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ABSTRACT

Otitis externa is one of the most common diseases of the canines, defined as an acute or chronic inflammation of the external ear canal.
In the present study, 124 samples were collected, out of which 94 samples were from 75 dogs suffering from otitis externa and 30 from
15 healthy dogs from the regions of Anand and Vadodara districts of Gujarat. Total 129 bacteria comprised of Staphylococcus spp.
(58.40%), Pseudomonas spp. (10.62%), Proteus spp. (10.62%), Streptococcus spp. (7.08%), Corynebacterium spp. (6.19%), E. coli (4.42%),
Klebsiella spp. (1.77%) and Enterobacter spp. (0.88%) were isolated from otitic and healthy ears of dogs based upon colonial, microscopic,
and biochemical characteristics. The bacterial isolates showed least resistance towards tobramycin (1.51%) followed by enrofloxacin
(5.52%), ofloxacin (11.98%), amikacin (15.20), gentamicin (17.07), and amoxycillin clavulanic acid (17.53%), while they showed the highest
resistance towards ampicillin (63.90%). The multidrug resistance was detected in 29.46% (34/129) of the total bacterial isolates. Beta-
lactam resistance genes were detected in E. coli, Klebsiella spp., Enterobacter spp. and Pseudomonas spp.; quinolone resistance genes
were detected in E. coli, and aminoglycoside resistance genes were detected in E. coli, Proteus spp. and Staphylococcus spp.
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INTRODUCTION

titis externa is one among the foremost common

diseases of the canines. Itis defined as an acute or chronic
inflammation of the external ear canal with its prevalence
between 5% to 20% (Fernandez et al., 2006; Kumar et al., 2010;
Bodaetal., 2011). The predisposing causes of otitis externa are
anatomical ear canal stenosis, pendulous ears, haired concave
side of ears, increased humidity, moisture retention, washing,
injury during manipulations, foreign bodies, prolonged
antibiotic treatment, obstructive diseases (neoplasms),
parasites, hypersensitivities, autoimmune diseases, and
keratinization disorders. The bacteria or yeasts associated
with cases of the otitis externa are only opportunists and are
not the primary pathogens (Scott et al., 2001, Rosser, 2004).
The most often isolated bacteria include Staphylococcus
spp., Corynebacterium spp., Streptococcus spp., Pseudomonas
spp., Proteus spp., Escherichia coli, Klebsiella pneumoniae, and
Enterobacter spp. (De Martino et al., 2016; Petrov et al., 2019).
Treatment of otitis externa usually involves antibiotic therapy.
But day by day, due to overuse or misuse of antibiotics,
there is an emergence of antibiotic resistance (AMR). Thus,
detection of antibiotic resistance genes (ARGs) amongst
the bacterial isolates has become a must. The antibiotic
resistance genes cause multiple drug resistance in bacteria.
The present study aimed to determine the prevalence of
otitis externa in dogs, isolate and identify bacterial agents
from infected and healthy ears of dogs, determine in vitro
antibiotic susceptibility pattern of isolates, and detect ARGs
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in the bacterial isolates using polymerase chain reaction
(PCR).

MATERIALS AND METHODS

Collection of Ear Swabs from Otitic and Healthy Dogs

The study was performed from April 2019 to March 2020.
Before sample collection, the ears of dogs were appropriately
cleaned with betadine. Total 124 samples were collected
aseptically using sterile ear swabs. Out of which 94 samples
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were from 75 dogs suffering from otitis externa and 30 from
healthy ones, from both genders, from different breeds, and
from 5 months to 15 years old, all with clinical signs specific
for otitis externa. Dogs were presented with unilateral as well
as bilateral otitis externa.

