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Background – Pseudomonas aeruginosa is an opportunist pathogen that causes purulent inflammation in the
skin and in the ears of dogs. Among the various virulence factors of P. aeruginosa, biofilms have been reported
to result in antibiotic resistance, leading to therapeutic limitations. Cold atmospheric microwave plasma (CAMP)
is known to have a high antimicrobial effect, which causes physical cell wall rupture and DNA damage.
Hypothesis/Objectives – The objective of this study was to evaluate the antibacterial and antibiofilm effects of
CAMP against planktonic bacteria and the biofilm of P. aeruginosa.
Methods and materials – The antibacterial effect of CAMP against P. aeruginosa ATCC10145 and clinical isolates (n = 30) was evaluated using the colony count method. We also assessed the effect of CAMP on biofilm of
P. aeruginosa ATCC strain by the colony count method, water-soluble tetrazolium salt (WST) assay and confocal
laser scanning microscopy (CLSM).
Results – The complete eradication of P. aeruginosa (ATCC strain and clinical isolates) was achieved within
120 s at 50 W, and clinical isolates required 60 s shorter than the ATCC strain for complete eradication at 50 W.
We also confirmed the time-dependent bactericidal effect of CAMP at 50 W against ATCC strain biofilm.
Conclusions and clinical importance – CAMP was effective against both planktonic bacteria and biofilm formation of P. aeruginosa. However, further studies on in vivo efficacy and safety in canine skin and ears are necessary to fully validate its clinical application.
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markedly evade the host immune response, have desiccation tolerance and resist antimicrobial therapy.6
In human medicine, biofilms are estimated to represent
approximately 80% of all chronic human infections, being
important mediators of healthcare-associated infections.7,8 For example, the biofilms can be formed in the
lungs of patients with cystic fibrosis, within wounds, on
surgical implants and within the middle ear.9–11 The bacteria within the biofilms generally are more resistant to
antibacterial challenge therapy and to the host immune
system than planktonic bacteria of the same species.12–16
The resistance of the antibiotic challenge may explain the
reason why biofilm-mediated infections often fail to
respond to conventional antibiotic treatments.15 Biofilms
have introduced a limitation to existing antibiotic treatments by acquiring antibiotic resistance in veterinary medicine.17 In addition, the biofilm-forming bacteria potentially
can lack a response to the treatment in dogs owing to the
minimum inhibitory concentration for biofilm-embedded
bacteria, which is different from planktonic counterparts.18 In comparison to their counterpart planktonic
form, understanding the antibacterial resistance of bacteria within biofilms is important for developing the most
appropriate treatment regimens for canine patients.
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Introduction
Pseudomonas aeruginosa (P. aeruginosa) is a Gramnegative rod-shaped bacterium ubiquitous in the environment. This bacterium is the most common problematic
pathogen in dogs with chronic or recurrent bacterial otitis
externa and is occasionally found in cases of deep pyoderma.1,2 P. aeruginosa is an opportunistic pathogen with
a high prevalence of antibiotic resistance is partly a consequence of its potent ability to form biofilms.3,4
A bacterial biofilm comprises a sessile community of bacteria attached to a surface that produces a matrix formed by
an extrapolymeric substance (EPS) of carbohydrates, proteins and DNA, and then develops irreversibly into monolayers of planktonic bacterial cells.5 As a result of the physical
protection conferred by EPS, metabolism alterations and
several other changes in each individual bacterium and the
bacterial community, the bacteria within the biofilm can
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The application of physical treatments can be an alternative method when the effects of chemicals are weak
owing to biofilm resistance; in this context, nonthermal
plasma may be an option. Plasma is a neutral ionised gas,
consisting of photons, electrons, charged ions, atoms,
free radicals, and excited and nonexcited molecules produced under the application of an electric field.19 The
antibacterial effect of plasma is attributed mainly to the
synergies of the reactive particles in torch and UV–visible
light that cause oxidative stress and DNA damage.20,21
Two categories of plasma exist, thermal and nonthermal,
defined according to the conditions in which they are generated; nonthermal plasma is obtained at lower pressure
and uses a lower power.18 This effective equipment for
eradicating micro-organisms is also known as cold atmospheric plasma (CAP).22–24 CAP has been evaluated for a
significant number of biomedical applications in human
dermatology, including wound healing, skin regeneration
and also the healing of infected areas.25–28 However, in
veterinary medicine, studies on CAP applications are lacking. In this study, a microwave discharge plasma torch,
called cold atmospheric microwave plasma (CAMP), was
used regarding its advantage in the medical field application, allowing the surface temperature to be maintained
below 40°C.29
The object of the present study is to investigate the
antibacterial and antibiofilm effect of CAMP of P. aeruginosa. We demonstrated the bactericidal effect of
CAMP on planktonic bacteria using P. aeruginosa American Type Culture Collection, no. 10145 and clinical isolates. Furthermore, the antibiofilm effect of plasma
according to the application on the biofilm of P. aeruginosa ATCC10145 was also confirmed. Several experimental methods were applied to evaluate the bacterial
cell viability after plasma application, such as the colony
count method, water-soluble tetrazolium salt (WST)
assay and live/dead staining, followed by confocal laser
scanning microscopy (CLSM).

