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Abstract

Background: Pyothorax, an accumulation of inflammatory fluid in the pleural space,

is often caused by foreign body inhalation in dogs, whereas the etiology in cats can

be more difficult to discern.

Objective: Compare clinical, microbiologic findings, and etiology in cats and dogs

with pyothorax.

Animals: Twenty-nine cats and 60 dogs.

Methods: Medical records of cats and dogs diagnosed with pyothorax from 2010 to

2020 were reviewed. Clinical findings, fluid analysis, and microbiologic results were

retrieved.

Results: Antimicrobials had been administered to equal proportions of cats and

dogs before fluid sampling (45% and 47%). Groups did not differ in age or total

protein concentration or percentage neutrophils in pleural fluid, but effusion cell

count was significantly higher in cats than in dogs (P = .01). Neutrophils contain-

ing intracellular bacteria were identified in more cats (27/29, 93%) than dogs

(44/60, 73%; P = .05). Penetrating damage to the thorax was implicated as the

cause of pyothorax in equal percentages of cats (76%) and dogs (75%). Etiology

could not be determined in 2 cats and 1 dog. Cats had higher numbers of bacterial

isolates per patient (median, 3) than dogs (median, 1; P = .01) and anaerobes were

isolated more often in cats (23/29, 73%) than in dogs (27/60, 45%; P = .003).

Conclusions and Clinical Importance: Pyothorax had similar etiologies in cats and

dogs. Cats had higher fluid cell counts, higher numbers of bacterial isolates identified

per patient, and intracellular bacteria detected more commonly than did dogs.

K E YWORD S

culture, cytology, empyema, multidrug resistance

1 | INTRODUCTION

Pyothorax in cats and dogs is characterized by intrapleural accumula-

tion of proteinaceous fluid with high white blood cell count, large per-

centage of inflammatory cells, and variable types of bacteria. Most
Abbreviations: FIP, feline infectious peritonitis; MDR, multidrug resistance; TMS,

trimethoprim sulfamethoxazole.
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infections in dogs and cats are polymicrobial,1,2 but some studies have

found single organism infection.3,4 Diagnosis of bacterial pyothorax is

often readily achieved because of the presence of intracellular bacte-

ria on cytology in 68% of dogs and 91% of cats.2 However, empirical

use of antimicrobial agents before sample collection could impact the

diagnostic utility of both cytology and culture.

The underlying cause of pyothorax varies based on geography,

environment, and the species involved. Hunting dogs in rural envi-

ronments are most commonly affected by grass awn migration,5-7

which causes pyothorax as well as pneumothorax and often

requires surgical intervention.8 Cats do not inhale foreign material

commonly,7,9 and various studies have indicated poor identifica-

tion of etiology in cats.10,11 Bite wounds and other penetrating

injuries as a cause for pyothorax are supported by the findings that

outdoor access and multi-cat households are common in affected

cats,10,11 but parapneumonic spread also has been suggested as a

frequent cause of pyothorax.12

Retrospective studies are limited in ability to determine the eti-

ology of disease. Hence, our primary aim was to comprehensively

evaluate historical findings and combined cytological and microbio-

logical features of pyothorax in cats compared to dogs and assess

the ability to confidently determine a cause for empyema in the

2 species. We hypothesized that penetrating damage to the thorax

(e.g., bite wounds, foreign bodies, traumatic injuries) would be the

most common causes in both dogs and cats and that evidence for

underlying pleuropneumonia would be uncommon. Our secondary

aim was to summarize antimicrobial susceptibility data for infecting

bacteria.

2 | MATERIALS AND METHODS

Ours was a retrospective study that collated data from review of med-

ical records. Using the search terms pyothorax, empyema, and pleural

infection, the medical record database at the William R. Pritchard

Veterinary Medical Teaching Hospital at the University of California-

Davis was searched between 2010 and 2020 for cats and dogs with a

clinical diagnosis of pyothorax. Pyothorax was defined as a suppura-

tive exudative pleural effusion with protein concentration ≥2.5 g/dL

or cell count ≥5000/μL.13 Thoracic fluid was described as septic when

bacteria were identified on cytologic assessment by a veterinary clini-

cal pathologist, regardless of microbial culture findings. Inclusion cri-

teria for the study included contemporaneous collection of pleural

fluid for cytology and microbiologic culture (aerobic and anaerobic).

Animals with specimens collected at disparate times, those with

surgically collected swabs, or those with culture results from only

tissue specimens were excluded from analysis. Animals with aseptic

chylothorax or neoplastic effusions identified on cytology by a

board-certified clinical pathologist were not included in the study.

