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ABSTRACT

Background: Otitis externa in dogs is one of the most common diseases in veterinary dermatological care,
characterized by inflammation of the epithelium of the external auditory canal, increased production of ceru-
men, itching, and pain. Bacteria and yeasts are often the causative agents. Laboratory diagnosis is essential
for accurate identification of the infection. Bacterial multidrug resistance, including the mecA gene, has been
described, but few studies have focused on dogs. The aim of this study was to isolate, identify, characterize,
and diagnose bacterial resistance in otitis externa of dogs (Canis lupus familiaris) in a municipal shelter in the
northwest region of the state of Parand, Brazil.

Materials, Methods & Results: One hundred swab samples were collected from the external auditory canal of 50
dogs (50 females and 50 males, both neutered). The samples were isolated and identified through macroscopic,
microscopic, and biochemical tests. The samples were subjected to the disk diffusion test to evaluate antibacte-
rial resistance and molecular identification of Staphylococcus aureus and detection of the mecA gene. Of the
100 samples, 90% (90 samples) showed Gram-positive bacteria, and 10% (10 samples) showed Gram-negative
bacilli. Furthermore, 51% of the samples presented Malassezia pachydermatis on cytology. For enterobacteria,
the highest prevalence was for Obesumbacterium proteus (3%) and Kluyvera species (2%). In molecular diag-
nosis, 48% of Staphylococcus aureus isolates were positive for the mecA gene. The highest resistance rate was
for Metronidazole (99%), Enrofloxacin (85%), Tetracycline (72%), and Ceftriaxone (42%).

Discussion: The results of this study indicate that otitis externa in dogs is frequently associated with bacterial
and fungal infections, particularly Staphylococcus aureus and Malassezia pachydermatis. The high antimicro-
bial resistance observed, especially resistance to Metronidazole (99%), Enrofloxacin (85%), and Tetracycline
(72%), and the presence of the mecA gene in Staphylococcus aureus and coagulase-negative Staphylococcus
spp., are worrying and indicate an increase in resistance in shelter environments. These findings highlight the
importance of accurate diagnosis and the rational use of antibiotics to prevent the development of chronic and
antibiotic-resistant infections. The study underscores the importance of rigorous monitoring and more effective
treatment protocols to manage antimicrobial resistance in shelter dogs.
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INTRODUCTION

The external auditory canal is lined by epi-
thelial cells, compatible with the skin's epidermal
tissue, with the presence of hair follicles, sebaceous
glands, ceruminous glands, and is constituted by
the skin microbiota [7]. Otitis externa may present
with an abnormal increase in cerumen production,
obstruction of the physiological airflow of the ex-
ternal auditory canal, changes in microbiota and/or
iatrogenic irritations related to the animal's owner
using ear hygiene products as cotton tips inserted
into the auditory canal that lead to inflammation
[21,26,33].

Factors capable of triggering an inflammatory
response in the skin barrier include atopic dermatitis,
hypersensitivity to food proteins, immunosuppres-
sive diseases and high humidity in the ear canal due
to changes that impede the physiological function of
cleaning the ear canal, predispose individuals to the
occurrence of otitis externa [7,19,29,30].

Antibiotic resistance is considered a global
public health problem [6]. In recent years, microor-
ganisms resistant to beta-lactam antibacterials such
as amoxicillin, cephalexin and ceftriaxone have been
increasing considerably as they are one of the first-
choice drugs in dermatological treatments [5,34,36].

Clarification and understanding of predispos-
ing factors, prevention, and therapeutic conduct are
important for better adherence to care by pet owners,
aiming to improve the well-being of affected dogs. For
this reason, the objective of this work was to isolate,
identify, characterize, and diagnose bacterial resistance
in otitis externa in dogs (Canis lupus familiaris) from
a municipal shelter in a city in the northwest region of
the state of Parand, Brazil.

MATERIALS AND METHODS

Animals

One hundred swabs were collected from the
auditory canal of dogs (Canis lupus familiaris), all
neutered, 50 males and 50 females, diagnosed with
otitis externa. These dogs came from a municipal
shelter affiliated with the government of a city in the
northwest region of the state of Parand, Brazil. These
dogs were rescued by the environmental police, city
hall, and/or the population and sent to the municipal
shelter, where they remain until adoption.

