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Otitis externa (OE) is defined as an acute or chronic 
inflammation of the epithelium of the external ear 
(15). The disease is more frequent in dogs than in 
cats. Although OE is not a life-threatening disease, it 
can be frustrating for both the patient and the owner, 
because of the risk of zoonotic infection and antibiotic 
resistance development (1, 15). The external ear canal 
is similar in structure to the interfollicular epidermis 
of the skin. It is a stratified cornifying epithelium with 
adnexal organs, such as hair follicles and their associ-
ated sebaceous and ceruminous glands. Therefore, 
any disease that affects the skin can also affect the 
external ear canals. The predisposing factors for OE 
are ear conformation, excessive moisture, obstructive 
ear disease, systemic disease and treatment effects (11).

The most recent classification for the aetiology of 
otitis externa has been proposed by Griffin (4). In 
this system, the aetiology of otitis externa can be di-
vided into primary and secondary causes, which are, 

respectively, diseases or infections that directly cause 
inflammation in the ear, and perpetuating or predispos-
ing factors that contribute to ear disease. The latter 
do not cause ear disease in their own right, but may 
prevent resolution of the disease and lead to recur-
rence if they are not dealt with adequately. Significant 
primary causes of otitis externa are allergy, endocrine 
dysfunction, autoimmune/immune-mediated disorders, 
keratinisation disorders, ectoparasites, foreign bodies 
and idiopathic causes. Significant secondary causes 
of otitis externa are acute bacterial disease, chronic 
bacterial disease and yeast infection (11).

A number of predisposing factors have been identi-
fied, such as high humidity, foreign bodies in the ear 
canal, obstructive diseases, immunosuppression, hair 
in the ear canal, hair on the concave ear surface, and 
pendulous ears. Other causes include progressive path-
ological alterations and opportunistic infection by the 
normal ear canal microflora, which consists of coagu-
lase-positive and coagulase-negative Staphylococcus 
spp., Proteus mirabilis (P. mirabilis), Escherichia coli 
(E. coli), Pseudomonas aeruginosa (P. aeruginosa), 
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etc. It should be remembered, however, that bacteria 
and yeasts are opportunists and not primary pathogens 
that cause only otitis externa, and they can find favour-
able conditions for growth provided that another cause 
is present (13). The condition may progress to otitis 
media, which serves as a source of infectious agents, 
resulting in chronic hyperplastic changes and obstruc-
tion of the ear canal (6).

It is well known that microbial drug resistance is 
a growing global problem. In developing countries, 
this problem is particularly acute due to the misuse of 
antibiotics and inadequate antibiotics. Antibiotics are 
used to treat infections, but most organisms acquire 
resistance. Reports of the continuous emergence of re-
sistant pathogens and the changing pattern of antibiotic 
effectiveness in the treatment of OE necessitated this 
study. Therefore, antibiotic susceptibility tests were 
performed to evaluate treatments for chronic OE.

The aim of this study was to provide updated in-
formation on the bacterial and fungal flora involved 
in canine otitis externa and on the antimicrobial sus-
ceptibility patterns of some antibiotics that are most 
commonly used for the treatment of this disease.

Material and methods
Samples. A total of 277 dogs with otitis externa were 

used in this study. These dogs did not get antibiotic treat-
ment before the ear swabs were obtained. The ear swabs 
were collected from the horizontal portion of the external 
ear canal with swabs that were placed in Stuart’s transport 
medium and sent to the laboratory of the Microbiology 
Department at the Faculty of Veterinary Medicine at Uludag 
University within 18 hours of collection.

