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ABSTRACT

Aims: The present study was conducted to compare therapeutic efficacy of three different treatment regimens in otitis externa caused by Pseudomonas spp. in dogs.
Study Design: Clinical study involving canine otitis externa patients caused by Pseudomonas spp. in dogs were randomly divided into 3 different groups (group I, II and III) having 06 animals in each group. Dogs in each group were subjected to three different treatment protocols along with daily flushing of ear canal with TRIS EDTA and chlorhexidine solution to compare therapeutic efficacy.
Place and Duration of Study: Ear swab samples from otitis externa affected dogs were collected for a period of 09 months from January to September, 2022 from Teaching Veterinary Clinical Complex, College of Veterinary Science and Animal Husbandry, Anjora, Durg (C.G.) and various Government Veterinary Hospitals and Private Pet Clinics in and around Durg district of Chhattisgarh.
Methodology: Sterile ear swabs from clinical cases of otitis externa were processed for microbiological isolation and identification of Pseudomonas spp. based on the cultural, morphological and biochemical characteristics. All isolates were also subjected to antibiotic sensitivity testing as per standard protocol. 
Results:  Antibiogram analysis of all Pseudomonas isolates demonstrated the highest susceptibility to imipenem (100%), followed by piperacillin–tazobactam (84.2%). In contrast, the lowest susceptibility rates were observed for amikacin and ceftriaxone (5.2% each). Clinical recovery was adjudged on the basis of restoration of clinical signs after treatment in affected dogs which revealed that oral marbofloxacin combined with daily Tris-EDTA and chlorhexidine flushing for two weeks achieved complete (100%) recovery in dogs with Pseudomonas otitis externa while animals treated with amoxicillin-clavulanic acid therapy resulted in an 83.33% recovery.
However, enrofloxacin administered with the same flushing protocol was effective in 66.66% of Pseudomonas otitis affected dogs 
Conclusion:  
Oral marbofloxacin in combination with daily Tris-EDTA and chlorhexidine ear flushing for two weeks was found to be the most effective therapeutic protocol. Amoxicillin–clavulanic acid demonstrated moderate efficacy, whereas enrofloxacin showed comparatively lower clinical success. Overall, marbofloxacin-based therapy appears to be the most reliable treatment option for the management of Pseudomonas otitis externa in dogs. The findings of our study reveal that  Pseudomonas otits externa in dogs needs to be addressed with appropriate therapeutic regimen for early recovery and prevent recurrence. The limitations of small sample size in our study needs to validated with larger population size for much stronger recommendations towards therapeutic management of  Pseudomonas otitis externa in dogs.
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1. Introduction
Otitis externa (OE) is a frequently encountered condition in dogs presenting to veterinary clinics worldwide. Secondary infections, particularly those caused by Pseudomonas spp., most notably Pseudomonas aeruginosa, play a critical role in disease progression, increased morbidity, and therapeutic failure. In severe cases, conventional medical treatment may prove ineffective, necessitating surgical intervention, which carries the risk of hearing loss and persistent infection (Secker et al., 2023).The causes of otic illness, including otitis externa, are multifaceted, and microorganisms are a major contributor (Hariharan et al., 2006). In general practice, this condition in dogs is a fairly prevalent clinical issue which is also quite difficult to treat, particularly when instances are recurring. Otitis instances may be caused by variety of organisms, such as Gram-positive cocci or Gram-negative rods (Barnard and Foster, 2017).
Dogs may have a major underlying cause for this illness, or they may be genetically or physically predisposed to it. Microorganisms or failure of antimicrobial treatment frequently cause otitis externa to return. Numerous bacteria can be recognized under a microscope and isolated using microbiological cultures (Bradley et al., 2020).
Clinical signs of otitis externa may include frequent head shaking, itching of the ears, a foul smell from the ear canal, redness, hair loss around the ears, and signs of self-trauma in the area in front of the ear. Affected individuals may also show sensitivity or avoidance when the head is touched, visible discharge within the ear canal, development of an aural hematoma, and ulceration of the external ear canal (O’Neill et al., 2021). If the ear canal is thicker, rigid, and less flexible due to a persistent illness, patients may feel discomfort especially when the canal is palpated (Pye, 2018).
Under field conditions, a microbiological test is usually not carried out, and Veterinary physicians, in routine, therapeutically manage the otitis on the basis of clinical signs, availability of antimicrobial and practical knowledge (Turkyilmaz, 2008).  Choosing an appropriate antimicrobial agent can be challenging, as many bacteria have developed resistance to multiple antibiotic classes, often as a result of improper or indiscriminate use of these medications (Kashyap et al., 2023).  
Antimicrobial resistance can be passed to humans through either direct or indirect exposure, since dogs may serve as carriers of resistance genes and act as potential reservoirs for these determinants. Determination of prevalence of antibiotic resistance in dogs is imperative from animals as well as human health view point (Rhouma et al., 2023). Topical therapy is widely regarded as the first-line treatment for canine otitis externa. Nevertheless, the prolonged and indiscriminate use of antimicrobial agents over time has contributed to the emergence of multidrug-resistant (MDR) bacteria (Tesin et al., 2023). Furthermore, treating such cases becomes more complicated because of growing number of multidrug resistant strains (Pye, 2018). However, studies investigating multidrug resistance in canine otitis externa remain limited, representing a significant knowledge gap. Considering the close contact between humans and companion animals, coupled with the widespread use of broad-spectrum antimicrobials in veterinary practice, this issue warrants increased attention (Chan et al., 2025). Hence, present study was carried out to evaluate therapeutic efficacy of three different antimicrobial drugs along with topical ear flushing using TRIS ETDA and chlorhexidine solution for management of  Pseudomonas   associated otitis externa in dogs.
2.Methodology
Sample collection
 Samples were collected from otitis externa affected dogs using sterile ear swab (Astra Bioscience Ltd., Kerala, India). For each sample, a sterile swab was gently inserted inside the external ear canal and rotated along the skin surface at the point where the vertical and horizontal canals meet for approximately 10–15 seconds. Sterile ear swabs were collected from the affected dogs irrespective of age, sex, and breed for laboratory examination and diagnostic study. 
The ear swabs were collected from each clinical case presented with otitis externa  at the hospital for bacteriological examination as per the method described by Wilkinson and Harvey (1994).

