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Abstract

Background: Staphylococcus spp., and Pseudomonas spp., including multidrug resistant staphylococci
are frequent isolates from canine otitis externa and atopic dermatitis. Biofilm formation by these
organisms may be important in otitis chronicity. With ear cleanser products commonly used to control
microbial overgrowth, it is important to measure their antibiofilm effects. Six ear cleansers (Epiotic SIS,
Epiotic Advanced, Cleanaural , Otifree, Peptivet and Sonotix ) were evaluated against infection isolates
of Pseudomonas aeruginosa, methicillin resistant and sensitive Staphylococcus aureus and
Staphylococcus pseudintermedius. Antibiofilm activity was measured colorimetrically via the presence of
viable cells as detected by the reduction of a thiazolyl blue tetrazolium bromide compound (MTT).
Minimum inhibitory concentration (MIC) of Epiotic SIS and Epiotic Advanced were measured using a
broth micro-dilution assay to ascertain inhibition in planktonic phase.

Results: Epiotic (SIS and Advanced), Cleanaural and Peptivet showed strong antibiofilm activity, with
Otifree and Sonotix showing moderate to low antibiofilm activity. Differences in inhibition between the
methicillin resistant and sensitive staphylococcal isolates were also observed between the products with
Otifree showing significantly less inhibition of the resistant isolate of S. aureus compared to the sensitive
isolate. P aeruginosa biofilms were less effectively disrupted by some ear cleansers compared to Epiotic ,
and the MIC results indicated that less diluted solutions were required to inhibit this isolate compared to
the staphylococci. Differences in the antibacterial effects between Epiotic SIS and Epiotic Advanced
solutions could also be detected from the MIC assays suggesting differences in formulations can affect
antimicrobial efficacy.

Conclusions: Commonly used canine ear cleanser products showed activity against multidrug resistant
and sensitive Staphylococcusspp. and P, aeruginosa isolates in both biofilm and planktonic phases.
Differences between strains and cleansers were observed that should enable better targeted use of these
products.

Background

Atopic dermatitis and the frequently associated otitis externa are some of the most common cutaneous
primary inflammatory conditions in dogs, often associated with secondary bacterial infections (1-5).
Besides hypersensitivity and the resulting inflammation, additional host factors such as keratinisation
and abnormal cerumen production are also thought to contribute to the pathogenesis of these conditions.
Yeasts, staphylococci and Pseudomonas spp, are among the most frequent isolates found from infected
canine skin and ears (6-9). These infections are typically polymicrobial in nature, with a proportion
involving potentially multidrug resistant staphylococci and/or biofilm forming Pseudomonas spp (10,
11). These can result in chronic or recurrent infections leading to severe outcomes with treatment
requiring multiple courses of antimicrobials and ear cleaning. Topical ear cleanser products are sold
commercially in a variety of formulations containing different components and technologies including
antimicrobial, anti-inflammatory, surfactant and cerumenolytic compounds (12-14). Some provide good
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cleansing properties and help control bacterial proliferation, as demonstrated in vitro and in vivo (15).
However, their possible role in controlling biofilms that are clinically relevant has not been tested yet.
Indeed, the ability of the bacterial strains to form biofilm can alter their sensitivity to antimicrobials and
antibiotics, a common cause of treatment failure (16—19). Cleaning ears with a product able to disrupt
and maintain bactericidal effects on biofilms could be an important step to prevent more serious
diseases. This study therefore aimed to compare the antibiofilm activity of a selection of commercial ear
cleanser products. Used in vivo, especially in clinically affected dogs, cleansers can be diluted by various
wax and secretions, the minimum inhibitory concentration (MIC) for the two Virbac products (Epiotic SIS
and Epiotic Advanced) were determined to ascertain dilutions of the different products that are inhibitory.

Results
Antibiofilm Effects

Epiotic SIS, Epiotic advanced, Peptivet and Cleanaural solutions showed significant antibiofilm activities
against all isolates tested (p < 0.001 when compared to control, Fig. 1-3). Survival of strains in biofilm
was indeed decreased by at least 79% with both Epiotic formulations and by at least 66% and 73% with
Cleanaural and Peptivet respectively (Fig. 1-4). No significant difference was observed between these
four products for any strain tested. The antibiofilm effect of the two other products (Otifree and Sonotix)
was not as strong and varied between strains. Otifree was ineffective against P aeruginosa (Fig. 1) and
methicillin resistant Staphylococcus aureus (MRSA, Fig. 2) but could significantly reduce survival of the
other strains in biofilm (% of decrease versus control varying between 41% and 58%, p < 0.001, Fig. 2-4).
Sonotix was also ineffective against P aeruginosa (Fig. 1) but could reduce the survival of the other
strains in biofilm (% of decrease varying between 57% and 76%, p < 0.001, Fig. 2—4). When comparing
products between them, a significantly lower efficacy of Otifree (p <0.05) was observed compared to
Epiotic SIS, Epiotic advanced, Peptivet or Cleanaural for all strains tested, and a significant lower efficacy
of Sonotix (p <0.05) compared to the same four ear cleansers for P aeruginosa, MRSA and MRSP.

