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Prerequisites for a clinical diagnosis of feline LRTI

Bacteria, parasites, fungi and viruses cause lower respiratory tract
infections (LRTIs) in cats. Most cats with LRTIs have pneumonia
(inflammation of the lung parenchyma), although pathology is occa-
sionally limited to the airways.1,2 Viral causes of LRTIs are unlikely to
be diagnosed without lung histopathology and specific viral detection
techniques. Parasitic, bacterial and fungal LRTIs can be diagnosed by
routine investigation of lower respiratory tract disease. However,
obtaining a clinical diagnosis of LRTI can be challenging. Historical,
clinical, haematologic and radiographic findings known to be compat-
ible with LRTI are often non-specific or are inconsistently present.1,3,4

In addition, some cases of LRTI may have concomitant, predisposing
respiratory tract or systemic diseases. 

Clinical ante-mortem diagnosis of LRTI relies on analysis of all the
patient details: signalment, history, physical examination findings,
radiography, cytological and microbiological assessment of broncho -
alveolar lavage (BAL) fluid or pulmonary fine needle aspirates (FNAs),
histopathology (if available) and response to appropriate therapy. As
histopathology is rarely available, BAL (and, to a lesser extent, FNA)
cytology and microbiology are the mainstays of ante-mortem investi-
gation of LRTI. However, the cytological and microbiological analyses
by the laboratory have to be of an excellent standard for these to be of
high diagnostic yield. In addition, for the laboratory to achieve optimal
results, high quality samples and appropriate requests from clinicians
are essential. Only the veterinarian handling the case can make a 
diagnosis of LRTI.

Key studies to date on feline LRTIs

There have been three detailed retrospective studies on feline LRTIs:
one from Switzerland by Bart et al (2000; 245 cats),2 one from the USA
by Macdonald et al (2003; 39 cats)1 and one from Australia by Foster et
al (2004; 21 cats).3 The American1 and Swiss2 studies both analysed
LRTIs that were histologically confirmed at necropsy. Of the two, only
the American study assessed clinical findings in addition to post-
mortem findings. The rigid selection criteria in the American study
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INFECTIONS IN CATS

Reaching beyond empirical

therapy 

Practical relevance Lower

respiratory tract infections (LRTIs) 

in cats can be due to bacteria,

parasites, fungi and viruses. 

This review details the practical

investigation of these infections and

highlights specific therapy where possible.

The aim is to avoid the all-too-frequent temptation

in practice to treat cats with lower respiratory 

tract signs empirically for feline bronchial disease

(FBD)/asthma. This is potentially hazardous as

immunosuppressive therapy for FBD/asthma could

exacerbate disease due to a LRTI. Empirical

treatment of suspected LRTI is also difficult 

to recommend given the wide range 

of potential pathogens.

Clinical challenges Making a clinical 

ante-mortem diagnosis of LRTI in a cat can be

challenging. Consistent historical, clinical,

haematological and radiographic abnormalities 

are often lacking and findings may be non-specific.

Astute clinical acumen, thorough investigation and

high quality laboratory analysis are usually required

for a diagnosis. Bronchoalveolar lavage, if feasible,

and tests for lungworm should be routine in cats

with lower respiratory tract signs. Lung fine needle

aspiration may be useful in cases of diffuse or

nodular pulmonary disease. Histopathology is rarely

employed in ante-mortem investigations.

Evidence base The authors have reviewed a

substantial body of literature to provide information

on many of the reported bacterial, parasitic, fungal

and viral pathogens, including some that occur in

Asia. Attention has been given to specific therapy

for each pathogen, with evidence-based comments

when there is a deviation from routine

recommendations.
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that lack of coughing does not preclude a
diagnosis. Cats that do have coughing, 
dyspnoea or tachypnoea should be investigat-
ed for LRTI. Careful physical examination and
astute clinical acumen are likely to be required
if a diagnosis of LRTI is to be made in an
affected cat.

How do the studies help direct
laboratory investigation?

Haematology
There has been limited investigation of
changes to the erythrogram of cats with
LRTIs. Foster et al reported that packed cell
voume was normal in 8/12 cats and slightly
decreased in 4/12 cats.3 Leukocytosis and
neutrophilia are the most common haemato-
logical abnormalities.1,3 Leukocytosis and
neutrophilia were detected in 8/10 and 9/10
cases, respectively, in the Australian study3

and 9/18 and 7/18 of cases, respectively, in
the American study.1 Leukopenia, neutro -
penia and left shifts were uncommon.1,3 It is
noteworthy that 4/18 cats in the American
study had leukocyte counts within the refer-
ence intervals, despite the fatal disease out-
comes. Eosinophilia was present in 4/10 cats
in the Australian study and only one of these
had a parasitic LRTI. Other parasitic LRTIs in
this study were not accompanied by an
eosinophilia.3 As such, haematology is often
of little help in the diagnosis of LRTIs in cats. 

Biochemistry
Serum biochemical analysis in clinical cases
has been limited but serum biochemistry is
unlikely to be of help in the diagnosis of LRTI.
Cats with LRTIs may have increased globulin
and total protein concentrations.3

Radiography
In the Australian study,3 all lung patterns
were represented radiographically and, while
67% of cases had alveolar changes, 81% of
cases had a bronchial pattern either alone or 
in combination with another pattern. A pre-
dominantly nodular pattern was noted in the
cases of cryptococcosis, toxoplasmosis and
mycoplasmal abscess. A range of radiograph-
ic patterns was also detected in the American
study, and, in 3/13 (23%) cases, there were no
radiographic abnormalities.1 Lack of radio -
graphic abnormalities was also reported in a
cat with confirmed cryptococcal LRTI.7

ensured accuracy of diagnosis but, by its post-
mortem nature, precluded analysis of non-
fatal cases. The cases in the Australian study3

were identified by airway and/or pulmonary
cytology and microbiology, in conjunction
with clinical assessment, including response
to appropriate therapy; histopathological con-
firmation was only available in a few cases as
treatment was effective in most cats. 

In addition to these studies, there have been
numerous case reports and case series
describing specific feline LRTIs.

What do the studies tell us about
signalment and clinical signs?

Signalment
No breed predilection has been noted for
LRTIs in cats.1,3 Foster et al found males were
2.4 times more likely to have LRTIs than
females.3 Interestingly, in a recent retrospec-
tive study on fatal feline herpesvirus type 1
(FHV-1)-associated pneumonia, all the cases
were male.5

Clinical signs
The most common presenting complaint
in the Australian study was coughing
(76%), and the most common abnormal-
ities detected during physical examina-
tion were dyspnoea and/or tachypnoea
(67%), and coughing or increased 
tracheal hypersensitivity (38%).3 

Of the cats diagnosed at necropsy in
the American study,1 only 8% coughed,
indicating that while coughing cats should be
investigated for LRTI, lack of coughing does
not preclude a differential diagnosis of LRTI.
In that same study, 36% of cats lacked any
clinical signs referable to the respiratory tract
and 41% of cats lacked clinical signs of sys-
temic illness. The most common respiratory
tract signs were tachypnoea or dyspnoea
(49%) and nasal discharge (21%). Pyrexia was
noted in 15% of the cats in the American
study1 and 24% of cats in the Australian
study;3 none of the cats that presented alive
with LRTI due to Bordetella bronchiseptica were
pyrexic in a study on B bronchiseptica infec-
tions.6 Thus, pyrexia would appear to be a 
relatively uncommon finding in LRTIs and
normothermia does not rule out LRTI.

Despite differences in selection criteria and
their impact on clinical presentation, the stud-
ies indicate that cats with LRTIs may not have
any signs referable to the respiratory tract and
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Sudden death in cats and kittens

Necropsy in a number of cases 

of sudden death has revealed

pneumonia. Pneumonia should be

on the differential diagnosis list

for sudden death in cats.

Cats with LRTIs may not have any signs referable

to the respiratory tract and lack of coughing does

not preclude a diagnosis.

Pyrexia appears to be a relatively uncommon

finding in LRTIs.
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Lack of consistent radiographic abnormali-
ties contributes to the difficulties in diagnos-
ing LRTIs in cats.

