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Pleuropneumonia in a Cat with Feline Infectious Peritonitis
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Abstract : This report describes the diagnostic radiographic and CT features of pleuropneumonia in a cat with wet
type of feline infectious peritonitis (FIP). In a 1 year-old cat presented with respiratory distress, pulmonary mass,
thickened pleural wall with mass-like structures, and a large amount of pleural effusion were identified on radiography,
ultrasonography, and CT. About two months later, in addition to the pre-existing lesions, multiple nodules had developed
on the intestine and left kidney. The cat was diagnosed with pleuropneumonia caused by FIP through histologic
examination and immunohistochemistry. Pleuropneumonia is rarely reported in cats with FIP, and only one cat with
non-effusive FIP had pyogranulomatous pneumonia as consolidated lung lobe. In the present case, pleuropneumonia
was detected as multiple mass-like lesions on diagnostic imaging. 
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Introduction

Diagnosis of feline infectious peritonitis (FIP), an immune-

mediated viral disease, is usually challenging due to the non-

specific clinical feature of this disease (1,17). Although sub-

stantial overlap exists between effusive and non-effusive

forms, vasculitis causes typically straw colored and viscous

fluid within thoracic and abdominal cavities in effusive form,

and granulomatous lesions can occur from various tissues,

mainly those of kidney, liver, spleen, lymph nodes, and intes-

tines in non-effusive forms (1,6,15,17). 

Pleuropneumonia in cats can be developed by various eti-

ologies including bacterial pneumonia, such as Bordetella or

Mycoplasma species, secondary to aspiration, or foreign body,

and systemic suppression due to feline leukemia virus

(FeLV) or feline herpes virus (FHV) infections (7,8,9). 

Alveolar infiltrates with air bronchograms are considered

as the classic radiographic findings in pneumonia, however,

pneumonia due to foreign body or bite wounds can cause a

mass-like lesion associated with the lung or pleural wall

(2,5).

To the authors’ knowledge, there is only one published

report of cat diagnosed as pyogranulomatous pneumonia due

to non-effusive FIP, and the cat showed diffuse lung consoli-

dation (20). In the present case, a lot of pleural and lung

masses and serial granulomatous changes of kidney and

small intestine occurred in a cat with an effusive form of FIP.

Case

A one year-old, neutered male Korean cat was presented

with a one-month history of respiratory distress. Upon phys-

ical examination, the respiratory rate was 60 per minute,

body temperature was 39.3oC, and auscultation revealed a

muffled heart sound. Complete blood count showed mild leu-

kocytosis (19.67 K/µL; reference limit 5.50-19.50 K/µL).

Serum chemistry showed normal range of total protein (8.5 g/

dL; reference limit 5.7-8.9 g/dL) and increased globulin

5.4 g/dL (reference limit 2.3-3.8 g/dL). On radiography, pleu-

ral effusion occupied the entire right thoracic cavity and cra-

nial area of the left thorax (Fig 1). A curvilinear border,

considered that of a mass lesion was detected in the right

caudal thorax. It was a heterogeneous, hypoechoic mass, 3.1

× 1.8 cm in size on ultrasonography (Fig 2). The mass was

surrounded by anechoic pleural effusion. The right pleural

wall was diffusely thickened and had irregular margin with

numerous hypoechoic mass-like lesions, about 1-2 cm in

size. Small mass-like lesions also existed in the left pleural

wall protruding into the thoracic cavity. About 70 mL of

white and non-viscous pleural fluid was acquired through

thoracocentesis. On cytologic examination of pleural mass
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Fig 1. Thoracic radiography reveals a large amount of pleural

effusion silhouetting with the heart. The trachea was deviated

dorsally (white arrows) in lateral view (A), and the curvilinear

border which considered a mass lesion was detected in the right

caudal lung lobe (arrow head) in ventrodorsal view (B).
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and pleural effusion, most of the cells consisted of inflamma-

tory cells of which 70% were neutrophils, more than 20%

were macrophages, and less than 10% were plasma cells and

lymphocytes in pleural effusion. Degenerative change in some

neutrophils from pleural effusion and mass was found. How-

ever, bacterial culture of pleural effusion was negative. Com-

puted tomography (CT) was performed to investigate the

location, number, size, and relationship with neighboring

organs of masses and the possibility of foreign body or

metastasis. Two of masses in the right caudal lung lobe

showed 1.4 × 1.0 cm and 2.7 × 1.0 cm in size respectively,

protruding into the thoracic cavity with an obtuse angle (Fig

3). The density of pulmonary masses were 45.35 ± 4.34

Hounsfield units (HU) and 40.24 ± 4.36 HU. Large amount

of pleural effusion occupied in right thoracic cavity and the

right pleural wall was entirely thickened, forming numerous

mass-like lesions. On post-contrast CT, the pulmonary

masses enhanced (161.16 ± 64.21 HU, 148.46 ± 18.32 HU)