Bacteriological examinations. Ear swab samples 
were inoculated onto sheep blood agar (Columbia agar 
with 5% sheep blood) and 
MacConkey agar (Oxoid, 
cat. no. CM0007R, UK) 
plates. Mycological tests 
included aerobic cultiva-
tion of the samples on 
Sabouraud Dextrose Agar 
(SDA) (Oxoid, cat. no. 
CM0041B, UK) for 4-14 
days at 25°C and 37°C. 
Plates were incubated 
at 37°C under aerobic 
conditions and exam-
ined daily for 5 days for 
the presence of bacte-
rial growth. The isolated 
bacteria were identified 
on the basis of their cul-
tural, morphological, and 
biochemical characteris-
tics (14). A species was 
regarded as significant 
in causing the condition 
if there was a substantial 
growth of the species in 

a  mixed culture or a  moderate growth of the species in 
a pure culture (Clinical and Laboratory Standards Institute 
(CLSI) (3). Fungal species were identified by various meth-
ods, such as assessment of colony morphology, texture and 
surface pigmentation, microscopic examination and culture 
(on chrome agar). Gram staining was performed for the 
identification of yeasts and yeast-like fungi.

Antibiotic sensitivity test. The response of the isolates 
to antimicrobial drugs was tested by the disk agar diffusion 
method according to the CLSI guidelines (3). The 10 anti-
microbial agents tested and their respective concentrations 
were as follows: amoxicillin-clavulanic acid (30 µg), genta-
mycin (120 µg), ampicillin/cloxacillin (25 µg), tobramycin 
(10 µg), amikacin (30 µg), enrofloxacin (5 µg), chloram-
phenicol (30 µg), doxycycline (30 µg), lincomycin/spectino-
mycin (9/100 µg), and polymyxin B (10 µg). The reference 
bacterial strains E. coli (ATCC 25922) and Staphylococcus 
aureus (S. aureus) (ATCC 25923) were used as quality 
control strains according to the CLSI recommendations.

Results and discussion
Bacteriological examination. The distribution of 

the microbial agents involved in co-infections (100 
cases) in dogs with bacterial otitis externa by species 
is summarized in Table 1. A total of 413 agents were 
isolated from 277 ear swab samples; 52.7% of the 
cases were mono-infections (146 cases), and 37.1% 
of the cases were poly-infections (103 cases). In 
10.1% (28) of the cases, neither bacteria nor yeasts 
were isolated. At least two species were isolated from 
103 samples: 76 samples had 2 microbial species, 
24 had 3 species, and 3 had 5 species (Tab. 1). The 
most frequent microbial species involved in poly-
infections were coagulase-positive Staphylococcus 
spp., β-haemolytic Streptococcus spp. (16/277, 5.7%), 

Tab. 1. Distribution of microbial agents by species involved in co-infections (100 cases) in dogs 
with bacterial otitis externa

Bacterial/yeast associations Number and 
frequency (%)

2 Species

Coagulase-positive Staphylococcus spp.

β-haemolytic Streptococcus spp. 16 (5.7%)

Pseudomonas aeruginosa 13 (4.6%)

Escherichia coli   9 (3.2%)

Corynebacterium spp.   7 (2.5%)

Pseudomonas aeruginosa
Escherichia coli   7 (2.5%)

β-haemolytic Streptococcus spp. 12 (4.3%)

β-haemolytic Streptococcus spp.
Escherichia coli   9 (3.2%)

Corynebacterium spp.   6 (2.1%)

Acinetobacter calcoaceticus
Escherichia coli   5 (1.8%)

Proteus mirabilis   4 (1.4%)

3 species

Coagulase positive Staphylococcus spp.
Proteus mirabilis/Escherichia coli   4 (1.4%)

β-haemolytic Streptococcus spp./Pseudomonas aeruginosa   3 (1%)

β-haemolytic Streptococcus spp. Corynebacterium spp./Acinetobacter calcoaceticus   3 (1%)

Pseudomonas aeruginosa Proteus mirabilis/β-haemolytic Streptococcus spp.   2 (0.7%)
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P. aeruginosa (13/277, 4.6%), E. coli (9/277, 3.2%) and 
Corynebacterium spp. (7/277, 2.5%). Other species 
involved in co-infections are listed in Table 1. Although 
3 samples were positive for 5 microbial species, these 3 
samples were most probably contaminated with normal 
microflora or environmental microorganisms.