Cats considered likely to have effusion related to feline infectious

peritonitis (FIP) based on very high fluid protein concentration

(above the exudative range) with cell counts ≤5000/μL or positive

immunohistochemistry on pleural fluid also were excluded.

Fluid specimens were obtained by thoracocentesis or from an

indwelling thoracic catheter that had been placed using aseptic tech-

nique. Thoracic fluid was placed in both EDTA and nonanticoagulant

tubes for transport to the laboratory, and any sample obtained after

midnight was stored at 4�C for <8 hours before processing.

Fluid analysis was performed by staff of the clinical pathology lab-

oratory and cytologic assessment was completed by a board-certified

pathologist. Total nucleated cell count was performed using an auto-

mated cell counter (Advia 120, Siemens, Deerfield, IL) and a 100-cell

differential cell count was performed. Slides were prepared using an

automated cell stainer (Model 7151 Wescor Aerospray Hematology

Pro, ELITech Bio-Medical Systems, Logan, UT) and Wright-Giemsa

stain. One milliliter of fluid was transferred to a disposable tube and

centrifuged for 5 minutes at 2400 rpm. A drop of the supernatant was

applied to the refractometer for assessment of total protein concen-

tration. Total protein concentration in pleural fluid (g/dL), total cell

count (cells/μL), and differential cytology (%) were recorded for all

cases and cytologic reports were reviewed for intracellular bacteria

(neutrophils containing phagocytosed bacteria), which was taken as

evidence of septic pleural effusion.

Fluid specimens were submitted for aerobic and anaerobic bacte-

rial cultures in all cases, and selected cases were submitted for isola-

tion of Mycoplasma species at the discretion of the attending clinician.

One drop of pleural fluid was plated onto 5% defibrinated sheep

blood and MacConkey agars (Hardy Diagnostics, Santa Maria, CA) and

incubated in the presence of 5% CO2 at 35�C for isolation of aerobic

organisms. Pre-reduced anaerobic Brucella blood agar (Anaerobe Sys-

tems, Morgan Hill, CA) was used for anaerobic culture with incubation

at 35�C under anaerobic conditions. Pleuropneumonia-like organism

base with thallium acetate and penicillin G (University of California-

Davis Media Laboratory, Davis, CA) was used for Mycoplasma species

isolation with incubation at 35�C in 5% CO2. Standard biochemical

methods were used to identify cultured bacteria. The number and

species of isolates obtained from each cat and dog were recorded

under aerobic and anaerobic conditions. Cases were designated as

polymicrobial culture if ≥2 species of bacteria were isolated.

Bacterial susceptibility testing was performed according to stan-

dards established by the Clinical Laboratory Standards Institute using

broth microdilution.14 Susceptibility interpretations of minimum inhib-

itory concentration (MIC) testing were based on animal standards

when available and, when not available, interpretative criteria estab-

lished for human medicine were used. Multidrug resistance (MDR)

was defined as resistance to at least 1 antimicrobial in ≥3 classes of

antimicrobial drugs in which the wild type bacteria could be suscepti-

ble to (eg, no intrinsic resistance).

Interviews with owners, physical examination findings, thoracic

imaging studies, and results of surgical, bronchoscopic, or histologic

investigations were reviewed. Patient age and information about

administration of antimicrobials within 1 week before presentation

were collected from the medical record. In cats, FeLV/FIV status was

determined from the medical record. All thoracic imaging studies (e.g.,

radiography, ultrasonography, computed tomography) were inter-

preted by a board-certified radiologist, and results were used by the
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clinician of record in case management. Imaging was retrospectively

evaluated by 1 of the authors (Lynelle R. Johnson) as part of record

review in determining etiology and to assess the side of the effusion.

Contemporaneous notes made by the primary clinician along with the

assessment of results were used to assign the probable cause of

pyothorax, which was defined as penetrating damage to the thorax (e.g.,

foreign body inhalation, bite wound, traumatic injury), iatrogenic

pyothorax, suspected pneumonic spread of infection, or systemic dis-

ease- associated pyothorax according to criteria presented in Table 1.

Animals were placed into specific categories when ≥2 or were met within

that category and other causes could be rationally excluded.

