
A
cc

ep
te

d 
A

rti
cl

e
Studying human respiratory disease in animals – Role of induced and 
naturally-occurring models 
 

 
 

1Kurt Williams and 2Jesse Roman 
 
 
1Department of Pathobiology and Diagnostic Investigation, College of Veterinary 
Medicine, Michigan State University, East Lansing, Michigan, USA 
 
2Departments of Medicine and Pharmacology & Toxicology , Division of 
Pulmonary, Critical Care & Sleep Medicine, University of Louisville Health 
Sciences Center and Robley Rex Veterans Affairs Medical Center, Louisville, 
Kentucky, USA 
 
 
Correspondence to:  
Kurt Williams, Department of Pathobiology and Diagnostic Investigation, College 
of Veterinary Medicine, Michigan State University, East Lansing, Michigan, USA 
 
Email: will1273@dcpah.msu.edu 
 
 
 
Running Title:  Modeling respiratory disease in animals 
 
 
The authors have no financial interests to disclose that might be in conflict or that 
would have an influence on the preparation of the review except that J.R. is 
funded by the National Institutes of Health and the Department of Veterans 
Affairs to study lung remodelling using animals. 

 
 

This article has been accepted for publication and undergone full peer review but has not 
been through the copyediting, typesetting, pagination and proofreading process, which 
may lead to differences between this version and the Version of Record. Please cite this 
article as doi: 10.1002/path.4658

  

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
ABSTRACT 

 

Respiratory disorders like asthma, emphysema, and pulmonary fibrosis affect millions of 

Americans and many more worldwide.  Despite advancements in medical research that 

have lead to improved understanding of the pathophysiology of these conditions and 

sometimes to new therapeutic interventions, these disorders are for the most part 

chronic and progressive; current interventions are not curative and do not halt disease 

progression.  A major obstacle to further advancements relates to the absence of animal 

models that exactly resemble the human condition, which delays the elucidation of 

relevant mechanisms of action, the unveiling of biomarkers of disease progression, and 

identification of new targets for intervention in patients. There are currently many 

induced animal models of human respiratory disease available for study, and even 

though they mimic features of human disease, discoveries in these models have not 

always translated into safe and effective treatments in humans.  A major obstacle relates 

to the genetic, anatomical, and functional variations amongst species, which represents 

the major challenge to overcome when searching for appropriate models of respiratory 

disease.  Nevertheless, rodents, in particular mice, have become the most common 

species used for experimentation due to their relatively low cost, size, and adequate 

understanding of murine genetics, among other advantages.  Less well known is the fact 

that domestic animals also suffer from respiratory illnesses similar to those found in 

humans.  Asthma, bronchitis, pneumonia and pulmonary fibrosis are among the many 

disorders occurring naturally in dogs, cats, and horses, among other species.  These 

models might better resemble the human condition and are emphasized here, but further 

investigations are needed to determine their relevance.  
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Modelling human disease in animals – an historical perspective 

 

Respiratory disorders, such as chronic obstructive pulmonary disease, lung 

cancer and asthma, account for a high percentage of morbidity and mortality in the 

United States [1] and around the world.  With millions suffering from these disorders, in 

addition to millions more afflicted with pulmonary fibrosis, pneumonia, sepsis, and sleep 

disordered-breathing, respiratory illnesses will remain a major cause of morbidity and 

mortality for the foreseeable future.  In addition, tobacco exposure continues to 

exacerbate the problem [1].   The World Health Organization estimates that chronic 

obstructive pulmonary disease is responsible for the deaths of 3 million people 

worldwide each year [2], furthermore, there is an epidemic related to biomass exposure 

in developing countries which has been linked to obstructive pulmonary disease, cancer, 

asthma, pneumonia, and chronic fibrosing disorders [3].  Not surprisingly, respiratory 

disorders affect the poor and disenfranchised disproportionately, thereby representing a 

major source of health inequality [4].  Considering the above, much is being invested on 

the development and implementation of strategies capable of reducing the burden of 

respiratory disease.  Advances in this area have however been hampered by our limited 

understanding of the pathogenesis of many respiratory disorders.   

Investigations into lung disease have depended, among other approaches, on 

the examination of the histology of diseased organs from affected people and on 

attempting to model human disease in non-human animals.  The idea of using animals 

as models of human disease, as we know it now, is a relatively recent development, 

whereas the recognition of the commonalities in structure and function between humans 

and non-human animals is quite ancient. The earliest written records of people drawing 

inferences about biology and physiology through observation of the similarities in 
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anatomy between humans and non-human animals extends back to at least the 6th 

century B.C.E. [5-7].   