Coagulase-positive Staphylococcus spp. were the 
most frequently isolated bacteria, found in 90 (21.8%) 
of the samples. Fifty-eight samples (14%) were positive 
for S. aureus, 51 (12.3%) for P. aeruginosa, 27 (6.5%) 
for P. mirabilis, 27 (6.5%) for Malassezia pachyderma-
tis (M. pachydermatis), 21 (5%) for Corynebacterium 
spp., 21 (5%) for β-haemolytic Streptococcus spp., 
15 (3.6%) for Staphylococcus pseudointermedius, 12 
(2.9%) for Proteus spp., 12 (2.9%) for E. coli, 9 (2.1%) 
for Acinetobacter calcoaceticus (A. calcoaceticus), 
7 (1.6%) for Trichophyton mentagrophytes, 5 (1.2%) 
for Staphylococcus auricularis, and 46 (11.1%) for dif-
ferent bacteria and yeasts. On top of all this, we isolated 
and identified 5 Flavobacterium spp., 5 Mucor spp., 
4 Alcaligenes spp., 4 Enterobacter spp., 4 Microsporum 
canis, 4 Penicillium spp., 3 Pseudomonas fluorescens, 
3 Branhamella spp., 3 Providencia stuartii, 3 Penicil-
lium spp., 2 Corynebacterium urealyticum, 2 Neisseria 
spp., 2 Enterococcus spp. and 2 Candida spp.

These findings were similar to those in other parts 
of the world, where 21.8% of all microbial isolates 
belonged to the coagulase-positive staphylococci (6, 
7, 10, 12, 13, 15, 18). The presence of Pseudomonas 
spp. and Corynebacterium spp. in dogs often indicates 
a chronic disease. Yeasts are commensal flora in the 
external ear canal of dogs that are predisposed to initial 
opportunistic infection by damp environmental condi-
tions and frequent antimicrobial therapy. For example; 
M. pachydermatis is a  common fungal pathogen of 
otitis externa in dogs; 
this fungus is also com-
mensal in the ear. As 
is common with other 
types of skin infection, 
ear infections usual-
ly occur secondary to 
an underlying cause. 
These underlying fac-
tors can be divided into 
3 categories. In reality, 
bacteria are secondary 
causes of otitis externa 
because infection with 
either yeasts or bacteria 
does not occur in a nor-
mal ear.

Among 257 ear swab 
samples from Bulgarian 
dogs with otitis externa, 
bacterial and yeast spe-
cies were isolated in 
93.77% of cases; the 

mono-infections (109 cases) involved mainly coagu-
lase-positive staphylococci (60 strains), M. pachyder-
matis (97 strains) and P. aeruginosa (42 strains), and 
these organisms were found even more often in poly-
infections (132 cases) (13). A total of 234 unmedicated 
dogs with otitis externa were used. A total of 18 differ-
ent microbial genera (eleven bacterial genera and seven 
fungal genera) were identified. Two microorganisms 
were isolated in 26 cases, and in 84 samples, three or 
more agents were isolated. In addition, no bacterial 
and fungal growth was seen in 48 samples. Sarierler et 
al. (17) studied 81 clinical cases of otitis externa and 
isolated a Staphylococcus sp. (48.6%), a Pseudomonas 
sp. (21.5%), a Proteus sp. (14.95%), E. coli (8.41%) 
and a  Klebsiella sp. (6.54%). Mande et al. (6) ex-
amined 78 dogs with clinical signs of otitis externa, 
and the microbial isolates recovered were S. aureus 
(40/78, 51.3%), Streptococcus and Pseudomonas spp. 
(11/78, 14.1%), Proteus spp. (8/78, 10.2%), E. coli 
(2/78, 2.6%), Corynebacterium spp. (1/78, 1.3%) and 
yeasts (3/78, 3.8%), which were infrequently isolated 
by Murugan et al. (8). Öztürk et al. (10) studied 58 
ear swab samples from 41 dogs with otitis externa. As 
far as mycotic infections are concerned, Kamaljyoti 
et al. (5) evaluated 115 dogs with history and clini-
cal signs of otitis externa and found 22 infections 
with Malassezia, 4 with Aspergillus, 3 with Candida 
and 1 with Cryptococcus. Nardoni et al. (9) collected 
auricular cerumen from 115 cats and 203 dogs and 
isolated M. pachydermatis in pure culture from 28.3% 
of cats and from 87.1% of dogs.