Isolation and identification of bacteria
The otic swab samples obtained were first transferred into nutrient broth and incubated at 37°C for 24-48 hours. Following incubation, the broth culture was streaked onto nutrient agar plates and maintained at 37°C for an additional 24-48 hours. The resulting colonies were assessed based on their cultural characteristics, and representative colonies were examined microscopically after Gram staining. 
Subsequently, the identified isolates were sub-cultured onto selective and differential media, including Mannitol salt agar, Pseudomonas isolation agar, MacConkey agar, Eosin methylene blue agar, Urea agar, and Simmons citrate agar, and incubated at 37°C for 24–48 hours. After the incubation period, the plates were evaluated for bacterial growth and characteristic morphological features. The isolates were then identified on the basis of colony characteristics, biochemical test and staining characteristics after staining with Gram's stain (Quinn et al., 1999).
Media for isolation of bacterial isolates
Nutrient broth, Nutrient agar, Mannitol salt agar, MacConkey agar, Pseudomonas isolation agar and Eosin-Methylene Blue agar (HiMedia Laboratories Pvt. Ltd., Mumbai) were used for the bacteriological work.
Ingredients for morphological identification of bacterial isolates
Gram’s Crystal Violet, Gram’s Iodine, Gram’s Decolourizer and Safranin, 0.5% w/v (HiMedia Laboratories Pvt. Ltd., Mumbai) were used for staining.
Isolation of Pseudomonas aeruginosa
             Freshly obtained ear samples were initially incubated at 25°C for 48 hours in CFC (Cephalothin–Sodium Fusidate–Cetrimide) broth base enriched with CetriNix supplement (cetrimide). The cultures were then streaked onto Cetrimide agar or Pseudomonas agar base supplemented with CetriNix and incubated at 37°C for 24-48 hours to enable selective recovery of Pseudomonas aeruginosa. Colonies producing characteristic blue-green or brown pigmentation were provisionally regarded as P. aeruginosa isolates. Bacterial isolates were also subjected to biochemical characteristics (Goto and Enomoto, 1970).
Antibiotic susceptibility test
Antibiogram analysis of Pseudomonas aeruginosa isolates was performed in accordance with the guidelines of the Clinical and Laboratory Standards Institute (CLSI) as mentioned in table no. 1. Antimicrobial susceptibility testing (AST) was conducted using the standardized Kirby–Bauer disc diffusion method (Rosales  et al., 2024). Pure bacterial isolates were cultured and tested against selected antimicrobial agents. Zones of inhibition were measured and interpreted following CLSI criteria. The susceptibility profiles were recorded and analyzed accordingly.
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	Antibiotic group
	Drug
	Concentration ( µg )

