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ABSTRACT

Stray cats are exposed to deleterious factors in the urban environment. The present study was aimed to describe the
pathological features of lung lesions in stray cats in Mosul city, Irag. From February to March 2013, 19 ailing cats
were caught through animal control campaigns and euthanized. Necropsy and histopathologic findings were
recorded for the collected lungs. The results indicated lesions in all the lung samples. Pathomorphogical
characterization included emphysema (84%), atelectasis (63%), and bronchiectasis (26%), bronchopneumonia
(63%), granulomatous pneumonia (15%), verminous pneumonia (15%), alveolitis (15%), proliferative pneumonia
(10%), and pleuropneumonia (5%). In addition, cellular adaptation was characterized by hyperplasia of alveolar cells
(52%), bronchial epithelium hyperplasia (31%) and fibroplasia (26%). Hemosiderosis and parasitic infestation were
also detected. The study concluded that all lungs collected from stray cats showed pathological changes, reflecting
the presence of the pathogen agents and pollution in the environment of this city.
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INTRODUCTION

Stray cats may live in environmentally polluted areas, thus the feline respiratory system is exposed to smoke, toxic gases,
dust, disinfectants, chemicals and oil derivatives (Bao et al., 2018). These cats are susceptible to infection with biological
agents such as bacteria, viruses, parasites, and fungi. Also trauma caused by being hit by a car or beating may lead to
lung disorders (Bates and Smith, 2018).

Lung reacts against such agents by mucus production, constriction, and airway swelling, followed by an
inflammatory response in the lungs known as pneumonia (Mohammed et al., 2017). Lung dysfunction develops in most
cats in the within the first two or three days after exposure. Invasion of opportunistic bacterial infections may be a
common cause of death in the late stages of disease (Lopez and Martinson, 2017).

A variety of bacterial, viral, parasitic and fungal organisms can cause pneumonia in cats. Viruses such as feline
herpesvirus-1, feline calicivirus (Monne et al., 2018) and HIN1 influenza virus (Lohr et al., 2010) are viral common
causes of respiratory infection. There are many bacteria cause pneumonia such as Escherichia coli, Klebsiella spp.,
Pasteurella spp., Staphylococcus spp., and Bordetella bronchiseptica (Dear, 2014; Lee-Fowler, 2014). Parasitic
pneumonia in cats can be caused by a number of parasites that are defined as lungworms. Aelurostrongylus abstrusus is
the most well-known feline lungworm and is the most prevalent in domestic cats (Elsheikha et al., 2016; Giannelli et al.,
2017). Also Toxoplasma gondii (Jalil and Alwan, 2014) and the fungus Cryptococcus may cause pneumonia (Pimenta et
al., 2015).

Aspiration pneumonia in cats occurs due to the inhalation of foreign bodies, vomit, or the regurgitation of gastric
contents. Also, it can be a result of a neuromuscular disorder causing difficulty in the swallowing, and paralysis of
esophagus. Bacteria present in the inhaled foreign matter may also bring about infection (Giannelli et al., 2017; Barrera-
Zarate et al., 2018). Sometimes, a secondary bacterial infection follows the viral or fungal infection which causes
damage to the lung, thus pneumonia can be caused by more than single organism. The present study aimed to describe
the pathological changes of lungs of stray cats in Mosul city. Irag.

MATERIALS AND METHODS

Ethical approval
This experiment was conducted according to the rules of the Research Ethics Committee of College of Veterinary
Medicine, University of Mosul, Iraqg.
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Experimental design

Nineteen mature ailing and depressed stray cats (aged 1-3 years of either sex) were caught through bulk animals
control campaign in Mosul city, Iraq from February to March 2013. The animals were kept in cages, and then euthanized
by a single dose of subcutaneous injection of insulin / (Novo nordisck / France) at 60 1U (Niessen et al., 2017). Necropsy
was performed and gross pathological changes were recorded and photographed. The lungs samples were preserved in
10% neutral buffered formalin, then trimming, dehydration, clearing, paraffine embedding, sectioning, hematoxylin and
eosin staining, and DPX mounting were performed (Luna, 1968). Lung sections were examined under light microscope
(OPTIKA, lItaly), photographed by a digital camera (Samsung/ South Korea) and the histopathological changes were
recorded.