Modern modelling of human disease in animals – especially since the adoption of 

mice as the species of choice – has been subdivided into five categories by Hau [8], 

namely: 1) induced models; 2) spontaneous models; 3) genetically modified models; 4) 

negative models; and 5) orphan models [8].  Induced animal models utilize healthy 

animals to attempt to create conditions reflective of a human disease.  Such models are 

common in biomedical research and are widely utilized in pulmonary disease research; 

ovalbumin sensitization in mice to study allergic asthma in humans is an example of an 

induced animal model [9].  Spontaneous animal models, as defined by Hau, reflects the 

modern emphasis on the mouse, referring only to naturally occurring disease in genetic 

variants (mutant mice) that share similarities with a human disease [8].  This category of 

animal models is less widely known in pulmonary disease research; an example is the 

spontaneous development of lung fibrosis associated with elevated levels of tumor 

necrosis factor-alpha (Tnf) in the viable motheaten mouse [10].  Genetically modified 

animal models – e.g., gene knockout and transgenics  - are ubiquitous in mice and have 

become more common in other species when the mouse does not optimally model the 

human condition.  Recent prominent examples in pulmonary disease are the genetically 

modified Cystic Fibrosis (CF) pig and ferret [11].  Negative models are those that utilize 

a lack of response to a predicted outcome based on exposure and genetic background, 

among other characteristics, relative to what is known in the human disease.  This 

category is especially important in studies of infectious disease, carcinogenicity and 

toxicity.  The final category of animal models – orphan models – describes the discovery 

of disease in a non-human animal species that has not yet been identified in humans.   

Veterinary medicine has provided many important examples of such diseases 

that are now known to occur in humans.  The most famous example is the discovery of 
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vaccination by Jenner through his work and observation of cowpox viral infections in milk 

maids [12]; more recent examples include the discovery of oncogenic viruses in 

chickens by Rous in 1911 [13] and tick-borne hemoparasites by Babes in cattle in 

Romania in 1888 and Smith and Kilbourne in Texas in 1893 (reviewed in [14])..However, 

the establishment of Land Grant universities in smaller rural communities in the U.S., 

while human medical schools stayed in larger urban centres, among other causes, 

established a divide between the two disciplines leading to a breach in communication 

between human medical and veterinary medical professionals; this continued until quite 

recently, improving dramatically over the last decade.  Primarily in response to fears of 

the spread of pandemic infectious zoonotic diseases, a ‘one medicine’ and ‘one health’ 

initiative was initiated for veterinary and human medicine to address shared concerns 

regarding such diseases [16-20].  Less well known within this initiative has been the 

growth of shared research on a variety of diseases, especially cancer, cardiovascular 

disease, and metabolic diseases, that afflict both human and veterinary patients [20].  

Notably missing from this initiative is any mention of a comparative medical effort 

focused on respiratory disease.  Toward this end, the authors hope that this review 

might contribute to beginning a dialogue between human and veterinary medicine 

regarding the investigation of spontaneous respiratory diseases in veterinary species 

that might contribute to a better understanding of the pathogenesis and treatment of 

diseases in humans, that currently have no or inadequate models using conventional 

(mostly rodent) species.  Emphasis in this report will be given to naturally-occurring 

progressive fibrosing lung diseases in cats, dogs, horses, and donkeys; and reactive 

airway disease in horses and cats. 

 

The challenge of modeling human respiratory disease 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
The spectrum of respiratory disease in humans in some respects likely reflects 

conditions unique to being human that may not be readily recreated in most conventional 

laboratory animal models.  We are a long-lived species with comparatively little genetic 

diversity across populations [21].  The development of the human lung continues well 

after birth, with continued alveolar development documented to progress through the first 

2-3 years of life [22].  The mostly high-density social structure of contemporary society 

and the diversity of human culture undoubtedly contributes to a number of important 

respiratory diseases as we are knowingly or unknowingly exposed to a panoply of 

chemicals and particles through inhalation, ingestion, and injection whose impact on 

respiratory health are still mostly not known.   

 Inter-species variation in the respiratory system is another challenge to modeling 

human disease in non-human animals.  The main function of the respiratory system is 

gas exchange.  Thus, while the general principles underlying the physiological and 

biological requirements for such function are shared by all mammals there are significant 

inter-species differences in the structure and cellular composition of lung compartments 

that may dictate whether or not a particular species develops, either experimentally or 

naturally, respiratory diseases similar to those in humans.  The inability to induce cystic 

fibrosis (CF) lung disease in mice is an important example of this principle, where the 

lack of submucosal glands in the mouse may play a role in preventing the induction of 

cystic fibrosis lung disease in the CF mouse [23].   

The overall pattern of the tracheobronchial tree is very similar in mammalian 

species, being characterized by its dichotomous branching pattern, with the daughter 

branches becoming progressively smaller, eventually leading to the gas-exchange units.  

However, the length of the tracheobronchial tree, the angle of the branch points, and the 

surface area vary greatly amongst species.  There are important species differences in 

the epithelial cells populating the tracheobronchial tree (e.g., number of secretory cells) 
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as well as in the architecture of the junction between the distal conducting airway and 

the alveolar parenchyma.  Primates (including humans) and carnivores (dogs and cats) 

have a portion of respiratory bronchiole (Figure 1A) between the terminal bronchiole and 

alveoli, whereas rodents, equids (horses and donkeys), pigs, and ruminants mostly have 

alveolar ducts interposed between the terminal bronchiole and the alveoli (Figure 1B) 

[24].   

These differences in anatomy are likely important in the pathogenesis of a variety 

of diseases in humans and non-human animals.  For example, the proximal acinus is 

considered most susceptible to air pollutants [25, 26] and it is the site for early lesions 

induced by cigarette smoke in young smokers [27].  The islands of smooth muscle 

present within the respiratory bronchiole are quite dynamic and capable of significant 

hypertrophy/hyperplasia in cats with feline asthma and pulmonary fibrosis, contributing 

significantly to the remodelling of the lung in each disease [28, 29].  This leads one to 

consider if perhaps, given the anatomic similarity of the distal lung of the cat to the 

human lung, the development of these diseases in the cat might provide important 

information on the role that distal lung anatomy plays in the susceptibility of the human 

lung to the development of asthma and pulmonary fibrosis.  Finally, the tissue 

regenerative capacity of distinct species appears to differ. 