Diagnosis of otitis externa

The diagnosis of otitis externa was made
through individual clinical analysis of the animals,
which included the presence of erythema, pruritus,
skin lignification, odor, and scaling of the auditory
canal, without distinction of breed or age. Otoscopy
and otologic cytology were used for a conclusive
diagnosis. Microscope slides were evaluated for the
detection of microorganisms and desquamation of
the external auditory canal wall of dogs [10]. Cy-
tology samples were collected using a sterile swab!
(ABSORVE?®), transferring the material by smear
to an individual microscope slide for each sample,
to obtain a thin layer of ear secretion for analysis.
The staining used was Romanowsky!' (Panético®),
according to the manufacturer's instructions. The
slides were viewed under a microscope with 40x and
100x objective lenses for the diagnosis of Malassezia
pachydermatis.

Bacterial isolation

To perform bacterial isolations, samples were
collected with a sterile transport swab' and imme-
diately sent to the Preventive Veterinary Medicine
Laboratory of the Universidade Paranaense (UNIPAR).
The samples were introduced individually into tubes
containing 3 mL of Brain Heart Infusion (BHI) medium
and incubated at 37°C for 24 h. After this period, the
cultures obtained were streaked onto plates containing
Blood Agar and incubated at 37°C for 24 h to isolate
Gram-positive and Gram-negative bacteria. Colonies
on each plate were isolated and picked in BHI medium,
incubated at 37°C for 24 h, and stored in BHI with 10%
glycerol at -20°C.

Bacterial identification

Each isolate was subjected to analysis of
macroscopic and microscopic characteristics, Gram
staining, and specific biochemical tests to define the
bacterial genus. The identification of bacteria belong-
ing to the Enterobacteriaceae family was performed
using a set of biochemical tests from the “Kit for
Enterobacteriaceae” (NewProv®).

Antimicrobial susceptibility testing

Antibacterial tests were performed using agar
disc diffusion methodology, according to the criteria
established by the Veterinary Microbiology Laboratory
Standards [12]. Isolated colonies were plated on BHI
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medium for overnight growth. The bacterial inoculum
was standardized according to the 0.5 McFarland scale,
and the bacterial suspension was inoculated onto plates
containing Mueller-Hinton agar using a swab. The
antibacterial-impregnated discs were placed on the
plates and incubated at 37°C for 24 h.

The antibiotics tested were those most com-
monly used in clinical practice at the municipal shelter:
amoxicillin + clavulanic acid (30 pg), cephalothin (30
ug), ceftriaxone (30 pg), cefotaxime (30 pg), cefoxitin
(30 pg), ceftiofur (30 pg), chloramphenicol (30 pg),
doxycycline (30 pg), enrofloxacin (5 ug), gentamicin
(10 pg), metronidazole (4 pug), meropenem (10 pg),
and tetracycline (30 ug).

The double-disc synergy test was performed
by placing the discs containing cefotaxime (30 ug),
ceftazidime (30 pg), ceftriaxone (30 pg), and aztreonam
(30 pg) 20 mm away from a disc containing amoxicillin
+ clavulanate (30 pg). Any increase or distortion in the
zone of inhibition of one of the antimicrobials towards
the amoxicillin + clavulanic acid disk was considered
suggestive of Extended Spectrum Beta-Lactamase
(ESBL) production [1].

Molecular identification of Staphylococcus aureus

For identification of Staphylococcus aureus
samples, DNA from CoPS samples was extracted using
the Purelink™ Genomic DNA Kit? [Invitrogen™], ac-
cording to the manufacturer's instructions. Polymerase
chain reaction (PCR) was performed using primers
Sa442-1 (5'-AAT CTTTGT CGGTAC ACGATATTC
TTC ACG-3'; positions 5-34) and Sa442-2 (5'-CGT
AAT GAG ATT TCA GTA GAT AAT ACA ACA-3';
positions 83-112) [20]. Samples were visualized by
electrophoresis on a 2% agarose gel stained [GelRed®]*
and detected as a single 241 bp band.

mecA gene detection

The DNA of all isolates positive for Staphylo-
coccus aureus and coagulase-negative Staphylococcus
spp. was subjected to mecA gene screening. Deoxyri-
bonucleic acid (DNA) was extracted for PCR using
primers mecAl (AAAATCGATGGTAAAGGTTGG)
and mecA2 (AGTTCTGCAGTACCGGATTTG) at 5
UM [24]. Coagulase-negative Staphylococcus aureus
and Staphylococcus spp. samples were visualized by
electrophoresis on a 2% agarose gel stained [GelRed®]*
and detected as a single 533-bp band.