Microbiological Examination

The identification of bacterial isolates was made as per the
method described by Markey et al. (2013). For bacteriological
culture examination, ear swab samples were processed in
aseptic conditions and streaked using the sterile platinum
loop on 5% sheep blood agar (BA) for primary bacterial
isolation, and the plates were incubated at 37°C for 24-48
h. After the incubation, the plates were examined for
bacterial growth, and the morphological characteristics of
bacterial colonies were noted. The bacteria were identified
using Grams staining, production of pigments, presence
of hemolysis, primary biochemical test (catalase, KOH, and
oxidase tests), sugar fermentation test, and Indole, Methyl-
red, Voges-Proskauer, and Citrate test (IMViC).

In-Vitro Antibiogram Pattern of Bacterial Isolates

The invitro antibiotic susceptibility tests (ABST) of the isolates
were conducted as per the method of Bauer (1996), and
interpretation of results was made according to the Clinical
and Laboratory Standards Institute (2019). The antibiotics
used were ampicillin (10 mcg), amoxicillin-clavulanic acid (30
mcg), gentamicin (10 mcg), amikacin (30 mcg), tobramycin (10
mcg), ceftriaxone (30 mcg), cefotaxime (30 mcg), enrofloxacin
(10 mcg), moxifloxacin (5 mcg), ciprofloxacin (5 mcg),
ofloxacin (5 mcg) and norfloxacin (10 mcg). Additionally, for
Staphylococcus spp. Isolates antibiotic drugs methicillin (5
mcg) and oxacillin (1 mcg) were used.

PCR

The template DNA was extracted by boiling method from
total of 129 bacterial isolates obtained from otitic and
healthy ears of dogs. It was subjected to the detection of
various ARGs, viz., quinolone resistance genes [gnrA, qnrB,
gnrS (Robicsek et al., 2006)], aminoglycoside resistance genes
[aac(3)-1V, aadAl (Van et al., 2008)] and beta-lactam resistance
genes [blagy, blag,, and blar, (Shehata et al,, 2016). and
blac,y(Van etal., 2008)]. The extracted DNA of Staphylococcus
spp. isolates were subjected to PCR for detection of one
ARG, viz, resistance to methicillin (mecA) (Louie et al., 2002).
The primers used PCR conditions, and the expected size of
PCR product for ARGs was as per the protocols described by
respective workers. Agarose gel electrophoresis was carried
out to confirm the targeted amplification where PCR products
from each tube were electrophoresed along with 100 bp DNA
molecular weight marker (Thermo Fisher) on 2.0 % agarose
(low EEO, SeaKem, USA) gels containing 0.5 pg/ml ethidium
bromide (Sigma-Aldrich, USA) at 80 Vin 0.5X TBE buffer. The
amplified product was visualized as a single compact band

of expected size under UV light and documented by a gel
documentation system (Genetix Biotech Pvt. Ltd., Delhi).

ResuLts AND Discussion

Among 75 dogs suffering from otitis externa and 15 healthy
dogs screened from the regions of Anand and Vadodara
districts of Gujarat, the breed wise prevalence percentage
of otitis was highest in Labrador (36.00%) followed by Non-
descriptive (25.33%), German Shepherd (16.00%), Pomeranian
(6.67%), Cocker Spaniel (5.33%), Rottweiler (4.00%), Daschund
(2.67%), Beagle, Doberman and Saint Bernard (1.33%). The
age-wise prevalence was highest in 0-4 years age group
(53.33%) followed by 5-10 years (40.00%) and 11-15 years
(6.66%). The sex-wise prevalence was higher in males (54.67%)
than in females (45.33%). The prevalence of otitis was 38.67%
in the left ear and 36.00% in the right ear. The bilateral
prevalence was 25.33%. Subapriya et al. (2015) and Parmar
etal. (2020) also reported more or less very similar prevalence
of otitis externa in dogs concerning the breed, age, and sex.