Thus, differences in lifestyle, lifespan, anatomy, and genetics, among others, 

must be taken into consideration when modeling human respiratory disease in non-

human animals.  Despite these differences, modeling human disease in animals has 

provided much insight into the pathogenesis of respiratory illnesses. 
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Induced animal models of respiratory disease 

 

Induced animal models of respiratory disease are used to learn about disease 

pathogenesis in the hope that they will unveil potential targets for intervention.  For the 

most part, these models mimic some, but not all, features of respiratory disease.  Models 

of Chronic Obstructive Pulmonary Disease (COPD), pneumonia, pulmonary fibrosis, and 

asthma are commonly examined since these conditions, among several others, 

represent an overwhelming number of respiratory disease cases in humans.  

 COPD is a leading cause of death worldwide [30].  This umbrella term 

encompasses several disorders characterized by airway and parenchymal inflammation 

as well as tissue destruction (i.e., emphysema, chronic bronchitis, chronic bronchiolitis), 

all leading to airflow limitation (also call obstruction).  Patients with COPD may have one 

or a combination of these disorders.  This not only makes it a complex disorder to treat, 

but also a very complex disorder to model, and today no model perfectly resembles 

human COPD.    

There are few animal models of COPD induced by air pollution, fumes, dust, and 

biomass exposure, however most models of COPD use cigarette smoke exposure 

considering its predominant role in the development of this disease in humans (for an 

extensive review, see [31]).  These studies typically involve small animals; specifically, 

rodents.  Guinea pigs develop emphysema, small airway remodelling, and goblet cell 

metaplasia in the airways; because of their size, they are useful for pulmonary 

physiologic testing and cardiovascular instrumentation.  However, they are more 

expensive and their usefulness is limited by the laboratory reagents (e.g., antibodies) 

available for testing guinea pig tissues [31].  In contrast to guinea pigs, rats develop 

minimal disease when exposed to cigarette smoke.  Considering the above, their 

relatively low cost, availability, and an ever-expanding library of reagents, the mouse has 
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emerged as the most commonly used animal to model COPD [32].  There is, however, 

significant variability in laboratory results, which is likely due to differences in strains 

obtained through different providers, the use of different smoking delivery systems, and 

the intensity of exposure, among other factors.  In general, the cigarette smoke-induced 

model of COPD manifests many of the characteristics observed in humans including the 

development of emphysema, airway and vascular wall remodelling in certain strains, as 

well as the expected physiological alterations.  Interestingly, cigarette-induced 

emphysema develops earlier in females of certain murine strains (e.g., A/J) when 

compared to their male counterparts, which is reminiscent of the increased susceptibility 

observed in women [33].  However, the model does not progress after cessation of 

exposure and therefore does not produce severe disability as observed in humans.   

Also, the model requires several months of exposure, which adds to the complexity and 

costs of experiments. 

Emphysema can also be modelled in animals exposed to the elastin-degrading 

protease elastase [34].  This is important since emphysema is thought to occur from an 

imbalance between proteinases and anti-proteinases in the lung, especially those 

related to elastin metabolism.  However, less than 1% of patients with COPD have 

decreased elastin levels as seen in a genetic defect called α1 antitrypsin deficiency 

suggesting the presence of defects in other proteinase - antiproteinase systems.  This, 

and the nature of the model raise questions about its relevance to human disease.  This 

is also true for the starvation model [35].  Several other models of COPD have been 

generated in genetically modified animals.  For example, transgenic overexpression of 

collagenase induces histological changes consistent with emphysema [37]. 

Lower respiratory tract infections represent another leading cause of death in humans.  

As is the case for other disorders, rodents are the species most commonly used to study 

respiratory tract infection even though larger mammalian species like rabbits, dogs and 
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monkeys allow for physiological monitoring [36].  Infection of animals can be achieved by 

multiple methods including co-habitation of animals, aerosolization, or the use of 

nebulizers; each method having advantages and disadvantages [36].  Direct 

endotracheal or endobronchial instillation can also be used to infect mice, but these 

methods require anaesthesia [37].  On the other hand, they model oropharyngeal 

aspiration and thus allow for more precise delivery of inoculum, and biocontainment is 

easier and equipment is less expensive.  Intranasal instillation requires anesthetized 

mice to be held in a vertical position while the inoculum is deposited in the nares and is 

aspirated into the lungs. Overall, these models are useful but limited considering the 

differences in pathogenicity of microbes between animals and humans.  Furthermore, 

because animals are typically housed in controlled environments, their microbiome is 

distinct from that found in their natural habitat.  The latter is highly relevant considering 

emerging data pointing to the influence of the microbiome in human chronic disorders. 

