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Introduction
Feline asthma (FA) and feline chronic bronchitis (CB) 
represent the main chronic lower respiratory diseases in 
cats.1 About 1% of the feline population is affected.1 The 
exact definition of FA and CB is still controversially dis-
cussed.2–5 FA is thought to result from a T-cell-based type 
1 hypersensitivity reaction.6,7 CB has been defined as an 
inflammatory respiratory condition with increased neu-
trophilic content (>7%) in the bronchoalveolar lavage 
fluid (BALF) in the absence of increased eosinophils.8 
The condition is characterised by neutrophilic inflamma-
tion, mucosal oedema, increased mucus production and 
mucosal hypertrophy.9,10 Primary insults, such as trauma, 
toxins or previous infections are thought to play a role in 

the pathogenesis of CB.10–12 In human medicine, inhaled 
noxious agents, such as cigarette smoke, are a major fac-
tor in the development of CB,13 which have been 
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discussed as potential triggers for airway disease in vet-
erinary medicine as well.12,14

To date, still little is known about the population char-
acteristics of affected cats with both diseases. Cats with 
FA were described as young at onset of the disease.3 
Siamese cats were over-represented in some studies 
about feline chronic bronchial diseases.5,15,16 Cats with 
both conditions can be presented with a cough, abnor-
mal respiratory sounds and dyspnoea; however, some 
authors mention severe dyspnoea as a clinical sign more 
common in cats with FA.10,17

In cats with chronic inflammatory bronchial diseases, 
thoracic radiographs typically reveal bronchial or bron-
chointerstitial lung patterns but have been reported as 
normal in up to 23% of patients.16 Peripheral eosino-
philia has been described in about 20% of patients with 
FA,7,18 while erythrocytosis can be seen as a consequence 
of many chronic respiratory diseases resulting from 
hypoxaemia.19

To date, cats with CB have not been well described 
regarding signalment, clinical, laboratory and radio-
graphic abnormalities. It is unknown whether typical 
diagnostic features described in cats with FA are equally 
common in cats with CB.

Therefore, the aim of the study was to investigate 
diagnostic parameters in cats with FA and CB and to 
compare these between both groups to identify potential 
markers for non-invasive clinical differentiation between 
both disease complexes.

Materials and methods
The retrospective study included cats that were pre-
sented to the Clinic of Small Animal Medicine of LMU 
University of Munich, Germany, from 2003 to 2016.

Ethical approval
Owing to the retrospective study design, no approval 
from the ethical review committee was needed. All diag-
nostic tests were performed for clinical use only and 
with pet owner agreement.

Inclusion criteria
Inclusion criteria for cats with FA and CB were clinical 
signs typical for inflammatory bronchial disease, includ-
ing a cough, abnormal pulmonary auscultatory sounds 
or dyspnoea. Dyspnoea was defined as difficult or 
laboured breathing,20 characterised by changes in type of 
respiration (eg, open-mouth breathing) with or without 
increased respiratory rate. Cats with CB had to show 
clinical signs for 3 months or longer, based upon the def-
inition of CB in human medicine.21,22 Pretreatment with 
antibiotics or glucocorticoids within the 3 weeks before 
presentation was an exclusion criterion. Coexisting dis-
eases, for example lungworm infection in outdoor cats 
or cardiac diseases in cats with a heart murmur, were 

investigated with non-invasive tests. Lack of a full diag-
nostic work-up or non-diagnostic BALF cytology also 
led to exclusion. Diagnostic work-up included history, 
physical examination, thoracic radiographs, haematol-
ogy (erythrocytes, differential blood count), Baermann 
faecal examination in outdoor cats, bronchoscopy and 
bronchoalveolar lavage (BAL).

BALF cytology in cats with FA had to show an increased 
proportion of eosinophils (>20%) or a mixed eosinophilic–
neutrophilic inflammatory pattern, with eosinophils 
constituting >20%. BALF cytology in patients with CB 
had to show an increased proportion of mature neutro-
phils (>10%) without cytological evidence of patho-
gens and a negative bacterial culture. Cell counts were 
estimated based on the evaluation of a non-blinded board-
certified clinical pathologist. Cats with a positive PCR 
result for Mycoplasma species were not excluded, because 
the significance of Mycoplasma species as a primary res-
piratory pathogen has not been fully clarified in cats.23

Study population
Patients were selected from the records of 640 cats with 
suspected inflammatory bronchial disease.

Seventy-three cats diagnosed with FA and 24 cats 
with CB met the inclusion criteria.

