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Antibacterial Effect of Tea-tree Oil on Methicillin-resistant
Staphylococcus aureus Biofilm Formation
of the Tympanostomy Tube: An In Vitro Study
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Abstract. The antibacterial effects of tea-tree oil against the
formation of methicillin-resistant Staphylococcus aureus
(MRSA) biofilm on the surface of the tympanostomy tubes
was evaluated. Materials and Methods: Silicone
tympanostomy tubes were pretreated with normal saline for 12
hours, the control group (n=4), with 100% tea-tree oil,
experimental group A (n=3), or with 50% tea-tree oil,
experimental group B (n=3). All the tubes were incubated in
a MRSA solution for 2 days and then processed for evaluation
using scanning electron microscopy. Results: The development
of the biofilm mode of growth of MRSA was observed in the
saline-treated control group. In contrast, only focal biofilms
were present on the tube surface in experimental group A and
considerable reduction of biofilm with destruction of the
MRSA cells was shown in experimental group B. Conclusion:
From these results, the antimicrobial effect of tea-tree oil
against biofilm formation on tympanostomy tubes in vitro has
been verified.
Acute tympanostomy tube otorrhea is a common problem
(1-3) that mainly occurs with upper respiratory infection (4).
In children with tympanostomy tubes, acute otitis media can
be diagnosed in the presence of acute otorrhea and acute
symptoms. The causative pathogens in young children with
acute otorrhea are the same as those found in acute otitis
media with an intact tympanic membrane (5).
Bacterial biofilm is a polysaccharide formation believed
to be an important mediator of infection at the site of
implanted materials (6, 7). The organisms within this
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polysaccharide matrix, or glycocalyx slime layer, are
relatively resistant to antibiotics and can become a source
of persistent and relapsing infection, often necessitating the
removal of the implanted material (8). Bacterial biofilm
formation has been implicated in the high rate of persistent
otorrhea after tympanostomy tube insertion (9, 10). It has
been shown that coating medical implants with
antimicrobials may effectively prevent the initial adherence
of staphylococcal biofilms to the implants (11, 12).
There has been a steady increase in the number of
cases of methicillin-resistant Staphylococcus aureus
(MRSA) otorrhea (13); this is a growing concern in
particular the increasing incidence of MRSA infections in
pediatric otitis media with otorrhea (14, 15). Once a
Staphylococcal biofilm has formed on an implanted
medical device or damaged tissue, it is difficult to disrupt.
A biofilm-infected implant must often be removed and
replaced, placing the patient at increased risk of
complications due to these additional procedures (11).
Current antimicrobial therapies for biofilms have largely
proven unsuccessful (16).
Tea-tree oil is an essential oil produced by steam
distillation from leaves of the indigenous Australian plant,
Melaleuca alternifolia or tea-tree. Tea-tree oil is known to
possess antimicrobial activity, and in vitro activity against
Staphylococcus aureus, MRSA, S. epidermidis, and Proteus
mirabilis has been documented (17-19). A recent paper by
Anderson and Fennessy (20) concluded that there was
compelling in vitro evidence of the effectiveness of tea-tree
oil against MRSA. Sherry et al. (21) have described the
clinical efficacy of tea-tree oil against MRSA postoperative
wound infections. To our knowledge, there have been no
studies into how tea-tree oil might influence the development
of bacterial biofilms on the tympanostomy tube.
In this study, the antibacterial effects of tea-tree oil
against the formation of MRSA biofilm on the surface of
the tympanostomy tubes were evaluated.
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Figure 2. Thick biofilms with colonies of MRSA in the saline-treated
control group.
Figure 1. Zone of inhibition of MRSA tested against individual teat tree
oils and vancomycin placed in direct contact.