Bronchoalveolar lavage 

The gold standard procedure for airway sam-
pling is BAL via bronchoscopy. Collection of
airway samples by this method is detailed in
numerous texts and papers.8,9 Bronchoscopic
BAL in cats with respiratory disease has a low
rate of serious complications and it is possible
that the overall complication rate can be
reduced further by premedication with 
terbutaline.9

Bronchoscopic alveolar lavage is not always
possible due to lack of availability of equip-
ment or financial or time constraints. Other
simple and cheaper non-bronchoscopic meth-
ods have been described in the literature and
these can be readily used in general prac-
tice.8,10–14  The non-bronchoscopic BAL pro-
cedure used by one of the authors (SF) is out-
lined in the box above. 

Transtracheal aspiration 

Transtracheal aspiration (TTA) is rarely used in
cats as, firstly, patient restraint can exacerbate
respiratory signs and, secondly, airway control
and ventilation in response to any bronchocon-
striction or exacerbation of respiratory signs
are easier under anaesthesia. However, if
anaesthesia is contraindicated, then this tech-
nique can be used instead of BAL. Care must
be taken that patient restraint does not result in
exacerbation of respiratory signs. Local anaes-
thetic must be placed prior to introduction of
the catheter through the cricothyroid ligament.

An 18–22 G through-the-needle intravenous
catheter is optimal (although rarely available in
general practice) as the needle can be with-
drawn after catheter placement to minimise
tracheal injury.12,15 Approximately 0.5 ml/kg of
warmed sterile saline is instilled into the
catheter12 and then immediately aspirated to
retrieve the lavage fluid.12 A second flush may
be required for adequate sampling.12,15 

Lung fine needle aspiration

Lung fine needle aspiration may be indicated
to investigate lesions identified by thoracic
radiography or ultrasonography. The specific
approach and procedure chosen depend on
the type of lesion (mass lesion versus diffuse
disease), lesion location (central versus
peripheral) and the clinical status of the
patient. Aspiration can be performed either
blind (for diffuse disease or discrete peripher-
al focal lesions) or guided by ultrasound, 
fluoroscopy or computed tomography (CT). 

Lung fine needle aspiration might perhaps
be expected to entail a higher risk than BAL.
However, a number of studies in dogs and
cats using 22–27 G hypodermic or spinal 
needles for lung or intrathoracic fine needle
aspiration have demonstrated no clinically
evident complications.16–18 Interestingly, when
CT monitoring was used after fine needle
aspiration or core biopsy with 18–22 G diam -
eter instruments, 43% of cases had pneumo -
thorax, pulmonary haemorrhage or both,
despite the lack of clinical manifestations. Not
surprisingly, these complications were com-
mon when aerated lung was perforated.19
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N o n - b r o n c h o s c o p i c  B A L

Why diagnosing

LRTI is 

so difficult

✜ Anaesthetise the cat with a short-acting anaesthetic agent.

✜ Place an intravenous catheter for intravenous access, if one has not

already been placed for the anaesthetic.

✜ Pass a sterile endotracheal tube carefully into the trachea, using a

laryngoscope to facilitate its passage through the larynx and minimise

oropharyngeal contamination.

✜ Position the cat in lateral recumbency, most affected side down, 

to increase the chance of retrieving representative samples.

✜ Pass a sterile dog urinary catheter (6–8 French gauge) gently through the

endotracheal tube until it wedges in a distal airway and then flush two

5–10 ml aliquots of warm sterile saline through the catheter.

✜ Retrieve the lavage fluid from the catheter by syringe aspiration and

perform cytology and microbiology on that fluid.

✜ Collect any fluid that is coughed through the sterile endotracheal tube

during anaesthetic recovery into a sterile container to ensure adequate

sample volume for assessment (even though this is not normally processed). 

✜ Have terbutaline ‘on hand’ in case of acute bronchoconstriction (with

dose [0.01 mg/kg IV, IM or SC] pre-calculated). It is preferable to maintain

an intravenous catheter until full recovery to enable IV drug

administration if necessary.

Haematology is of

little help and can 

be normal

Clinical signs are

highly variable
Clinical signs

referable to the

respiratory tract may

be subtle or not

evident; lack of

coughing does not

preclude a diagnosis

Pyrexia is not

common

Any radiographic

lung pattern is

possible and some

cats have no

radiographic

abnormalities

If LRTI is due to

mycoplasmas, the

organisms are not

visible on cytology

and are difficult 

to culture

If LRTI is 

due to viruses,

histopathology and

specific viral testing

are required

Parasites may not

always be present in

BAL fluid or faeces

from cats with

parasitic infection

The diagnostic challenge of feline LRTIs
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Cytology
Cytology can be performed on BAL (or TTA)
fluid or lung fine needle aspirates (FNAs).
Lung FNA cytology is performed as per any
tissue aspirate cytology. In contrast, BAL/
TTA fluid analysis has not been standard-
ised.10 Many studies and most commercial
laboratories report total cell counts (which can
be influenced by the amount of lavage fluid
delivered and retrieved) and use cytospin
preparations for cytology; cytospin prepara-
tions have been shown to be of better quality
than manual smearing of pelleted cells after
centrifugation, especially when there is a low
total cell count.20 When performing total cell
counts and preparing cytocentrifuged smears,
mucus is routinely excluded from the analytic
ma terial. However, many of the cells in the
BAL fluid are trapped within the mucus
strands and not performing direct smears of
mucus can result in failure to detect
Aelurostrongylus abstrusus.21

When BAL fluid is collected as described
earlier, the practitioner can prepare smears in-
house and perform cytology (see box below).

Reporting of differential white cell counts
from airway samples is also not standardised.
In two feline studies with similar smear
preparation, BAL cytology was classified by
the predominant inflammatory cell type, 
if greater than or equal to 50% of the total, 
or described as mixed, if no cell type predom-

inated.10,22 In both studies epithelial cells 
were not considered in the calculation of 
relative cell counts, which is consistent 
with the recommendations of the American
Thoracic Society for reporting cell counts in
humans.23

In cats with LRTIs, cytology performed by
the method detailed10 revealed neutrophilia in
all but one.3 The normal lower airway
response to pulmonary bacterial or protozoal
infection would appear to be neutrophilic
unless there is concurrent immunosuppres-
sion. None of the cats with confirmed para-
sitic infections had an eosinophilic BAL,
although other factors may have influenced
this – the presence of concurrent salmonellosis
in two and feline immunodeficiency virus
(FIV) infection in one.3

Bacteria consistent with the culture results
should be observed cytologically in bacterial
LRTIs, except in cases of mycoplasmosis;
mycobacteria may also be difficult to find
cytologically.24 Mycoplasmas do not usually
take up Diff Quik or Gram stain, although
small Gram-negative stained ‘flecks’ have
occasionally been observed in cytological
preparations of BAL fluid from which
mycoplasmas were cultured (P Martin,
unpublished data).   

One small study of feline respiratory cases
(only 1/11 with histologically recognised
LRTI) demonstrated that BAL fluid
cytopathology performed on cytocentrifuged
samples does not always correlate with the
type of pulmonary disease identified on
histopathology.25 However, histopathology
correlated reasonably well with cytology in
another study in which a number of cats had
inflammatory lower respiratory tract lesions.26

While one cat with feline infectious peritonitis
in this study had normal BAL cytology, which
was not representative, cytology in three other
cats (one with toxoplasmosis, two with focal
bronchitis) was more sensitive than
histopathology.26 The authors concluded that
cytological specimens appear more sensitive
for the detection of microscopic focal lesions
and Toxoplasma gondii tachyzoites, but that
lesions confined to the interstitium may not be
detected in bronchial washings.26 

Microbiology
Airways in healthy cats are not sterile and this
needs to be taken into account when interpret-
ing airway cytology and microbiology. 

R EV IEW / Practical investigation of feline LRTIs

✜ Place two drops of lavage fluid containing mucus on a

microscope slide. 

✜ Examine the unstained wet preparation microscopically for the

presence of parasites.

✜ Prepare multiple air-dried squash preparations of mucus from

each lavage specimen and stain with Diff Quik. 

✜ Check for the presence of mucus, oropharyngeal squames,

oropharyngeal bacteria, respiratory pathogens, epithelial cells

and inflammatory cells.

✜ Total cell counts are not performed as reference intervals have

not been validated for this method of sample collection.

✜ Choose some representative fields and count the different types

of white cells to provide a differential white cell count for the

smear.

✜ Classify inflammation by the predominant cell type (if ≥50%) 

or describe the inflammation as ‘mixed’ if no cell type

predominates.

✜ If sufficient material is present, examine several smears from

each sample.