In the present study, out of 94 ear swabs collected
from otitic ears, 86 (91.49%) ear swabs were found positive
for bacteria. Based upon morphological, cultural, and
biochemical characters, a total of 113 bacteria isolated
from otitic ears were Staphylococcus spp. (58.40%, 66/113),
Pseudomonas spp. (10.62%, 12/113), Proteus spp. (10.62%,
12/113), Streptococcus spp. (7.08%, 8/113), Corynebacterium
spp. (6.19%, 7/113), E. coli (4.42%, 5/113), Klebsiella spp. (1.77%,
2/113) and Enterobacter spp. (0.88%, 1/113). For 30 ear swabs
collected from healthy ears, 12 (40.00%) ear swab samples
were found positive for bacterial isolation. Bacteria isolated
were Staphylococcus spp. (87.50%, 14/16) and Proteus spp.
(12.5%, 2/16). Similarly, from the dogs with otitis externa,
Malayeri et al. (2010) isolated Staphylococcus spp. (83.70%),
Pseudomonas spp. (10.87%), Proteus spp. (3.26%) and E. coli
(1.09%); Demirbilek and Yilmaz (2019) isolated Staphylococcus
spp.(18.8%), Pseudomonas spp. (13.02%), Proteus spp. (9.4%),
Corynebacterium spp. (5.48%), Streptococcus spp. (5%), E. coli
(2.9%) and Enterobacter spp. (0.96%) and Petrov et al. (2019)
isolated Staphylococcus spp. (39.38%), P. aeruginosa (16.24%),
Proteus spp. (3.56%), E. coli (3.17%), Streptococcus spp. (2.97%)
and Corynebacterium spp. (0.79%). In dogs with healthy
ears, reported bacteria were Staphylococcus spp. (58.8%),
Streptococcus canis (29.9%), Proteus spp. (14.4%) and E. coli
(10.3%) (Lyskova et al., 2007).

In our study, out of a total of 80 staphylococci isolates
(66 from otitic and 14 from healthy ears), 6.25% (5/80)
showed yellow pigmentation, while 93.75% (75/80) showed
white pigmentation on nutrient agar. On the 5% SBA, 10.00,
82.50, and 7.50% isolates showed complete, partial, and no
B-hemolysis. Sugar fermentation test revealed 18.75% (15/80)
isolates of Staphylococcus spp. with acid production from
mannitol, maltose, mannose, and trehalose, whereas negative
for xylose fermentation were identified as Staphylococcus
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aureus. Moreover, 81.25% (65/80) isolates of Staphylococcus
spp. revealed acid production from maltose, mannose, and
trehalose, whereas negative for mannitol and xylose were
identified as Staphylococcus pseudintermedius. Among 8
streptococci isolates, 25% isolates produced [3-hemolysis,
and 75% isolates produced no hemolysis on 5% SBA.
Pseudomonas spp. produced diffusible pigmentation on
nutrient agar, viz., 58.33% (7/12) isolates produced pyoverdin
(greenish-yellow), 33.33% (4/12) isolates produced pyocyanin
(blue-green), and 8.33% (1/12) isolate produced pyomelanin
(brownish-black) pigments and were positive for oxidase test.
Proteus spp. produced swarming growth on nutrient agar. E.
coliisolates showed IMViC pattern “++--" and Klebsiella spp.
and Enterobacter spp. showed IMViC pattern “--++."
Overall, the most effective antibiotic found was
tobramycin (98.49%) followed by enrofloxacin (90.67%),
ofloxacin, amikacin, amoxycillin clavulanic acid, gentamicin
(81.00 to 87.00%) norfloxacin, moxifloxacin, cefotaxime,
ciprofloxacin, ceftriaxone (70.00 to 75.00%) and ampicillin
(63.90%) having the highest resistance. (Table 1).In an earlier
study, bacterial isolates showed 80.00% susceptibility towards

Table 1: Overall antibiotic susceptibility and resistance of bacterial
isolates (n =129)