RESULTS

In the auditory canal cytology, 51 (51%) sam-
ples presented Malassezia pachydermatis: 22 (22%) in
males and 29 (29%) in females, with external auditory
canal desquamation in all samples analyzed.

It was possible to isolate 100 bacteria, with
individual isolation for 50 (50%) male dogs and 50
(50%) bitches. In 90 samples (90%), Gram-positive
bacteria were isolated, and in 10 (10%), Gram-
negative bacilli.

For Gram-positive samples, 8 (8%) were cata-
lase negative, being 1 castrated male and 7 castrated
bitches, and 50 (50%) samples were coagulase-positive
cocci, being 22 castrated males and 28 castrated bitch-
es, and 32 (32%) for coagulase-negative cocci, being
21 castrated males and 11 castrated bitches.

The highest resistance index identified for all
isolates was for Metronidazole (99%), Enrofloxacin
(85%), Tetracycline (72%), and Ceftriaxone (42%)
[Table 2].

In the molecular diagnosis, of the 50 coagu-
lase-positive Staphylococcus isolates, 24 (48%) were
identified as Staphylococcus aureus, and among these
samples, 2 (4%) were positive for the mecA resistance
gene (Table 3).

Of the coagulase-negative Staphylococcus spp.
samples subjected to PCR, 17 (5§3.12%) were identi-
fied as containing the mecA resistance gene (Table 4).

Among the 100 samples isolated from dogs, 10
(10%) were positive for enterobacteria, and the highest
prevalence was for 3 Obesumbacterium proteus (3%)
and 2 Kluyvera spp. (2%).

Related to bacterial resistance of enterobac-
teria, 2 (0.2%) samples showed higher resistance
rates for Proteus mirabilis (92%) antibacterials
(12/13) tested, being sensitive only to Amoxicil-
lin + Clavulanate, and Obesumbacterium proteus
was also resistant to (92%) of the antibacterials
(12/13) tested, being sensitive only to Cefoxitin
(Table 5). The presence of antibacterial resistance
to Meropenem stood out in 4 (40%) isolates of
enterobacteria, namely Escherichia coli, Proteus
mirabilis, Obesumbacterium proteus, and Serratia
marcescens (Table 5).

Of the 10 samples isolated for enterobacteria,
1 (0.1%) was positive for ESBL, showing distortion in
the inhibition zone for Ceftriaxone towards Amoxicil-
lin + Clavulanate.
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Table 1. Enterobacteriaceae isolated in ear canal samples from neutered dogs diagnosed with otitis externa residing in a
municipal shelter in a city in the northwest region of the state of Parand, Brazil, 2022.

Sample Microorganisms Ne %
34 Cedecea sp. 1/100 1.0%
84 Escherichia coli 1/100 1.0%
42 Obesumbacterium proteus 1/100 1.0%
43 Obesumbacterium proteus 1/100 1.0%
62 Obesumbacterium proteus 1/100 1.0%
65 Proteus mirabilis 1/100 1.0%
38 Serratia marcescens 1/100 1.0%
57 Kluyvera sp. 1/100 1.0%
60 Kluyvera sp. 1/100 1.0%
61 Yersinia pestis 1/100 1.0%

TOTAL 10

Table 2. Bacterial resistance profile of isolates from samples collected from the ear canal of neutered dogs diagnosed with
otitis externa residing in a municipal shelter in a city in the northwest region of the state of Parand, Brazil, 2022.