Antibiotic sensitivity test: The response of the bac-
terial isolates to antimicrobial drugs is summarized 
in Table 2. The isolates were resistant to amoxicillin-
clavulanic acid (45%), gentamycin (28%), ampicillin/

Tab. 2. Antibiotic resistance (%) of microbial agents isolated from dogs with bacterial otitis externa

Antibiotics
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Total 

% % % % % % % %

Amoxicillin-clavulanic acid 5 98 28 97 19 38 25 52 45

Gentamycin 22 1 23 50 17 26 26 56 28

Ampicillin/cloxacillin 13 96 100 97 19 100 88 43 69

Tobramycin 23 23 2 65 33 7 4 67 28

Amikacin 11 3 0 76 23 5 9 56 23

Enrofloxacin 27 35 17 100 87 19 23 67 47

Chloramphenicol 37 100 68 97 1 78 7 78 58

Doxycycline 39 100 85 86 34 77 15 86 65

Lincomycin/spectinomycin 63 36 66 89 46 67 8 93 58

Polymyxin B 61 1 65 94 97 87 1 89 62

Total 241 493 454 851 376 504 206 687
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cloxacillin (69%), tobramycin (28%), amikacin (23%), 
enrofloxacin (47%), chloramphenicol (58%), doxy-
cycline (65%), lincomycin/spectinomycin (58%) and 
polymyxin B (62%). The analysis of the strain response 
to antibiotics showed a preserved high resistance to 
tetracyclines (65%), penicillins (57%), quinolones 
(47%), lincosamides (58%) and polypeptides (62%).

Development of antibiotic resistance is of great 
concern. Since the analysis of the strain response to 
antibiotics showed a preserved resistance to tetracy-
clines, penicillins and quinolones, these drugs may not 
be effective in treating bacterial otitis externa in dogs. 
Additionally, a  high sensitivity to aminoglycosides 
was seen.

The susceptibility profiles of the bacteria provide 
evidence for bacterial resistance to many antimicrobial 
agents in the form of multiple drug resistance (MDR). 
This can be clearly seen from the susceptibility pat-
terns of Corynebacterium spp. and A. calcoaceticus, 
as well as other bacteria, in Table 2. The results of our 
study showed the following average resistance values 
for bacteria: Corynebacterium spp. (77.3%), A. calco-
aceticus (62.4%), Proteus spp. (45.8%), P. aeruginosa 
(44.8%), P. mirabilis (41.2%), β-haemolytic Strepto-
coccus spp. (34.1%), coagulase-positive Staphylococ-
cus spp. (21.9%), and E. coli (18.7%). These values 
differ from those obtained in other studies (13, 15, 16), 
and this difference in the susceptibility profiles might 
be due to the different frequency of use of these agents 
in different geographic locations for the treatment of 
ear infections.

In conclusion, the isolation and identification of 
microorganisms are important for the correct diagno-
sis and correct treatment of otitis externa in dogs. The 
bacterial agents most commonly isolated from canine 
otitis externa were coagulase-positive staphylococci. 
It should be remembered, however, that yeasts are 
also frequently involved in the aetiology of ear canal 
inflammations, and further research is required to de-
termine the importance of yeasts in the pathogenesis 
of otitis externa. All data from this study showed that 
further research is required to determine the impor-
tance of antibiotics in the treatment of otitis externa 
in dogs. These results highlight the need to combine 
antimicrobial susceptibility tests with bacterial isola-
tion. In addition, susceptibility data would be useful 
in determining the most suitable approaches/strategies 
for medical management.
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