Pulmonary fibrosis affects millions worldwide [38].  It is characterized by 

inflammation and progressive scarring of the lung resulting in effacement of architecture 

and ultimately loss of lung function and death.  Pulmonary fibrosis can be elicited by 

environmental exposures (e.g., asbestosis, silicosis, allergens). Chronic tobacco smoke 

exposure is considered a contributing factor, but the aetiology of lung fibrosis is often 

unknown.  The archetype of pulmonary fibrosing disorders is a condition termed 

Idiopathic Pulmonary Fibrosis or IPF [39].  The aetiology of IPF is unknown (hence its 

name) and treatment options are suboptimal.  However, both in vitro and in vivo studies 

carried out over the past two decades have unveiled key molecules (e.g., growth factors 

such as transforming growth factor β1), cellular signals (e.g., Smads, tyrosine kinases), 

and biological pathways (e.g., regulation of matrix expression) that, if uncontrolled, lead 

to tissue fibrosis [40].  Genetic mutations have been linked to the development of IPF 

including mutations in telomerases and in surfactant and mucin proteins [41].  Two new 
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‘anti-fibrotic’ drugs are available [42,43], but other than lung transplantation, curative 

interventions and agents capable of effectively halting disease progression remain 

elusive.  

Many induced animal models are available to study lung fibrosis; importantly, 

none of these models leads to progressive lung fibrosis and clinical disease similar to 

that experienced by human IPF patients.  Of these models, the most common is the 

bleomycin-induced lung injury model [44].  Bleomycin belongs to a family of glycopeptide 

antibiotic drugs initially used in the treatment of cancers and later discovered to induce 

lung fibrosis in humans.  It works, among other mechanisms, by oxidant-mediated DNA 

damage inducing cellular apoptosis and the release of pro-inflammatory and pro-fibrotic 

cytokines.  Mice treated with intra-tracheal injection of bleomycin typically develop early 

inflammatory changes that peak at day 7 characterized by epithelial cell apoptosis, 

oedema, release of pro-inflammatory cytokines such as Tnf and interleukin-1 beta, and 

neutrophil activation and infiltration.  This phase is followed by fibroproliferation and 

increased deposition of collagen and other extracellular matrices resulting in fibrosis; this 

latter stage peaks at day 21.  There are differences in murine strain susceptibility to 

bleomycin, which may be influenced by variations in drug metabolism by bleomycin 

hydroxylase [45].  Bleomycin can also be administered systemically via intravascular or 

intraperitoneal routes. 

Other agents used for the induction of experimental lung fibrosis include 

hypochlorous acid (HOCL), which has been used to study skin and lung fibrosis in 

models of progressive systemic fibrosis or scleroderma [46].  Inhalation of inorganic 

particles such as asbestos, silica, and vanadium pentoxide can also induce lung fibrosis 

[49].  Models of hapten-induced experimental lung fibrosis have also been studied.  Of 

these, fluorescein isothiocyanate (FITC) is the best characterized, leading to fibrosis 

within 2 to 4 wk and persisting for several weeks afterwards.  Lung irradiation and 
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infection with viruses (e.g., herpesvirus MHV-68) have also been used.  Like the other 

models, these show strain variability and have distinct advantages and disadvantages 

[50]. 

Studies in genetically modified animals allow for control of the expression of the 

relevant gene, while providing a window into specific pathways.  Genes can be targeted 

to the lung by using lung-specific promoters such as those for surfactant proteins.  Using 

this method, the diphtheria toxin receptor, for example, can be expressed on epithelial 

cells [47]; through the repetitive injection of diphtheria toxin, epithelial injury is caused 

and followed by fibrogenesis.  Virus-mediated transgene delivery has also been used to 

induce fibrosis via overexpression of pro-fibrotic growth factors such as transforming 

growth factor-β1 [48]. 

Asthma affects over 15 million Americans and many more around the world.  The 

most frequently used animal models of asthma depend on experimental induction by 

repeated challenge with allergens.  Animals subjected to such challenges develop goblet 

cell hyperplasia, airway inflammation and hyperresponsiveness as well as remodelling, 

which are the hallmarks of asthma [49]. Although these fairly acute models show 

functional improvement in response to glucocorticoids and bronchodilators as seen in 

humans, translation of findings in these models into the clinical arena has not always 

been successful [50, 51].  More-chronic models of asthma might be more helpful and are 

being refined, including those related to 5-7 wk exposure to house dust mite [52].  As in 

all animal models tested, the choice of species is crucial because humans and guinea 

pigs show more responsiveness to β2 agonists when compared to mice, pig, cat and 

rabbit, which might be explained by differential expression of soluble mediators [53]. 

Overall, these and related models of induced respiratory disease have provided 

excellent opportunities for the exploration of biological pathways involved in injury and 
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repair.  However, in general, although they manifest features of human disease, they do 

not exactly resemble the human condition and interventions successfully tested in these 

models have not always led to safe and effective therapeutic agents in humans.   

 

 

 

Naturally occurring models of respiratory disease 

 

For thousands of years of human history, we have shared our lives with a 

number of domestic animal species as we moved from hunting societies, to primarily 

agricultural, to contemporary society where now the majority of people live in urban 

environments.  The dog is the oldest domestic species, dating back to at least 30,000 

years [54], while cats have been domesticated for at least 7,000 years [55-57].  The lives 

of domestic animals, in particular dogs and cats, parallel our own lives more closely than 

ever, as they breath the same air as us in our urban, agricultural, and home 

environments, eat foods formulated by us, and lead increasingly inactive lives.  Perhaps 

we should not be surprised to discover that these animals develop chronic respiratory 

diseases similar to our own.  However, when considering naturally occurring respiratory 

diseases in domestic animals as models of human disease, it is important to remember 

that all of these diseases are spontaneous, first recognized by a veterinarian for their 

respiratory clinical signs, which was then followed by identification of the associated 

pathology.  As veterinary medicine recognized and described these diseases, 

practitioners looked to human medicine to name the diseases, using the human as the 

model species for the veterinary patients. This is in stark contrast to most models of 

human lung disease, e.g. pulmonary fibrosis and models of asthma, where the rodent 

models typically do not develop clinical signs similar to the corresponding human 
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disease.  Other limitations include the fact that these models have not been tested 

systematically, and consequently most information available relates to their 

characterization.  Also, the aetiology and pathogenesis of disease in these models is, for 

the most part, unclear.  Thus, they may not resemble the human condition in this regard.  

