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Abstract 

 

The increasing antimicrobial resistance among bacteria in dogs with otitis externa 

has led to a need for substitute agents or more effective treatment methods. 

Manuka oil, an essential oil from Leptospermum scoparium, is well known for its 



iii 

 

antimicrobial action, however, gram-negative bacteria have resistance to several 

essential oils because of the impermeability of their outer membrane. The purpose 

of this study was to examine the antibacterial effects of manuka oil combined with 

ethylenediaminetetraacetic acid–tromethamine (Tris-EDTA) against a total of 53 

gram-negative isolates from dogs with otitis externa including Pseudomonas 

aeruginosa, Escherichia coli, Klebsiella pneumoniae ssp. pneumoniae, and Proteus 

mirabilis. Antimicrobial susceptibility was determined using disk-diffusion, and the 

minimum bactericidal concentrations (MBCs) and the minimum inhibitory 

concentrations (MICs) of manuka essential oil with or without Tris-EDTA were 

investigated. A total of 44 isolates were resistant to at least one antibiotic, and 19 

strains were multidrug-resistant, with resistance to at least one agent in three or 

more antimicrobial classes. The MICs and MBCs of manuka oil alone were ≥1% 

(v/v) and ≥2% (v/v), respectively. There was no antimicrobial effect of Tris-EDTA 

(1.125:0.3 mg/ml) without manuka oil. However, the combination of manuka oil 

with Tris-EDTA significantly decreased the MICs (ranging from 0.06% to 0.5%, 

v/v; P < 0.001) and MBCs (ranging from 0.06% to 1%, v/v; P < 0.001). There was 

also no significant difference between multidrug-resistant and nonresistant 

bacterial isolates in terms of the antimicrobial activity of manuka oil with Tris-

EDTA (P > 0.05). The study findings suggest that manuka oil, especially combined 

with Tris-EDTA, can be considered as a promising alternative therapeutic option to 

control canine ear infection and to reduce antibiotic use. 

______________________________________________________________ 
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1. Introduction 

 

Otitis externa is a condition that causes inflammation of the external ear 

canal and the pinna, and it is commonly encountered in the practice of small 

animal medicine.[1, 2] The most common isolates of bacterial otitis externa 

are Staphylococcus spp., including Staphylococcus pseudintermedius; 

however, gram-negative organisms of Pseudomonas spp., Proteus spp., and 

Klebsiella spp. as well as Escherichia coli are also frequently isolated.[3, 4] 

Of these gram-negative organisms, Pseudomonas spp., in particular, are 

prevalent mostly in chronic otitis externa, characterized by purulent 

discharge, ulcer or erosion, hyperkeratosis of the auricle, hyperpigmentation, 

and stenosis of the ear canal.[5, 6] Recently, the resistance of bacteria 

isolated from dogs to antibiotics has become a problem. The increase in 

extended-spectrum β-lactamase-producing Enterobacteriaceae, including 

Proteus spp., Klebsiella spp., and E. coli, and Pseudomonas spp. has been 

reported worldwide in dogs.[7, 8, 9] Thus, the increasing resistance to 

antimicrobial agents among bacterial pathogens has led to a need for 

substitute agents or more effective treatment methods. 

Plant oils and extracts have been used for a wide variety of purposes for 

several thousands of years. Some of the oils extracted from plant materials, 
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such as lavender, rosemary, and tea tree, which are known as essential oils, 

have been used for various medicinal purposes because of their 

antimicrobial, insecticidal, and antioxidant properties.[10, 11, 12, 13] Thus, 

there have been many international studies investigating the use of essential 

oils as substitutes for synthetic antimicrobials, one of which is manuka oil, 

an essential oil from Leptospermum scoparium, that is indigenous to New 

Zealand and is well known for its antimicrobial action. This antimicrobial 

activity of manuka oil is associated with the fraction containing triketones, 

which disrupt the bacterial cytoplasmic membrane. This antimicrobial effect 

is caused by the hydrophobic portions of the triketones. Thus, manuka oil 

showed activity against gram-positive bacteria, including antibiotic-resistant 

bacterial strains.[14, 15] However, gram-negative bacterium has a tendency 

to be resistant to several essential oils, and this resistance is attributed to the 

impermeability of the outer membrane composed of lipopolysaccharide. 