✜ If no mucus is present, a centrifugation technique is required 

for smear preparation as mucus-free samples may contain

abnormal cells.14

✜ If bacteria are identified, Gram staining should be performed;

acid-fast stains may also be necessary for some bacteria.

Airways in healthy cats are not sterile and this

needs to be taken into account when interpreting

airway cytology and microbiology. 

I n - h o u s e  B A L  c y t o l o g y
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The bacteria reported as
occurring in low numbers (< 2
x 103 colony forming units/ml)
in the airways of healthy 
cats include Escherichia coli
and species of Pasteurella,
Pseudomonas, Staphylococcus,
Streptococcus and Micrococcus.
Anaerobic bacteria and
mycoplasmas have not been
isolated from the lower air-
ways of healthy cats.27,28 

The most common bacteria
causing feline LRTIs in the
three retrospective studies of
LRTIs were B bronchiseptica,
Pasteurella species, Mycoplasma
species, Streptococcus species
and E coli. Other agents identi-
fied as causing infectious
pneumonia in these studies
were other bacteria (including
mycobacteria, Salmonella
typhimurium, Pseudomonas
species, anaerobes), viruses
(herpesvirus, corona virus),
lungworm (A abstrusus,
Eucoleus aerophilus), protozoa
(T gondii) and fungi
(Cryptococcus species, Candida
albicans, Mucor species,
Aspergillus species).1–3 Various
other aetiological agents have
also been identified in case
reports and small case series,
and described in textbooks.

Parasitology
Faecal flotation and faecal
analysis by the Baermann
technique should be routinely performed in
cats with possible LRTIs. Other diagnostic
tests for lungworm detection are also avail-
able (see later).

Histopathology
Lung histopathology is occasionally performed
ante-mortem. Samples can be obtained via
ultrasound- or CT-guided core biopsy or surgi-
cal excision (thoracoscopy or thoracotomy).

R EV IEW / Practical investigation of feline LRTIs

Bacterial LRTIs

Mycoplasmas
Mycoplasmas are the smallest free-living, self-
replicating microorganisms and have no cell
wall.29 They are represented in the natural
mucosal flora of cats but are not normally pres-
ent in the lower airways.27,28 Both the Swiss2

and Australian3 LRTI studies demonstrated 
the importance of mycoplasmas in feline 
LRTIs. Mycoplasmas are known pulmonary
pathogens in other species and have been
recorded as causing pyothorax, pneumonia
(Fig 1), LRTIs and pulmonary abscessation in
cats.2,3,30–40 Mycoplasma felis has also been shown
to directly induce pneumonia in two healthy
kittens after experimental inoculation.41

Despite this, mycoplasmal LRTIs are often
considered to be a consequence of pre-existing
pulmonary diseases such as FBD. It is possible
that feline mycoplasmas may be aetiological
agents rather than secondary in FBD, causing
serious pathology and resulting in ongoing
inflammatory bronchial disease and airway
hyperresponsiveness similar to Mycoplasma
pneumoniae in humans.3,37,42–44

FIG 1 Radiographs of a cat with a mycoplasmal
LRTI. (a) Right lateral thoracic radiograph
showing consolidation in the cranial lung lobe
area. (b) Ventrodorsal thoracic radiograph
showing consolidation of the left cranial lung
lobe. (c) Right lateral thoracic radiograph after 
6 weeks of therapy. Note the improved aeration
of the cranial lung lobe. Reprinted from Foster et al
(1998),36 with permission of John Wiley and Sons,
publisher of the Australian Veterinary Journal a

b

c

It is possible that feline mycoplasmas may be aetiological agents 

rather than secondary in feline bronchial disease, causing serious pathology 

and resulting in ongoing inflammatory bronchial disease and airway

hyperresponsiveness, similar to Mycoplasma pneumoniae in humans.
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Diagnosis
Mycoplasmas do not take up Diff Quik or
Gram stain, a finding usually attributed to
their lack of a cell wall.29 Culture of myco -
plasmas is difficult as they may not survive
transport to a laboratory and usually require
specific culture media. Diagnosis of mycoplas-
mosis in the Australian LRTI study was only
possible because there was no transport delay
and mycoplasmas were cultured from the pep-
tone-enriched blood agar plates used (Fig 2).3

Specific polymerase chain reaction (PCR) test-
ing is likely to improve the sensitivity of diag-
nosis, as it has in human medicine. However,
in practice, mycoplasmal LRTI will remain a
difficult diagnosis as neither mycoplasmal 
culture nor mycoplasmal PCR testing is per-
formed routinely. Clinicians need to make spe-
cific provisions (such as specialised transport
swabs) and laboratory requests when investi-
gating possible mycoplasmal LRTI. Treatment
trials are often a more attractive alternative.

Treatment 
Treatment of mycoplasmal infections in veteri-
nary medicine is usually empirical. Antibiotic
susceptibility profiles are not available for
feline mycoplasmal isolates. Mycoplasmas are
generally reported to be sensitive to
macrolides (erythromycin, clarithromycin,
tylosin), fluoroquinolones (enrofloxacin,
ciprofloxacin, pradofloxacin), tetracyclines,
chloramphenicol and genta micin. Enrofloxacin
may not be as effective as doxycycline,3 but
pradofloxacin has demonstrated similar effica-
cy to doxycycline for upper respiratory tract
(URT) infections caused by mycoplasmas.51

Doxycycline would appear to be an appro-
priate and affordable initial choice of antibiot-
ic for empirical therapy of feline LRTIs. The
monohydrate preparation of doxycycline
available in Australia (VibraVet; Pfizer) has

not been reported to cause the oesophagitis
and oesophageal strictures that have been
noted in other countries with hydrochloride
preparations. If using doxycycline, however, it
is recommended that each dose be followed
by a water or food swallow.52 

FIG 2 Heavy growth of
mycoplasma isolated
aerobically on sheep blood
agar from a feline BAL
sample after 3–4 days of
incubation. Note the small
lucent colonies buried in the
agar and surrounded by
zones of haemolysis

R o l e  o f  m y c o p l a s m a s  i n  a s t h m a

In a review of M pneumoniae in humans, published in 2008, it was

stated that ‘progress in understanding the ... true role as a human

pathogen has been hindered significantly over the years by its

very slow replication rate, fastidious demands for laboratory cul-

tivation and relatively low sensitivity and specificity of the earliest

complement fixation serological tests … and this has meant that

laboratory confirmation of mycoplasmal infection was seldom

sought. A frequent but incorrect assumption was that mycoplas-

mal respiratory infection was uncommon, rarely significant from a

clinical standpoint and limited to select age groups.’43

Much of this could potentially be true of feline mycoplasmal

LRTIs also.

Potential roles of mycoplasmas in feline FBD/asthma have yet

to be investigated. It is worth considering that a role for M pneu-

moniae in the pathogenesis of human asthma was suggested

more than 30 years ago and that support for this theory is now

strong. There is increasing evidence from controlled studies to

support a strong association between infection with M pneumo-

niae and both chronic stable asthma and acute exacerbations of

asthma.45 The role of M pneumoniae as an initiating cause of

asthma is also much discussed, but less clear.42–49

Interestingly, mice with allergic sensitisation of the lungs have

Toll-like receptor 2 down-regulation, delaying M pneumoniae

clearance.50 Humans with allergic sensitisation of the lungs may

also be at a greater risk of developing chronic airway colonisa-

tion by M pneumoniae, with resultant augmentation of airway

hyperreactivity, and these patients may have no measurable

humoral immune response.43 Thus, there appears to be a 

complex relationship between mycoplasmal infection and

human asthma.

✜ Mycoplasmas do not take up Diff Quik or Gram stain and do not

respond to β-lactam antibiotics.

✜ Specific transport swabs and culture media are required for

diagnosis if PCR is not available. 

✜ Mycoplasmal infections result in neutrophilic BAL cytology 

with no demonstrable bacteria. 

✜ Treatment trials with doxycycline or fluoroquinolones 

may be required if clinical evidence is suggestive of

mycoplasmosis and specific testing is not available.

✜ Mycoplasmas are one of the ‘hot topics’ in human 

asthma medicine. Their role in feline asthma 

has yet to be explored.  