RESULTS

In this study, all examined samples was pathologically affected and had a wide variety of lesions with varying degrees
of severity, including cell adaptations manifested by hyperplastic alveolar cells, hyperplastic bronchial epithelium cells,
and intralobular fibroplasia which appeared in 52.63%, 31.57% and 26.31% of samples, respectively (Table 1, figure 1A,
C and D). Disturbances in cell metabolism and cell death were also observed as hyalinization of alveolar walls,
intrabronchiolar hyaline casts, necrotic bronchiolar submucosal glands and bronchiolar mucinous degeneration at
incidence rates of 5.26%, 10.52%, 10.52% and 36.84%, respectively (Table 1, figure 1C and D, figure 2A and B).

Circulatory disturbances and vascular affections included vascular hyperaemia, pulmonary haemorrhage, and
pulmonary edema at an incidence rate of 21.05% each as well as atherosclerosis at 10.52% of the total samples (Table 1,
figures 2C and figure 4A). Morpho-mechanical alterations in pulmonary tissue were also recorded as bronchiectasis
(26.31%), alveolar emphysema (84.21%) and alveolar atelectasis in 63.15% of the examined lungs (Table 1, figure 3A
and B). The chronic inflammation was the most frequently change at all examined sections, which appeared as chronic
pleuropneumonia (5.26%), chronic bronchopneumonia (63.15%), granulomatous pneumonia (15.78%), proliferative
pneumonia (10.52%) and verminous pneumonia (15.78%) (Table 1, figure 1B, figure 3C and D, figure 4A, B, C, and D),
which contained different types of exudates including fibrinous, fibrinopurulent and lymphocytic exudates (Figures 4B,
C and D, figure 5A). Alveolitis and bronchiolitis obliterans were also found each in 15.78% of examined samples (Table
1, figures 5A and B). The examination also revealed parasitic infestation with metastrongyloid lungworms in 15.78% of
samples (Table 1, figure 4C and D). Disturbances of pigmentation were charechterized by hemosiderosis and presence of
heart failure cells at incidence rates of 5.26% and 21.05%, respectively (Table 1 and Figure 5C).

Table 1. Pathological categorization and incidence rate of lung lesions monitored in stray cats in Mosul city, Iraq
Number of affected

Pathological categorization Lesion Incidence rate
samples
Hyperplastic alveolar cells 10 52.63%
Cell adaptations Hyperplastic bronchial epithelium 6 31.57%
Intralobular fibroplasia 5 26.31%
Hyalinization of alveoli 1 5.26%
Disturbances in cell metabolism and Intrabronchiolar Hyaline cast 2 10.52%
cell death Necrotic bronchial submucosal glands 2 10.52%
Bronchiolar mucinous degeneration 7 36.84%
Hyperemia 4 21.05%
Circulatory disturbances and vascular Pulmonary hemorrhage 4 21.05%
affections Pulmonary edema 4 21.05%
Atherosclerosis 2 10.52%
Bronchiectasis 5 26.31%
Morphomechanical alterations Emphysema 16 84.21%
Atelectasis 12 63.15%
Chronic pleuropneumonia 1 5.26%
Chronic bronchopneumonia 12 63.15%
Granulomatous pneumonia 3 15.78%
Inflammation and repair Proliferative pneumonia 2 10.52%
Verminous pneumonia 3 15.78%
Alveolitis 3 15.78%
Bronchiolitis obliterans 3 15.78%
Parasitic infestation Pulmonary nematodiasis 3 15.78%
Disturbances of pigmentation Hemosu_jerosm ! >.26%
Heart failure cells 4 21.05%
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Figure 1. Photomicrograph of a cat lung section. A: Hyperplasia and mucinous degeneration of bronchial epithelium
(red arrow) and hyperplastic submucosal glands (green arrow), 265X. B: Chronic proliferative pneumonia (red arrow)
and intralobular septal fibroplasia (green arrow), 165X. C: Hyalinization of alveolar walls and emphysema (red arrow),
145X. D: Hyperplastic bronchial glands (red arrow) with hyaline casts (green arrow), 450X. H&E staining was used for
all photomicrographs.
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Figure 2. Photomicrograph of a cat lung section. A: Necrotic and hyalinized submucosal glands (red arrow), 560 X. B:
Bronchiolar hyperplasia (red arrow) and mucinous degeneration (green arrow), 450X. C: Pulmonary hemorrhage (red
arrow), 560X. D: Atherosclerotic artery (red arrow), 200X. H&E staining was used for all photomicrographs.
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Figure 3. Photomicrograph of a cat lung section. A: Bronchiectasis (red arrow) and emphysema (green arrow) with
exudate in the lumen, 100X. B: Emphysema (red arrow) and atelectasis (green arrow), 56X. C: Chronic
pleuropneumonia as pleurisy (red arrow) and pneumonia (green arrow), 240X. D: Chronic bronchopneumonia as
bronchitis with bronchial lumen filled with exudate (red arrow) and inflammatory cells infiltrations (green arrow) with in
pulmonary parenchyma, 280X. H&E staining was used for all photomicrographs.