Cases were assigned the etiology of foreign body inhalation when

foreign material was identified by surgery, bronchoscopy, computed

tomography or magnetic resonance imaging, or when histopathology

indicated birefringent material, inflammatory tracts, or focal pyogranu-

lomatous inflammation. Bite injuries were documented by evaluation

of the clinical history and physical examination findings. In cats, a

known history of fighting, outdoor access, living in a multi-cat house-

hold, history of cat bite abscess or thoracic wound in the past

6 months contributed to the probable diagnosis of a bite wound as

the cause of pyothorax. Animals with pyothorax were assigned the

likely cause of traumatic injury (outside-in or inside-out) when no sur-

gical intervention had been performed or histopathology was available

and there was no history of an abscess but at least 2 of the following

criteria were met: the animal had outdoor access, there was known

exposure to plant awns, a thoracic wound was present, focal radio-

graphic infiltrates resolved with treatment, coincident pneumothorax

was identified, or Actinomyces was isolated from pleural fluid. Animals

in this category also had no historical, clinical, or imaging evidence of

pneumonia, systemic disease, or iatrogenic causes.

Pneumonia or pulmonary disease as an underlying cause for

pyothorax was assigned to animals lacking airway foreign bodies that

had radiographic or computed tomographic evidence of parenchymal

infiltrates with air bronchograms and without volume loss, or those

with histologic evidence of parenchymal inflammation or pneumonia.

Aspiration pneumonia was included in this group and was considered

a probable diagnosis if previously identified risk factors including

vomiting, recent anesthesia, laryngeal disease or enteral nutrition

were reported.15,16

Systemic disease was considered the underlying cause of

pyothorax in animals with multiorgan infectious disease or sys-

temic inflammatory response syndrome, the loss of localized con-

trol of disease resulting in a circulating inflammatory response

likely mediated by cytokines.17 Evidence of immunosuppression

as a contributor to disease was examined in these cases by asses-

sing coincident administration of immunosuppressive medications.

Iatrogenic causes were identified in animals with procedural inter-

ventions potentially involving the pleural space such as thoraco-

centesis, thoracotomy, or esophageal feeding tube placement that

preceded the onset of pyothorax. Finally, the etiology was consid-

ered unknown if a reasonable clinical explanation for pyothorax

could not be obtained from information available in the medical

record.

Statistical analysis: Clinical data were assessed for normality using

the D'Agostino and Pearson test and are presented as mean ± SD for

normally distributed data or median and range for nonparametric data.

Age, duration of illness, circulating white blood cell count, pleural fluid

cell counts, pleural fluid protein concentration, and fluid percentage of

neutrophils were compared between cats and dogs using Student's t-

test for normally distributed data or Mann-Whitney U test for non-

parametric data. Isolation of anaerobes, presence of sepsis in pleural

fluid, and presampling exposure to antimicrobials were compared

between cats and dogs using Fisher's exact test. Significance was set

at P < .05. (GraphPad Prism v 9.5.1, San Diego, CA).

TABLE 1 Probable etiology of pleural effusion in cats and dogs
was determined by interrogation of owner history, physical
examination findings, and diagnostic imaging as well as interventional
procedures.

Bite wounda

Known history of fighting

Multi-animal household

Previous abscess

Thoracic wound

Foreign body

Identified surgically or bronchoscopically

Pyogranulomatous inflammation with foreign material or migrating

tracts

Traumatic injuryb

Focal radiographic infiltrate

Outdoor/exposure to foxtails

Isolation of Actinomyces

Thoracic wound

Coincident pneumothorax

Pulmonary diseasec

Previous history of pneumonia

Risk factors for aspiration

Parenchymal infiltrates on radiographs

Histopathologic evidence of parenchymal inflammation

(pneumonia)

Systemic disease

No identifiable local cause of empyema in an animal with systemic

inflammatory response, an infected surgical implant, or

bacteremia

Iatrogenic

Esophageal feeding tube placement errors

Postsurgical infection

Post-thoracocentesis infection

Unknown

aAnimals with 2 or more criteria were included in this etiologic group.
bAnimals that did not have surgery performed but that had 2 or more

features compatible with a penetrating injury were included in this

etiologic group.
cAnimals with 2 or more criteria with no known history of fighting were

included in this etiologic group.
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3 | RESULTS