Another limitation is that natural models of disease occur in outbred species.  This 

heterogeneity would require that larger cohorts of animals be tested in order to have 

sufficient power for generating statistically valid results; this may not be feasible in many 

situations.   

 

Naturally occurring progressive fibrosing lung disease in domestic animals 

 

Dogs, horses, cats, and donkeys spontaneously develop progressive fibrosing 

lung diseases.  Based on the progressive clinical course and predominance of fibrosis 

within the lung, veterinary scientists have borrowed terminology from human medicine 

describing these diseases using nomenclature established by physicians and 

pathologists.  Idiopathic pulmonary fibrosis (IPF) is a recognized disease in dogs and 

cats [58-60], while a variant of pleuroparenchymal fibroelastosis has been described in 

donkeys [61].   

In human medicine, considerable effort has been put forth to classify idiopathic 

interstitial lung diseases, with particular emphasis given to defining IPF based on the 

combination of clinical signs, imaging information, and pulmonary histopathological 

features of the disease [62, 63].  At this time, human IPF is defined histologically as 

having the usual interstitial pneumonia (UIP) pattern [62, 63], characterized briefly, 

histologically by subpleural involvement, temporal heterogeneity (affected areas 

adjacent to normal tissue), myofibroblast accumulation in fibroblastic foci, 

honeycombing, and scant inflammation [63].  In veterinary medicine there has been no 
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similar attempt to date to understand the spectrum of fibrosing interstitial lung diseases 

in domestic species.  Thus, though IPF is used to describe idiopathic pulmonary fibrosis 

in the cat and the dog, while technically correct, this does not necessarily mean these 

diseases are identical to IPF in humans.  Defining progressive fibrosing lung diseases in 

domestic animals should be a research priority.   

 

Canine pulmonary fibrosis 

 Pulmonary fibrosis in domestic animals is most well described and characterized 

in the dog.  Canine pulmonary fibrosis is most commonly described in the West Highland 

White Terrier (WHWT) breed [58, 64-66], although it occurs in a variety of other dog 

breeds.  Pulmonary fibrosis in WHWT is a disease of middle-aged to elderly dogs, 

reportedly most common between the ages of 8 and 15 yr [64, 67].  Clinical signs in 

affected dogs include exercise intolerance and cough, which can progress to tachypnea, 

cyanosis, and respiratory failure [64, 68, 69].  Thoracic radiography of cases of 

pulmonary fibrosis in WHWT is not specific; findings usually consist of bronchointerstitial 

to interstitial lung disease patterns [58].  High-resolution computed tomography (HRCT) 

of the chest is not typically performed in cases of canine pulmonary fibrosis so 

information is incomplete.  The HRCT changes in the lung in WHWT with pulmonary 

fibrosis are most prevalent in the caudodorsal lung and include findings such as ground 

glass opacity, parenchymal bands, subpleural lines and interstitial thickening, thickening 

of the interstitium of bronchovascular bundles, traction bronchiectasis, and 

honeycombing [70].  

 The gross and histological pathology of pulmonary fibrosis in WHWT has been 

described in a small number of studies from Europe and the United States [64, 65, 71].  

The most commonly described histologic lesion in the lungs of affected WHWT is mature 

and uniform thickening of alveolar walls (Figure 2A,2B) [64, 65, 71].   A recent study by 
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Syrja et al. systematically assessed the lung histopathology from 18 WHWT with 

pulmonary fibrosis, comparing the spectrum of lung histopathology with lung biopsies 

from human IPF patients [71].   The authors, consisting of a team of veterinary and 

human medical professionals, describe changes in the WHWT lung that share features 

with UIP as well as fibrotic NSIP; importantly there was no evidence of fibroblast foci in 

canine pulmonary fibrosis [71].  The histopathology of pulmonary fibrosis in non-WHWT 

is less well described in the literature (71).  Cases of PF in these individuals have 

changes in the lungs similar to UIP in humans, including subpleural fibrosis, temporal 

heterogeneity and little inflammation.    

