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Case Report

Bacterial Pleuritis with Thickened Mesothelial Hyperplasia in a 
Young Beagle Dog
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Abstract: A five-month-old male beagle dog suddenly became moribund. Bloody fluid accumulated in the thoracic and abdominal 
cavities, and soft yellow flecks were floating in the thoracic fluid. The mediastinum and pericardium became dark reddish with villous 
thickening. Other parietal and pulmonary pleurae were rough, and the organs adhered to each other. Histologically, most mediastinal 
pleura formed papillary projections covered by a single layer of mesothelial cells. Many macrophages and neutrophils infiltrated the 
submesothelial connective tissue. At the mediastinum adjacent to the pericardium, cuboidal mesothelial cells proliferated solidly and 
formed a thick surface stratum. The flecks consisted of gram-negative filamentous or small bacillary (coccoid) bacteria. In the right 
posterior lobe of the lung, neutrophilic infiltration and a large encapsulated abscess including a bacterial colony were present. We di-
agnosed this case as “bacterial pleuritis with thickened mesothelial hyperplasia”. The cause of the pleuritis might be a chronic pleural 
infection spread via the lung abscess. (DOI: 10.1293/tox.26.313; J Toxicol Pathol 2013; 26: 313–317)
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In dogs and cats, bacteria (such as Nocardia, Acti-
nomyces, and Bacteroides) can cause pyogranulomatous 
pleuritis, and many species of bacteria can be present as ei-
ther singular or mixed infection in pyothorax of dogs and 
cats1,2. It is well known that persistent serosal injury such as 
chronic pleuritis induces mesothelial hyperplasia2–4. More-
over, an appropriate stimulus including inflammation trans-
formed normal pavement mesothelial cells into a tumor-like 
activated mesothelium, which is a cuboidal and papillary 
outgrowth5. Here, we report a case of bacterial pleuritis in 
a young beagle dog accompanied by thickened mesothelial 
hyperplasia.

The animal was a 5-month-old male beagle dog. The 
beagle dog was purchased from Beijing Marshall Biotech-
nology Co., Ltd. (Beijing). The dog was housed in an ani-
mal room maintained at a temperature of 26 ± 3°C and a 
humidity of 55 ± 20%. The dog was given 300 g/day DS-A 
(Oriental Yeast Co., Ltd., Tokyo, Japan) with free access to 
water. The dog was kept for a forthcoming study without 
any kind of treatment. Since the dog suddenly became less 
energetic and moribund without any clinical signs, it was 

euthanized under pentobarbital sodium anesthesia and dis-
sected. At necropsy, bloody fluid accumulated in the tho-
racic and the abdominal cavities. Many soft yellow flecks 
of approximately 5-mm in diameter were floating in the 
thoracic bloody fluid (Fig. 1A). The mediastinum and peri-
cardium became dark reddish and thickened with a villous 
surface (Fig. 1B). The other pleural surfaces, such as the 
costal, diaphragmatic and pulmonary portions, were rough 
but not villous. The right posterior lobe of the lung adhered 
to the accessory lobe fibrously, the thymus adhered to the 
right anterior lobe of the lung, and the pericardium adhered 
to the mediastinum fibrinously. A nodule of about 2-mm in 
diameter was observed on the surface of the right anterior 
lobe of the lung. The diaphragm was perforated at the dor-
sal end of the right thorax. There was no perforation of the 
esophagus or rupturing of large vessels. No gross lesions 
were observed in the abdominal organs. The organs were 
fixed in 10% phosphate buffered formalin, trimmed, em-
bedded in paraffin, sectioned and stained with hematoxylin 
and eosin (HE). Special-stainings such as Gram stain, Gro-
cott’s methenamine silver nitrate stain, periodic acid-Schiff 
stain and Ziehl-Neelsen stain (Fite method), and immuno-
histochemical staining for cytokeratin (Polyclonal Rabbit 
Anti-Cytokeratin, Wide Spectrum Screening, Dako Japan, 
Tokyo, Japan), vimentin (Monoclonal Mouse Anti-Vimentin 
Clone V9, Dako Japan, Tokyo, Japan) and PCNA (Monoclo-
nal Mouse Anti-Proliferating Cell Nuclear Antigen Clone, 
Dako Japan, Tokyo, Japan) were also performed. The bloody 
fluid wiped from the surface of the mediastinum was used 
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for the bacteriological examination with blood agar (VITEK 
2 System, SYSMEX bioMérieux, Tokyo, Japan).

Histologically, most of the pleural surface of the me-
diastinum formed papillary projections covered by a single 
layer of mesothelial cells, which were cuboidal with round 
chromatin-rich nuclei and basophilic cytoplasm (Figs. 2A 
and B). Many macrophages and neutrophils and a small 
number of plasma cells and lymphocytes infiltrated the 
subpleural connective tissue of the mediastinum (Fig. 2B). 
There were many dilated capillaries accompanied by the fi-
brin thrombus within the vessels. The endothelial cells of 
the vessels were hypertrophic. Hemorrhage was frequently 
observed near the surface of the mediastinum. At the medi-
astinum adjacent to the pericardium, cuboidal mesothelial 
cells, which had the round chromatin-rich nuclei and ba-
sophilic cytoplasm, proliferated solidly and formed a thick 

surface stratum with dilated capillaries accompanied by 
the fibrin thrombus (Figs. 2C and D). There was almost no 
morphological difference between the single layer of meso-
thelial cells and solid ones, and neither showed any atypia. 
Very few mitotic figures were observed in the solid ones. 
The pleural surface at the nodule in the right anterior lobe 
of the lung was also covered by solid proliferating mesothe-
lial cells, while the other area of the lung was covered by 
a single layer of mesothelial cells with inflammatory cell 
infiltration. Immunohistochemically, all of the mesothelial 
cells reacted positively for cytokeratin (Figs. 2E and F) and 
vimentin. Many mesothelial cells and hypertrophic blood 
endothelial cells of vessels reacted positively for PCNA. 
Since the perforated part of the diaphragm did not show any 
other macroscopic abnormalities, a histopathological exam-
ination was not performed.