KEY POINTS: MYCOPLASMAS
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It is probably worth treating all cats with
lower respiratory tract disease with an appro-
priate antibiotic for mycoplasmas while
awaiting results of cytology and culture.
Additionally, if FBD/asthma is suspected and
the cat is stable enough to allow trial antibiot-
ic treatment, then this should also be consid-
ered prior to immunosuppressive or anti-
inflammatory medication. It does need to be
noted, however, that some antimicrobials
have beneficial effects on airway inflamma-
tion unrelated to antimycoplasmal activity.44

The duration of treatment required is not
known. Mycoplasmal species that infect ani-
mals and humans are able to induce chronic
disease states in which clearance of the 
organism is extremely difficult. Intracellular
localisation, immunomodulatory effects and
surface antigen variations may all contribute
to this process.43 Prior allergic sensitisation of
the lungs could potentially also result in
delayed organism clearance, as it does with 
M pneumoniae in experimental murine models.50

Treatment of mycoplasmal URT disease in
cats for 42 days has been recommended,51 as
PCR-positive results after 28 days have been
demonstrated. Given that chronic persistent
infection has been documented in humans,
that some cases of mycoplasmal LRTI have
been reported to have recurrent doxycycline-
responsive coughing or need continuous
treatment,3 and the finding that 42 days may
be required for treating feline URT myco -
plasmal infections,51 it may be prudent to 
treat mycoplasmal LRTIs with doxycycline 
(5 mg/kg PO q12h) for a minimum of 6 weeks.

Bordetella bronchiseptica

Bordetella bronchiseptica is a primary respira -
tory pathogen in cats. Naturally occurring 
B bronchiseptica infection may cause URT signs
(sneezing, oculonasal discharge) or LRT signs
(coughing, severe dypsnoea, cyanosis and
even death due to bronchopneumonia).53

Young kittens appear to be most susceptible
to disease due to B bronchiseptica and fatal
bronchopneumonia has been reported in kit-
tens.6,53,54 Lower respiratory tract infection
due to B bronchiseptica has also been reported
in adult cats6,55,56 and fatal bronchopneumonia
was reported in 10 cats, which were presum-
ably adults as they were recorded as ‘cats’ and
not ‘kittens’.57 Bronchopneumonia, which was
unresponsive to appropriate and intensive
therapy, also occurred recently in an another
adult cat (D Foster, unpublished data; Fig 3). 

Virology studies have not always been 

performed to assess concurrent viral respira-
tory tract infection in field studies. Concurrent
feline calicivirus (FCV) infection was demon-
strated in some cases6,58 and concurrent feline
herpesvirus (FHV) in one.1 Concurrent feline
panleukopenia was associated in another
report.55 Regardless, B bronchiseptica appeared
to be a significant contributing cause to bron-
chopneumonia and death in these cats.1,6,55,58

Antibiotic treatment early in the course of the
disease is recommended.6 Antibiotic suscepti-
bility for this organism indicates that it is usual-
ly resistant to penicillin, cephalosporins and
ampicillin, and sensitive to a wide range of
antibiotics including tetracyclines, enro -
floxacin, amoxicillin–clavulanate, chloram-
phenicol and gentamicin.6,59 Although most
antimicrobials are able to attain concentrations
in the lung parenchyma comparable to drug
concentrations in the serum, concentrations
achieved in the airways and bronchial secre-
tions may be significantly lower.60,61 This is par-
ticularly relevant to the treatment of LRTIs due
to B bronchiseptica, as this bacterium attaches to
the cilia on the surface of the tracheobronchial
epithelium (Fig 3).60 The β-lactam drugs, in 
particular, have low distribution into respirato-
ry secretions and so cannot be recommended
for the treatment of B bronchiseptica.60

Trimethoprim-sulphonamide was used suc-
cessfully in four cats with bronchopneumonia6

but a high level of resistance to trimethoprim-
sulphonamide was detected in one study.62

Enrofloxacin was used unsuccessfully in one
cat, which then responded to trimethoprim-
sulphonamide,56 and successfully in another.3

Thus, the current recommended drugs for
the treatment of bronchopneumonia due to 
B bronchiseptica are doxycycline, trimethoprim-
sulphonamide and fluoroquinolones.53,61

FIG 3 Diff Quik-stained
smear of BAL fluid from a
3.5-year-old castrated male
domestic shorthair cat with
a fibrinonecrotic pneumonia
due to B bronchiseptica.
Numerous fine rods can be
seen attached to the cilia 
of the respiratory epithelial
cells. Despite appropriate
and aggressive parenteral
and nebulised antibiotic
therapy, this cat failed to
respond to treatment.
Case details courtesy 
of Dr Darren Foster

It is probably worth treating all cats with lower respiratory tract disease with an

appropriate antibiotic for mycoplasmas while awaiting results of cytology and culture. 
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Streptococcus species
Beta-haemolytic streptococci
are commensal microflora of
the skin, pharynx, URT and
genital tract of cats.63 Infections
with Lancefield group G strep-
tococci in kittens and occasion-
ally in adult cats are known to
result in pneumonia associated
with pleuritis and cervical lym-
phadenitis,64,65 fasciitis and
myositis66,67 and toxic shock-
like syndrome.68 In the
American retrospective LRTI
study,1 β-haemolytic Strepto -
coccus species were the most
common bacterial cause of
LRTIs (29% of cases). Streptococcus species were
also a major cause of deaths in the Swiss retro-
spective LRTI study,2 the majority of which
were in kittens less than 12 weeks old. By con-
trast, Streptococcus species were not identified as
a cause of LRTI in the predominantly ante-
mortem, adult cat study from Australia,3 so it is
possible that pneumonia due to Streptococcus
species may be severe and rapidly fatal and/or
occur predominantly in kittens.

The majority of β-haemolytic streptococcal
infections in cats are caused by Lancefield
group G streptococci, usually S canis.63

However, recently, an outbreak of respiratory
disease due to S equi (Lancefield group C) in a
large shelter caused approximately 10% mor-
tality.69 Clinical disease in these cats was 
characterised by copious purulent nasal dis-
charge and coughing, progressing to sinusitis,
dyspnoea, signs of pneumonia and death.
Streptococcus pneumoniae (Lancefield group A)
was reported to cause a moderate interstitial
pneumonia in a kitten that died with fasciitis
and myositis.67 Streptococcus suis has also been
isolated from pneumonic lungs in a 2-week-
old kitten and a 2-year-old cat.70

Lancefield group G streptococci of cats have
been uniformly sensitive to penicillin, which has
been regarded as the drug of choice.64 Procaine
and benzathine penicillin (long-acting penicillin)
have been used both in the treatment of cases
and prophylactically in cats.63,64,71 (Penicillin
doses are usually provided in terms of units. The
mg/kg conversions for the various preparations
of penicillin G [eg, penicillin G potassium and
sodium, penicillin G procaine, penicillin G ben-
zathine] are provided in many [if not all] edi-
tions of Plumb’s Veterinary Drug Handbook.)72

In humans, clindamycin is regarded as the
drug of choice in necrotising fasciitis or toxic
shock streptococcal syndromes. Clindamycin
is also reported to be valuable in the treatment
of streptococcal infections in cats.63

Fluoroquinolones are not recommended for
treating streptococcal infections. 

Escherichia coli

Extraintestinal pathogenic 
E coli (ExPEC) has been report-
ed to cause respiratory disease
outbreaks in cats. Thirteen cats
from an animal shelter devel-
oped acute respiratory disease
and died from acute necrotising
pneumonia in a week in one
such outbreak.73 Fatal pneumo-
nia occurred in three kittens in
an outbreak in another shelter.74

In addition to the feline impact,
such outbreaks also have
zoonotic potential.73,74

Comparing the three retro-
spective LRTI studies, E coli

was isolated in 2/39 (5%) total cases (2/21 bac-
terial cases) in the American study1 and 21/245
(9%) cases in the Swiss study,2 of which 16 were
septicaemic and most occurred in kittens less
than 12 weeks old. Escherichia coli was not iden-
tified in the Australian study of predominantly
ante-mortem cases,3 although a fatal case of
pneumonia due to E coli and A abstrusus was
diagnosed in a kitten subsequent to the study
(Fig 4). Lower respiratory tract infections due
to E coli, while relatively uncommon, would
thus appear to be associated with high mortal-
ity, especially in kittens.