 The cause(s) and pathogenesis of pulmonary fibrosis in dogs is not known at this 

time.  Analysis of gene and protein expression from WHWT with pulmonary fibrosis has 

identified changes in expression similar to human IPF lung, reflecting the pro-fibrotic 

environment of the canine pulmonary fibrosis lung.  Increased expression of 

transforming growth factor-β as well as proteins critical to TGF-β signalling including 

TGF-β receptor I and phospho-Smad 2/3 have been detected immunohistochemically 

[72,73, 74].  The expression of TGF-β co-localized in the lungs of WHWT with pulmonary 

fibrosis with TGF-β receptor I and phospho-Smad 2/3 in areas of fibrosis, with increased 

expression present within epithelial cells in these foci, consistent with a role for TGF-β in 

the pathogenesis of the lung fibrosis as has been found in human IPF [74-76].   Elevated 

circulating levels of CXCL8 were detected in the serum of healthy (non-pulmonary 

fibrosis) WHWT when compared to other breeds of dogs in a recent study [77]; serum 

CCL2 was also increased in WHWT, but the increase was not restricted to only the 

WHWT [77].  Both CCL2 and CXCL8 were also increased within the BALF of WHWT 

with PF compared to healthy control dogs [78].   
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Feline pulmonary fibrosis 

 Progressive fibrosing lung disease in the cat is less well understood than the 

disease in the dog.  There are to date no apparent breed predispositions identified for 

the development of the disease that might facilitate accumulation of patients with which 

to perform prospective studies as in the WHWT [29, 79].  As with the canine disease, the 

disease in cats has been named IPF based on its unknown cause, progressive clinical 

course, and histologic features in common with human IPF [29].  The disease in cats 

occurs in middle-aged to adult animals; the clinical signs of cats with pulmonary fibrosis 

include tachypnea and increased inspiratory effort [79].  Imaging of the lungs using 

radiography may show a combination of a bronchointerstitial and alveolar pattern [80].  

Cardiac echocardiography has documented right ventricular hypertrophy in some cats 

with pulmonary fibrosis, suggesting pulmonary hypertension developing secondary to 

the fibrotic lung disease [80].   

 The pathology of feline pulmonary fibrosis shares a number of features with the 

human UIP pattern [29], including subpleural distribution, temporal heterogeneity, 

regions of honeycomb lung formation and usually scant inflammation; proliferation of 

smooth muscle which may arise from the respiratory bronchioles is a prominent feature 

of feline PF (Figure 3) [29].  Unlike pulmonary fibrosis in the dog, myofibroblasts are 

reported as a consistent feature within feline pulmonary fibrosis where they are reported 

to occasionally form foci similar to fibroblast foci as described in human IPF [29].  

 

Equine pulmonary fibrosis 

 The progressive fibrosing lung disease of horses is termed Equine Multinodular 

Pulmonary Fibrosis (EMPF); this name is based on the characteristic nodular foci of 

fibrosis that develop within the lung in adult animals (Figure 4A) [81].    EMPF is a 

disease of adult horses that develops in association with lung infections with the 
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gammaherpesvirus EHV 5 [81, 82].  Viral infections have been suggested as playing a 

role in the underlying epithelial injury that is assumed to drive lung fibrosis in humans 

with IPF [83-91].  The strongest evidence to date implicates EBV in IPF, although this is 

controversial as the evidence for virus in the lungs of IPF patients is inconsistent [91-93].  

The equine gammaherpesvirus EHV 5 is similar to EBV in that evidence of subclinical 

infection in horses is nearly ubiquitous [94, 95].   In the initial description of EMPF, EHV 

5 was detected in 100% of affected horses; this was the first example of a spontaneous 

progressive fibrosing lung disease being directly associated with lung infection with a 

gammaherpesvirus [81].  The clinical signs of the disease include tachypnea, weight 

loss, and low-grade fever; nodular densities are noted within the lungs in thoracic 

radiographs [96].    

 The pathology of EMPF is distinct from human UIP and much different from 

canine or feline pulmonary fibrosis.  The distribution of the fibrosis in EMPF is within the 

alveolar parenchyma where it is organized into discreet to coalescing nodules, which 

may be multiple centimetres in diameter (Figure 4B) [81].  Histologically the nodules are 

comprised of abundant interstitial collagen accumulation surrounding alveoli-like spaces 

that are lined by cuboidal epithelial cells.  Within the spaces there are often neutrophils 

and macrophages, with occasional macrophages containing large intranuclear 

herpesviral inclusion bodies (Figure 4C) [81].   

 The pathogenesis of EHV 5 infection and its role in EMPF is not known.  In 2013, 

a study was published that addressed the ability of EHV 5 to induce nodular lung fibrosis 

similar to EMPF [82].  In that study, EHV 5 was instilled directly into the lungs of clinically 

normal horses, resulting in the development of nodular lung fibrosis that was 

histologically similar to EMPF [82].   This study provided strong evidence that EHV 5 

alone is capable of inducing lung fibrosis in horses, which is strong ‘proof of concept’ 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
that gammaherpesviruses may play a role in driving lung fibrosis in humans and other 

animals.   

 

Donkey pulmonary fibrosis 

 Pulmonary fibrosis in donkeys, unlike pulmonary fibrosis in cats, dogs, and 

horses, is reported to be a relatively common finding within the lungs of elderly donkeys 

[97].  In spite of the frequency of occurrence of pulmonary fibrosis in donkeys, little was 

known regarding this disease until recently when it was reported that pulmonary fibrosis 

in donkeys most likely resembles human pleuroparenchymal fibroelastosis [98], a 

recently recognized variant of IPF interstitial lung disease (Figure 5) [99-102].   

 

Naturally occurring hyperreactive airway disease in domestic animals 

 

Horses and cats develop hyperreactive airway diseases that have a number of 

similarities to human allergic asthma.  Unlike the various IPF interstitial lung diseases 

that occur in domestic animals (discussed above), this group of diseases is 

comparatively well characterized [103-107].   