Methods and materials
Bacterial strains
Bactericidal effects of CAMP were evaluated against all clinically isolated and stocked strains of P. aeruginosa from dogs with pyoderma
or otitis at the Veterinary Medical Teaching Hospital of Seoul National
University (n = 30) between 2017 and 2021. The isolates obtained
from 12 dogs with pyoderma and 18 dogs with otitis were identified
using the Vitek 2 system (BioMerieux; Hazelwood, MO, USA). The
dogs had never been in contact with each other.
As a standard strain, P. aeruginosa (ATCC10145) was used in this
study. The strains were stored in tryptic soy broth (TSB, Oxoid; Basingstoke, UK) with 50% glycerol at –80°C before further examination;
this bacterium routinely is cultured on blood agar plates at 37°C in
aerobic conditions.

CAMP
All of the experiments were performed with a microwave plasma
pen (IonMedical Inc.; Seongnam, Korea). When the microwave
energy (30–50 W, 2450 MHz) enters the tube and the argon plasma
comes into contact with the air, the reactive species are produced,
and all of the plasma products then are delivered to the object by the
gas flow. The plasma then is eis was in the range 3–5 mm. The
CAMP was set at gas flow of 15 L/min with power consumption was
30 W or 50 W. The surface temperature of the plasma was maintained between 37°C and 40°C.
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Plasma inactivation of planktonic cells
Pseudomonas aeruginosa (ATCC10145) and clinical isolates (n = 30)
were used to determine the bactericidal effect of CAMP. A single colony from the agar plate was inoculated in Luria–Bertani broth (LB)
and incubated overnight at 37°C, while shaking at 120 rpm, for 24 h
and then diluted with 0.5 Mcfarland using a turbidimeter (Densichek
McFarland Densitometer; Biomerieux). The final inoculum concentration was adjusted to approximately 5.0 × 104 colony-forming units
(cfu) per mL by broth dilution, and each 10 µL of bacterial suspension
was spotted and streaked with an inoculum loop and needle (Loop
and Needle, SPL Life Science; Gyeonggi-do, South Korea) on the surface of an individual Mueller–Hinton agar plate (MHA, BD Diagnostic
Systems; Sparks, MD, USA). The plates were exposed to the plasma
for 10, 30, 60, 120 and 240 s as described above. Nonionised argon
gas and unexposed plasma were used as a negative control. Each
plate was left in the incubator at 37°C for 24 h, the number of colonies was counted. All of the experiments were performed in triplicate.

Biofilm growth
Pseudomonas aeruginosa (ATCC10145) was used to grow biofilms.
The biofilms were grown on the peg lid of Calgary Biofilm Device
[MBEC Assay for Physiology & Genetics (P & G), Innovotech Inc.;
Edmonton, Alberta, Canada].30 As described previously, a single colony from the agar plate was inoculated in LB and incubated overnight
at 37°C in an aerobic condition, while shaking at 120 rpm during
24 h, and diluted to a concentration equivalent of 0.5 McFarland turbidimeters. The final inoculum concentration was adjusted to about
5.0 × 106 cfu/mL by broth dilution.31 The standardised bacterial suspension was inoculated in the Calgary Biofilm Device (volume of
150 µL in each well) and then incubated at 37°C for 48 h in an aerobic
incubator. Every 24 h, the LB in each well was refreshed. The peg
lids were replaced in a 96 well microtitre plate that contained fresh
LB in each well. At the end of the 48 h, which is the time of the final
incubation, each peg was rinsed with for 1 min in a plate containing
200 µl of phosphate-buffered saline (PBS, Biosesang; Gyeonggi,
Korea). This procedure allows to remove any planktonic or loosely
adhered bacteria before plasma exposure.