Lipopolysaccharide increases the negative charge of the cell membrane and 

helps stabilize the overall membrane structure.[16, 17] Therefore, it is 

considered that the combination of essential oils and outer membrane 

permeabilizers would increase the antibacterial activity of essential oils. 

Ethylenediaminetetraacetic acid–tromethamine (Tris-EDTA), commonly 

used as an ingredient in ear cleansers, has been used to treat canine otitis 

externa caused by gram-negative bacterial infection. EDTA is a chelating 
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agent that acts on divalent cations such as Mg2+ or Ca2+, resulting in damage 

to the outer cell membrane of gram-negative bacteria.[18] Tris is an 

established alkaline buffer, which can aid EDTA in the efficient chelation of 

divalent cations.[19] This action induces the release of lipopolysaccharides 

and allows better penetration of the antimicrobial agent into bacterial 

cells.[17] Therefore, Tris-EDTA affects the permeability of bacterial outer 

membrane, thereby enhancing uptake of the antimicrobial against 

microorganisms.[20, 21, 22, 23] 

The purpose of the present study was to examine the antibacterial effects 

of manuka oil combined with Tris-EDTA against gram-negative bacteria 

isolated from dogs with otitis externa. 
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2. Materials and Methods 

 

2.1. Bacterial isolates 

 

A total of 53 clinical isolates were collected from canine patients 

with otitis externa at Veterinary Medical Teaching Hospital of Seoul 

National University between 2013 and 2017. Ear exudates were collected 

using cotton swabs for bacterial culture. Samples were cultured on blood 

agar plates (Hangang, Gyeonggi, Korea) and incubated overnight at 37°C. 

Species of bacterial isolates were identified using colony type and 

morphology, Gram’s stain, and the VITEK 2 system (BioMerieux; 

Hazelwood, MO, USA). The identified gram-negative isolates were stored 

in tryptic soy broth (Hangang, Gyeonggi, Korea) with 50% glycerol at 

−80°C until further analysis. 

 

2.2. Antimicrobial susceptibility test 

 

Susceptibility test to antibiotics (piperacillin, piperacillin/tazobactam, 

ceftazidime, cefepime, aztreonam, imipenem, meropenem, gentamicin, 
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tobramycin, amikacin, ciprofloxacin, and ofloxacin) was evaluated using the 

disk-diffusion method according to the Clinical and Laboratory Standards 

Institute guidelines.[24] It is important to note that the disk-diffusion 

method was performed to assess susceptibility based on guidelines for 

human isolates due to the lack of information about interpretative criteria of 

animal isolates. Intermediate susceptibility was considered as resistant. 

Multidrug-resistance was defined as resistance to at least one agent in three 

or more antimicrobial classes.[25] 

 

2.3. Determination of minimum bactericidal concentration 

(MBC) and minimum inhibitory concentration (MIC) of 

manuka oil 

 

The methods were modified from a previous study.[21] Each isolate was 

incubated overnight at 37°C on blood agar plates and prepared by dilution 

with PBS at a final inoculum concentration of 5 × 106 CFU/mL. Twenty-

five microlitres of each inoculum plus 25 μL PBS were loaded into the wells 

of a sterile 96-well plate. The same procedure was repeated by replacing 25 

μL PBS with 4.5:1.2 mg/mL Tris-EDTA (25 μL). Each isolate pre-incubated 

for 5 min to allow absorption of Tris-EDTA. Manuka oil is not water-
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soluble; thus, an emulsifier, Tween-80, was used to improve its solubility in 

phosphate-buffered saline (PBS; Biosesang, Gyeonggi, Korea). The manuka 

oil (L. scoparium, 100% oil extract; Living Nature, New Zealand) was 

twofold serially diluted with PBS supplemented with 1% (v/v) Tween-80 

detergent to concentration of 0.016 to 16%, v/v. The manuka oil diluent (50 

μL) was then added to the wells, at final concentrations ranging from 0.008% 

to 8%, v/v. The final concentration of Tris-EDTA was 1.125:0.3 mg/mL. 