Antibiotics Males % Females %
Amoxicillin + Clavulanate 17/50 34% 18/50 36%
Cephalothin 7/50 14% 25/50 50%
Ceftriaxone 21/50 42% 29/50 58%
Cefotaxime 18/50 36% 24/50 48%
Cefoxitin 17/50 34% 22/50 44%
Ceftiofur 16/50 32% 18/50 36%
Chloramphenicol 17/50 34% 17/50 34%
Doxycycline 20/50 40% 19/50 38%
Enrofloxacin 41/50 82% 44/50 88%
Gentamicin 21/50 42% 27/50 54%
Metronidazole 49/50 98% 50/50 100%
Meropenem 14/50 28% 17/50 34%
Tetracycline 36/50 72% 36/50 72%
TOTAL 294 346
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Table 3. Bacterial resistance profile of Staphylococcus aureus isolates and presence of the mecA gene in samples collected from the ear canal of neutered
dogs diagnosed with otitis externa residing in a municipal shelter in a city in the northwest region of the state of Parand, Brazil, 2022.

Antibiotics and Resistance ncq}:::
Sample Number Gender
AMC  CFL CRO CTX CFO CTF CLO DOX ENO GEN MTZ MER TET

1 1 Female R S S S S S S S R S R S R N
3 2 Female S S S S S S S S R S R S S N
4 3 Female S R R R R R S S R S R S S N
8 4 Female S S S S R S S S R S R S S N
9 5 Female N R N S N S R R R R R S N N
36 6 Female S S S S S S R S R R R S R N
44 7 Female R R R R R R S R R R R R R N
47 8 Female S S S S S S R S R R R S R N
66 9 Female S R R S N S N N R R R R R P
72 10 Female S S S S S S S S S S R S R P
77 11 Female S S S N N S S S R R R S R N
79 12 Male S S R S S S S R R S R S R N
10 13 Male S R S R R R R R R R R S R N
15 14 Male R S R S S S R R R S R R R N
23 15 Male S S S S S S S S R S R S R N
24 16 Male S R R R R R S R R R R R R N
31 17 Male S S S S S S S S S S R S R N
32 18 Male S S S S S S S S R S R S S N
35 19 Male S S S S S S R S R S R S R N
45 20 Male S R R R S S S S R R R S R N
53 21 Male S S S S S S S S R S R S S N
56 22 Male S S R S R S S S R R R S R N
78 23 Male S S R S S S S S R R R S R N
93 24 Female S S R R S R S S R S R S R N

R: Resistant; S: Susceptible; P: Positive; N: Negative. AMC- Amoxicillin + Clavulanate; CFL - Cephalothin; CRO - Ceftriaxone; CTX - Cefotaxime;
CFO - Cefoxitin; CTF - CEFTIOFUR; CLO - Chloramphenicol; DOX - Doxycycline; ENO - Enrofloxacin; GEN - Gentamicin; MER - Meropenem;
MTZ - Metronidazole; TET - Tetracycline.
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Table 4. Bacterial resistance profile of coagulase-negative Staphylococcus spp. isolates and presence of the mecA gene in samples collected from the ear
canal of neutered dogs diagnosed with otitis externa residing in a municipal shelter in a city in the northwest region of the state of Parand, Brazil, 2022.

Gene

Antibiotics and Resistance
mecA

Sample  Number  Gender

>
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ENO GEN MTZ MER TET

46 1 Female S S S S S S S R S R S R R P
49 2 Female S S S R S S S S R R S R P
63 3 Female R S R R R R R R R R R R R P
69 4 Female R R R R R R S R R R R R R P
70 5 Female R R R R R R S R R R R R R P
81 6 Female R S R R R R R R R R R R R P
87 7 Female S S S R S S S S R R S R R P
90 8 Female R S R R R R R R R R R R R P
93 9 Male S S S R R S R S S R S R R P
94 10 Male S S S S S S S S S S R S R p
98 11 Male R R R R R R R R R R R R R P
929 12 Male S S S R S S S R R R R S R P
100 13 Male R S R R R R R S R R R R R P
13 14 Male S S S S S S S S S S S S R P
39 15 Male R R R R R R R R R R R R R P
67 16 Male R S R R S S S S R R R S R P
76 17 Female R R R R R R R R R R R R R P

R: Resistant; S: Susceptible; P: Positive. AMC- Amoxicillin + Clavulanate; CFL - Cephalothin; CRO - Ceftriaxone; CTX - Cefotaxime; CFO - Cefoxitin;
CTF - CEFTIOFUR; CLO - Chloramphenicol; DOX - Doxycycline; ENO - Enrofloxacin; GEN - Gentamicin; MER - Meropenem; MTZ - Metronidazole;
TET - Tetracycline.