 

Recurrent airway obstruction (Heaves) in horses 

 Recurrent airway obstruction (RAO), also known as heaves, is a common and 

very important inflammatory airway disease of adult horses whose primary clinical 

expression is the result of bronchoconstriction [108].  Clinical RAO develops, as with 

many cases of human asthma, following inhalation of airborne antigens; fungal antigens 

and environmental dusts present within feed and stable environments are commonly 

associated with induction of clinical ‘heaves’ in susceptible horses [109, 110].  The 

clinical signs of ‘heaves’ reflect the underlying small airway inflammation and mucus 
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accumulation characteristic of RAO: horses exhibit increased expiratory effort, exercise 

intolerance, and coughing [103, 104].  Importantly, for the purposes of considering RAO 

as a model of asthma or inflammation-induced hyperreactive airway diseases, clinical 

disease can be induced in susceptible horses through exposure of the animal to 

allergens in their environment [115,116].  

The lung pathology of RAO has some similarities to human asthma.  Like 

asthma, RAO is an inflammatory airway disease; unlike human asthma, eosinophils are 

a minor component of the disease, with the neutrophil being the predominant cell type 

present within affected airways [111].  Mucus accumulation within the lumen and 

mucous cell metaplasia accompany the inflammation, and there is evidence of increased 

distal airway smooth muscle in the lungs of RAO horses (Figure 6A) [112, 113].   

 

Feline asthma 

A form of hyperreactive airway disease associated with eosinophilic airway 

inflammation, known as feline asthma, is relatively common in domestic cats [114].  

Feline asthma is usually considered to be a disease of young adult cats, with the median 

age at diagnosis of 4-5 years.  At this time, there are not clear clinical diagnostic criteria 

for differentiating feline asthma from other diseases, e.g. chronic bronchitis, that can 

present with clinical signs similar to feline asthma, thus the actual incidence of feline 

asthma is not known, although it has been estimated that 1-5% of cats in the United 

States are affected by the disease [106].  Clinically, active feline asthma is expressed as 

a combination of cough, wheeze, and variable respiratory distress [114].  Thoracic 

radiographs may be uninformative or there may be evidence of a bronchial to 

bronchointerstitial lung pattern [115, 116]. 

The lung pathology of feline asthma (Figure 6B) shares many similarities with 

human asthma.  As noted above, feline asthma is characterized by airway eosinophilic 
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inflammation.  The epithelium lining the bronchi and bronchioles is variably hyperplastic 

and often infiltrated with eosinophils [115, 116].  Hypertrophy and hyperplasia of smooth 

muscle at the level of the terminal and respiratory bronchiole is common and 

hypertrophy of submucosal glands in the bronchi is often prominent.  All of these 

changes are reported to be features of human asthma lungs [117]. 

As with human asthma, cats with feline asthma develop a Th2 polarized 

inflammatory environment within the lung in response to allergens [106].   The nature of 

the offending allergens is usually not identified in spontaneous cases of feline asthma, 

although given the shared environment between cats and people both may share 

common allergens [107].  An experimental model of feline asthma has been developed 

by Reinero et al. using a combination of house dust mite or Bermuda grass allergen, that 

develops airway hyperreactivity and eosinophilic inflammation, and airway remodelling 

similar to the natural disease [28].  Given the apparent similarities between feline asthma 

and human asthma, experimentally-induced feline asthma could be a powerful model for 

understanding human asthma [AQ: please check that your meaning has been retained]. 

 

Conclusions 

Animal models allow us to evaluate biological pathways responsible for lung 

function during health and dysfunction during illness, and to examine the safety and 

efficacy of interventions within the complex environment of an organ within a live animal.  

This is not only warranted, but represents an ethical requirement before any new 

intervention is tested in humans.  Currently, there are many models of respiratory 

disease being used for the above that have a variety of advantages and disadvantages 

(Tables 1, 2).  Most of these are induced models of disease that mimic some, but not all 

features of respiratory disorders like emphysema, pneumonia, asthma, and pulmonary 
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fibrosis, among others.  Studies performed in these models have been invaluable and 

induced animal models, especially in mice, continue to represent a commonly used 

approach to understanding human biology.   

Unfortunately, there is no ideal animal model since they do not exactly resemble 

the human condition due to significant inter-species variations in the anatomy of the 

respiratory system and genetics, among many other variables.  Functional differences 

are also evident; for example, mice do not have a cough reflex.  In fact, the dependence 

on murine models based on financial considerations and understanding of mouse 

genetics might be short-sighted since these models often do not resemble the human 

condition, and spending effort upfront to identify better models could prove more 

efficient. Combining models of induced lung disease with gene targeting might improve 

the relevance of the phenotype generated.  Also, in vitro, ex vivo, explant culture, and in 

silico models may serve to complement the in vivo models, thereby bringing us closer to 

the human reality.  Choosing the ‘right’ model requires careful consideration of inter-

species variations in addition to the implications of testing acute versus chronic 

exposures, end points to be evaluated, as well as gender and age of the experimental 

animals.  The drawbacks and advantages of many of these induced models have been 

reviewed by others [124].    