Figure 4. Photomicrograph of a cat lung section. A: Granulomatous pneumonia with abscesses containing necrotic
substances (red arrow) surrounding by granulomatous reaction (green arrow) hyperemic blood vessels (blue arrow) and
pulmonary edema (yellow arrow), 40X. B: Proliferative bronchopneumonia (red arrow) with accumulation of exudate in
bronchi (red arrow), 145X. C: Verminous pneumonia reflecting pulmonary nematodiasis (red arrow) and alveolitis
(green arrow), 780X. D: Verminous (red arrow) and proliferative pneumonia (red arrow), 115X. H&E staining was used
for all photomicrographs.
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Figure (5): Photomicrograph of a cat lung section. (A) Alveolitis (= } and hyaline cast (— }. (B) Bronchiolitis obliterans, manifested by growing granulation
tissue to bronchial lumen (—) and containing foci of chronicinflammatory infiltrations { — ). (C) Chronic proliferative pneumonia (-> ) and heart failure cells

Figure 5. Photomicrograph of a cat lung section. A: Alveolitis (red arrow) and hyaline cast (green arrow), 370X. B:
Bronchiolitis obliterans, manifested by growing granulation tissue to bronchial lumen (red arrow) and containing foci of
chronic inflammatory infiltrations (green arrow), 165X. C: Chronic proliferative pneumonia (red arrow) and heart failure
cells (green arrow), 450X. D: Cat lungs shows gross appearance of chronic bronchopneumonia with fibrosis (green
arrow) and congestion (red arrow ). H&E staining was used for all photomicrographs.

DISCUSSION

The present study investigated the prevalence of pathological changes in the lungs of a stray cat population in Mosul,
Irag. This study was the first study conducted in Iraq on pathological changes of lungs of cats. Different types of lesions
with various severity appeared in the collected lungs. This may be due to the individual variation of defense mechanism
and immune system in cats, in addition to the difference in type of causative agents and duration of exposure to those.

Normally, many bacteria live in the feline respiratory system, without causing disorders, but can cause disease
when respiratory defense mechanisms overwhelmed by viral infections such as rhinotracheitis virus, influenza A virus
and calicivirus, or a systemic disease such as congestive heart failure, diabetes mellitus, lung tumors or irritants such as
smoke and noxious gases (Mexas et al., 2006; Dorn et al., 2017; Arsevska et al., 2018).

The results indicated the chronic pneumonia of all types in highest incidence especially chronic
bronchopneumonia. 63.15% of the examined lungs may be affected by aerosol rout that cat inhaled foreign bodies into
its lungs like a tiny piece of plastic or a seed pod. Also vomitting and regurgitation could irritate the lung tissue and
cause pneumonia (Thawley and Drobatz, 2015; Barrera-Zarate et al., 2018). The vomited or external materials may
contain pathogens such as Chlamydophila (psittaci) felis, Bordetella bronchiseptica, Pasteurella spp., Moraxella spp.,
(Foster et al., 2004) and feline herpesvirus-1 (McGregor et al., 2016), which cause bronchopneumonia characterized by
neutrophilic bronchiolitis, infiltration of neutrophils and mononuclear cells, and thickening of the alveolar walls by
edema and hyperplasia (Lopez and Martinson, 2017). Lohr et al. (2010) mentioned that infection with influenza A virus
(H1NZ1) in cats cause pyonecrotizing bronchointerstitial pneumonia which accompanied by serofibrinous exudate in the
alveoli and hyalinization, and secondary bacterial multiplications (Sykes, 2013). These lesions are similar to those
observed in the present study.