Search of the medical record data base yielded 60 cats and

100 dogs with a clinical diagnosis of pyothorax. Pleural fluid cul-

ture had not been performed in 30 cats and 40 dogs, and 1 cat was

diagnosed with FIP, yielding a total of 29 cats and 60 dogs for

further evaluation. Antimicrobials had been administered before

fluid sampling in equal proportions of cats (13/29, 45%) and dogs

(28/60, 47%; P = 1.0; Figure 1). In cats, a penicillin-type drug or

enrofloxacin was given most frequently and the combination was

provided to 7 cats. Cefovocin had been administered to 3 cats and

metronidazole to 1 cat (in combination with a penicillin and fluoro-

quinolone). In dogs, penicillin-type drugs (n = 18) and enrofloxacin

(n = 12) also were the most commonly administered antimicro-

bials, with 6 dogs receiving combination treatment. Cats received

combination antibiotic treatment before pleural fluid sampling sig-

nificantly more often than did dogs (P = .02). Four dogs were trea-

ted with doxycycline, 3 with a cephalosporin, 2 with

metronidazole, and 1 with amikacin.

Groups did not differ in age (cats: median, 8.0; range, 2-17.5;

dogs: median, 5.25; range, 0.3-13; P = .06; Table 2). In cats, 18 males

were affected (2 intact and 16 neutered) compared to 11 female

spayed. In affected dogs, 33 were female (5 intact and 28 spayed) and

27 were male (9 intact and 18 neutered). Median weight of dogs was

26.6 kg (range 1.1-78 kg) with 7 dogs <10 kg, 11 dogs 10 to 20 kg,

28 dogs 20.1 to 35 kg, and 12 dogs 35.1 to 78 kg. Domestic cats

F IGURE 1 A total of 29 cats and
60 dogs had pleural fluid analysis and
microbial cultures submitted. Septic
pleural fluid was detected more
commonly in cats than in dogs although
antimicrobials had been administered
before fluid sampling in equal proportion
of cats and dogs.
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(22/29) and mixed breed dogs (12/60) were affected most commonly.

Labrador retrievers (n = 10) and German Shepherds (n = 6) were

over-represented compared to the hospital population. The FeLV/FIV

status was assessed in all cats with 1 cat testing positive for FeLV.

Groups did not differ in duration of illness or circulating white blood

cell count between cats and dogs or across causes of disease (P > .05;

Table 2). Thoracic radiographs available for review in 27/29 cats iden-

tified unilateral effusion in 2 cats and bilateral effusion in the remain-

ing cats. In dogs, thoracic radiographs were reviewed for 53 cases and

unilateral effusion was identified in 3 dogs.

Groups did not differ in total protein concentration in pleural fluid

analysis (cats, 4.5 ± 1.0 g/dL; dogs, 4.3 ± 1.0 g/dL; P = .32). The distri-

bution of results among different causes of pleural effusion is pre-

sented in Figure 2. Groups differed in effusion cell count (cats:

median, 195 720/μL; range, 3700-667 200/μL) vs dogs (median,

115 160/μL; range, 900-551 520/μL; P = .005; Figure 3). One dog

had a cell count (900/μL), below the recognized cut-off for an exudate

(5000 cells/μL)13 and this dog had iatrogenic pyothorax after thora-

cotomy. Cats and dogs did not differ in percentage neutrophils for all

causes of pyothorax (median, 85% and 84% in the cats and dogs

respectively; P = .76; Table 2).

Septic pleural fluid was detected significantly more often in cats

(27/29, 93%) than in dogs (44/60, 73%; P = .05; Table 2). Of 13 cats

receiving antibiotics at the time of sampling, 12 had septic pleural

effusion and 11 had positive microbial growth whereas 22/28 dogs

receiving antibiotics had septic effusion and 20 had positive microbial

growth (P > .05; Figure 1). Aerobes were isolated from equal numbers

of cats (66%) and dogs (60%), with Pasteurella spp. and Actinomyces

sp. detected most commonly in cats and Actinomyces sp. and Escheri-

chia coli most commonly in dogs (Table 3). Negative aerobic and

anaerobic cultures were found in 3/29 (10%) cats and in 13/60 (22%)

dogs (P = .10). Mycoplasma culture was negative in 3/3 cats and 1/1

dog tested. Cats had higher numbers of bacterial species isolated

(median, 3) than did dogs (median, 1; P = .01), and anaerobes were

isolated more often in cats (23/29, 73%) than in dogs (27/60, 45%;

P = .003; Table 3). Polymicrobial infections were more common in

cats (22/29, 76%) than in dogs (30/60, 50%; P = .02).