Sr. Susceptibility Intermediate Resistance
No.  Antibiotics (%) (%) (%)
1. Ampicillin 36.09 63.90
2. Amoxycillin 82.44 17.53
clavulanic acid
3 Ceftriaxone 69.42 2.24 28.34
4 Cefotaxime 70.77 5.63 22.98
5 Gentamicin 81.44 1.51 17.07
6.  Amikacin 84.64 0.16 15.20
7 Tobramycin 98.49 1.51
8 Enrofloxacin 90.67 3.80 552
9. Moxifloxacin 73.47 0.63 25.90
10. Ofloxacin 87.55 0.49 11.98
11.  Ciprofloxacin 70.61 5.63 23.77
12.  Norfloxacin 75.52 0.47 24.01

amoxycillin clavulanic acid, enrofloxacin, and ofloxacin
(Lyskova et al., 2007). Demirbilek and Yilmaz (2019) showed
higher susceptibility towards amikacin (77.00%), gentamicin,
and tobramycin (72.00% each) but contradictory to the
present study, high resistance towards amoxycillin clavulanic
acid (45.00%) and enrofloxacin (47%). Petrov et al. (2019)
recorded higher susceptibility towards amikacin, tobramycin,
and gentamicin (79.20 to 70.20%), while in contradiction
to current research, higher resistance towards amoxycillin
clavulanic acid (56.40%) and enrofloxacin (38.20%) was
reported. However, Malayeri et al. (2010) and Bugden (2013)
too reported higher resistance towards amoxycillin clavulanic
acid (55.03%) and enrofloxacin (29.00%), respectively.

The multidrug resistance (MDR) was detected in 29.46%
(34/129) of the total bacterial isolates. In the present study,
1.55% of isolates showed resistance to two drugs, 7.75% to
three drugs, 6.20% to four drugs, 5.23% to five drugs, 1.55%
to six drugs, 3.88% to seven drugs, 1.55% to nine drugs,
0.78% to ten drugs and 0.78% to twelve drugs (Table 2). MDR
was detected in Staphylococcus spp., Corynebacterium spp.,
E. coli, Enterobacter spp. and Pseudomonas spp., but not in
Streptococcus spp., Klebsiella spp. and Proteus spp.

In the present study, out of 80 isolates of Staphylococcus
spp. 11.25% (9/80) of the isolates showed resistance to
methicillin and oxacillin via ABST, but via PCR mecA couldn’t
be detected in any of those isolates. Ozturk et al. (2010) also
phenotypically (ABST) isolated 9.25% of the Staphylococcus
isolates methicillin resistant, but weren’t able to detect mecA
gene. Similarly, Findik et al. (2009) isolated 80 methicillin
resistant Staphylococcus spp. via ABST, but only 3.75% (3)
isolates were detected positive for the presence of mecA
gene. Yoon et al. (2010), Dziva et al. (2015) and Njoroge et al.
(2016) detected mecA in 17.60, 8.69, and 13.00 % of oxacillin
resistant strains, respectively.

Beta-lactam resistance gene, blag,, was detected in
60.00% (3/5) isolates of Escherichia coli, 100% isolates of
Klebsiella spp. (2/2), and Enterobacter spp. (1/1), and 75.00%
(8/12) isolates of Pseudomonas spp. (Fig. 1); blagy, was
detected in 40.00% (2/5) isolates of Escherichia coli and

Table 2: Detection of Multidrug Resistance Isolates

Sr. Isolates Isolates

No.  resistant to Overall isolates ~ Staphylococcus spp.  Corynebacterium spp.  E. coli Enterobacter spp.  Pseudomonas spp.
1. Two drugs 1.55% (2/129) - - - - 16.67% (2/12)
2. Three drugs 7.75% (10/129)  6.25% (5/80) - - - 41.67% (5/12)
3. Four drugs 6.20% (8/129) 5% (4/80) % 42.85(3/7) 20% (1/5) - -

4. Five drugs 5.23% (7/129) 5% (4/80) % 14.29(1/7) 20% (1/5) - 8.33% (1/12)
5. Six drugs 1.55% (2/129) 1.25% (1/80) - - - 8.33% (1/12)
6. Seven drugs 3.88% (5/129) 1.25% (1/80) 14.29% (1/7) 20% (1/5) % (1/1) 8.33% (1/12)
7. Nine drugs 1.55% (2/129) 2.5% (2/80) - - - -