Twenty-five microlitres of each inoculum with 25 μL PBS or 25 μL Tris-

EDTA and 50 μL PBS supplemented 1% (v/v) Tween-80 detergent without 

manuka oil was used as a positive control. In negative control wells, 25 μL 

uninoculated PBS or 25 μL Tris-EDTA and manuka oil diluent with PBS 

and 1% Tween-80 detergent were included. All procedures were performed 

in triplicates. The plates were incubated at 37°C for 90 min on a shaking 

incubator. 

After incubation, 10 μL of each suspension was subcultured onto 

Mueller–Hinton agar (MHA) and incubated at 37°C for 18 h. The minimum 

bactericidal concentration (MBC) was determined as the lowest 

concentration in which no visual bacterial growth observed on the MHA in 

all three plates. To estimate the minimum inhibitory concentration (MIC), 

100 μL of Mueller–Hinton broth was added to the remaining suspension in 

each well and incubated at 37°C for 18 h on a shaking incubator. The MIC 
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was determined as the lowest concentration of test agents that inhibited 

visual growth of bacteria on all three wells. 

 

2.4. Statistical analysis 

 

All statistical comparisons were performed using IBM SPSS Statistics 

23 (IBM Corp., Armonk, NY, USA). To compare the differences between 

antimicrobial effects of manuka oil with and without Tris-EDTA, the 

Wilcoxon signed-rank test was used. The nonresistant and multidrug-

resistant strains were compared in terms of their response to manuka oil 

combined with Tris-EDTA using the Mann–Whitney test. Values of P < 0.05 

were considered significant. 
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3. Results 

 

3.1. Bacterial isolates and antimicrobial susceptibility tests 

 

An antimicrobial susceptibility test was conducted using 53 clinical 

bacterial isolates, which were categorized into four groups, namely, 

Pseudomonas aeruginosa (30 isolates), Escherichia coli (8 isolates), 

Klebsiella pneumoniae ssp. pneumoniae (5 isolates), and Proteus mirabilis 

(10 isolates). The results of all 53 strains for each of the antimicrobial agents 

tested are shown in Table 1. P. aeruginosa showed high resistant frequency 

to aztreonam (22 isolates, 73.3%), gentamicin (16 isolates, 53.3%), 

piperacillin (16 isolates, 53.3%), and piperacillin + tazobactam (14 isolates, 

46.7%). Six (11%) and 13 (25%) P. aeruginosa isolates were resistant to 

meropenem and imipenem, respectively. High resistant frequency to 

piperacillin (6 isolates, 75%), gentamicin (4 isolates, 50%), ciprofloxacin (4 

isolates, 50%), and ofloxacin (4 isolates, 50%) was observed among E. coli 

isolates. In addition, K. pneumoniae isolates were highly resistant to 

piperacillin (3 isolates, 60%), ceftazidime (3 isolates, 60%), aztreonam (3 

isolates, 60%), and ciprofloxacin (3 isolates, 60%). Lastly, a high percentage 

of P. mirabilis isolates showed a resistance to piperacillin (4 isolates, 40%), 
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ciprofloxacin (3 isolates, 30%), gentamicin (3 isolates, 30%), and 

ceftazidime (3 isolates, 30%) compared with other agents. A total of 44 

isolates (28 P. aeruginosa, 6 E. coli, 4 K. pneumoniae, 6 P. mirabilis) were 

resistant to at least one antibiotic, and 19 isolates (12 P. aeruginosa, 2 E. 

coli, 3 K. pneumoniae, 2 P. mirabilis) were multidrug-resistant. 

 

3.2. Determination of the antimicrobial effect of manuka oil 

combined with Tris-EDTA 

 

The MBCs of manuka oil are presented in Table 2. All bactericidal 

concentrations of manuka oil alone were greater than 2%, v/v. The MBCs of 

all tested P. aeruginosa were greater than 8%, v/v. The results of E. coli 

ranged from 4% to 2%, v/v. The values of K. pneumoniae and P. mirabilis 

were found to be between 8% and 2%, v/v. However, when manuka oil was 

combined with Tris-EDTA, the MBCs were markedly reduced (P < 0.001). 