In the gap of papillary projections of the pleural sur-
face, there were frequent large bacterial colonies corre-
sponding to the soft yellow flecks observed in the thoracic 
fluid at necropsy. The bacteria in the colonies showed baso-
philic granular or filament-like appearances. In gram stain-
ing, gram-negative filamentous or small (coccoid) bacilli 
were observed (Figs. 3A and B). No fungi or acid-fast bacil-
li were revealed by periodic acid-Schiff staining, Grocott’s 
methenamine silver nitrate staining or Ziehl-Neelsen stain-
ing (Fite method). In the right posterior lobe of the lung, 
extensive neutrophilic infiltration and a large encapsulated 
abscess were present (Fig. 3C). There was a large bacterial 
colony in the center of this abscess. The abscess reached to 
the adhered part between the posterior and accessory lobe. 
Escherichia coli, Serratia odorifera and Acinetobacter 
lwoffii were isolated from the blood wiped from the surface 
of the mediastinum.

We diagnosed this case as “bacterial pleuritis with 
thickened mesothelial hyperplasia”. If solid mesothelial 
proliferation is present without evident inflammation or a 
stimulative agent in a specimen, it becomes confused with 
mesothelioma because there are no histological criteria or 
markers for distinguishing the hyperplasia from neopla-
sia3,5. No single feature can be used to differentiate between 
activated and neoplastic mesothelial cells6. However, we be-
lieve that the mesothelial proliferation occurred in response 
to primary inflammation of the thoracic cavity for the fol-
lowing reasons: First, the present case had chronic pleuri-
tis accompanied by bacteria. Inflammation can stimulate 
mesothelial activation resulting in non-neoplastic prolifera-
tion and transformation of pavement-type mesothelial cells 
into cuboidal or columnar cells5. Second, a large part of the 
thickened mediastinum was occupied by inflammatory cells 
and blood vessels and covered by a single layer of mesothe-
lial cells. Third, solid mesothelial proliferation existed in a 
part of the pericardium surface. Invasion into the adjacent 
connective tissue and atypical mesothelial cells were not 
observed. Finally, mesothelioma has been found mostly in 
older dogs7–11. In addition, we surmised that perforation of 
the diaphragm resulted in the dog becoming moribund, and 
it did not take long for the dog to become moribund after 

Fig. 1. Gross features of the pleuritis after 10% phosphate-buff-
ered formalin. A: A soft yellow fleck floating in blood in 
the thorax cavity. B: The posterior mediastinum (right side 
of the picture) and pericardium (left side) exhibited villous 
thickening.
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perforation. This is because there were no reactions in the 
serosal surface of abdominal organs that were submerged in 
the bloody fluid. However, the relationship of the perfora-

tion and pleuritis remained unclear.
It is certain that the pleuritis in the present case was 

caused by bacterial infection, because bacterial colonies 

Fig. 2. The mediastinum. A: The mediastinum formed papillary projections. HE stain. Bar = 200 μm. B: Higher magnification of Fig. 2A. 
Many macrophages and neutrophils infiltrated in the submesothelial connective tissue of the mediastinum. The mediastinum was 
covered by a single layer of mesothelial cells. HE stain. Bar = 50 μm. C: The mediastinum of the pericardium. The mesothelial cells 
proliferated solidly and formed a thick surface stratum with infiltration of macrophages and proliferation of capillaries. HE stain. 
Bar = 200 μm. D: High magnification of Fig. 2C. There was almost no morphological difference between the single layer of mesothe-
lial cells and solid mesothelial cells. HE stain. Bar = 50 μm. E: Immunohistochemically, the mesothelial cells that covered the surface 
of the mediastinum were cytokeratin positive. Immunohistochemical staining of cytokeratin. Bar = 100 μm. F: The mesothelial cells 
forming the thick surface stratum were also cytokeratin positive. Immunohistochemical staining of cytokeratin. Bar = 100 μm.
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were present and gram-negative bacteria, Escherichia coli, 
Serratia odorifera and Acinetobacter lwoffii, were isolated 
from the surface of mediastinum. Escherichia coli and Aci-
netobacter lwoffii exist in the environment or normal bac-
terial flora12. The natural reservoir of Serratia odorifera 
is still unknown, but most strains have been isolated from 
clinical human specimens and food13. Thus, the pleuritis in 
the present case was considered to have occurred as a result 
of incidental opportunistic infection. We surmised that the 
bacteria spread via the surface of the right posterior lobe 
of the lung, where the large abscess including the bacterial 
colony was present, and reached the surface. The cause of 
the lung abscess might be incidental aspiration, since there 
was primarily suppurative pneumonia in the right posterior 
lobe likely due to the bacteria existing in the environment 
and normal flora.
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