Plasma inactivation of biofilms
The biofilm treatment methods used in this work were modified from
a previous study.32 Each peg was exposed to plasma at different
time points (0, 15, 30, 45, 60, 120 and 240 s).33 The pegs exposed to
gas only also were examined and used as a negative control. All the
experiments were performed independently three times. After the
plasma exposure, the pegs were placed in the wells of a 96 well
microtiter plate containing 200 µL PBS in each well and sonicated for
10 min to dislodge the biofilm cells; the surviving bacteria were resuspended in PBS. The pegs were discarded and the resultant bacterial suspensions used to determine the viability of surviving bacterial
cells.
The standard colony count method and WST assay were used to
determine the viability of surviving cells. In the standard colony count
method, the recovered bacterial suspensions were serially diluted
and plated on MHA plate for viable cell counting. After incubating for
24 h at 37°C, the number of surviving cells was calculated as
described above. The results were calculated as a percentage of cell
survival for normally cultured cells without exposure (negative control).
The cell viability also was determined using the EZ-Cytox kit
(DoGen; Seoul, Republic of Korea) based on the WST reagent,
according to the manufacturer’s instructions. Briefly, 50 µL aliquots
of LB for growth media were transferred into the wells of a 96 well
microtitre plate. After plasma exposure, 50 µL aliquots of the recovered bacterial suspensions were transferred into each well and 10 µL
WST reagent was added to each well. The microtitre plate was incubated at 37°C for 1 h and the absorbance measured at 450 nm using
a plate reader (Versamax Microplate Reader, Molecular devices; San
Jose, CA, USA). The intensity of the WST metabolic product is proportional to the number of viable cells. The rate of cell reduction at
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each point was calculated by comparing the absorbance of the samples at each time point with the corresponding samples of the
untreated plasma samples.

CLSM
For microscopic examination, the biofilms were grown on four well
chamber slides (Nunc Nunc Lab-Tek, Thermo Fisher Scientific; Waltham, MA, USA). To maintain biofilm viability, the medium was changed every 24 h. After 48 h of incubation, the chambers were gently
washed thrice with PBS. The biofilm grown in the chamber slides
was exposed to the plasma for 0, 60, 120 and 240 s, respectively,
and were stained with a Live/Dead Baclight viability kit (Molecular
Probes, Life Technologies; Eugene, OR, USA). The viability kit
includes two nucleic acid stains, SYTO 9 and propidium iodide (PI).
The live bacterial cells were stained by SYTO 9, which appears
green-fluorescent. The dead cells were stained by PI, which infiltrates within the damaged cells, resulting in red-fluorescent staining.
Each sample was examined by confocal laser scanning microscope
(LSM 710, Carl Zeiss; Jena, Germany).

Statistics
All of the experiments were performed using triplicate samples. STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES v20.0 (IBM Corp.; Armonk, NY,
USA) and R software v4.0.2 (The R Foundation for Statistical Computing; Vienna, Austria) were used for all the statistical analyses. To
determine the bactericidal effect of CAMP for each plasma exposure
time, statistical significance was analysed by Student’s t-test and
ANOVA; P ≤ 0.05 was considered statistically significant.

Results
In vitro study of the bactericidal effect of CAMP
The effectiveness of CAMP against standard bacterial
strain and clinical isolates (n = 30) of P. aeruginosa is
shown in Figure 1. The number of surviving cells was calculated as cfu/peg and the bactericidal effect was determined as %cfu after the exposure of plasma in
comparison with the untreated control. For P. aeruginosa
ATCC10145, the survival rates irradiated for 10, 30,
60,120 and 240 s were, respectively, 30%, 6%, 5%, 3%
and 0% at 30 W. At 50 W, the survival rate of the standard strain of P. aeruginosa was reduced to 8% with 30 s
of irradiation and completely eradicated after 120 s. For
the 30 clinical isolates, the survival rates irradiated for 10,
30, 60 and 120 s were, respectively, 25%, 10%, 1% and