The MBCs of all isolates were 1%, v/v or less. The MBCs of P. aeruginosa 

ranged from 1% to 0.06%, v/v. Those of E. coli, K. pneumoniae, and P. 

mirabilis exhibited a value of 1% to 0.12%, v/v. There was no significant 

difference between multidrug-resistant and nonresistant isolates in MBCs of 

manuka oil with or without Tris-EDTA (P > 0.05). 
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The MICs of manuka oil are shown in Table 3. The values of MICs 

manifested a similar pattern to the MBCs. The MIC results of manuka oil 

alone were ≥1% in all strains; however, the MIC values of manuka oil with 

Tris-EDTA were significantly decreased to 0.5%, v/v or less. (P < 0.001). 

When manuka oil was combined with Tris-EDTA, the MICs for P. 

aeruginosa ranged from 0.5% to 0.06%, v/v. Similarly, when manuka oil 

with Tris-EDTA, the MICs of E. coli, K. pneumoniae, and P. mirabilis 

ranged from 0.5% to 0.12%, v/v. These results showed a significant 

decrease compared with the MIC value of manuka oil alone. Likewise, there 

was no significant difference between multidrug-resistant and nonresistant 

isolates in MICs of manuka oil alone or combined with Tris-EDTA (P > 

0.05). 

When treated with Tris-EDTA at concentration of 1.125:0.3 mg/mL 

without manuka oil, there were no bactericidal and inhibitory effects 

observed (data not shown). 
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4. Discussion 

 

In this study, 53 gram-negative clinical isolates from dogs with otitis 

externa were investigated for the antibacterial effects of manuka oil 

combined with Tris-EDTA. The antimicrobial susceptibility test results 

revealed that 44 (83%) isolates were resistant to at least one antibiotic, and 

19 (36%) isolates were resistant to at least one agent in three or more 

antimicrobial classes. The resistances to antimicrobials, particularly 

aminoglycosides and quinolones which are commonly used topical ear 

antibiotics, were higher than those in previous studies.[4, 26, 27] Of the 13 P. 

aeruginosa isolates resistant to imipenem or meropenem. None of the other 

species of bacterial isolates showed resistance to carbapenem antibiotics 

including meropenem and imipenem. 

The MBC and MIC values of all 30 isolates of P. aeruginosa were 

greater than 8%, when treated with manuka oil alone. This result of P. 

aeruginosa was consistent with a previous study in which P. aeruginosa was 

resistant to all essential oils tested including manuka oil at the highest 

concentration of 4%.[28] The MBCs and MICs of all Enterobacteriaceae (E. 

coli, K. pneumoniae, and P. mirabilis) were greater than 1%, v/v. However, 
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when Tris-EDTA at a concentration without bactericidal or inhibitory effects 

was added to the manuka oil, the MBC and MIC values were significantly 

decreased. Under Tris-EDTA treatment, the values of MBC and MIC of all 

53 isolates decreased to 1%, v/v or less and 0.5%, v/v or less, respectively. 

Tris-EDTA damages the outer cell membranes of gram-negative bacteria 

and affects the permeability of the bacterial outer membrane, thereby 

enhancing the absorption of antimicrobials. Thus, it is presumed that the 

antibacterial effect of manuka oil on gram-negative bacteria is increased. In 

this study, Tris-EDTA combined with manuka oil showed a synergistic 

antibiotic effect, allowing Tris-EDTA to reduce the MICs and MBCs of 

manuka oil. 

In 19 (35.8%) multidrug-resistant isolates, the MBC and MIC values of 

manuka oil with Tris-EDTA ranged from 1% to 0.06%, v/v, and from 0.5% 

to 0.06%, v/v, respectively. There was no significant difference between 

multidrug-resistant and nonresistant isolates in terms of the bactericidal and 

inhibitory effects of manuka oil with Tris-EDTA (P > 0.05). These results 

revealed that manuka oil combined with Tris-EDTA had synergetic 

antibacterial effects against clinical otitis gram-negative bacterial species, 

including P. aeruginosa, E. coli, K. pneumoniae, and P. mirabilis, regardless 

of antibiotic resistances patterns. 
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Despite the broad antibacterial, antiviral, and anti-inflammatory effects 

of manuka oil,[12, 13, 14] little is known on the effects of manuka oil in 

vivo when clinically applied. Several studies investigated the clinical effects 

of essential oil mouthwash containing a 1:1 mixture of manuka (L. 

scoparium) and kanuka (Kunzea ericoides) in water[13] and the efficacy of 

manuka honey administration without significant adverse reaction.[29, 30] 

Thus, further clinical studies are required to confirm the antibacterial effect 

of manuka oil identified in this study. Moreover, in previous studies, the 

severe ototoxicity of manuka honey at 50% concentration in laboratory 

animals was investigated;[31] however, to the best of the authors’ 

knowledge, no studies have been reported on the ototoxicity of manuka oil. 