Minimum Inhibitory Concentration of Epiotic ear cleansers

Significant growth inhibition was observed on the staphylococci strains in up to 24-fold diluted Epiotic
SIS and 12-fold diluted Epiotic Advanced solutions, whereas P aeruginosa was susceptible in up to 6-fold
diluted ear cleanser (Fig. 5). No significant differences in MIC values could be observed for both ear
cleanser solutions between methicillin sensitive and resistant strains of the staphylococci. However, there
were some differences in the MIC for Epiotic SIS compared to Epiotic Advanced, with the former showing
efficacy at higher dilutions than the latter (Fig. 5).

Discussion

Staphylococci are some of the most abundant organisms present in the canine skin microbiota, and
strains belonging to the genera Staphylococcus spp., and Pseudomonas spp. are frequently isolated from
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canine atopic dermatitis and otitis externa (20—23). A high proportion of Pseudomonas spp, isolates
from these infections can form biofilms and thus contribute to its virulence and persistence (10, 11, 16—
19). It is therefore important to evaluate the antibiofilm activities of available canine ear cleanser
products to help inform use. In this study, a differential antibiofilm effect for each ear cleanser was
observed on the bacterial strains (Fig. 1-4). Epiotic SIS, Epiotic Advanced, Cleanaural and Peptivet
showed high efficacy against both methicillin resistant and sensitive staphylococci strains, with Otifree
and Sonotix showing moderate to low efficacy. All products tended to show a slightly reduced efficacy
against the resistant staphylococcal strains compared to the sensitive strains. It has been shown that
there is an association between multi-drug resistance and biofilm forming ability in S. aureus (18, 19). ltis
possible that MRSA and MRSP strains form higher biomass biofilms that are not easily disrupted.

Small differences in the MIC curves between sensitive and resistant strains could also be detected in the
MIC assays, with the methicillin resistant strains reaching higher OD in the dilutions under the MIC
compared to the sensitive strains (Fig. 5). The antibiofilm assay in this study would detect biofilm
disruption and bactericidal activity as a cumulative effect as, any cells not adhering to the wells will be
removed when the ear cleanser is aspirated from the wells after treatment. So, comparison with MIC
curves can suggest differences in biofilm disruption and bactericidal activity as the MIC would
predominantly measure bactericidal activity of the cells in planktonic phase. Results for the
staphylococcal strains in this study showed that methicillin sensitive strains were more susceptible in the
antibiofilm and MIC assays compared to the resistant strains, indicating that there are no major
differences in the activity of Epiotic SIS and Epiotic Advanced ear cleansers against biofilm and
planktonic phase. However, across all Staphylococcus spp., strains studied in the MIC assay, higher
dilutions of Epiotic SIS showed activity compared to Epiotic Advanced (Fig. 5), suggesting formulation
differences can have differential effects on antibiofilm and bactericidal efficacies.

The Epiotic SIS and Epiotic Advanced ear cleansers showed high antibiofilm efficacy against the gram-
negative P aeruginosa strain comparable to the Staphylococcus spp. strains, whereas the other ear
cleansers showed reduced efficacy relative to the staphylococci. Comparing these data with MIC curves
suggested that the Epiotic products showed similar MIC values, although requiring higher concentrations
of the solution than the staphylococci to show effective inhibition. Whereas the P aeruginosa strains
were inhibited up to 6-fold dilutions, the staphylococci were still inhibited up to 24-fold dilutions of Epiotic
SIS & Epiotic Advanced (Fig. 5). A high antibiofilm activity, even with high dilutions (6-to-24-fold
dilutions), suggests that these ear cleansers may disrupt staphylococcal and P aeruginosa biofilms
effectively in clinical situations.

Conclusion

Several commercially available products may have good antimicrobial and/or wax elimination properties,
however, this study has highlighted important differences in antibiofilm activities between products.

Further, differences observed between antibiotic resistant and sensitive isolates indicates that the degree
of antibiofilm activity of a product in addition to identification of the isolates responsible for the infection
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should also be criteria in treatment considerations. Recurrent and/or chronic infections may require an
adapted approach in products selection by considering the presence of biofilms on canine skin and ears.

Methods

The following ear cleansers were evaluated in this study: Epiotic SIS (Virbac), Epiotic Advanced (Virbac),
Cleanaural (Dechra), Otifree (Vetoquinol), Peptivet (Vetruus), Sonotix (Vetoquinol).

Organisms & culture conditions

Bacterial strains used in this study are listed in Table 1. All strains are infection isolates kindly supplied
by the Royal Veterinary College, UK. The strains were maintained on Blood Agar (with 5% v/v defibrinated
horse blood) at 37®C aerobically (5% CO,). Liquid cultures used to make bacterial suspensions for

antibiofilm or Minimum Inhibitory Concentration (MIC) assays were grown overnight on Tryptone Soya
Broth.