Pasteurella species
Pasteurella species are part of the microflora 
of the nasopharynx and airways of healthy
cats.27,75 Not surprisingly, these bacteria are
one of the more common species to be isolat-
ed from cats with LRTIs.1–3 It is likely that 
concurrent viral infections and other stresses
leading to impaired defence mechanisms
result in pneumonia due to Pasteurella
species.75 These bacteria are usually suscepti-
ble to the aminopenicillanic derivatives.75 

Salmonella species
Pneumonia due to Salmonella species can occur
in association with systemic salmonellosis 
or as a localised LRTI.3,76 Concurrent infection
with A abstrusus has been reported in two
cases.3,77 While LRTIs due to Salmonella species
would appear to be uncommon, it is worth
noting that at least one adult cat with LRTI due
to salmonellosis (and concurrent A abstrusus
and Pseudomonas species infections) presented
with signs typical of FBD/asthma: chronic
coughing, dyspnoea and tachypnoea in an 
otherwise apparently healthy cat.3 Another
adult cat had no clinical history of respiratory
disease,  rather a chronic history of inappe-
tence, lethargy and recent weight loss.76 If 
corticosteroids had been used for non-specific
symptomatic treatment in either cat, then there
may have been very serious consequences.

R EV IEW / Practical investigation of feline LRTIs

FIG 4 Lungs from a 12–16-
week-old male domestic
shorthair cat. Histopathology
demonstrated extensive
granulomatous and
eosinophilic pneumonia due
to E coli and A abstrusus.
Photograph and case details
courtesy of Dr Katrina
Bosward
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while relatively
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associated with
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tic shorthair cat presented to the Valentine
Charlton Cat Centre, University of Sydney,
Australia, with a consolidated lung lobe and
had EF-4 cultured from lung FNA samples
(Fig 5). This cat was treated with intravenous
ticarcillin and subcutaneous enrofloxacin for
48 h before being discharged (against veteri-
nary advice). The cat was then treated orally
with marbofloxacin 5 mg/kg q24h for 28 days,
in conjunction with amoxicillin-clavulanate 20
mg/kg q12h for the first 6 days. The cat was
not returned for reassessment but was still
alive 8 months after initial presentation 
(J Beatty, unpublished data). 

Yersinia pestis

Plague exists in every continent apart from
Australia. The areas most frequently associat-
ed with plague foci are adjacent to deserts 
and have semi-arid, cooler climates, although
there are foci in areas such as Southeast Asia,
which are unlikely to have that profile.85

Practitioners in the mid- and far-western USA
must consider plague as a differential diagno-
sis in any cat with pneumonia.85,86  

Pneumonic plague in cats can develop sec-
ondarily to haematogenous or lymphatic
spread from bubonic or septicaemic forms.85,87

However, in a large case series, 8/12 cats with
pneumonia appeared to have primary pneu-
monic plague.87 Cats have also been thought to
be responsible for primary pneumonic plague
in people who have had contact with them.85 

Although infection with Y pestis is relatively
rare, its importance relates to its zoonotic
potential and the fact that untreated pneu-
monic plague in cats and humans is uniform-
ly fatal.85,86 Gentamicin and tetracyclines are
considered effective antibiotics against Y pestis
in humans.88,89 In cats, tetracyclines (with
doxycycline preferred) are used primarily for
uncomplicated cases, for the bubonic form
and, prophylactically, for in-contact cats.85,87

The recovery rate in a large cases series of cats
treated with tetracyclines was 95%,87 but
administration of tetracyclines has been
reported to have been associated with

Eugonic Fermenter 4 (Neisseria species)
Eugonic Fermenter 4 bacteria (EF-4) have
been isolated as commensal and opportunistic
flora from the oral cavity of cats and occasion-
ally cause pneumonia in cats.75 They are eco-
logically and culturally similar to Pasteurella
species75 but a recent taxonomic study has
shown that groups EF-4a and EF-4b belong to
the genus Neisseria.78 While pneumonia due 
to EF-4 bacteria is not commonly reported, it
has been uniformly fatal1,79–84 until recently 
(J Beatty, P Martin, unpublished data, Fig 5).
Disease is usually sporadic, although an 
epizootic outbreak occurred in a colony with
enzootic feline upper respiratory viral disease
and a high rate of feline leukaemia virus
(FeLV) infection.84

Affected cats have been adults presenting
with acute depression, dehydration, respira -
tory distress, salivation79,81,83 or sudden
death.80,82 Leukopenia with a degenerative left
shift was present in two cases ante-mortem.79

In one cat, a rare bacterium was present 
within granulocytes in the blood.79 Thoracic
radiographs may demonstrate lung consoli-
dation (Fig 5a) and/or discrete focal densi-
ties.79 Most cats with pneumonia due to EF-4
have not survived more than a few days after
presentation, although one cat was ill for a
week before presenting comatose and being
euthanased79 and two cats had a 2-week 
history of illness.83 Penicillin treatment (of
unknown dose, route or duration) was not
successful in a published case of EF-4 pneu-
monia84 and antibiotic therapy (no details)
was also unsuccessful in another cat.79

Diagnosis has been made by necropsy in all
published cases. 

Recently, a 3-year-old neutered male domes-

a b
FIG 5 Imaging and culture
findings in a 3-year-old
castrated male domestic
shorthair cat with a LRTI. 
EF-4 bacteria were 
isolated from lung FNAs. 
(a) Dorsoventral thoracic
radiograph demonstrating 
an alveolar pattern of opacity
in the left caudal lung lobe,
consistent with lobar
consolidation. 
(b) Characteristic yellow,
crinkled colonies on the
primary isolation plate. 
These revert to smooth
colonies on subculture.
Photographs and case details
courtesy of Dr Julia Beatty
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relapse.85 No clinical data exist on the efficacy
of fluoroquinolones in affected cats.85

Mycobacterium species
Lower respiratory tract infections due to M
tuberculosis, M bovis, M microti-like mycobacte-
ria,90–92 M avium complex (MAC),24 M thermo -
resistibile,93 M genavense,94 M fortuitum95 and 
M simiae96 have all been reported in cats. 
Of these, only M tuberculosis, M bovis and 
M thermoresistibile have been reported as caus-
ing localised respiratory tract infections.90–93

Siamese and Abyssinian cats may be predis-
posed to mycobacteriosis.24

Diagnosis of mycobacterial LRTI requires
cytology or histopathology and culture.
Bronchoalveolar lavage cytology and culture
may be unhelpful in disseminated mycobacte-
riosis due to MAC even when clinical and
radiographic signs of LRTI are present.24

Management of mycobacterial infections is
dependent on the species isolated. Myco bacteria
have a well-documented capacity to develop
resistance to various antimicrobial agents and
combination antimicrobial therapy is recom-
mended when treatment is being considered.93

Rhodococcus equi

Usually considered an equine pathogen,
Rhodococcus equi has occasionally been reported
to cause disease, including LRTI, in cats.97

Lower respiratory tract infection was reported
in four kittens from unrelated, in-contact litters
in a breeding cattery. One kitten had a moist
productive cough and subsequently died.
Necropsy revealed suppurative bronchopneu-
monia and a pure growth of R equi was cultured
from the lungs. The remaining kittens were 
successfully treated with doxycycline with or
without erythromycin.97

Other bacteria
Other bacteria are recorded in individual
cases of feline pneumonia. 
� A report on pulmonary lobectomy as a
treatment for pneumonia documented a dual
infection with Nocardia species and
Corynebacterium species, and another infection
due to Bacteroides species.98

� Bergeyella (Weeksella) zoohelcum, an organ-
ism which is part of the normal feline oro -
pharyngeal flora, was linked to necrotising
upper and lower respiratory tract infections in
a 9-month-old cat in another report.99 

� Capnocytophaga cynodegmi was reported in
a cat with pulmonary carcinoma.100

� Chlamydophila felis causes mild pulmonary
lesions at post-mortem examination101 but it
would not appear to be an important cause of
feline pneumonia. In the largest retrospective
study of feline LRTIs, chlamydial antigen was
not demonstrated in any of the 245 cases.2

Parasitic LRTIs

Aelurostrongylus abstrusus

A recent study in semi-feral Australian cats
demonstrated the prevalence of A abstrusus to
be 13.8%;21 a study in Italy demonstrated a
prevalence of 24%.102 The prevalence in pet cats
is likely to be considerably lower but LRTIs due
to A abstrusus may well be underdiagnosed as
infection is usually self-limiting, often asympto-
matic, may mimic FBD/asthma and responds
reasonably well to symptomatic treatment for
FBD/asthma. While not usually considered a
major clinical problem, A abstrusus can cause
severe signs of lower respiratory tract disease,
including dyspnoea and coughing. It may also
predispose to infections with enteric bacteria
such as Salmonella species and E coli (Fig 4), with
migrating lungworm larvae possibly acting as
carriers for intestinal bacteria.3,77