It is important to investigate the otologic safety of manuka oil 

administration as an alternative option for the treatment of ear infections as 

there is a possibility of ototoxicity, including damage to the tympanic 

membrane and adverse effects on the auditory nerve. Therefore, further 

studies to determine stability and longevity of manuka oil antimicrobial 

effect in Tris-EDTA as well as pH, storage and ototoxicity of manuka oil 

when mixed with Tris-EDTA are also required to facilitate its safe clinical 

application. 
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5. Conclusions 
 

This study demonstrated that with Tris-EDTA, manuka oil exhibited in 

vitro synergetic bactericidal and inhibitory activity against clinical gram-

negative otitis externa isolates regardless of multidrug-resistant strains 

including β-lactamase-producing P. aeruginosa isolates. The study findings 

suggest that manuka oil, especially in combination with Tris-EDTA, can be 

considered as a promising therapeutic alternative to control canine ear 

infections and to reduce the use of antibiotics against multidrug-resistant 

strains. 
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Table 1. Resistance of clinical otitis isolates to various antimicrobial 

agents according to the disk-diffusion method  
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Table 2. Minimum bactericidal concentration (MBC) to manuka oils 

alone or with Tris-EDTA for each bacterial isolates tested  
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Table 3. Minimum inhibitory concentration (MIC) to manuka oils alone 

or with Tris-EDTA for each bacterial isolates tested 
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국문 초록 

 

 

개에서 분리한 그람 음성 외이염 균주에 

대한 Manuka 정유의 항균 작용 

 

지도 교수: 황 철 용 

 

서울대학교 대학원 

수의학과 임상 수의학(피부과학)전공 

송 순 영 

 

 

외이염을 앓고 있는 개에서 항생제 내성이 증가함에 따라, 항생

제 대체제나 혹은 보다 효과적인 치료법이 필요하다. 

Leptospermum scoparium에서 추출된 manuka 정유는 항균 작

용이 있는 것으로 잘 알려져 있으나, 그람 음성균은 외부막의 불

투과성으로 인하여 내성이 있다. 이 연구의 목적은 

Pseudomonas aeruginosa, Escherichia coli, Klebsiella 
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pneumoniae ssp. pneumoniae, Proteus mirabilis를 포함한 53

종의 그람 음성균에 대한 항생제 감수성 검사 및 Tris-EDTA

와 혼합 시 manuka 정유의 최소 정균 농도(MIC)와 최소 살균 

농도(MBC)를 확인하는 것이다. 총 44 개의 균주가 적어도 하나

의 항생제에 대해 내성을 가지고 있으며, 그 중 19 개의 균주는 

다제내성균으로 확인되었다. Manuka 정유의 단독의 MIC 및 

MBC는 각각 1 %(v/v) 이상 및 2 %(v/v)이상 이였다. 실험에 

사용한 Tris-EDTA (1.125:0.3 mg/ml)의 농도에서 항생 효과

는 없었다. 그러나, manuka 정유와 Tris-EDTA의 혼합하였을 

때, MIC(0.06%에서 0.5%, v/v; P <0.001)와 MBC(0.06%에서 

1%, v/v; P<0.001) 모두 크게 줄어들었다. 또한, Tris-EDTA를 

혼합한 manuka 정유의 항생 작용은 다제내성균과 비 다제내성

균과의 차이는 확인되지 않았다(P>0.05). 결론적으로, 실험 결

과에 따르면, manuka 정유, 특히, Tris-EDTA와 혼합된 

manuka 정유는 개의 외이염 치료에 있어서 효과적이고, 항생제 

사용을 줄여줄 수 있는 대체제로서의 가능성을 보여주었다. 

 

________________________________________________________________ 
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