Penetrating damage to the thorax (including bite wounds, foreign

bodies, suspected penetrating injuries) was the most common proba-

ble cause of pleural effusion in both cats (22/29; 76%) and dogs

(45/60; 77%; Table 2). Foreign bodies were identified surgically or

bronchoscopically in 2/3 cats and 15/31 dogs. Pyogranulomatous

inflammatory tracts or histologic evidence of foreign material were

reported in 1/3 cats and 16/31 dogs. Six dogs had pyothorax in con-

junction with pneumothorax.

Bite wounds were considered the most likely cause of pyothorax

in 10 cats and 2 dogs, with external wounds evident in 2 cats and

1 dog. Fighting with neighborhood animals or among household cats

was confirmed in 5/29 cats (17%) with pyothorax, 2 of which had

external wounds consistent with a history of fighting at the time of

diagnosis. Seven cats lived in multi-animal (between 2 and 7 cats and

dogs) households, and in 1 instance, 2 cats from the same household

were diagnosed with pyothorax within a calendar year. Five cats had aT
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history of abscess or thoracic wounds. Both dogs were from multi-pet

households and had thoracic wounds evident.

An additional 9 cats and 12 dogs were presumed to have trau-

matic injury to the thorax (outside-in or inside-out) as the cause

for pyothorax. Foreign body migration could not be distinguished

from bite wounds in these animals because surgical intervention

was not pursued, and no histopathology was available for review.

All animals had outdoor access with possible exposure to plant

awns, and most were from multi-animal household. Five cats and

3 dogs had focal radiographic infiltrates that resolved as pyothorax

was treated, and concurrent pneumothorax was documented in

1 cat and 2 dogs in this group. One cat and 1 dog had thoracic

wounds evident.

Three cats and 4 dogs had underlying pulmonary disease associ-

ated with pyothorax based on previous history of pneumonia (1 cat

and 1 dog), risk factors for aspiration (3 cats and 1 dog), imaging find-

ings (2 cats and 4 dogs), and histopathology (1 cat). Seven dogs had

pyothorax in conjunction with systemic diseases and lacked identifica-

tion of any risk factors for penetrating injury or evidence of pneumo-

nia. Pleural fluid was septic in 4/7 dogs and cultures were positive in

5/7 dogs with 1 to 4 organisms isolated (median 1). Anaerobic bacte-

rial cultures were positive in 4 dogs and aerobic cultures were positive

in 4 dogs, with E. coli in 2 dogs and Pasteurella spp., Staphylococcus

spp., and Nocardia sp. in 1 dog each. One dog had an infected ortho-

pedic implant (Staphylococcus aureus) in conjunction with staphylococ-

cal pyothorax, and no growth on culture was documented in pleural

fluid from 1 case with a uterine stump pyometra. Five of these 7 dogs

were receiving corticosteroids for the management of immune-mediated

hemolytic anemia (n = 3), inflammatory brain disease (n = 1), and

protein-losing enteropathy (n = 1).

Iatrogenic pyothorax was reported in 2 cats and attributed to

multiple thoracocenteses in 1 cat and to a misplaced esophageal feed-

ing tube in the second cat. Postoperative iatrogenic pyothorax was

identified in 3 dogs. An etiology for pyothorax could not be deter-

mined for 2 cats and 1 dog.

In cats with bite wounds, Pasteurella spp. and Bacteroides/Prevo-

tella sp. were the most commonly isolated organisms (n = 4) followed

by Actinomyces sp. (n = 3) and Porphyromonas sp., Peptostreptococcus

sp., or Fusobacterium sp. (n = 2; Table 4). Cats with bite wounds had

1 to 5 organisms isolated from pleural fluid (median, 2). Actinomyces

sp. was isolated from 11 dogs and 1 cat with confirmed foreign bod-

ies. In animals with probable penetrating trauma, Actinomyces was

isolated in 3 cats and 2 dogs. Pasteurella spp. were isolated in 2 cats

F IGURE 2 Total protein concentration in pleural effusion (g/dL)
for assigned causes of pyothorax in cats (blue circles) and dogs (red
squares). Horizontal bars represent median values.

F IGURE 3 Total nucleated cell count (medians illustrated by
horizontal bars) in pleural fluid from cats (blue circles) was significantly

higher than in fluid from dogs (red squares) with pyothorax, P = .01.

TABLE 3 Organisms involved in pyothorax in cats and dogs.