Diagnosis
Diagnosis of A abstrusus infection can be diffi-
cult.3,21,103 Both BAL (Fig 6)3 and lung FNA
cytology have been used for diagnosis.104 A
recent study comparing BAL examination,
faecal sedimentation–flotation, histological
examination and the Baermann technique
(minced lung tissue and faeces) demonstrated

that the Baermann technique on
faeces was the most sensitive test
for the detection of A abstrusus
infection.21 The combination of
stereomicroscopic and cytological
examination of BAL fluid
improved the sensitivity of BAL
diagnosis in that study, and a
direct smear of any gross mucus
was recommended in addition to
standard cytospin preparations.21

However, faecal analysis by the
Baermann technique has limita-
tions: it is time consuming (24–36
h), requires well-trained micros -
copists and is not able to diagnose
infections during the prepatent
period and when larvae are not
being shed.103 Another faecal
analysis method, the FLOTAC
technique, is considerably easier
although requires specific equip-
ment. A study performed on 

faeces from a single infected cat indicated that
this technique yielded significantly more 

FIG 6 Wet preparation 
of BAL fluid showing larvae
of A abstrusus

While not usually considered a major 

clinical problem, A abstrusus can cause 

severe signs of lower respiratory tract disease,

including dyspnoea and coughing. 
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larvae per gram than the Baermann tech-
nique.105 Recently, a nested PCR test performed
on pharyngeal swabs has also been shown to
have excellent sensitivity (96.6%) and specifici-
ty (100%),106 and thus would appear to be the
diagnostic test of choice if available.

Treatment 
A single dose of ivermectin (400 µg/kg SC) is
often recommended for treatment of A
abstrusus infections.4,86 This recommendation
is made because a single dose of oral iver-
mectin at 300 µg/kg was ineffective in two
cats107 and ivermectin administered at 200
µg/kg SC proved ineffective in another cat;108

a dose of 400 µg/kg SC 2.5 weeks later in this
particular cat was successful.108 While the high
dose appeared effective, it may be that two
doses were in fact required for complete reso-
lution, as two doses of abamectin 300 µg/kg
SC, 2 weeks apart, have been successful.3

There is one report of a cat treated successful-
ly with a single 400 µg/kg SC dose of iver-
mectin,109 but treatment failures with this dose
have also been reported.109,110 While a single
dose of ivermectin 400 µg/kg SC may result in
elimination of infection or decreased larval
output and improved clinical signs, it cannot
be recommended unless the response is moni-
tored with Baermann faecal analysis (or a test
of similar sensitivity). Two doses are required
if empirical treatment is employed. It is worth
noting that use of ivermectin or abamectin is
‘off-label’ and care needs to be taken in kittens.
The bioavailability of ivermectin may be lower
in cats than dogs and thus parenteral adminis-
tration is preferable to oral.3

Oral fenbendazole (50 mg/kg q24h for
10–20 days) is another possible treatment.110,111

The usual licensed dose (50 mg/kg q24 h for 3
days) does not clear infections in all cats.112,113

Topical therapy for this parasite has been
reported.110,112–114 Imidacloprid/moxidectin
(Advocate; Bayer), given once, proved 100%
effective in 12 cats,112 which makes this the
treatment of choice in most countries, being
available, registered for cats, easy to adminis-
ter and efficacious. Emodepside/praziquantel
(Profender; Bayer) was 99% effective.113 Topical
selamectin has only been effective in 2/4 cats
in which its use has been reported.110,114 

Eucoleus aerophilus

Eucoleus aerophilus (previously Capillaria
aerophila) has a worldwide distribution. In
Australia, a prevalence of 3–5% has been
reported,115,116 and a recent study demonstrated
a similar prevalence (5.5%) in Italy.117 The
prevalence of clinical disease due to E aerophilus
has previously been assumed to be low,4,86 but
8/11 cats in one study had respiratory signs
(most commonly, general respiratory distress,

dry cough, wheezing and sneezing).117 These
findings indicate that E aerophilus is of clinical
importance and should be included in the
differential diagnosis of lower respiratory tract
diseases in cats. In addition, it should be noted
that this parasite has zoonotic potential: human
capillariasis can cause severe clinical signs and
mimic bronchial carcinoma.118

Diagnosis of infection with E aerophilus
should be straightforward as the ova are
passed in the faeces and routine faecal flota-
tion is adequate for detection. However, the
double-operculated ova of E aerophilus (Fig 7)
may be mistaken for Trichuris species when
found in faecal preparations.

Two doses of abamectin (Avomec; Merial)
300 µg/kg SC, 2 weeks apart, were used suc-
cessfully for the treatment of E aerophilus in a
case report.119 Fenbendazole, at 50 mg/kg PO
for 10–14 days, has also been suggested.111

Treatment with topical Advocate (Bayer) or
Profender (Bayer), as for A abstrusus, may be
worth considering but the efficacy of these
topical agents has not been reported for infec-
tions due to E aerophilus.

FIG 7 Wet
preparation of BAL
fluid showing an
adult E aerophilus

and its double-
operculated ova
with asymmetric
bipolar plugs

✜ Lungworm infections due to A abstrusus and E aerophilus

may be overlooked in cats.

✜ Specific detection techniques may be required for diagnosis 

of infection due to A abstrusus. 

✜ Topical imidacloprid/moxidectin (Advocate; Bayer) would 

appear to be the treatment of choice for A abstrusus infection. 

✜ Single-dose ivermectin therapy is not recommended 

for treatment of A abstrusus infection.

KEY POINTS: LUNGWORM

E aerophilus is of clinical importance and has

zoonotic potential. The double-operculated ova

may be mistaken for Trichuris species.
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Toxoplasma gondii

Cats are definitive hosts for the
coccidian parasite T gondii. The
lung appears to be a target organ
in both primary and reactivated
toxoplasmosis in cats.3,26,120–132

The risk of infection is increased
with immunosuppression and
there is an increasing number of
reports of pulmonary toxoplas-
mosis in cats that have been treat-
ed with ciclosporin (Fig 8).128,130,132

Diagnosis
Diagnosis of LRTIs due to 
T gondii is very difficult.
Radiology and pulmonary cytol-
ogy may be consistent with neo-
plasia.3,125,127 Serology may be consistent with
infection but does not provide a definitive
diagnosis. Diagnosis is possible by BAL cytol-
ogy in cats,26,124,128,129,131,132 but lung FNA cytol-
ogy and lung biopsy evaluation may fail to
identify T gondii.3,26,125 Immuno histochemistry
and tissue culture have been recommended
for lung biopsies and BAL specimens from
human patients with acquired immunodefi-
ciency syndrome (AIDS).133,134

Treatment
There appears to be no published work com-
paring the clinical efficacy of drugs used to
treat feline toxoplasmosis. A study of clin-
damycin efficacy in an experimental model of
acute toxoplasmosis demonstrated that there
was increased morbidity and mortality from
hepatitis and interstitial pneumonia in both
clindamycin treatment groups (12.5 mg/kg
q12h PO and 11 mg/kg q24h PO) compared
with both control groups (placebo once or
twice daily PO).135 Possible causes for this
were discussed including the potential for
clindamycin to inhibit phagocyte action. In
addition, the report drew attention to the facts
that clindamycin is more suppressive than
curative for T gondii, that concentrations
found to be inhibitory in vitro may not be
achieved in vivo and that the antimicrobial
effect of clindamycin is delayed in vitro for
1–3 days;136 this last finding perhaps accounts
for the lack of any demonstrable clindamycin
activity against T gondii in early in vitro stud-
ies.136–138 Clindamycin is also not effective
against extracellular tachyzoites.138

Assessment of the efficacy of clindamycin in
clinical cases is difficult. One study reported it
to be efficacious;139 however, the selection 
criteria for that study included response to
appropriate treatment or histopathological
confirmation and the only case with definite
histological confirmation died without treat-
ment. Pooling several papers123,124,126–129,132 and

one unpublished case (K Briscoe,
personal communication, Fig 8) of
confirmed pulmonary toxoplas-
mosis, only one cat with mild clin-
ical signs (but significant pul-
monary pathology) responded
well to clindamycin treatment
alone.127 Another cat with a 2-
week history of respiratory signs
and tachypnoea and dyspnoea on
pres entation, due to pulmonary 
toxoplasmosis, survived 3 months
after being given clindamycin as
the sole treatment, before dying
(no necropsy performed).123

However, two cats treated solely
with clindamycin died.126,128

Three cats treated with 
clindamycin and trimethoprim/
sulphonamide129,132 or sulfamethox azole128 also
died, as did one treated with clindamycin and
doxycycline.124 One cat treated with clin-
damycin plus pyrimethamine for 16 days and
then trimethoprim/sulphonamide and
pyrimethamine for 26 days survived long-
term,132 as has a recent unpublished case treat-
ed with clindamycin and pyrimethamine (K
Briscoe, personal communication, Fig 8). Thus,
in 10 cases of pulmonary toxoplasmosis, only
one survived long-term with sole clindamycin
therapy and no cats survived with clindamycin
and sulphonamide treatment. The only clin-
damycin combination therapy that was suc-
cessful was clindamycin and pyrimethamine.