	Penicillin
	Piperacillin
	100

	Β-lactam/β-lactamase inhibitor combination

	Piperacillin-tazobactam
	100/10

	
	Ticarcillin-clavulanate
	75/10

	
	Amoxicillin-clavulanate
	10

	
	Ceftriaxone-tazobactam
	30/10

	Cephem (Parenteral)
	Ceftazidime
	30

	
	Cefepime
	30

	
	Ceftriaxone
	10

	Carbapenem
	Meropenem
	10

	
	Imipenem
	10

	Aminoglycoside
	Gentamicin
	10

	
	Amikacin
	30

	Fluoroquinolone
	Ciprofloxacin
	5

	
	Ofloxacin
	5

	
	Enrofloxacin
	10



Evaluation of therapeutic efficacy
Therapeutic protocol
Therapeutic efficacy of different antibiotics was evaluated in clinical cases of otitis externa in dogs. The dogs free from parasitic and fungal infection and only affected with bacterial infection were included for therapeutic trials. The dogs infected with otitis externa of bacterial origin were randomly allocated to 3 groups with each group comprising 6 dogs and named as Group I, II and  III (Table no. 2). Antibiotics were applied as per scheduled until the dogs showed clinical improvement.
Table 2: Therapeutic agents used for the treatment of otitis externa of in dogs
	Group
	No. of Dogs
	Treatment

	
	
	

	I
	06
	Enrofloxacin @7.5mg/kg body weight orally twice daily and flushing with Tris-EDTA and chlorhexidine solution once daily for 2 weeks.

	 II
	06
	Marbofloxacin @5mg/kg body weight orally once daily and flushing with Tris-EDTA and chlorhexidine solution once daily for 2 weeks.

	 III
	06
	Amoxicillinand clavulanic acid @7.5mg/kg body weight orally twice daily and flushing withTris-EDTA and chlorhexidine solution once daily for 2 weeks.





3. Result and Discussion
In small animal practice, canine otitis externa is a prevalent clinical issue associated with dog's discomfort, which has a multi-factorial origin, making therapy to be very challenging and relapses are frequently observed. The removal of underlying causes is the primary goal of treatment for otitis externa (Tanveer  et al., 2023; Garcias  et al., 2025).The results of antimicrobial susceptibility testing for Pseudomonas isolates (n = 19) are presented in Table 3. The isolates exhibited the highest susceptibility to imipenem (100%) followed by piperacillin–tazobactam (84.2%) while the lowest susceptibility was observed for amikacin and ceftriaxone (5.2% each). In contrast, highest resistance rate was recorded against ceftazidime (84.2%) followed by ofloxacin (78.9%) while meropenem, ceftriaxone, and cefepime demonstrated comparatively lower resistance rates (36.8%) in our study.
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	Antibiotics
	Pattern of antibiogram

	
	Resistance
	Intermediate
	Sensitive

	Piperacillin
	4 (21.1%)
	5 (26.3%)
	10 (52.6%)

	Ticarcillin-Clavulanate
	0 (0%)
	16 (84.2%)
	3 (15.7%)

