rhinitis
Atrophic rhinitis was once common but 
is now rare. It is caused by specific toxin-
producing strains of  Pasteurella multocida 
type D. Certain factors predispose to 
colonization of  the mucosa with P. mul-
tocida, including infection with Bordetella 
bronchiseptica, and ammonia and dusts in 
the environment. Pasteurella multocida cyto-
toxin elicits resorption and atrophy of  
turbinate bone by osteoclasts. Clinical signs 
are sneezing, coughing, and nasal defor-
mity. Secondary bacterial pneumonia is an 
important sequel. Grossly, there is atrophy 
of  the scroll-like nasal turbinates, and this 
atrophy is detected by examining band-
sawed cross-sections of  the snout. The 
definitive diagnosis is by bacterial culture 
with a specific assay to detect P. multocida 
cytotoxin.

Actinobacillus pleuropneumoniae 
and Actinobacillus suis
“APP”, Actinobacillus pleuropneumoniae, is a 
primary bacterial pathogen: it can cause 
fatal pneumonia “Contagious pleuropneu-
monia” without other predisposing causes. 
Like Mannheimia haemolytica in cattle, it pro-
duces toxins that cause lysis of  neutrophils 
and macrophages. There are 12 serotypes, 
which are important because vaccination 
with one serotype may provide only par-
tial protection against infection with other 
serotypes.

The clinical severity varies: death without 
premonitory signs; or an acute onset of  
anorexia, dyspnea, fever, and bloody nasal 
discharge; or milder signs of  coughing and 
mild respiratory distress.

Gross lesions are of  severe lobar fibrinous 

 Major diseases Minor diseases Other diseases
Swine • PRRS

• Mycoplasma hyo-
pneumoniae 

• Swine influenza 
• Actinobacillus pleuro-

pneumoniae
• Strep suis

• Circovirus/ PMWS 
• Atrophic rhinitis 
• Haemophilus parasuis

• Pseudorabies 
• Porcine respiratory 

coronavirus 
• Metastrongylus 
• Inclusion body 

rhinitis 
• Actinobacillus suis

Above: Inclusion body rhinitis. Glands in 
the nasal mucosa (arrow) contain greated 
enlarged cells (cytomegaly) with large 
purple intranuclear inclusion bodies.
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bronchopneumonia with fibrinous pleuri-
tis, usually affecting the caudal lung lobes. 
Note that this disease is the exception to 
the rule that the lesions of  bronchopneu-
monia are cranioventral. 

Actinobacillus suis causes lung lesions that 
are identical to APP, or can cause septi-
cemia with multifocal lesions in lung and 
other tissues.

Other causes of  bacterial  
bronchopneumonia
Pasteurella multocida, Bordetella bronchiseptica, 
Streptococcus suis, and Haemophilus parasuis are 
opportunistic pathogens that cause bron-
chopneumonia. The bacterial infection is 
often secondary to impaired respiratory 

defences following infection with Myco-
plasma hyopneumoniae, swine influenza, PRRS 
virus, circovirus, and/or poor ventilation, 
temperature fluctuations, or stress. This 
mix of  causes is referred to as the “Porcine 
respiratory disease complex”.

The gross appearance is typical of  bron-
chopneumonia: cranioventral lesions that 
are firm and red-purple, with or without 
fibrin on the pleura.

Mycoplasma hyopneumoniae
M. hyopneumoniae is a common infection. 
Most infections are subclinical, or induce 
a cough that spreads slowly through the 
herd. Grossly, the lung lesions have a cra-
nioventral distribution, with a “fish flesh” 
texture that is less firm than a broncho-
pneumonia, and pink-tan-grey discolor-
ation.

In addition to these direct effects, M. hyo-
pneumoniae infection predisposes to bacte-
rial bronchopneumonia and PRRS. M. 
hyopneumoniae adheres to cilia, impairing cili-
ary function and permitting other bacteria 
to colonize the lung. M. hyopneumoniae also 
activates lung macrophages, which helps 
replication of  PRRS virus and worsens this 
viral disease.

There are many diagnostic tests now avail-
able for M. hyopneumoniae:

• Serology on a herd level

• Gross and histologic lesions, confirmed 
by immunohistochemistry or PCR test-
ing of  lung tissue from individual pigs. 

• The agent is difficult to isolate in cul-
ture, so culture is not a recommended 
test.