Organism Cat (n = 29) Dog (n = 60)

Aerobes 19/29 (66%) 36/60 (60%)

Pasteurella spp. 11 6

Actinomyces sp. 7 13

Streptococcus spp. 1 8 (biotype 3 in 5

cases)

Staphylococcus spp. 2 7 (pseudintermedius

in 4, aureus in 1)

Escherichia coli 9

Enterobacter sp. 2 1

Corynebacterium sp. 2

Anaerobes 23/29 (79%) 27/60 (45%)

Bacteroides/Prevotella sp. 14 15

Fusobacterium sp. 13 16

Peptostreptococcus sp. 10 11

Porphyromonas sp. 3 4

Mycoplasma 0/3 0/1
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and 3 dogs, and anaerobes were isolated in 8/9 cats and 6/12 dogs. In

animals with underlying pulmonary disease, aerobic culture of pleural

fluid was positive for Enterococcus spp. and Staphylococcus aureus in

1 cat, Pasteurella sp. in 1 cat, and anaerobic bacteria in all 3 cats. In

dogs with pulmonary disease, pleural fluid cultures were negative in

3/4 dogs and positive for an aerobic gram-positive rod along with

anaerobes in 1 dog.

Susceptibility data for bacteria isolated most frequently from

cats and dogs with pyothorax are listed in Table 5. All organisms

showed susceptibility to vancomycin, with 93% susceptible to ami-

kacin and 81% to gentamicin. Antimicrobials other than aminogly-

cosides that had the most effectiveness against aerobic organisms

isolated included chloramphenicol (81%), doxycycline (79%), and

trimethoprim-sulfamethoxazole (79%). Multidrug resistant organ-

isms were isolated from 5 dogs and 1 cat. Two dogs with bite

wounds as the etiology for pyothorax had MDR Staphylococcus

pseudintermedius and Pseudomonas aerogenes isolated. Neither had

a history of antibiotic usage. One cat with iatrogenic pyothorax

also had MDR Pseudomonas and Enterobacter species in pleural

fluid with no history of previous antibiotic usage. Three dogs also

had iatrogenic pyothorax, 2 of which had MDR Staphylococcus

pseudintermedius and 1 of which had MDR E. coli and Enterobacter

isolated. All of these dogs had been treated previously with

antibiotics; 2 were on amoxicillin-clavulanic acid and 1 had been

treated with amikacin.

4 | DISCUSSION

In our study, dogs and cats were of equivalent age and had a similar

short (<1 week) duration of recognized clinical signs before presenta-

tion. Equal percentages of dogs and cats were treated with antibiotics

before sampling of pleural fluid, and cats were more often treated

with a combination of antibiotics. Despite this, intracellular bacteria

were detected in pleural fluid more commonly in cats than in dogs,

emphasizing the importance of contemporaneous cytologic assess-

ment of exudative effusions while fluid cultures are pending. Despite

equal circulating white blood cell counts in both species, cats had

higher total cell counts in pleural fluid, suggesting more inflammation.

Cats also had higher numbers of bacterial species isolated per patient

in polymicrobial infections and a higher number of anaerobic species

than dogs. Importantly, careful evaluation of the medical records

identified an underlying etiology in all but 3/89 animals.

We confirmed our primary hypothesis that penetrating injury to

the thorax would be the most common cause of pyothorax in both

dogs and cats. Inhalation of grass awns was the most common cause

for pyothorax in dogs, and likely was the reason that twice as many

dogs were affected by pyothorax as cats, because cats rarely inhale

foreign material.9 Depending on environmental conditions and geo-

graphic location, airway foreign bodies can be a common6,7 or uncom-

mon18 cause of pyothorax in dogs. Despite foreign material not being

obvious in some surgical cases examined here, the presence of inflam-

matory tracts, as well as coincident pneumothorax, pyogranulomatousT
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pleuritis,19 and isolation of Actinomyces sp.20 added to confidence in

foreign body migration as the etiology in some cases.

Bite wounds were more commonly identified as an etiologic diag-

nosis in cats compared to dogs in our study. Although outdoor status

was common in dogs and many were from multi-animal households in

both species, dogs lacked a common history of fighting or bite

wounds in comparison to cats. Most cases of pyothorax in cats in our

study were from multi-cat households (61%), which has been reported

to result in a 3.8-fold increase in the risk of pyothorax, compared with

cats from single-cat households.10 In our study, pyothorax was diag-

nosed in 2 housemates that routinely fought. In a previous study of

pyothorax,10 recent history of a bite or other external wound could be

documented in only 11/76 cats (14.5%) that had a complete medical

history recorded, and findings could be confirmed by external wounds

in only 2 cats. However, lack of external wounds is not surprising

because bites from dogs failed to leave a detectable wound in 29% of

cats that had been bitten in the thorax.21 In another study of

pyothorax, 75% of cats came from multi-cat households, but those

cats did not have a history of fighting or bite wounds and the authors

could only determine an etiology for pyothorax in 3/55 cases.11 Most

cats with pyothorax in our study had access to the outdoors (59%),

similar to findings in large studies of pyothorax from Europe.3,11 Sev-

eral studies have failed to discover an underlying cause for pyothorax

in cats,1,11 whereas only 2/29 cats did not have a cause of pyothorax

identified in our study.