Biofilm formation & treatment

Bacterial cultures incubated aerobically at 37°C for 24 hours were pelleted by centrifugation (3500 rpm
for 10 min at 20°C). The pellets were resuspended in broth and standardized at a concentration of 107
colony-forming units per ml at an optical density of 600nm (ODg,). Biofilms were then formed in wells of
micro titre plates by adding 100uL of standardized inoculum for a period of 90 minutes at 37°C under
shaking (75 rpm) to obtain pre-adhesion. Following this period, the supernatant was discarded, and
200pL broth for biofilm growth added and incubated aerobically for 24 hours. The biofilms were then
separately exposed to the 100pL of test substances, chlorhexidine (0.2% w/v), and negative control
(deionised water) for 15 minutes at 37°C. Experiments were repeated twice with sextuplicate biofilms per
experiment.

Quantification of cell viability of microbial biofilms

The percentage of surviving cells after exposure to the antimicrobial agents was verified by the analysis
of bacterial metabolism of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Abcam)
according to the manufacturer’s instructions. Briefly, test solutions were removed by pipetting from the
wells, then 50uL of MTT solution and 50uL of medium was added and the plate incubated (at 37°C for 1
hour) under light protection aerobically. After incubation, 150uL of MTT solvent solution was added for
the solubilisation of products derived from biochemical activity promoted by the biofilm viable cells. After
15 minutes of incubation at 37°C with shaking in an orbital shaker at approx. 75 rpm), the OD was read
(A =590 nm) in a microplate spectrophotometer (BMG Labtech CLARIOStar Plus).

Statistical Analysis of Antibiofilm Assay

The OD values were normalised within each plate, and the values were analysed using one-way ANOVA
with multiple comparisons conducted using the Fisher's LSD test against the negative controls. Analysis
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was performed using GraphPad Prism (v9.1.0).

Minimum inhibitory concentration (MIC) Determination

MIC determinations of the ear cleanser products were carried out using a broth micro-dilution assay
against the test species of bacteria. Bacterial suspensions at ODgqy of 0.1 were prepared from pelleted

(3500 rpm for 10 min at 20°C) broth cultures. Serial 1 in 2 dilutions of test substances were first made in
a total broth volume of 90uL per well of the micro titre plate. Bacterial suspension (90uL) and medium
(90uL) were then added to each well and then incubated at 37°C for 24 hours. Optical density at 600nm
was read before and after incubation using a microplate spectrophotometer (BMG Labtech CLARIOStar
Plus). MICs were recorded as the lowest concentration of product inhibiting growth as measured by
optical density after subtracting from the baseline measurement. Experiments were repeated twice.
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Organism Isolate name Notes

Methicillin sensitive GLOO01B Infection isolate, genotyped using
Staphylococcus thermonuclease gene.
pseudintermedius (MSSP)
Methicillin resistant GL119A Infection isolates, genotyped using
Staphylococcus thermonuclease gene. Presence of methicillin
pseudintermedius (MRSP) resistance confirmed with mecA detection.
Methicillin resistant A004
Staphylococcus aureus
(MRSA)
Methicillin sensitive B027 Infection isolate. Genotyped using
Staphylococcus aureus thermonuclease gene.
(MSSA)
Pseudomonas aeruginosa 288230/476168  Canine otitis isolate
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Figure 1

Box plot showing normalised optical density of Pseudomonas aeruginosa biofilms treated with undiluted
ear cleanser products. Outliers are denoted by dots and determined by the Tukey method. *indicates
statistically significant comparisons with the no treatment control.

Page 10/14



1.0~

' N 1 MRSA
" 1 MSSA

normalised OD
o
o
|

H1H
1

H T H

H[ h

|ﬂ—| L]

o MIE o
i
-

HIb

1
3 »* ¥ 0 »* . ¥ ¥ \
&6 ‘b‘g’ &q} '{\& \*‘é} o&. < 6‘00
S Lo > > &N R
>» Y R 0 £ 0
Q7 .o > \4 2) o QO
O & e " N
> Q O <
L © NS
5 &
R\
R
Figure 2

Box plot showing normalised optical density of methicillin resistant (MRSA) and sensitive (MSSA)
Staphylococcus aureus biofilms treated with undiluted ear cleanser products. Outliers are denoted by
dots and determined by the Tukey method. *indicates statistically significant comparisons with the no
treatment control.
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Figure 3

Box plot showing normalised optical density of methicillin resistant (MRSP) and sensitive (MSSP)
Staphylococcus pseudintermedius biofilms treated with undiluted ear cleanser products. Outliers are
denoted by dots and determined by the Tukey method. *indicates statistically significant comparisons
with the no treatment control.
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Heatmap showing mean % reductions in the biofilms relative to the no treatment controls for all strains
and all ear cleansers studied.
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Figure 5

Line plot of the Epiotic SIS (A) and Epiotic Advanced (B) dilutions against mean optical density for the
different strains from duplicate MIC experiments; (C) and (D) plots show the lower dilutions only, to point
to the MIC for the different strains.
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