Diagnostic procedure
To investigate the predominance of specific breeds 
regarding regional bias, the patient groups were retro-
spectively compared with the clinic population for this 
parameter.

Thoracic radiographs were performed and inter-
preted by the veterinarian in charge. Haematology and 
differential white blood cell counts were performed 
using an automated cell counter and were controlled 
manually by a laboratory technician, if values were out-
with the reference interval (RI).

Bacterial cultures were performed at the Institute for 
Infectious Diseases and Zoonoses, LMU University of 
Munich (Germany). Mycoplasma species were detected 
by cultivation on modified Hayflick-Agar or by real-
time PCR (IDEXX Laboratories).

Bronchoscopy and BAL were not performed in a 
standardised fashion: different types of bronchoscopes 
were used and cats were anaesthetised with different 
anaesthetic protocols. BAL was performed endoscop
ically over the working channel in 38 cats, and with a 
blind approach using a sterile catheter inserted into a 
sterile endotracheal tube in 35 cats. In 24 cats the type of 
BAL procedure was not reported. Normally 2–3 aliquots 
of about 3 ml of sterile NaCl were used for the BAL 
procedure.

BALF was immediately centrifuged with a Cytospin 
at 1000 rounds per min for 5 mins. The sediment was 
spread on a slide and stained with a modified Wright 
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stain. For cytology, at least 100 cells were evaluated at 
five different sites on each smear.

Statistical analysis
Statistical evaluation was performed with the software 
RStudio version 1.0.153.

A χ2 test was used for dichotomous data with sample 
sizes >5. Discrete numerical data were evaluated for 
normal distribution by the Shapiro–Wilk test and calcu-
lated by the Wilcoxon rank-sum test with correction for 
continuity. Fisher’s exact test was used for nominal data 
with sample sizes ⩽5. McNemar’s test was used on 
paired nominal data, and unpaired t-test for continuous 
data. The level of significance was set at P <0.05 for all 
comparisons.

Results
Study population
The median age at time of diagnosis was 6.2 years for 
cats with FA (range 1–15 years) and 7.5 years for CB 
patients (range 1–17 years) (P = 0.640).

The group with FA consisted of 22 female cats (20 
spayed), and 51 male cats (37 castrated). The CB group 
included 10 females (five spayed) and 14 male cats (12 
castrated) (P = 0.324).

Breeds included domestic shorthair (DSH; FA 63%/
CB 46%), Siamese (FA 4%/CB 4%), Burmese (FA 3%/CB 
8%), Persian (FA 4%/CB 4%) and other breeds (FA 23%/
CB 34%). In some cats (FA 3%/CB 4%), the breed was 
unknown. During the time of the study, 21,204 cats were 
presented to the Clinic of Small Animal Medicine for 
other reasons. There was neither a significant difference 
in breed distribution between the clinic population (67% 
DSH/33% other breeds) and the patient groups with FA 
(P = 0.832) or CB (P = 0.089) during the observed time, 
nor a difference in breed distribution between the groups 
of FA and CB (P = 0.213).

Most patients were excluded because of pretreatment 
with antibiotics or glucocorticoids (n = 66), bacterial 
infection in neutrophilic BALF (n = 8), lack of a full diag-
nostic work-up, including BAL (n = 514), or concurrent 
conditions that could have been responsible for clinical 
signs (n = 78). Twenty cats were excluded as BALF cytol-
ogy was non-diagnostic (eg, low cellularity, destroyed 
cells, poor quality of the smear).

Clinical signs
The most frequently observed clinical signs in both 
groups were a cough (FA 95%/CB 96%, P = 1), pathologi-
cal respiratory auscultatory sounds (FA 82%/CB 79%,  
P = 0.766) and dyspnoea (FA 73%/CB 79%, P = 0.601). 
Open-mouth breathing (FA 40%/CB 25%, P = 0.228) and 
decreased activity level (FA 21%/CB 18%, P = 0.766) were 
reported in some cats. Seventeen percent of CB and 38% 
of FA patients were presented as emergencies and had to 

be hospitalised and treated at the intensive care unit. 
Nasal discharge was observed significantly more often in 
patients with CB (17%) than in cats with FA (3%) 
(P = 0.031). Other clinical signs that were described 
included sneezing (FA 5%/CB 13%, P = 0.359), restless-
ness (FA 12%/CB 25%, P = 0.191) and vomiting/regurgi-
tation (FA 15%/CB 29%, P = 0.139).