and had enlarged tortuous vascular markings. The thickened

right pleural wall also showed marked contrast enhancement

(125.1 ± 21.6 HU). There were no abnormal findings of the

abdomen. Considering this cat’s age, granulomatous changes

of lung and pleural wall due to FIP were suspected but neo-

plasia could not be ruled out. Further examination was not

performed due to the owner’s refusal in the view of uncer-

tain prognosis. Instead, thoracocentesis of pleural effusion was

repeatedly performed and 0.5 mg/kg prednisolone (Solondo®,

Yuhan corp., Seoul, Korea) was administered orally to allevi-

ate respiratory distress. 

About two months later, the cat’s condition abruptly deteri-

orated, showing anorexia, vomiting, lethargy, and a pale and

yellowish mucosa membrane. Marked leukocytosis (58.96 K/

µL; reference limit 5.50-19.50 K/µL) and severe anemia

(hematocrit 16.1%; reference limit 30.0-45.0%) were found. 

On radiography and ultrasonography, the pulmonary masses

and pleural thickening remained without change in size or

Fig 2. Ultrasonography of the cat at first presentation (A, B). Ultrasonography of caudal right lung lobe reveals a heterogeneous, hypo-

echoic mass (*), 3.1 × 1.8 cm in size. The mass was surrounded by anechoic pleural effusion (p) and was separated from the adjacent

thickened pleural wall (long arrows). Ultrasonography of the cat about two months later (C-F). (C) Note a hypoechoic nodule (*) pro-

truding toward the serosal layer within the muscular layer of the small intestine (s). (D, E) The renal cortex of the left kidney lost the

distinct internal structure at the caudal pole (short arrows) and changed to a hyperechoic mass-like lesion (m), determined as hem-

orrhage on necropsy. (F) Mesenteric lymphadenopathy was found.
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number, accompanying pleural effusion. The left kidney was

enlarged. The renal cortex showed hyperechoic change at the

caudal pole, and lost the distinct internal structure due to a

hyperechoic nodule (1.0 × 0.9 cm). Three hypoechoic nod-

ules (about 0.9 × 0.5 cm) were also identified within the mus-

cular layer of the small intestine. The nodules protruded

toward the serosa and did not cause the narrowing or

obstruction of intestinal lumen. Extensive mesenteric thick-

ening, a small amount of ascites, and mesenteric lymphaden-

opathy were additionally found. Based on these findings,

generalized granulomatous reaction or metastasis from tho-

racic mass was considered.

The cat was euthanized and necropsied about 70 days after

first admission. The thoracic cavity was filled with about

60 mL of yellow, viscous fluid, which had different features

of the pleural effusion of the early phase. The right caudal

lung lobe was completely collapsed and replaced to a fragile

yellow mass. Other lung lobes were discolored to dark red

(Fig 4). Numerous smaller masses resembling the right pul-

monary mass were present in the surface of the thickened

bilateral pleural wall. Yellow miliary nodules covered the

surface of left kidney, small intestine, liver, urinary bladder,

and peritoneum. Multiple, pale, fragile nodules existed in the

caudal pole of the left kidney with parenchymal hemorrhage.

The mesenteric lymph nodes were slightly enlarged. Histo-

logic examination (IDEXX Laboratories, Westbrook, Maine,

USA) showed fibrinosuppurative to pyogranulomatous in-

flammation extending into the pulmonary interstitium (Fig

5A). On immunohistochemistry, FIP antigen (IDEXX Labo-

ratories) was detected in inflammatory foci (Fig 5B). On the

basis of these results, this cat was diagnosed with FIP, and

the pulmonary and pleural masses were confirmed as pleu-

ropneumonia. 

Discussion

In cats, granulomatous or inflammatory changes of lung

are relatively uncommon compared with dogs (4,11,16). In

severely immunosuppressed state, pneumonia can be devel-

oped by secondary infection of FeLV or FHV, however,

pneumonia due to FIP is extremely rare (13,17,20).

This cat showed large amount of pleural effusion, pulmo-

nary and pleural mass-like lesions as well as thickening of

pleural walls at the early phase, and then small masses origi-

nating from kidney and small intestine were additionally

found at the later phase. The chance of pneumonia was con-

Fig 3. Computed tomography (CT). On pre-contrast CT image

(A), a mass-like lesion (*) protruding into the thoracic cavity at

an obtuse angle was noted from right caudal thorax on lung win-

dow (window level -600, window width 1200). The heart was

deviated towards the right thoracic cavity due to collapsed right

lung lobes. On post contrast images (B and C), two masses (*)

in the right caudal lung lobe and thickened pleural wall (arrow)

were seen. Vascular markings were identified within two masses

and pleural wall showed contrast enhancement. There was large

amount of pleural effusion (p) in the right thoracic cavity.