Considering the limitations of induced models of human respiratory disease, 

attention is moving toward naturally occurring diseases in domestic animals.  When 

considering these models, it is important to remember that these diseases are 

spontaneous and were first recognized because of their characteristic clinical features; 

this is in contrast to some murine models of lung disease which do not develop clinical 

disease similar to the disease being studied.  Just as important, the clinical signs that 

develop in these animals are accompanied by lung pathology that often shares 
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considerable homology with the corresponding human disease.  Ethical considerations 

related to using such ‘animal patients’ to study ‘human patients’ should be evaluated.  

Nevertheless, in a 2007 article Hunninghake and Schwarz challenged the research 

community to make sure that mechanistic data generated in experimental models “pass 

the test of explaining the clinical histologic features of the disease” before assuming 

such data are unique to the condition [118].  It is our opinion that by studying an array of 

spontaneous, naturally occurring respiratory diseases in domestic animals (some of 

which are highlighted in this review), we may be able to pass this test and provide 

important information regarding underlying mechanisms that lead to many important 

respiratory diseases in humans that currently are underserved by conventional 

laboratory animal models.   
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Figure Legends: 
 
 
Figure 1.  Comparative histological anatomy of the terminal acinus.  (A) In rodents, 

ruminants, and equids the terminal bronchiole ends in an alveolar duct (AD) which 

consists of a duct lined by alveoli (arrow) without a continuation of bronchiolar structures.  

(B) In primates, including humans, and carnivores the terminal bronchiole transitions into 

a respiratory bronchiole (RB) which consists of islands of bronchiole (arrow) separated 

by alveolar outpocketings. 

 

Figure 2.  Gross and histological pathology of canine pulmonary fibrosis in the 

West Highland White Terrier (WHWT).  (A) Sections of lung from a WHWT with 

pulmonary fibrosis.  The fibrosis is present within the subpleura (arrows) as well as 

within the deeper lung parenchyma.  (B) Histologically, abundant collagen expands the 

alveolar wall in pulmonary fibrosis in the WHWT. 

 

Figure 3.  Histological pathology of feline pulmonary fibrosis.  (A) Fibrosis is 

present within the sub-pleura (arrow) as well as within the deeper lung parenchyma.  

Note the temporal heterogeneity, with fibrotic lung adjacent to relatively unaffected lung.  

(B) Higher magnification showing the markedly hypertrophied and hyperplastic bundles 

of smooth muscle (arrowheads) present in feline pulmonary fibrosis.  Masson’s 

Trichrome histochemistry. 

 

Figure 4.  Gross and histological pathology of Equine Multinodular Pulmonary 

Fibrosis (EMPF). (A) The foci of fibrosis develop as individual and coalescing nodules 

of dense fibrosis (arrow).  (B) Histologically there is abundant interstitial collagen that 

separates enlarged airspaces that contain moderate amounts of neutrophilic and 
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macrophagic inflammation and which are lined by cuboidal epithelial cells.  (C) Higher 

magnification illustrating the inflammation, cuboidal epithelium, and a large eosinophilic 

herpesviral inclusion body within an enlarged macrophage (arrow). Image (A) provided 

by Drs. Jon Patterson and Katryia Chankow, Michigan State University. 

 

Figure 5.  Histologic pathology of donkey pulmonary fibrosis.  The pleura (arrow) is 

markedly thickened by dense collagen and elastin fibres.  Collagen and elastin fibres are 

present within the subjacent alveolar spaces (arrowhead).  Elastin Van Gieson 

histochemistry. Image kindly provided by Dr. Amy Miele, University of Edinburgh. 

 

Figure 6.  Histologic pathology of equine recurrent airway obstruction (RAO) and 

feline asthma.  (A)  Widespread filling of bronchioles with mucus and inflammation 

(arrows) is characteristic of RAO.  (B) Mucus and inflammation are also present in feline 

asthma (arrow) along with widespread bronchiolar smooth muscle hypertrophy 

(arrowhead).  Image (A) provided by Dr. Scott Fitzgerald, Michigan State University. 
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e Table 1. Availability of models for respiratory conditions 
 
                 
 
Condition       Induced           Preferred   Spontaneous  Animal  

Animal 
                 
  
COPD   +  Rodents*    +  Dogs** 
 
 
Asthma  +  Rodents*    +  Cat, Horse 
 
 
Infection  +  Rodents*    +  Dog, Cat, Horse 
 
 
Fibrosis  +  Rodents*    +  Dog, Cat, Horse, Donkey 
                 
 
* Mainly mice 
** Bronchitis; emphysema not described 
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e Table 2.  Main advantages and disadvantages of animal models of respiratory disease 
 
                   
 
        Induced model          Naturally-occurring model 
 
Advantages   Disadvantages    Advantages   Disadvantages 
                   
  
 
Availability   Interspecies variation    Spontaneous clinical  Not readily available  
    (e.g., anatomy, genetics)   presentation 
 
Easy/rapid   Intravascular physiological    Similar environmental  Disorders not 
breeding   monitoring difficult    exposures as humans  well characterized 
 
Size, cost   Do not adequately    Mimic human disease  Difficulties in obtaining  
    mimic human disease        tissue 
 
Controlled   Variations in providers   Cost    Reagents not always   
environment             available 
              
 
Reagents available  Cost of equipment        Monitoring difficult   
(especially for mice)  (e.g., aerosolization chambers)       
 
Suitable for genetic  Costs related to length       Ethical considerations 
manipulation   of study 
(especially for mice) 
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