Materials and Methods
Clinical MRSA (n=20) bacteria samples were obtained from
patients at the Chonnam National University Hospital in Gwangju
city, South Korea (March 2006 through May 2007). Bacterial
cultures were obtained from otorrhea in chronic suppurative otitis
media patients. All patients were initially treated with ciprofloxacin
otic drops but the otorrhea failed to resolve. Ear fluid for culture
was collected from the external auditory canal using a swab. Clinical
samples were processed and identified with standard cultures.
Susceptibilities to various antibiotics were determined by modified
Kirby-Bauer disk diffusion methods according to the Clinical
Laboratory Standards Institute (22). In all cases, MRSA was the only
organism grown. Susceptibility of MRSA was to few antibiotics.
Vancomycin was the most effective antibiotics against MRSA.
Therefore, vancomycin (SamjinPharm. Co, Seoul, South Korea) was
tested in comparison to three individual tea-tree oil concentrations
(100%, 50%, 10% in tween). The biofilm susceptibility of the MRSA
was tested using the modified microplate Alamar blue assay (23).
Medtronic Xomed (Jacksonville, FL, USA) silicone
tympanostomy tube were prepared for 12 hours with 100% tea-tree
oil, group A (n=3), with 50% tea-tree oil diluted with tween, group
B (n=3), or with normal saline, control (n=4). The MRSA was
grown to a logarithmic phase in trypticase soy broth (TSB) at 37ÆC
for 24 hours. The bacteria were harvested by centrifugation, and
then resuspended in TSB and evaluated with a spectrophotometer
to yield approximately 109 colony-forming units per milliliter. Flasks
containing TSB were inoculated with MRSA using a sterile wire
loop. The pretreated tympanostomy tubes were incubated in biofilm
susceptible MRSA solution for 2 days. All the tympanostomy tubes
were immersed in fresh 2% glutaraldehyde overnight. They were
prepared by critical point drying and gold sputter coating. All the
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prepared specimens were investigated for MRSA biofilm formation
on the surface of the tube using scanning electron microscopy
(SEM). Each specimen was examined for 30 minutes.

Results
All the bacterial strains showed some susceptibility to each
concentration of tea-tree oil when tested in direct contact
using the disc diffusion method. The size of the zone of
inhibition varied depending upon the concentration with
100% tea-tree oil giving the largest zones of inhibition. The
MRSA appeared to be similarly susceptible to 50% tea-tree
oil and vancomycin (Figure 1).
The development of the biofilm mode of growth of
MRSA was observed in the control (saline pretreated
tympanostomy tubes) group. Thick colonies of MRSA were
evident on most of the tube surfaces with no intervening
spaces (Figure 2). On the other hand, a marked change in
the appearance of the biofilm with considerable reduction
in the density of adherent bacteria and biofilm structures
was shown in experimental group A (Figure 3).
Experimental group B (Figure 4) showed destruction of the
surface MRSA and partial reduction of the biofilm
compared to experimental group A.

Discussion
The resistance to antibiotics of bacteria growing in biofilms
remains an incompletely understood process and is an area
of active research. The antibiotic resistance of bacteria in
established biofilms may be due to a number of factors,
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Figure 3. Considerable reduced focal appearance of biofilm on tube
surface in group A (100% tea-tree oil).

Figure 4. Surface destruction of the MRSA with intervening spaces is
shown in the group B (50% tea-tree oil).

including the multilayer structure of biofilms (24). Recently,
in an in vitro study, Biedlingmaier et al. (25) showed the
development of bacterial biofilms on tympanostomy tubes
composed of silicone, fluoroplastic and silver oxideimpregnated silicone. Jang et al. (26) reported biofilm
formation on the tympanostomy tubes with ciprofloxacinresistant Pseudomonas otorrhea.
In the present study, SEM confirmed that tea-tree oil
eradicated the biofilm of MRSA. A diverse range of
essential oils are known to possess antimicrobial activity and
in vitro activity of oils such as tea-tree oil against MRSA has
been documented (20). The exact mechanism of tea-tree oil
action against MRSA biofilms remains unclear.
The reduced bacterial adherence to the tympanostomy
tube caused by tea-tree oil may be explained by the
alteration of adherence factors present on the bacterial cell
surface. Tea-tree oil can be used topically for the MRSA
otorrhea (17). However, if tea-tree oil is to be used in
pediatric MRSA otorrhea with tympanostomy tubes, its
ototoxicity should be assessed.
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