	Piperacillin-Tazobactum
	0 (0%)
	3 (15.7%)
	16 (84.2%)

	Amoxicillin-Clavulanate
	2 (10.5%)
	7 (36.8%)
	10 (52.6%)

	Ceftriaxone-Tazobactum
	3 (15.7%)
	10 (52.6%)
	6 (31.5%)

	Ceftazidime
	16 (84.2%)
	0 (0%)
	3 (15.7%)

	Cefepime
	7 (36.8%)
	9 (47.3%)
	3 (15.7%)

	Ceftriaxone
	7 (36.8%)
	11 (57.8%)
	1 (5.2%)

	Meropenem
	7 (36.8%)
	10 (52.6%)
	2 (10.5%)

	Imipenem
	0 (0%)
	0( 0%)
	19 (100%)

	Gentamicin 
	3 (15.7%)
	1 (5.2%)
	15 (78.9%)

	Amikacin
	10 (52.6%)
	8 (42.1%)
	1 (5.2%)

	Ciprofloxacin
	0 (0%)
	17 (89.4%)
	2 (10.5%)

	Ofloxacin
	15 (78.9%)
	2 (10.5%)
	2 (10.5%)

	Enrofloxacin
	2 (10.5%)
	12 (63.15%)
	5 (26.3%)



The findings of the present study are consistent with those reported by Lin et al. (2012) who identified imipenem as exhibiting the highest anti-Pseudomonas activity with  only 4.5% of clinical isolates demonstrating resistance to cefepime, imipenem, and piperacillin–tazobactam. The persistent susceptibility of Pseudomonas isolates to imipenem and related antimicrobial agents in our study may be attributed to their relatively limited and judicious use in small animal clinical practice (Hattab et al., 2021).
The present study revealed that 78.9% of Pseudomonas isolates were resistant to ofloxacin (fluoroquinolone), while resistance to ceftazidime was observed in 84.2% of isolates. Beier et al. (2014) have documented that fluoroquinolone (ciprofloxacin) demonstrated 5% resistance, whereas the aminoglycoside (gentamicin) showed only 9% resistance among Pseudomonas isolates. Serrano et al. (2016) reported that Pseudomonas isolates exhibited resistance to ciprofloxacin (15.1%), piperacillin-tazobactam (12.3%), and ticarcillin–clavulanic acid (17.2%), while the lowest resistance rates were recorded for cefepime (9.6%), ceftazidime (2.7%), imipenem (1.4%), gentamicin (12.3%), and meropenem (1.4%). 
In the present study, third- and fourth-generation cephalosporins (ceftazidime and cefepime) demonstrated high levels of resistance among Pseudomonas aeruginosa strains isolated from dogs. This observed resistance may be attributed to the frequent, and to some extent indiscriminate, use of these antimicrobial agents in routine clinical practice. Likewise, Odumosu et al. (2016) have also reported complete resistance (100%) to ceftazidime among Pseudomonas isolates of animal origin.
For the therapeutic management of canine otitis externa, a number of pharmaceutical preparations (ear cleaner solutions, topical and systemic antimicrobial medicines) are available. For the treatment of canine otitis externa in our investigation, ear cleaner solutions, topical, and systemic antibacterial medicines were employed. The improvement in clinical signs and restoration after therapy were used to evaluate the clinical recoveries in canine patients with otitis externa. 
The results of therapeutic efficacy of various modalities in our study have been presented in Table 4. The animals of Group II (Fig. 1 & 2) revealed highest recovery (100%), followed by the animals Group III which revealed 83.3% recovery (Fig. 3). However, the animals of Group I showed 66.6% recovery after completion of treatment (Fig. 4). During the present study, marbofloxacin orally along with flushing with Tris-EDTA and chlorhexidine solution once daily for 2 weeks was found to be most effective (100%) in dogs with Pseudomonas otitis externa. However, amoxicillin potentiated with clavulanic acid orally almost was found effective (83.33%) in dogs with Pseudomonas otitis externa. Administration of enrofloxacin orally along with flushing with Tris-EDTA and chlorhexidine solution once daily for 2 weeks was found to be effective in only 66.66% in dogs with Pseudomonas otitis externa.
Table 4: Evaluation of therapeutic efficacy of different groups of treatments against canine otitis externa 
	Particulars
	Number of
total cases
	Number of
cases with
incomplete
recovery
	Number of
cases with
resolution of
condition
(%)