Using the methodology described in our study, essentially

equal percentages of cats and dogs had pyothorax ascribed to sus-

pected thoracic trauma, defined as inside-out (e.g., unrecognized

foreign body, esophageal penetration) or outside-in (e.g., thoracic

trauma, bite wound) lesions as a probable cause of pyothorax.

These etiologies were considered probable rather than definitive

given the lack of histopathologic assessment in these cases. Isola-

tion of anaerobes in conjunction with aerobes was common in cats

with a penetrating injury as cause of pyothorax. These bacteria

also are isolated from cats with pneumonia,16 raising the possibility

of unrecognized pneumonia as a cause of pyothorax rather than

suspected thoracic trauma. Isolation of Actinomyces sp. is often

taken as evidence of foreign body-related disease20 although Bac-

teroides, Fusobacterium, and Actinomyces spp. are part of the oral

flora of the mouth,22-24 along with aerobic bacteria. Thus, these

findings could indicate a bite wound as the cause of a penetrating

injury. Neisseria sp., another oral bacterium in cats and dogs, has

been isolated from bite wounds in humans,25 and was found in

1 cat in our study.

Detection of oral flora in cases of pyothorax also has been

taken as evidence that pyothorax in cats is related to oropharyn-

geal aspiration resulting in pleuropneumonia.1,4,12 Although aspira-

tion pneumonia is increasingly recognized in cats,15,16,26 cats have

a well-developed laryngospastic reflex making it less likely for

infected secretions to pass from the upper to lower respiratory

tract. Also, most reports of pneumonia in cats do not describe con-

current pleural involvement,16,27-29 unless pulmonary abscessation

occurs.11,30 Therefore, although abscessation can occur with any

form of pneumonia, a focal, subpleural pulmonary abscess resulting

in pyothorax could reflect either a bite wound or foreign body

migration rather than pneumonia.

Pleuropneumonia is relatively common in people and in

horses,31-33 but we found low percentages of cats and dogs (5%-10%)

that could be assigned pulmonary disease as an underlying cause of

pyothorax. Chronic naso-ocular discharge was reported in 29% of cats

in 1 study,4 and some evidence suggests that secondary bacterial

infection plays a role in chronic upper respiratory tract disease.34

However, direct extension of nasal infection to the bronchi, lungs, and

pleura would need to occur for that disease process to result in

pyothorax. Given how common chronic upper respiratory tract dis-

ease without pyothorax is in cats, this etiologic mechanism would

seem unlikely.

We identified 7 dogs in which pyothorax was found in conjunc-

tion with systemic disease. Microbial cultures of pleural fluid were

negative in 2 dogs and monomicrobial infection was detected in

3 dogs, with multiple aerobic and anaerobic species in the remaining

2 dogs. Staphylococcus septicemia related to an orthopedic implant

was the likely source of infection in 1 dog and use of immunosuppres-

sive drugs may have contributed in 5/7 dogs evaluated here, but

development of empyema is unusual in our experience managing sep-

tic patients. Also, large scale studies on immune-mediated disease in

dogs managed with corticosteroids failed to report pyothorax as a

complication of treatment.35,36 One dog had protein-losing enteropa-

thy and might have developed empyema in association with bacterial

translocation across the gastrointestinal tract, but this possibility was

not specifically addressed in the medical record. With the exception

of Nocardia in 1 dog and Clostridium perfringens (found in conjunction

with E. coli) in a second dog, the bacteria isolated in these dogs (Pas-

teurella spp. and E. coli) were typical of infecting organisms found in

other causes of pyothorax. Therefore, the precise mechanism for

development of pyothorax in these dogs remains unclear.