One cannot draw any real conclusions from
such a limited number of cases. It may be that
cats with pulmonary toxoplasmosis and a crit-
ical presentation have a very poor prognosis,
regardless of which antimicrobial agent is
used, or that clindamycin alone is poorly effi-
cacious and possibly even detrimental in
these situations. As such, based on the clinical
cases reported and the experimental and 
theoretical data regarding clindamycin, it is
difficult to recommend clindamycin alone in
critical cases of pulmonary toxoplasmosis.

FIG 8 Diff Quik-stained
smear of a lung FNA from 
a 7-year-old castrated male
Devon Rex, which had been
on ciclosporin therapy. 
Note the individual
tachyzoites and an
aggregate of tachyzoites
within a macrophage. 
The cat was successfully
treated with clindamycin and
pyrimethamine; clindamycin
was continued for 10 weeks,
pyrimethamine for 6 weeks.
Case details courtesy of 
Dr Katherine Briscoe

✜ Definitive diagnosis is usually by BAL cytology or post-mortem

histopathology.

✜ Pulmonary toxoplasmosis is increasingly identified as a

complication of ciclosporin therapy in cats. 

✜ Sole clindamycin therapy is not recommended for pulmonary

toxoplasmosis.

✜ Clindamycin (12.5 mg/kg q24h PO) and pyrimethamine 

(0.25–0.5 mg/kg q12h PO) combination therapy may 

be useful to treat pulmonary toxoplasmosis in cats

immunosuppressed by ciclosporin. 

KEY POINTS: PULMONARY TOXOPLASMOSIS
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Clindamycin (12.5 mg/kg q24h PO) and
pyrimethamine (0.25–0.5 mg/kg q12h PO)
may be a better option, especially in cats
immunosuppressed with ciclosporin.
Clindamycin should always be followed by
food or a water swallow as its use has been
associated with oesophageal injury.140

Treatment with sulphonamides would also
appear to be ineffective. Dubey and Carpenter
reported that 17/17 cases of toxoplasmosis
(signalment, presentation details and organ
systems affected not specified) died despite
sulphonamide treatment: 12 died or were
euthanased within 30 h and the other five
lived from 2–13 days.122 Eight of these 
cats were treated concurrently with
pyrimethamine. Pyrimethamine alone has
marked in vitro activity against T gondii
whereas sulfadiazine has not, but
pyrimethamine and sulfadiazine have syner-
gistic activity.137 Pyrimethamine has greater
efficacy than trimethoprim when used in 
combination with a sulphonamide but can
cause bone marrow suppression in cats.141

Regardless, it is probably worth considering
this drug in the initial acute phases of disease.

Doxycycline, minocycline, azithromycin, clar-
ithromycin and various combinations with
pyrimethamine and sulphonamides are also
outlined as possible treatment protocols;141

azithromycin is reported to have a delayed
action of onset similar to clindamycin.137 It is per-
haps also worth considering the use of triazines
such as toltrazuril, which have shown promise
in the treatment of equine protozoal myeloen-
cephalitis.142 Diclazuril and pyri methamine in
mice with experimentally induced acute toxo-
plasmosis had a synergistic effect on survival,143

and toltrazuril has been shown to be effective
against the intestinal developmental stages of 
T gondii and reasonably effective against extra -
intestinal stages of T gondii in cats.144 

Paragonimus species

Trematodes in the genus Paragonimus develop
to maturity in the lungs. While P kellicotti is
the most commonly reported pathogen of the
genus in cats, there are at least 28 species and
all are probably capable of developing within
the cat.145 Typically, they are found in cysts
within the lungs. Each cyst may contain 1–10
flukes.145 They can cause serious disease in the
infected host and a number of these trema-
todes, including P westermani, cause serious
disease in people.145 Natural infection in cats
with paragonimiasis in parts of Asia may be
as prevalent as 45–59%.146,147

Paragonimus kellicotti is distributed through-
out the Mississippi and Great Lakes drainage
systems of North America.145 Aquatic snails
and crayfish are required intermediate hosts.
Infections may be subclinical or cause cough-

ing (occasionally haemoptysis) or dyspnoea,
due to inflammation, pneumothorax or sec-
ondary bacterial pneumonia. Wheezing in
cats may mimic FBD/asthma. Thoracic radio -
graphs demonstrate air-filled cysts or tissue
masses averaging 1 cm, usually involving the
caudal lung lobes. Diagnosis can be made by
BAL or faecal analysis (sedimentation recom-
mended and multiple faecal samples may be
required). Treatment involves praziquantel (at
25 mg/kg q8h PO for 3 days) or fenbendazole
(at 25–50 mg/kg q12h PO for 10–14 days).4

Paragonimus westermani is found in South-
east Asia. In cats with heavy natural infec-
tions, there is extensive injury to the lung
parenchyma (atelectasis and fibrosis) and the
pleura (thickening and fibrosis).145 Successful
treatment of a natural infection with prazi-
quantel 100 mg/kg daily for 2 days has been
reported.148

Paragonimus mexicanus, found in Mexico and
Central and South America, causes similar
signs to P kellicotti.145 Paragonimus heterotremus,
found in China, Thailand and Laos, has been
reported to have caused the death of a cat that
had a natural infection with 13 flukes.149

Paragonimus miyazakii occurs naturally in cats
in Japan150 and is reported to cause similar
clinical signs to P westermani.145 Paragonimus
skrjabini occurs naturally in cats in China147

but clinical signs do not appear to have been
described.145 Experimentally cats have also
been infected with many species including 
P uterobilateralis,151 P heterotremus,152 P yunna-
nensis,153 P iloktsuenensis154 and P veocularis.155

Cytauxzoon felis
Cytauxzoon felis, a regionally common, tick-
borne parasite, causes an interstitial pneumo-
nia characterised by neutrophilic infiltrates
and pulmonary oedema. Respiratory distress
is seen in affected cats.156 Prevention via
ectoparasite control and confinement indoors
in the tick season is recommended as treat-
ment attempts have met with limited success
and disease is often fatal.157 Most success in
treatments has been with the carbanilide com-
pounds, diminazene or imidocarb.157

Dirofilaria immitis
Dirofilaria immitis (heartworm) is a cardiovas-
cular parasite that may cause coughing and
dyspnoea in cats due to proliferative and
inflammatory lesions in the pulmonary 
arteries, bronchioles and lung parenchyma
(heartworm associated respiratory disease).158

Ante-mortem diagnosis is difficult due to the
low number of adult worms generally present
in cats. Heartworm antigen and microfilaria
testing has low sensitivity and diagnosis usual-
ly requires a high degree of clinical suspicion,
serology, radiography and echocardiography.