0%. At 50 W, the survival rate of clinical isolates of
P. aeruginosa was reduced to 8% with only 10 sof irradiation and completely eradicated after 60 s. In the standard
ATCC strain and clinical isolates of P. aeruginosa, there
was a significant difference in the viability of bacteria by
plasma power (P ≤ 0.05) and in the viability of bacteria by
plasma exposure time (P ≤ 0.001). In addition, there was
no significant difference in nonionised gas flow as negative control with nonplasma in all strains.
Bactericidal effect of CAMP on P. aeruginosa
ATCC10145 in biofilms
Survival curves of biofilms of P. aeruginosa ATCC10145
treated with 30 W and 50 W plasma are shown in Figure 2. An almost 3 log10 (99.9%) reduction in the number
of viable cells of P. aeruginosa ATCC10145 biofilms was
determined within 240 s of 50 W plasma exposure. The
error bar was obtained using the average calculated
before the log was taken because there were data with
zero cells. With 30 W plasma exposure, there was no significant reduction in viable cells in biofilm.
The WST assay was used for evaluate the viability of
P. aeruginosa biofilms treated with 30 W and 50 W
plasma. After the plasma exposure as described previously, absorbance was measured at 450 nm for 0, 10, 30,
45, 60, 120 and 240 s. There was no significant reduction
in biofilms with 30 W plasma (data not given). With 50 W
plasma exposure, the absorbance ratio continuously
decreased with plasma exposure time (Figure 3).
Based on the colony count method and WST assay, the
percentage of cell reduction values were calculated (Figure 4). The cell reductions found by the colony count
method were 24%, 39.4%, 52.5%, 59.5%, 90.7% and
99.8% at 50 W, when irradiated for 10, 30, 45, 60,120
and 240 s, respectively. The cell reductions of the WST
assay were 4.1%, 15.4%, 17.7%, 27.4%, 54.9% and
82.5% at 50 W, when irradiated for 10, 30, 45, 60,120
and 240 s, respectively. The colony count method presents generally higher cell reduction value in comparison
with WST assay. In the preliminary experiments, no significant differences were found between nonsonicated
and sonicated experiments (data not shown).

Figure 1. Survival rates of the cold atmospheric microwave plasma (CAMP)-treated standard strain and clinical isolates of Pseudomonas aeruginosa.
Percentage of colonies formed after 30 W and 50 W plasma treatment relative to untreated control plates is shown as percentage survival. Argon
gas flow for 60 s was used as control. **, P ≤ 0.001, error bar  standard deviation for triplicate analysis.
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Figure 2. Survival curves of biofilms treated with 30 W and 50 W
plasma.
Pseudomonas aeruginosa ATCC10145 biofilms grown on Calgary biofilm device were exposed to both 30 W and 50 W plasma for 10, 30,
45, 60, 120 or 240 s. The number of biofilm surviving cells in each
sample was calculated by the colony count method. Error bar  standard deviation for triplicate analysis.

Figure 4. Percentage of cell reduction curves of colony count
method and water-soluble tetrazolium salt (WST) assay at 50 W
plasma exposure.
Percentage of cell reduction curves of Pseudomonas aeruginosa
ATCC10145 biofilms were calculated at 50 W plasma exposure. The
solid line is based on the colony count method and the dotted line is
based on the WST assay. Error bar  standard deviation for triplicate
analysis.

red (nonviable) cells became dominant as the plasma
exposure time increased.

Discussion

Figure 3. Absorbance ratio of water-soluble tetrazolium salt (WST)
assay product treated with 50 W plasma.
Pseudomonas aeruginosa ATCC10145 biofilms grown on Calgary
biofilm deviceBD were exposed to 50 W plasma for 10, 30, 45, 60,
120 or 240 s. After plasma exposure, the recovered bacterial suspensions then were transferred into each well and the WST reagent was
added. The microtitre plate was incubated and the absorbance measured at 450 nm. The intensity of the WST metabolic product is proportional to the number of viable cells. Error bar  standard deviation
for triplicate analysis.