8. Ten drugs 0.78% (1/129) 1.25% (1/80) - - - -

9. Twelve drugs  0.78% (1/129) - - - 8.33% (1/12)
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Fig. 3: Agarose gel showing amplified
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Fig. 4: Agarose gel showing
amplified product for gnrA (516bp)
for bacterial isolates
L- 100-1500bp N-Negative,

1- bacterial isolate

8.33% (1/12) isolates of Pseudomonas spp. (Fig. 2) and bla,y
was detected in 80.00% (4/5) isolates of Escherichia coli and
50.00% (1/2) isolates of Klebsiella spp. (Fig. 3). However, bla,g,
couldn’t be detected in any of the bacterial isolates. Similarly,
Chikwendu et al. (2011) identified blagy, in 42.90% isolates
of Pseudomonas spp.; Lina et al. (2014) identified bla,y, in
47.50% isolates of E. coli; Ojdana et al.(2014) identified blag,,
in 100.00% isolates of Klebsiella spp.; Nematolahi et al. (2016)
identified blagy,in 11.11% isolates of Enterobacter spp.;
Shehata et al. (2016) identified blag,, and blagy, in 60.00%
and 80.00% isolates of E. coli, respectively; Alam et al.(2018)
identified blag,,,and bla,y, in 52.40% and 90.50% isolates of
Pseudomonas spp. respectively, and Rizi et al. (2020) identified
blacy in total of 16.7% isolates of E. coli and Klebsiella spp.
Further, Chikwendu et al. (2011) identified bla,in 42.90%
isolates of Pseudomonas spp.; Lina et al. (2014) identified bla,
in 82.50% isolates of E. coli; Ojdana et al. (2014) identified
blarg, in 16.67%, 100.00%, and 91.67% isolates of E. coll,
Klebsiella spp. and Proteus mirabilis, respectively.

Fig. 5: Agarose gel showing amplified product Fig. 6: Agarose gel showing amplified product for aac(3) -1V
for gnrS (417bp) for bacterial isolates
L- 100-1500bp N-Negative, 1- bacterial isolate

(286bp) and aadA1 (490bp) for bacterial isolates
L- 100-1500bp N-Negative,
1-3- bacterial isolates

Quinoloneresistance gene, gnrA, and gnrS were detected
in 20% (1/5) isolates each of E. coli (Fig. 4, 5). But gnrB couldn’t
be detected in any of the bacterial isolates. Similar findings
were reported by Diwan et al.(2012), who identified gnrA in
3.33% isolates of E. coli and Lina et al. (2014), who identified
gnrS in 12.50% isolates of E. coli.,, while Diwan et al.(2012)
identified gnrB in 6.67% isolates of E. coli.

Aminoglycoside resistance genes, aadAT was detected in
60.00% (3/5) isolates of E. coli, and aac (3)-1Vwas detected in
80.00% (4/5) isolates of E. coli, 21.43% (3/14) isolates of Proteus
spp. and 2.5% (2/80) isolates of Staphylococcus spp. (Fig. 6).
Similar findings were reported by Torkan et al. (2016), who
identified aadA7 in 35.7% isolates and aac (3)-1V in 28.6%
isolates of E. coli.

CONCLUSIONS

In the present study, the most predominant bacteria were
Staphylococcus spp. (51.60%) followed by Pseudomonas
spp. (9.37%), Proteus spp. (9.37%), Streptococcus spp. (6.25%),
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Corynebacterium spp. (5.47%), E. coli (3.91%), Klebsiella spp.
(1.56%) and Enterobacter spp. (0.78%). From healthy dogs,
the predominant bacteria isolated were Staphylococcus spp.
(63.64%) and Proteus spp. (9.09%). Antibiotic susceptibility test
revealed that the isolates were most sensitive to antibiotics
tobramycin (98.49%), enrofloxacin (90.67%), and ofloxacin
(87.55%), while most resistant to ampicillin (63.90%). The
bacterial isolates showed multidrug resistance in 29.46%
(34/129) for two to nine antibiotics. The ARGs were detected
in most of the Gram-negative bacteria.
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