Swine influenza
Swine influenza virus isolates are classified 
based on hemagglutinin and neuraminidase 
proteins. H1N1 is the classical strain, and 
H3N2 is more recent in North America. 
The strains are only partially cross-protec-
tive, so vaccines must be representative of  

Above: Actinobacillus pleuropneumoniae. The 
caudal lobe contains a purple-black hard 
area of  inflammation, necrosis and hemor-
rhage, and fibrin covers the pleural surface.

Above: Mycoplasma hyopneumoniae. The 
cranioventral lung (lower left) is collapsed, 
grey-tan-pink, and firm-rubbery, but not as 
raised or firm as a bacterial bronchopneu-
monia. Click the photo to scroll the images.
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field strains.

The classic clinical appearance is a rapid 
spread of  severe coughing throughout 
the herd, affecting all age groups, with 
high morbidity but low mortality. In con-
trast, some herds instead develop endemic 
pneumonia with fatalities due to secondary 
bacterial bronchopneumonia.

Swine to human transmission is docu-
mented but rare for most strains, with 
the notable exception of  the pandemic 
H1N1/09 virus that emerged in Mexico in 
2009. There is concern that swine may act 
as “mixing vessels” whereby co-infection 
of  a pig with a highly pathogenic avian 
influenza virus and a mammalian influenza 

viruses might permit swapping of  genetic 
material that allows the high-virulence 
avian virus to infect other mammals.

The gross lesions of  swine influenza are 
of  bronchointerstitial pneumonia, with a 
cranioventral pattern of  rubbery firmness 
and red discoloration, similar to that seen 
in cattle with BRSV. These lesions are not 
often observed, because affected pigs do 
not usually die unless there is secondary 
bacterial bronchopneumonia. Histologi-
cally, there is necrosis of  bronchiolar epi-
thelium, and there may be proliferation of  
type II pneumocytes in alveoli.

Definitive diagnosis at necropsy is based 
on PCR testing, immunohistochemistry 
and/or virus isolation on affected lung.
Clinical diagnosis is based on demonstrat-
ing seroconversion in paired serum sam-
ples, or by PCR testing of  nasal swabs.

Porcine circovirus
PCV type 2 (PCV-1 is non-pathogenic) 
emerged in the mid-1990s and was an 
important cause of  disease until highly 
effective vaccines were developed. 

PCV-2 causes Postweaning multisystemic 
wasting syndrome (PMWS). Most PCV-
2-infected pigs do not develop PMWS, and 
immunostimulation is also important by 
activating macrophages, thus enhancing 

Above: Porcine circovirus-2. Peyer’s patch 
of  the ileum have loss of  lymphocytes, 
and macrophages contain multiple purple 
inclusion bodies in their cytoplasm. Activa-
tion of  the macrophages by other infec-
tions enhances replication of  PCV-2. PCV-
2 infection of  the macrophages reduces 
their function and predisposes to bacterial 
infections. Click the photo to scroll the images.

PCV-2 replication in these cells. Immuno-
stimulation can result from infection with 
PRRS virus, Mycoplasma hyopneumoniae, influ-
enza virus or porcine parvovirus, so any 
of  these infections can exacerbate PCV-2 
infection and lead to PMWS. In addition, 
PCV-2 strains vary in their virulence, and it 
is this complex mix of  virus factors, con-
current infections and environmental and 
host factors that determines the impact 
of  infection. Conversely, PCV-2 infection 

Above: Swine influenza. The bronchiole 
is filled with necrotic debris (*) and leuko-
cytes, and the epithelium is thinned (arrow) 
or absent. Click the photo to scroll the images.
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impairs the function of  pulmonary alveolar 
and intravascular macrophages, and predis-
poses to other diseases including bacterial 
pneumonia and septicemia.

Gross lesions are a diffuse interstitial pneu-
monia, with firm or rubbery lungs (identi-
cal to PRRS) with enlarged lymph nodes, 
and sometimes enlargement of  liver and 
kidney due to inflammatory cell infiltra-
tion. The histologic lesions are depletion 
of  lymphocytes in lymph nodes, Peyer’s 
patches, and tonsil, with infiltration of  
macrophages and sometimes the presence 

of  characteristic intracytoplasmic inclusion 
bodies.

Definitive diagnosis is based on PCR test-
ing or immunohistochemistry of  tissues 
obtained at necropsy, or serology at the 
herd level.

Porcine reproductive and respira-
tory syndrome
PRRS virus is an arterivirus (RNA virus), 
first recognized in late 1980s. It is a com-
mon infection that causes primary viral 
pneumonia, but also impairs alveolar 
macrophage function to allow secondary 
bacterial pneumonia, and impairs pulmo-
nary intravascular macrophage function to 
permit septicemia.