Contrary to our secondary hypothesis, septic pleural fluid was

found in both cats and dogs despite the common use of antimicro-

bials befores sampling of fluid for culture, and positive bacterial cul-

ture results were obtained in 11/29 cats and 20/60 dogs that had

received antimicrobials. This is an important observation clinically

because empirical antibiotic treatment is commonly administered

when pyothorax is suspected. It was not possible to determine the

dose, duration, and timing of antibiotic treatment before thoraco-

centesis. Some animals in our study did receive effective doses of

antimicrobials, given that 6/44 dogs and 2/27 cats had negative

growth of bacteria despite having cytology results compatible with

sepsis. The viability of intracellular bacteria cannot be assessed

cytologically and, theoretically, visualized bacteria might have been

killed by previous antimicrobial administration. New methodology

for identification of bacteria by next generation sequencing could

become an important modality for documenting infecting species in

these cases, as well as in cases with idiopathic pleural effusion.32

Some studies have reported monomicrobial infection in the

majority of both cat4 and dog3 cases of pyothorax; however, the

majority of cases here and in other studies2,10,18 had polymicrobial

JOHNSON ET AL. 1163



infection, which emphasizes the need to perform both aerobic and

anaerobic cultures. Antimicrobial susceptibility testing is essential to

ensure efficacy of treatment against all infecting organisms. In our

study, gram-positive bacteria and Pseudomonas species were com-

monly resistant to enrofloxacin in contrast to a previous study18 that

reported 85% susceptibility to enrofloxacin. In our cases, 67% of

streptococcal and Pseudomonas spp. were susceptible to marboflox-

acin, whereas another study found resistance to marbofloxacin in

71% of cases.4 With the exception of Staphylococcus spp., most

organisms isolated in our study retained susceptibility to a potenti-

ated penicillin drug (e.g., amoxicillin/clavulanate), which refuted our

hypothesis that previous antimicrobial treatment would result in

increased bacterial resistance. Interestingly, aerobic bacterial iso-

lates found in our study were commonly susceptible to bacterio-

static antimicrobials (chloramphenicol and doxycycline), which also

have efficacy against some anaerobic bacteria. Whether these drugs

should be used instead of the recommended treatment with a peni-

cillin derivative and fluoroquinolone37 to avoid development of anti-

microbial resistance, requires further study.

Limitations of our study include those common to retrospective

studies, which lack a prescribed method of data collection and assess-

ment, particularly because the criteria for inclusion in our study were

based on clinical diagnoses. Although our clinical pathology service has

specific cut-off values for protein concentration and cell counts in

exudates,13 some animals met only 1 of those criteria. Many cases were

excluded from analysis because pleural fluid was not submitted contem-

poraneously for both culture and cytology, and it is likely that our study

was underpowered to determine significant differences between vari-

ables for specific etiologies. Although some animals fit well into catego-

ries of bite wounds or foreign bodies based on defined criteria, a

number of animals had less definitive findings, which resulted in the cat-

egory of suspected penetrating injury (inside-out or outside-in). These

issues could be more appropriately addressed in a prospective study.

We cannot exclude the possibility that pleuropneumonia developed in

some animals with foreign bodies or bite wounds as a cause for

pyothorax, although these are not reported as risk factors for aspira-

tion.38,39 The occurrence in some dogs of pyothorax in conjunction with

systemic disease remains intriguing. It seems unlikely that immunosup-

pressive drug treatment led to empyema or predisposed dogs to this

condition. Multiorgan dysfunction and translocation of bacteria might

have played a role in some dogs, but this possibility could not be dis-

cerned in a retrospective study. Finally, cats and dogs were assigned a

cause for pyothorax based on evidence in the medical record, which is

subject to interpretation. Theoretically, a cat with pyothorax could be

assigned an etiology of bite wound based on multi-pet household and

history of fighting only. Although not the case here, the uncertainties of

defining an etiology based on retrospective data must be considered

when interpreting our results.

In summary, in our study, pyothorax in dogs was most commonly

associated with foreign body inhalation whereas pyothorax in cats

was related to bite wounds or traumatic injury to the thorax. Interest-

ingly, we found pyothorax in conjunction with various systemic dis-

eases in some dogs, which represents a unique finding. In many

studies, the etiology of pyothorax remains obscure in cats and in

dogs.10,11,18 However, comprehensive medical record review here

yielded confident assessment of the probable cause of pyothorax in

all but 3/89 cases, even though almost 25% of all cases were nar-

rowed down to penetrating injury alone. The inability to assign a pre-

cise cause represents a limitation of our study, but represents an

opportunity for future prospective studies of pyothorax. Improved

scrutiny for upper respiratory tract signs and confirmation of lower

airway bacterial species that match pleural organisms would provide

more confidence in a role for parapneumonic spread as a cause for

pyothorax in cats.
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