Thoracic radiographs
Thoracic radiographs were not available for review in 
most cases, but written reports were available for most 
cats (FA 69/73, CB 22/24). Radiographic changes were 
documented in 94% of cats with FA and 91% of cats with 
CB (P = 0.629). The predominant lung pattern described 
in most cases was bronchial (FA 62%/CB 41%, P = 0.112) 
or bronchointerstitial (FA 26%/CB 23%, P = 0.916). There 
was no significant difference regarding the presence of 
pathological radiographic findings when both groups 
were compared (P = 0.128).

Laboratory parameters
Increased numbers of blood eosinophilic granulocytes 
above the RI were present in 39.6% of patients with FA  
(n = 21/53) and 27.3% (n = 6/22) of cats with CB  
(P = 0.026) (Figure 1). For the parameters erythrocytes, 
leukocytes, neutrophilic/basophilic granulocytes and 
monocytes no significant differences were detected 
between groups (Table 1). Erythrocytosis was observed 
in 37.0% (n = 27/73) of cats with FA and 29.2% with CB 
(n = 7/24) (P = 0.504).

BALF
Alveolar macrophages could be detected in 48 samples, 
in four FA cats BALF cytology was of poor cellularity, 
but a clear cytological diagnosis was possible. In 29 FA 
cats BALF cytology was mixed dominated eosinophilic 
and partial neutrophilic, 44 were only eosinophilic.

Figure 1  Haematological eosinophil cell count of cats with 
feline asthma and chronic bronchitis. The reference interval  
of eosinophil granulocytes is <0.6 × 109/l
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Bacterial growth was present in 21.9% (n = 16/73) of 
BALF samples in cats with FA. Bacterial species included 
Pasteurella multocida (n = 9), Staphylococcus species (n = 
4), Streptococcus species (n = 3), Chryseobacterium indolo­
genes (n = 1), Bordetella bronchiseptica (n = 1) and Pseudo­
monas species (n = 1). Bacterial culture was negative  
in all samples from cats with CB (exclusion criterion). 
Mycoplasma species were detected in BALF of 5/73 (three 
PCR/three culture, one cat positive in both) cats with FA 
and in 6/24 (four PCR/two culture) cats with CB 
(P = 0.022).

Discussion
Although feline inflammatory bronchial disease is a 
common condition in cats, research so far has focused 
mainly on the diagnostic investigation and treatment of 
FA. The purpose of the present study was to compare 
diagnostic features of cats with a cytological diagnosis of 
CB and FA. The current study did not reveal any specific 
diagnostic parameters that proved to be more helpful in 
discriminating between both diseases, as distinguished 
by airway cytology.

In the present study, most cats were middle-aged 
when presented for a work-up of respiratory signs, 
which matches findings in other studies investigating 
feline bronchial disease.16,24 There was no significant 
difference between both groups for the parameter age, 
and cats were within a wide age range, although the 
median age of patients with CB was 1.5 years older than 
in patients with FA. Age cannot be used to differentiate 
between the conditions, despite it being suggested that 
cats with FA are presented at a younger age,1,10 but small 
patient groups can lead to variations. Furthermore, the 
course of disease in patients with FA is reported to be 
more acute and severe,10 and thus owners might consult 
a veterinarian earlier than owners of cats with CB.

In contrast to other reports, no significant over- 
representation of Siamese or other purebred cats could 
be detected in either disease group compared with the 

clinic population.5,16 It should be considered that regional 
preferences for cat breeds can make it difficult to com-
pare these results with other studies. As in other investi-
gations about feline chronic bronchial disease, no clear 
sex predisposition could be detected.7,15,24,16

The main reason for exclusion was the lack of a full 
diagnostic work-up, most likely linked to the financial or 
anaesthetic concerns of the owners.

In both disease groups, a cough represented the pre-
dominant clinical sign, as described in multiple previous 
studies.5,25 In the present study, only one cat with CB 
showed dyspnoea without a history of cough. However, 
owing to the inclusion criterion of a disease history of at 
least 3 months, there might have been an exclusion of 
other cats with CB showing predominantly dyspnoea 
without cough as a clinical feature. Besides a cough, 
abnormal respiratory auscultatory sounds and dysp-
noea were present in most cases. However, when com-
pared statistically, all three common clinical signs were 
equally represented in both disease groups and therefore 
not helpful in differentiating between these inflamma-
tory conditions. These results are comparable to other 
studies.1,8