There is an

increasing

number of

reports of

pulmonary

toxoplasmosis

in cats that

have been

treated with

ciclosporin.
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Fungal LRTIs 

Fungal causes of feline LRTIs include
Cryptococcus species, Histoplasma capsulatum,
Sporothrix schenkii, Aspergillus species, Mucor
species, Candida species, Coccidioides immitis,
Blastomyces dermatitidis, Ochroconis gallopavum,
Paecilomyces lilacinus and Cladophialophora 
bantiana.1–4,159–165 Siamese and Abyssinian cats
appear to have an increased prevalence of
cryptococcosis161,165 and, possibly, histo -
plasmosis.160 Siamese cats also featured
prominently in an early description of blasto-
mycosis cases.160 Abyssinian and Havana
brown cats have been reported to be over -
represented for blastomycosis.161

Ante-mortem clinical diagnosis of fungal
LRTIs usually involves thoracic radiographs,
cytology and culture. Careful cytology is
required to demonstrate organisms within
macrophages. Pulmonary FNA cytology is
often required and fungal culture increases
the likelihood of organism identification.
Detection of capsular antigen in serum by the
latex agglutination procedure is a sensitive
diagnostic test for cryptococcosis. The test,
however, is rarely included as a screening test
for LRTIs and is more usually performed after
diagnosis, in order to monitor treatment. 

Cryptococcus species
No cases of cryptococcal pneumonia were
identified in the Swiss LRTI study.2 In the
Australian study,3 cryptococcal LRTI was only
identified in a single FIV-positive cat which
had the hallmarks of AIDS-like disease:
opportunistic infections and, terminally, neo-
plasia.119 However, in the American study,
5/39 LRTI cases had a diagnosis of cryptococ-
cal pneumonia.1

The lungs are considered the primary site 
of infection for cryptococcosis in humans.
Pulmonary cryptococcal infections have been
reported to be quite rare in cats,166 although
29% of cases reviewed in one study of crypto-
coccosis had thoracic radiographic abnormali-
ties and 38% had pulmonary lesions at
necropsy.161 Pulmonary involvement in one
cat was identified only by BAL (thoracic 
radiographs were normal).7 It is possible that
pulmonary cryptococcosis may be underesti-
mated if BAL or lung histopathology is not
performed.

Itraconazole has been used successfully for
the treatment of pulmonary cryptococcosis,119

but monitoring of antigen titres is essential to
document disease resolution as with other
manifestations of feline cryptococcosis. 

Other fungi
Blastomycosis and coccidiomycosis rarely
cause respiratory disease in cats.4,159 Cats,

however, are very susceptible to histoplasmo-
sis, most cats presenting with disseminated
disease.167 Signs are usually non-specific167 but
38–93% of cats have been reported to have 
respiratory tract signs.159 While coughing is
uncommon, over half of affected cats have
dyspnoea, tachypnoea and abnormal lung
sounds.167 Itraconazole is the treatment of
choice for histoplasmosis.159,167

Viral LRTIs

Obtaining an ante-mortem diagnosis of viral
pneumonia is rare in clinical practice as
histopathology and specific viral tests are
required. 

Feline calicivirus
Feline calicivirus is usually only reported to
cause interstitial pneumonia in cats under
experimental conditions.53 However, out-
breaks of naturally occurring pneumonia have
also occurred.58,168 In one such outbreak, six
kittens died and another six kittens, all with
URT signs, were euthanased. The six
euthanased kittens had histopathological evi-
dence of pneumonia: multifocal interstitial
pneumonia in five and bronchopneumonia in
one that had concurrent B bronchiseptica infec-
tion.58 Bronchointerstitial pneumonia can also
occur with virulent systemic FCV infections.169

Feline herpesvirus
Feline herpesvirus is a rare cause of pneumo-
nia1,53 and is usually reported in kittens or
debilitated animals.1,2,53,170 However, a recent
retrospective study on FHV-induced pneumo-
nia demonstrated fatal fibrinonecrotising pneu-
monia and severe necrosis of the bronchial and
bronchiolar epithelium in four young adult and
mature adult cats, none of which had concur-
rent disease identified or recorded; three were
from shelters but one was from a private house-
hold or breeding cattery (combined category
for the study).5 The two oldest cats (aged 3 and
8 years), one from a shelter and one from a 
private household/breeding cattery, had 
sudden death as their only history. It may be
that FHV is an underdiagnosed cause of pneu-
monia in older cats as few mature cats with
sudden death have post-mortem histopatholo-
gy performed.

Treatment with specific antiherpetic viral
medication could be considered if LRTI due 
to FHV was suspected. Famciclovir (62.5 mg
q12h to 125 mg q8h PO) has recently been
associated with improvement in some adult
cats with FHV-related disease,171 but there are
no reports of its use in LRTI due to FHV.
Adjunctive therapies with lysine (250 mg
q12h PO) and interferon alpha may also be
worth considering.

Clinical

diagnosis of

fungal LRTIs

usually involves

thoracic

radiographs,

cytology and

culture.
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Cowpox
Cowpox virus infection in cats is rare and 
usually leads to cutaneous lesions.172 Until
recently, cases of pulmonary infection and
pneumonia have been associated with fatali-
ty.173–175 Johnson et al, however, recently
described a cat that recovered from a necrotis-
ing bronchopneumonia in which both cowpox
virus and FHV were confirmed using
histopathology, scanning electron microscopy
and isolation of poxvirus from skin lesions.172

Such investigations would be rare on live cats
so it is possible that resolving pneumonia due
to cowpox may have been underreported. 

Consolidated lung lobes with mild pleural
effusion would appear to be a radiographic
feature and should prompt consideration of
this disease in regions in which this infection
is known to occur.172 Cowpox is zoonotic 
and transmission to a human has occurred 
in at least one instance of feline cowpox 
pneumonia.175

Avian influenza virus A (H5N1)
Avian influenza virus A (H5N1) was reported
to have caused the death of 14 cats in a house-

hold in Thailand,176 and also caused lethal
bronchointerstitial pneumonia in three cats
with concurrent A abstrusus infection in
Germany.177 Outdoor cats in contact with wild
birds infected with avian influenza are at risk
of lethal infection. Detailed articles on feline
infection, prevention and management have
been published.178,179

Swine-origin influenza A virus (H1N1)
Swine-origin influenza has also been reported
in cats.180,181 Two cats from Oregon died with
moderate to severe necrotising bronchointer-
stitial pneumonia after H1N1 infections.180 The
cats lived in separate households, 99 km apart.
Humans in both households were assumed or
proven to be infected with H1N1. One of the
households had five additional cats, four of
which had signs of respiratory disease but
recovered (one was negative for H1N1 on a
nasal swab) and one of which was unaffected.
Transmission of pandemic 2009 (H1N1)
influenza virus from human to cat was also
recently implicated in the case of an indoor
domestic cat that recovered from clinical dis-
ease.181 Polymerase chain reaction testing on a

Treatment of LRTIs – some general considerations

Perform appropriate diagnostics

Due to the diversity of causes of feline LRTIs, empirical therapy in cats with signs of lower respiratory tract disease is not

recommended and appropriate cytology, parasitology and microbiology should be performed in all cases.

Consider the drug characteristics

When treating bacterial LRTIs it is important to consider not only the organism, but also the drug characteristics.

Although most antimicrobials are able to attain concentrations in the lung parenchyma comparable with drug concen-

trations in the serum, concentrations in the airways and bronchial secretions may be significantly lower. Beta-lactams

are hydrophilic and are poorly distributed in respiratory secretions and phagocytic cells.60 Aminglycosides are inactivat-

ed in inflammatory environments after penetration into bronchial secretions and have a low degree of lipid solubility.60

Thus, neither class is recommended for treating bronchial infections such as B bronchiseptica. Fluoroquinolones

achieve high levels of distribution in respiratory tissues and intracellularly, as do the macrolides and chloramphenicol.

Metronidazole also achieves a high distribution into bronchial secretions. Tetracyclines are lipophilic and tend to cross

the blood–bronchus barrier reasonably well, especially doxycycline.60

Provide supportive therapy if required

Supportive therapy may be required. Intravenous fluids may aid in maintaining euvolaemia and airway hydration.86,187

Caution must be exercised with high volume fluids in cases of severe pneumonia as the blood–alveolar barrier may be

compromised.187 Oxygen supplementation should be provided if the SpO
2

is less than 94% or if the PaO
2

is less than

80 mmHg. Methods of administering oxygen include oxygen cages, nasal catheters and flow-by delivery.187 Severe

hypoxaemia may require mechanical ventilation. Use of bronchodilators such as inhaled salbutamol, oral or parenteral

terbutaline or oral theophylline is controversial,187 but bronchodilation does seem helpful in some cases of feline LRTI.3

Lung lobectomy

Lung lobectomy is occasionally indicated for treatment when pneumonia fails to resolve with

appropriate antimicrobial therapy.86,98 Residual infection in a single lobe may be related to an

underlying physical problem such as a bronchial foreign body, abscess or tumour.86
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