The clinical presentation is quite variable 
due to variation in pathogenicity between 
viral strains, variation in herd immunity 
due to exposure and vaccination, and the 
presence of  pigs that shed virus for pro-
longed periods yet are clinically normal. 
Clinically, PRRS manifests as some combi-
nation of: 

• Dyspnea in suckling or nursery pigs

• Secondary bacterial pneumonia or sep-
ticemia in grower-finisher pigs, or less 
frequently primary viral pneumonia in 
this age group

• Reproductive failure in sows: late-term 
abortions, stillbirths, weak-born piglets

Grossly, the lungs are diffusely firm or 
rubbery, heavy, and fail to collapse (identi-
cal to PCV-2 infection). Histologic lesions 
include thickening of  alveolar septa by 
lymphocytes.

Many tests are available for PRRS, and 
test selection depends on the clinical cir-
cumstances. Gross and histologic lesions 
can be confirmed as PRRS by immuno-
histochemistry or PCR testing of  lung and 
tonsil. Herd-level serology detects antibod-
ies in serum, or in oral fluids collected with 
cotton ropes. Genetic typing of  PRRSV 
isolates (by sequencing the ORF5 gene) 
can be useful in some herds, to monitor 
the stability or changes in the virus type 
over time.

Pneumocystis carinii
This fungal infection is occasionally seen 
in pigs, but is thought to be secondary to 
immunosuppression form other diseases.

Septicemia and polyserositis
Fibrinous polyserositis in neonatal swine 
is caused by E. coli, often due to failure of  
passive transfer of  immunoglobulin.

Septicemia is an important cause of  death 
in weaner pigs, caused by Streptococcus suis, 

Above: Porcine circovirus-2 and PRRS. The 
entire lung is erect (fails to collapse when 
the chest is opened) and is diffusely firm-
rubbery and edematous. Either PCV-2 or 
PRRS virus could cause this lesion; this pig 
was infected with both viruses. Click the 
photo to scroll the images.
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Haemophilus parasuis (Glässer’s disease), or 
rarely Mycoplasma hyorhinis. These infections 
result in polyserositis, with fibrinous or 
fibrinopurulent exudates in one or more 
of  the pleural, pericardial, peritoneal cavi-
ties, joints, and meninges. Care should be 
taken to distinguish these exudates from 
the thin strands of  fibrin that are a nor-
mal finding in the abdomen of  pigs. Most 
septicemic pigs have chunks or sheets of  
fibrin, with abundant fluid.

The diagnosis is based on bacterial culture 
of  swabs taken from the exudates in the 
above anatomic locations. Septicemia is 
considered secondary to some other fac-
tor, so increased prevalence of  septicemia 
can be an indicator of  problems with other 
infectious agents, ventilation, etc.

Pseudorabies 
Pseudorabies is caused by Porcine herpesvi-
rus-1. It is a reportable disease, not present 
in Canada, but there is risk of  introduction 
from remaining infections in the midwest-
ern United States. It mainly causes neuro-
logic disase in baby piglets, but may mani-
fest as pneumonia in grower-finisher pigs.

Parasitic pneumonia
Metastrongylus spp. lungworms are grossly 
visible in the bronchi. Earthworms are 

Above: Fibrinopurulent pleuritis, Hae-
mophilus parasuis. Clumps of  elastic, loosely 
adherent fibrin cover the pleural surface. 
The underlying lung is normal. Click the 
photo to scroll the images.

Below: Purulent meningitis, Streptococcus 
suis. The cloudy exudate in the menin-
ges settles by gravity to the ventral aspect 
of  the brain, and this is the best place to 
observe the lesion.

Above: Fibrinopurulent polyserositis, 
Haemophilus parasuis. A sheet of  loosely 
adherent fibrin covers the pleura. Meningi-
tis is visible as cloudy exudate at the angle 
between cerebellum and brainstem/cord. 
The joint contains increased amount of  
fluid that is cloudy and non-viscous. Peri-
carditis and peritonis could also be present, 
and the lesions would appear identical in 
Strep. suis infection.

Click the photo to scroll the images.

the intermediate host. Because intensively 
raised swine are not exposed to earth-
worms, this disease is now rare. 

Migrating larva of  Ascaris suum commonly 
cause liver lesions, and occasionally cause 
eosinophilic interstitial pneumonia.
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