Table 5. Bacterial resistance profile of enterobacteria isolates in samples collected from the ear canal of neutered dogs diagnosed with otitis externa
residing in a municipal shelter in a city in the northwest region of the state of Parand, Brazil, 2022.

Antibiotics and Resistance

Microorganism Sample ~ Number ~ Gender
AMC CFL CRO CTX CFO CTF CLO DOX ENO GEN MTZ MER TET

Escherichia coli 84 1 Female R R R R R S S S R R S R S
Obesumbacierium 2 Female S R s R s s s s s s R s S

proteus
Proteus mirabilis 65 3 Female S R R R R R R R R R R R R
Kluyvera sp. 57 4 Female S R R R R R S S R R R S R
Yersinia pestis 61 5 Female N S N S S N S S S N R N S
Cedecea sp. 34 6 Male S S R S S S R R R S R S R
Obesumbacterium 43 7 Male R R R R S R R R R R R R R

proteus
Obesumbacterium 62 3 Male S S S S S S S S S S R S S

proteus
Kluyvera sp. 60 9 Male S S S S S S S S S S R S R
Serratia 38 10 Female S R R R R R s s R R R R R

marcescens

R: Resistant; S: Susceptible; P: Positive. AMC- Amoxicillin + Clavulanate; CFL - Cephalothin; CRO - Ceftriaxone; CTX - Cefotaxime; CFO - Cefoxitin;
CTF - CEFTIOFUR; CLO - Chloramphenicol; DOX - Doxycycline; ENO - Enrofloxacin; GEN - Gentamicin; MER - Meropenem; MTZ - Metronidazole;
TET - Tetracycline.
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DISCUSSION

In this research, biological samples were col-
lected homogeneously from male (50%) and female
(50%) dogs, both neutered, and 100% of the animals
were diagnosed with otitis externa. Different authors
report a higher rate of otitis externa in female dogs than
in males; however, no consensus defines the existence
of possible risk factors regarding sexual predisposi-
tion, age, or physiological changes for the presence of
otopathies [11,19,38,40]. Another situation that must
be considered is the anatomical differentiation of the
auditory canal of dogs, which varies widely between
breeds, suggesting that breed should be considered as
an important predisposing factor for the presentation
of otitis externa [7]. Although little is reported about
predisposing breeds, studies indicate that breeds such
as Pug, Labrador Retriever, Golden Retriever, Fox
Terrier, Belgian Shepherd, Lhasa Apso, Shih-tzu, and
Rottweiler are susceptible to ear canal infections due
to their auricular anatomy or excessive hair growth in
the region [9].

The cytological examination made it possible
to accurately identify the presence of microorganisms,
confirming the results of the cytological examination,
an important tool for the diagnosis of otitis externa in
dogs [37]. In this research, auditory canal cytology
identified 51 (51%) samples presenting Malassezia
pachydermatis, 22 (22%) in males, and 29 (29%)
in females. This result is similar to a study carried
out in 2023, which analyzed 100 dog samples and
identified Malassezia pachydermatis in 48% of these
samples [39].

Malassezia pachydermatis is a fungus naturally
found on healthy skin, and its uncontrolled growth can
occur due to some alteration in the skin barrier, alter-
ing the skin microbiota, favoring its growth and the
appearance of infections [4]. Samples analyzed from
a Pet Shop in the city of Pimenta Bueno and Cacoal
in Rondonia identified Malassezia pachydermatis dis-
seminated throughout the pet shop environment and on
animal objects, such as side tables, combs, and general
utensils, allowing for possible cross-contamination,
with the possibility of zoonotic potential being re-
ported in the literature [17,22,39]. In this research,
the animals were housed in shared environments with
constant movement of staff, which may favor cross-
contamination in the municipal shelter where the study
dogs were housed.