Reconstructed dorsal planes (D-F) showed two masses (*), pleu-

ral wall thickening (arrows) and pleural effusion (p).

Fig 4. The right caudal lung lobe was changed to a fragile yel-

low mass (m) and other lung lobes were discolored to dark red

(arrow head). In addition to the right pulmonary mass, numerous

smaller masses resembling the pulmonary mass were present in

the surface of the thickened bilateral pleural wall (arrows).
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sidered low because pneumonia usually showed alveolar

infiltrate accompanying bronchial and interstitial infiltrates.

Pneumonia caused by foreign body or bite wounds can show

a mass-like lesion, and foreign body was ruled out through

CT examination in this case. Traumatic pneumonia could be

ruled out through the history and physical examination. 

Considering this patient’s age and prominent pleural effu-

sion, FIP is one of the top differential diagnosis in this case.

The typical feature of FIP is a low albumin-globulin ratio in

an effusion, and positive Rivalta test, and they are highly pre-

dictive of effusive FIP (1,10,17). Unfortunately, evaluation of

the albumin-globulin ratio, Rivalta test and RT-PCR were not

performed in the present case. FIP was not suspected at the

early stage of this case because the gross feature of pleural

effusion, sampled through thoracocentesis was far from the

typical effusion in FIP, and we focused on the mass-like

lesions originating from lung and pleural wall. This is a big

limitation in this case.

Even though pulmonary tumor was unlikely considering

this patient's age, but imaging features of various lesions in

this cat were similar to pulmonary tumor (3,14). Radiograph-

ically, over half of the cases with pulmonary tumor showed

either single or multiple focal lesions, although diffuse or

localized pattern occurred in some cases (14). On ultrasonog-

raphy, pulmonary tumor is usually represented as a heteroge-

neous or hypoechoic mass (12). On CT images, it is usually

found as a soft tissue opacity with obvious contrast enhance-

ment while the alveolar pulmonary pattern, including consol-

idation and air bronchogram, can be seen (19). In a previous

study about pulmonary adenocarcinoma, 51% of pleural thick-

ening and 34% of pleural effusion were presented as meta-

static lesions (14). In our case, the masses showed typical

tumor features, like distinct border lines, contrast enhance-

ment, and vascular marking. Pleural effusion and pleural

thickening were also found. At later stage, the nodular

lesions were developed on renal cortex and intestine with

lymphadenopathy. The nodules in kidney and intestine can

occur in FIP as granulomatous lesions, but also in cats with

pulmonary adenocarcinoma, as metastasis to extra-thoracic

organs (3,15,18). Mesenteric thickening, ascites, and lym-

phadenopathy can be also found as metastasis or in FIP

(3,14). Therefore, it is difficult to distinguish granulomatous

lesions from tumor metastases on the basis of diagnostic

imaging.

Pyogranulomatous pneumonia in a previous case with non-

effusive FIP was described as diffuse lung consolidation with

no mass-like lesions involving lung or pleural wall (20). The

present case had different features from those of the previ-

ous cat, even though both cats had pneumonia in FIP. 

Conclusion

The present report describes the first case with pleuropneu-

monia accompanying pleural effusion and mass-like lesions

originating from lung and pleural wall in FIP. FIP should be

included in the differential diagnosis of intra-thoracic masses

in young cats with pleural effusion, although pleuropneumo-

nia has rarely been reported in FIP. 
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고양이 전염성 복막염에 의한 흉막폐렴 1례

박승조·배연호·최지혜1

전남대학교 수의과대학

요 약 : 1년령의 고양이가 호흡 곤란 주증으로 내원하여, 방사선, 초음파, CT 검사에서 우측 후엽의 폐 종괴, 다수의

흉벽 종괴를 동반한 흉막 비후, 다량의 흉수 소견이 확인되었다. 두 달 뒤 소장과 좌측 신장에서 다수의 결절들이 추

가로 관찰되었고, 조직 검사와 면역 염색을 통해 고양이 전염성 복막염과 흉막 폐렴으로 진단되었다. 비삼출성 고양이

전염성 복막염에 의한 화농육아종성 폐렴이 발생한 한 마리 증례가 보고되어 있으며, 방사선 검사에서 폐엽의 경화상

이 관찰되었다. 본 증례는 삼출성 고양이 전염성 복막염에서 흉막 폐렴이 다수의 종괴 양상으로 관찰된 드문 증례로

영상학적 특징을 평가한 첫 보고이다. 

주요어 :고양이 전염성 복막염, 종괴, 흉막 폐렴