Bronchoconstriction, leading to dyspnoea, is thought 
to represent one of the hallmarks in the pathogenicity of 
FA,12,26 and reversible bronchoconstriction has been pro-
posed to discriminate between both conditions by other 
authors.8,12,27 Nonetheless, airway hyperreactivity can be 
a feature of other lower airway disorders and, by itself, is 
not specific for asthma.12 There are probably additional 
factors contributing to dyspnoea in cats with CB. Chronic 
remodelling and thickening of lower airway mucosa, air-
way muscles and epithelium because of local inflamma-
tion and obstruction of airways with mucus has been 
described in both disorders.9,27 It is well known that small 
changes in bronchial diameter can lead to massive air-
flow limitation, and inflammation leads to inappropriate 
airway smooth muscle contraction.27 Therefore, promo-
tive triggers, such as irritants or secondary infections, 

Table 1  Haematological parameters of cats with feline asthma (FA) and chronic bronchitis (CB)

Parameter Number of
patients (FA/CB)

FA CB RI P value

WBCs 73/24 9.97 ± 4.00 11.34 ± 4.90 1–11/ (–18 stress) ×109/l 0.111
Lymphocytes 58/24 1.96 ± 1.92 1.84 ± 1.65 1–6 ×109/l 0.541
Eosinophilic granulocytes 53/22 0.52 ± 0.42 0.29 ± 0.49 <0.6 ×109/l 0.026
Neutrophilic granulocytes 58/22 5.95 ± 3.48 6.29 ± 4.77   3–12 ×109/l 0.395
Basophilic granulocytes 23/12 0.01 ± 0.06 0.02 ± 0.02 <0.04 ×109/l NA
Monocytes 55/21 0.29 ± 0.24 0.46 ± 0.40 <0.5 ×109/l 0.128
RBCs 73/24 9.74 ± 1.25 9.21 ± 1.68   5–10 ×1012/l 0.504

Data are mean ± SD unless otherwise indicated
RI = reference interval; WBCs = white blood cells; RBCs = red blood cells; NA = not available
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might be able to provoke respiratory distress in cats with 
CB as well. Respiratory distress in CB is thought to be less 
common and a rather chronic condition.8,12 Although open-
mouth breathing, indicating severe respiratory distress, 
was seen more commonly in cats with FA than with CB in 
the present study, the difference between groups for this 
parameter was not significant. These findings agree well 
with the findings of Allerton et  al.1 In their study, cats 
with FA were not more likely to suffer from dyspnoea but 
were given a higher dyspnoea score.

Nasal discharge occurred more commonly in cats 
with CB than in patients with FA. A coexisting disease 
complex of FA and allergic rhinitis has been postulated 
for cats with experimentally induced FA,28 but rhinitis 
has not been described in cats with naturally occurring 
CB. Nasal discharge has been observed in cats with FA 
and CB in this study but could have been non-related or 
caused by a secondary bacterial or viral infection. As 
infections, postnasal drip and irritations are discussed as 
predisposing conditions for CB,8,12,29 upper airway infec-
tions are noteworthy.

Cats with FA and CB did not show significant differ-
ences regarding their radiographic abnormalities. 
Bronchial and bronchointerstitial patterns dominated in 
both groups as expected. Radiographs of some patients 
were judged as physiological (FA 6%/CB 9%). In patients 
with feline lower airway diseases it has been described 
that up to 23% of cats present with physiological radio-
graphic images.16 The current study implies that this 
applies to patients with CB as well. Therefore, thoracic 
imaging can neither be used to differentiate between 
both diseases nor to rule out inflammatory bronchial dis-
ease. A study investigating radiographic abnormalities 
in cats with feline bronchial disease demonstrated only 
poor agreement between examiners for interpretation of 
radiographs.30 In the present study, radiographs had 
been judged by the attending clinician at the time of 
presentation and not by a board-certified radiologist. 
The clinician was not blinded, which might have led to 
an overdiagnosis of typical lung pattern and a low num-
ber of physiological results.

CT scans in cats with respiratory diseases have been 
associated with a greater sensitivity regarding typical 
changes than conventional radiography and might there-
fore provide more detailed classification of bronchial  
diseases.4,29 Significantly more cats with FA showed 
increased numbers of eosinophils on haematology com-
pared with cats with CB (Figure 1). Interleukin-5, which 
is released during mast cell degranulation in allergic 
asthma, stimulates eosinopoiesis.31–33 However, most cats 
(60%) with FA were presented with eosinophils within 
the RI in the present study. Previous studies also showed 
no consistent presence of eosinophilia in asthmatic 
cats.1,7,18 Interestingly, a certain proportion of cats with 
CB also showed eosinophilia in the present investigation. 

Eosinophilia can also be present in the course of other 
disease processes, such as lungworm infections, other 
parasites, or allergic skin or intestinal diseases. Therefore, 
peripheral eosinophilia can only provide an indication 
for the presence of FA but cannot be used for differentia-
tion from CB.