Regarding the gender of the animals in this re-
search, the difference occurred in the greater detection
of fungi in samples from the external auditory canal
of bitches associated with a coccus or an enterobac-
terium, and with greater identification of antibacterial
resistance. According to a recent study, this situation
can be explained by changes in the animals' environ-
ments that can generate stress, changes in temperature,
pH, humidity levels, imbalance in the skin microbiota,
and the sharing of environments and materials by the
animals may have played an important role in the
dissemination and increase of these microorganisms
[39].

Studies conducted by different researchers
showed greater detection of Gram-positive bacteria
in samples from the ear canal of dogs with otitis ex-
terna compared to Gram-negative bacteria [3]. Skin
characterization studies in dogs demonstrate a greater
predominance of Gram-positive bacteria, present-
ing different species of Staphylococcus spp., mainly
Staphylococcus aureus, both in healthy skin and in
skin with some dermatological disorder [25]. Other
authors have shown that otitis can be associated with
the presence of Staphylococcus spp., Staphylococcus
aureus, Malassezia pachydermatis and Escherichia
coli classified according to its location in the auditory
canal as external, middle, and internal [4,13,35,41]. In
this work, Gram-positive bacteria were isolated from
90 samples (90%) and Gram-negative bacteria from
ten (10%).

Related to the clinical signs of this work, the
most frequent were erythema, localized seborrhea,
unpleasant body odor, and skin lichenification, which
were also identified in dogs through physical evalu-
ation [8]. These clinical signs are possibly due to the
proliferation of bacteria and may begin with mild
itching and progress to head shaking, ear discharge,
and odor.

Researchers obtained the highest number of
isolations for the genus Staphylococcus from samples
from the ear canal of dogs with otitis, both external,
middle, and internal. In Minas Gerais (Brazil) 52.18%
of the samples were identified as Staphylococcus sp.
[38]. In Rio Grande do Norte (Brazil) 40.6% were
isolated as Staphylococcus sp. [23]. The presence of
Staphylococcus in this research was detected in 90%
of the isolated samples, being compatible with those
found in the literature.
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In the state of Sao Paulo (Brazil), ear infec-
tions caused by the genus Staphylococcus spp. were
described in isolation and/or associated with other
microorganisms in 43.3% of cases [27]. Of the samples
isolated and identified in this research as Staphylococ-
cus, these were associated (51%) or not with another
microorganism, such as Malassezia pachydermatis,
which was also identified in cytological microscope
slides in this research.

The mecA gene is frequently found in strains
of methicillin-resistant Staphylococcus aureus
(MRSA), being an important marker in microbiology
for the identification of MRSA, and the presence of
this gene confers resistance to beta-lactam antibiotics,
such as methicillin and penicillin, complicating the
treatment of infections [2]. Samples of coagulase-
negative Staphylococcus spp. that were positive for
the mecA 17 gene (5.44%) were identified. Similar
results were found in 122 samples of bacterial isolates
of Staphylococcus spp. from external otitis in dogs:
14 were positive for the mecA gene, 8 for coagulase-
positive Staphylococcus spp., and 6 for coagulase-
negative [11]. These findings imply a possible health
risk due to the difficulty in treatment, significantly
impacting healthcare costs, since infections resistant
to multiple drugs often require prolonged and com-
plex treatments.

In this study, the number of Staphylococcus
aureus samples positive for the mecA gene presented
similar results for several authors. Five Staphylococ-
cus aureus isolates were positive for the mecA gene
in studies of dog otitis samples among the total of 76
collections performed and identified through PCR [31].
Other similar results were also found in 33 samples
isolated from Staphylococcus aureus of external otitis
in dogs, 4 of which were positive for the mecA gene
[28]. Recent studies indicate an increase in infections
among companion animals by methicillin-resistant
Staphylococcus aureus (MRSA), which may have
implications for public health, as these animals can
become reservoirs for MRSA and potentially trans-
mit it to humans [15]. According to the report of the
Global Antimicrobial Resistance and Use Surveillance
System (GLASS), alarming rates stand out in more
than 120 countries studied, including Brazil, where
35% of Staphylococcus aureus were positive for the
methicillin-resistant mecA gene, making medical treat-
ments difficult [43].