	Group I
	6
	2
	66.66

	Group II
	6
	Nil
	100.00

	Group III
	6
	1
	83.33



Kroemer et al. (2014) isolated a total of 1857 bacterial strains from clinical cases of otitis, respiratory, urinary and dermatological infections in cats and dogs throughout Europe. Observed clinical resistance among the recovered isolates ranged from 0 to 14.48%. In contrast, susceptibility to marbofloxacin was notably high, indicating that this drug may be one of the most effective options for managing otitis, urinary tract, respiratory, and skin infections in companion animals. Jerzsele et al. (2013) have also observed that marbofloxacin has marked efficacy against P.aeruginosa and has better activity and a longer post-antibiotic effect against the pathogen compared to enrofloxacin (Farca et al., 2007; Muller and Horn, 2009).
Amoxicillinand clavulanic acid were observed to be 83.33% efficacious for treatment of otitis externa in our study which is in close proximity to those stated by Hariharan et al. (2006) in clinical cases of canine otitis externa where in 100% efficacy of this combination was reported. Choudhury (2014) have reported that the bacteria that cause otitis are sensitive to amoxicillin and clavulanic acid, which are 100% effective when used to treat clinical cases of otitis in dogs. Similarly, Kashyap et al. (2018) have also documented that the optimum combination for treating canine otitis externa was amoxicillin and sulbactum. The efficacy of potentiated amoxicillin with clavulanic acid orally in otitis in dogs might be due to the synergistic action of clavulanic acid in combination.
Dogs treated with enrofloxacin revealed 66.66% efficacy for therapeutic management of Pseudomonas otitis externa. Mekic et al. (2011) have also documented highest resistance of enrofloxacin (51.90%) and gentamicin (43.3%) against Pseudomonas isolated from canine otitis externa.
4. Conclusion
Canine otitis externa patients treated with marbofloxacin along with daily ear flushing with Tris-EDTA solution demonstrated the highest recovery rate (100%), followed by amoxicillin-clavulanic acid combination (83.3%), while enrofloxacin treated dogs showed 66.6% recovery after treatment.
Therapeutic management of Pseudomonas  associated otitis externa in dogs using oral marbofloxacin combined with Tris-EDTA and chlorhexidine flushing achieved complete recovery (100%), followed by amoxicillin–clavulanic acid (83.3%) combination while enrofloxacin administration along with flushing  led to recovery  in only 66.6% cases. These findings highlight the growing challenge of multidrug resistance in canine Pseudomonas otitis externa in dogs. Limitations of our study include the small sample size and lack of long-term follow-up after completion of treatment. Future studies are warranted in near future to explore larger cohorts, alternative antimicrobial combinations and adjunctive therapies to optimize treatment outcomes and limit resistance development in Pseudomonas associated otitis externa in dogs.
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Fig. 1 (a) : Greasy discharge and inflammed ear in German shepherd dog of group IIbefore  treatment[image: ]

Fig. 1(b) : Complete restoration of normal ear surface after treatment with Marbofloxacin
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Fig. 2 (a) : Purulent discharge and inflamed ear in Mongrel dog of groupII
before treatment
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Fig. 2 (b) :  Complete recovery in the same dog after treatment (Group II)


[image: ]
Fig 3 (a) : Ceruminous discharge and erythema in the ear of dog of group III
before treatment
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Fig.3 (b): Recovery in the same dog after treatment  with amoxicillin-clauvinic acid combination (Group III)
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Fig 4 (a) : Aural pruritis in Labrador retriever dog of group I before
treatment
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Fig. 4 (b) : Clinical improvement in the same dog after treatment with  enrofloxacin
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