Other haematological findings in both groups were 
elevated numbers of erythrocytes, probably a result of 
chronic respiratory distress and hypoxaemia.19 As severe 
or long-term hypoxaemia is necessary to stimulate eryth-
ropoietin production,34 this finding also underlines the 
fact that not only FA, but also CB, can lead to significant 
airflow reduction and oxygen deficit, as already indi-
cated by the high number of cats with a history of 
dyspnoea.

In the present study, FA was defined as airway disease 
with an increased percentage of eosinophils in BALF 
cytology, and CB as a condition with an increased 
percentage of mature neutrophils without evidence of 
bacterial infection (excluding Mycoplasma species). 
Unfortunately, cytology results are not without flaws for 
the diagnosis of FA or CB. Cut-off values for eosinophils 
in BALF vary widely between studies,8,12,35 and even 
healthy cats can have eosinophils up to 28%.36 A previous 
study has shown that the predominating cell type and 
the resulting cytological diagnosis can differ significantly 
between different lung segments in cats with inflamma-
tory airway disease.37 In the study by Ybarra et  al,37 
almost 50% of cats with predominantly eosinophilic 
inflammation in one lung segment had a cytological 
diagnosis of predominantly neutrophilic inflammation in 
a sample from another lung segment. The number of lav-
ages performed on each location can also lead to variant 
cytology results.36 This raises the general question of how 
to differentiate between the chronic bronchial diseases at 
all, as cytology is not always reliable and clinical signs do 
not vary significantly.

In the present study, a significant number of BALF 
samples were taken without visualisation, which is 
described as a method not inferior to bronchoscopic BAL 
regarding cytological value by a recent study.38 The num-
ber of macrophages was not reported for all BALF sam-
ples and detailed information on the procedure (presence 
of surfactant, recovered fluid volumes) were not availa-
ble owing to the retrospective nature of the study. 
Therefore, some deep airway washes instead of true alve-
olar washes might have been included in some cases. 
Samples were pooled for cytology and multi-segment 
BAL could not be ensured in all cases, which might have 
influenced cytology results. Mixed predominantly eosin-
ophilic and partial neutrophilic cells were present in 29 
cats with FA in the present study. This represents a com-
mon finding in FA, as chronic allergic airway inflamma-
tion may attract immigration of neutrophils, leading to 
‘chronic asthmatic bronchitis’.8,12
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Bacterial growth in BALF was defined as an exclusion 
criterion for cats with CB in the present study to ensure 
that no cats with bacterial bronchitis were included. 
However, detection of Mycoplasma species on culture or 
by PCR did not lead to exclusion, because the pathologi-
cal role of this organism in feline bronchial disease is still 
under debate.23,39 Mycoplasma species were significantly 
more frequently detected in BALF of cats with CB than 
in cats with FA. In human medicine, Mycoplasma infec-
tions appear to play a role in exacerbation of asthma and 
chronic bronchitis.40,41 If Mycoplasma organisms poten-
tially act as primary or secondary pathogens that can 
trigger an inflammatory response, or if they just repre-
sent mucosal commensals, is an interesting question for 
future research.

The high percentage of positive bacterial cultures in 
cats with FA highlights the importance of bacterial 
examinations as part of the work-up. These results could 
be explained by secondary bacterial infections, non-
symptomatic bacterial colonisation or oropharyngeal 
contamination of BALF.42

As a retrospective study, this study has limitations, 
such as small patient populations due to strict inclusion 
criteria and the fact that complete data were not availa-
ble for all patients. Disease classification was only based 
on cytology results, which can vary strongly depending 
on method, cut-off values and observer. Radiographs 
were not interpreted by a single blinded radiologist; 
therefore, misinterpretation cannot be ruled out. Because 
of the clinical and retrospective design of the study, 
underlying conditions might not have been fully 
assessed and partial overlap in diseases cannot be 
excluded. Regardless of these aspects, this is the largest 
comparison of FA and CB in cats with naturally occur-
ring inflammatory bronchial disease with a full clinical 
work-up.

Conclusions
Although FA and CB have been seen as distinct diseases 
with different pathogeneses, outcomes and responses to 
treatment,12 no single clinical sign, radiographic finding 
or laboratory parameter can be used to distinguish 
between these conditions. In future studies, immuno-
logical investigations, allergy and lung function testing 
might lead to a more detailed understanding and offer 
new diagnostic options to characterise patients with 
feline lower airway disease.
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