Live/Dead staining and CLSM
In order to visualise the viable and nonviable cells, Live/
Dead BacLight bacterial viability staining kit was used for
staining the P. aeruginosa ATCC10145 biofilms. The
stained biofilms then were examined by CLSM. The confocal images of the plasma exposed to the biofilms are
presented in Figure 5. This reveals the differences
between viable and nonviable cells in order to distinguish
within a population of cells. The biofilms that were not
exposed to plasma generally appeared green (viable); and
32

The aim of the present study was to evaluate the efficacy
of CAMP as an antibacterial/antibiofilm. In comparison
with other devices, CAMP has the advantage of maintaining the surface temperature below 40°C and lowering
power consumption in comparison with the other commercial microwave discharge plasma machines.29,34
Owing to these advantages, we investigated the effectiveness of CAMP as a tool to prevent and control the
infections caused by P. aeruginosa in dogs.
In this study, CAMP showed a significant bactericidal
effect against P. aeruginosa. Pseudomonas aeruginosa
ATCC10145 was completely eradicated within 240 s at
30 W and 120 s at 50 W, while clinical isolates achieved
complete eradication within 120 s at 30 W and 60 s at
50 W. These results demonstrate that a longer plasma
exposure time was required to eradicate the standard
ATCC strain compared with clinical isolates of P. aeruginosa. A previous study showed that differences in EPS
led to different susceptibilities of biofilms.35 This may
explain the strain-specific susceptibility profiles following
nonthermal plasma exposure. In standard strain and clinical isolates of P. aeruginosa, there was a significant difference in the viability of bacteria by plasma power
(P ≤ 0.05) and plasma exposure time (P ≤ 0.001). This
indicates that the bactericidal effect of CAMP is doseand time-dependent.
In the biofilms, a time-dependent reduction in the number of viable cells of P. aeruginosa biofilms was achieved
within 4 min of 50 W plasma exposure compared with
the negative control. With 30 W plasma exposure, there
was no significant reduction in the biofilms. This indicates
that more than a certain power of CAMP is required for
© 2021 ESVD and ACVD, Veterinary Dermatology, 33, 29–e10.
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Figure 5. Confocal laser scanning microscopy (CLSM) images of the cold atmospheric microwave plasma (CAMP)-treated biofilms.
Micrographs of Pseudomonas aeruginosa ATCC10145 biofilms grown on four well chamber slides, exposed to 50 W plasma for 0 s (a), 60 s (b),
120 s (c) and 240 s (d). After plasma exposure, the biofilms were stained with a Live/Dead Baclight viability kit. Green, surviving cells; red, dead
cells. Magnification ×400.

the eradication of P. aeruginosa biofilms. A previous
study identified that resistance to treatment with CAP
occurs in P. aeruginosa biofilms.35 Thus, an effective
plasma dose should be previously established for the
treatment in clinical medicine. Cell viability also was
determined by WST assay, which was performed alongside with standard colony count post-exposure. The survival fractions of the standard colony count at shorter
exposure times are greater than those reported by the
WST assay. Despite low colony counts, the WST assay
revealed some residual metabolic activity after CAMP
exposure. This finding probably indicates that bacterial
cells might enter a viable-but-nonculturable (VBNC) stage,
which also was studied in a previous study.36 The VBNC
© 2021 ESVD and ACVD, Veterinary Dermatology, 33, 29–e10.