Related to enterobacteria, a study conducted
in dogs reported the presence of Obesumbacterium
proteus in samples collected from the vaginal and
preputial mucosa of castrated dogs, presenting multire-
sistance to more than 5 antimicrobials tested, including
amoxicillin + clavulanate, cephalothin, metronidazole,
enrofloxacin, and others [32]. This result is compat-
ible with those found in this research, with 1 of the
Obesumbacterium proteus samples (1%) being posi-
tive for Extended Spectrum Beta-Lactamase (ESBL).
According to the cutaneous characterization of dogs,
the presence of enteric bacteria may be associated
with exposure to bacteria from the normal microbiota
of the intestines of humans and animals, as well as
from contaminated soil or water, a situation that may
occur in the municipal shelter, where dogs are housed
together. There may be, at some point during the day,
direct exposure to feces from these animals, as well as
contamination of utensils and materials (feeding bowls,
toys, blankets, among others) used by the animals [25].
ESBL-producing bacteria are those that can spread
rapidly in hospital environments, contributing to the
complication of treatments, and are generally associ-
ated with serious infections, which limit therapeutic
alternatives and increase the toxicity of medications
[16]. The use of broad-spectrum antibiotics in the re-
spective municipal shelter to treat diseases can favor
the selection of these bacteria, making them multi-
resistant, putting the health of the animals there, as well
as veterinarians and the environment, at risk.

Another important enterobacteria detected in
this work is Kluyvera spp., described in the literature
as a bacterium naturally found in contaminated soil,
water, sewage, hospital environments, and foods of
animal origin [42]. The presence of this bacterium in
samples of external otitis in dogs may be related to
environmental contamination and poor hygiene in the
animals' housing.

The presence of enterobacteria in the ear canal
is already an indication of otitis externa, according
to a study carried out by the University of Ljubljana,
due to the unusual presence of these microorganisms
among the microbiota [18]. Inadequate manipulation
of the ear canal, such as the insertion of cotton swabs
and chronic topical treatment with antibacterials, anti-
fungals, and anti-inflammatories, can favor the growth
of these bacteria, triggering a pathogenic condition.
These data highlight the importance of microbiologi-
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cal analyses of the external auditory canal of dogs for
bacterial identification.

According to the literature, the identification of
Gram-negative bacteria in the auditory canal of dogs is
uncommon [11,14,27]. Gram-negative bacteria, when
present, tend to be associated with secondary infec-
tions or chronic otitis externa. Research shows that the
low prevalence of these bacteria may be attributed to
factors such as the pH of the ear canal, the presence
of cerumen, and the specific characteristics of the
normal bacterial microbiota in dogs' ears [11,14]. Of
the microorganisms isolated, 10% of the samples were
Gram-negative bacteria in dogs diagnosed with otitis
externa, highlighting the need for better investigation
to understand the presence of these bacteria in samples
from dogs at the municipal shelter.

Safety measures must be analyzed to better
understand ways to prevent, manage, and treat diseases
caused by these multidrug-resistant microorganisms
and reservoirs for MRSA. It is important to highlight
that these microorganisms identified in the municipal
shelter, combined with the number of animals and dif-
ferent species present there, could become an environ-
ment conducive to cross-contamination.

CONCLUSIONS

The present study identified that ear diseases in
dogs at this municipal shelter are associated with bacte-
rial and fungal infections, with a higher prevalence of
Staphylococcus spp. and Malassezia pachydermatis.

The analysis of the collected samples showed
high antimicrobial resistance (100%), with high rates
in all samples for Metronidazole (99%), Enrofloxacin
(85%), Tetracycline (75%), and Ceftriaxone (42%),

demonstrating the urgent need for more effective and
targeted management strategies when treating animals.

The identification of ESBL among entero-
bacteria and Staphylococcus resistance to methicillin
reinforces the importance of performing antimicrobial
sensitivity tests for effective treatment, given the dif-
ficulty in resolving infections caused by these micro-
organisms. The indiscriminate use of broad-spectrum
antibiotics should be avoided to prevent the develop-
ment of resistant strains and ensure the effectiveness
of treatments. Regular monitoring and appropriate
management protocols are crucial to reducing the
incidence of otitis externa and improving the hearing
health of dogs in shelters.
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