In general, pneumonia occurs in immunosuppressive cats and it is usually accompanied by secondary morpho-
mechanical alterations including bronchiectasis, alveolar emphysema and alveolar atelectasis. Bronchiectasis is a
consequence of chronic bronchitis due to accumulation of inflammatory exudates in the lumen and partial ruptures of
bronchial walls or as a result of bronchiolitis obliterans (Nelson and Couto, 2008; Maxie, 2016).

Emphysema is always secondary to obstruction of outflow of air which frequently occurs in carnivorous with
bronchopneumonia and characterized by distention and rupture of alveolar walls. While the two main causes of
compressive atelectasis are related to the transferred pressures or space-occupying masses in the pleural cavity or it
accompanies with chronic pleuropneumonia. Many viruses infect respiratory system of cats and may cause pneumonia.
Bayati and Akaby (2017) reported that feline panleukopenia virus cause pleuropneumonia and proliferative pneumonia.
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Other studies indicated the role of feline herpesvirus type 1, feline calicivirus and feline coronavirus in pneumonia as the
consequence of spreading the virus from the upper respiratory airways into the lungs, where they cause virus-induced
lesions charcterized by marked neutrophil infiltration and extensive necrosis (Balboni et al., 2014; Monne Rodriguez et
al., 2018). Atelectasis is also occur when the lumen of the airways is blocked by mucus substance and inflammatory
exudate (Maxie, 2016). Furthermore, granulomatous pneumonia was detected at incidence rate of 15.78%. It is
commonly caused by the fungus Cryptococcus neoformans or it may be caused by Mycobacterium thermoresistibile
(Foster et al., 1999). It occurs in immunosuppressive cats due to viral infections and malnutrition, and are represented
grossly by small gelatinous white foci (Trivedi et al., 2011).

The circulatory disturbances (hyperemia, hemorrhage and pulmonary edema) occurred concomitantly to
pneumonia or principally injury to pulmonary vessels (Monne Rodriguez et al., 2018). Pulmonary edema is frequently
associated with pneumonia and also it may be caused by anemia, congestive heart failure, hypoproteinemia, corrosive
gasses and toxic vapors such as smoke and endotoxin (Balboni et al., 2014).

Cell adaptations occur constantly as a response to chronic injury, stress and irritant (Monne Rodriguez et al., 2018).
Hyperplasia is the most common change associated with chronic pneumonia; hyperplastic alveolar cells are obseverd in
alveolitis and hyperplastic bronchial cells are usually observed in bronchopneumonia (Wallig et al., 2017). Chronic
proliferative pneumonia may lead to pulmonary fibroplasia (White et al., 2003) charachterized by thickened lungs with
proliferating connective tissue of alveolar wall, formation of hyaline membranes, and alveolar cells hyperplasia
(Bruminhent et al., 2011). Formation of hyaline membranes and cast result from leakage of excessive plasma proteins
and fibrinous exudate into alveoli with necrosis of type | pneumonocytes and pulmonary surfactant. Hyalinization is
present in interstitial pneumonia, emphysema and edema and alveolitis (Kennedy and Palmer, 2013; Monne Rodriguez et
al., 2018).

Verminous pneumonias was detected in the present study which can be caused by a humber of parasitic nematodes,
but metastrongyloid worms considered as the most common lungworms (Elsheikha et al., 2016). It was assumed that the
causative parasite of pneumonia in this study may be Aelurostrongylus abstrusus which is the most common feline
lungworm in domestic cats. It may remain in the lung as chronic disease accompanying by secondary bacterial
infections. The parasites and their eggs and larvaes in the bronchioles and alveoli have been seen in this study where they
caused bronchiolitis and alveolitis and alveolar fibrosis as reported in previous studies (Bowman, 2000; Giannelli et al.,
2017).

Mexas et al. (2006) suggested that the incidence of respiratory infections in cats associated with diabetes mellitus.
They referred to the correlation between diabetes mellitus and abnormal pulmonary lesions which included pneumonia,
edema, histiocytosis, fibrosis, smooth muscle hypertrophy, mineralization, and neoplasia.

CONCLUSION

In this study, all the lungs collected revealed pathological changes that indicate the poor health status of the stray cats
and the pollution in the environment of Mosul city in Irag.
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