state is a survival mechanism of bacteria against environmental stress conditions.37,38 The Live/Dead BacLight
bacterial viability staining kit was used to visualise and
evaluate the bactericidal effect of P. aeruginosa biofilms,
and to demonstrate the biofilm cells rendered nonviable
by CAMP. Confocal microscopy examination revealed evidence for the time-dependent bactericidal effect of
CAMP on the biofilm cells.
Cold atmospheric microwave plasma showed remarkable bactericidal effects against biofilm and planktonic
phenotypes of P. aeruginosa. CAMP susceptibilities were
identified in different phenotypes (planktonic/biofilm), and
bacterial eradication was proportional to exposure time.
Generally, longer plasma exposure times were required to
33
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eradicate biofilms compared with planktonic bacteria of
P. aeruginosa. This difference in the eradication time indicates the difference in susceptibility to plasma exposure
between planktonic and biofilm bacteria, which is in
agreement with a previous study.39 Moreover, this might
support the finding of another research that biofilm is
associated with resistance to nonthermal argon plasma.40
In general, nonthermal argon plasma is more effective
against Gram-negative than Gram-positive bacteria.38
Therefore, plasma treatment may be especially useful for
the treatment of P. aeruginosa as it is an important Gramnegative bacterium that causes bacterial otitis externa
and pyoderma in dogs. CAMP used in this study maintains low surface temperature and employs a pen-type
device for delivering the plasma. This condition of CAMP
is especially useful for clinical applications in veterinary
medicine since it can selectively be applied to skin
lesions. CAMP also could be used in cases of otitis
externa in dogs. Because there are concerns about the
safety of the tympanic membrane resulting from the gas
pressure and noise, further experiments are required for
clinical application in veterinary medicine.
A limitation of this study is that Gram-negative bacteria
other than P. aeruginosa that are pathogenic clinical
causes of otitis externa and pyoderma in dogs were not
evaluated. Owing to the experimental limitations, only the
biofilm of the standard strain was tested and that of the
clinical strains was not evaluated. In the examination by
CLSM, the intensity of fluorescence was not measured,
and purely was used as an aid for visualising the cells. Further large-scale studies on cytotoxicity or biofilm assays
using clinical Pseudomonas isolates are required. Also, the
mechanisms of bacterial eradication by plasma, their interactions with the biological matter and its individual
biomacromolecules related to these processes were not
identified in this study. Addressing any biocompatibility
and safety issues in the skin barrier will be necessary
before this approach can be successfully applied for bacterial eradication in vivo. However, despite its limitations,
this study provides the basis for the development of future
clinical applications of CAMP in veterinary medicine.
In conclusion, the present study describes that CAMP
has antibacterial/antibiofilm effects in vitro against
P. aeruginosa. Clinical studies may be required to confirm
whether the in vitro results are applicable to actual clinical
situations and whether the in vivo efficacy and safety are
appropriate for real clinical cases in veterinary medicine.
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Résumé
Contexte – Pseudomonas aeruginosa est un pathogène opportuniste qui provoque une inflammation purulente de la peau et des oreilles des chiens. Parmi les différents facteurs de virulence de P. aeruginosa, il a
été rapporté que les biofilms entraıˆnent une résistance aux antibiotiques, entraıˆnant des limitations thérapeutiques. Le CAMP (Cold atmospheric microwave plasma) est connu pour avoir un effet antimicrobien
élevé, ce qui provoque une rupture physique de la paroi cellulaire et des dommages à l’ADN.
Hypothèse/Objectifs – L’objectif de cette étude était d’évaluer les effets antibactériens et antibiofilm du
CAMP contre les bactéries planctoniques et le biofilm de P. aeruginosa.
Méthodes et matériel – L’effet antibactérien du CAMP contre P. aeruginosa ATCC10145 et les isolats cliniques (n = 30) a été évalué à l’aide de la méthode de comptage des colonies. Nous avons également
évalué l’effet du CAMP sur le biofilm de la souche ATCC de P. aeruginosa par la méthode de comptage des
colonies, le dosage du sel de tétrazolium hydrosoluble (WST) et la microscopie confocale à balayage laser
(CLSM).
Résultats – L’éradication complète de P. aeruginosa (souche ATCC et isolats cliniques) a été réalisée en
120 s à 50 W, et les isolats cliniques ont nécessité 60 s de moins que la souche ATCC pour une éradication
complète à 50 W. Nous avons également confirmé l’effet bactéricide temps dépendant du CAMP à 50 W
contre le biofilm de la souche ATCC.
Conclusions et importance clinique – CAMP était efficace contre les bactéries planctoniques et la formation de biofilm de P. aeruginosa. Cependant, d’autres études sur l’efficacité et l’innocuité in vivo dans la
peau et les oreilles canines sont nécessaires pour valider pleinement son application clinique.
Resumen
Introducción – Pseudomonas aeruginosa es un patógeno oportunista que causa inflamación purulenta en
la piel y en los oı´dos de los perros. Entre los diversos factores de virulencia de P. aeruginosa, se ha informado que la formación de biopelı´culas da lugar a resistencia a los antibióticos, lo que genera limitaciones
terapéuticas. Se sabe que el plasma de microondas atmosférico frı´o (CAMP) tiene un alto efecto antimicrobiano, que provoca la ruptura fı´sica de la pared celular y daño al DNA bacteriano.
Hipótesis/Objetivos – El objetivo de este estudio fue evaluar los efectos antibacterianos y antipelı´culas
biológicas de CAMP contra bacterias planctónicas y el biofilm de P. aeruginosa.
Métodos y materiales – Se evaluó el efecto antibacteriano de CAMP contra P. aeruginosa ATCC10145 y
aislados clı´nicos (n = 30) utilizando el método de recuento de colonias. También evaluamos el efecto de
CAMP sobre la biopelı´cula de la cepa ATCC de P. aeruginosa mediante el método de recuento de colonias,
el ensayo de sal de tetrazolio soluble en agua (WST) y la microscopı´a de barrido láser confocal (CLSM).
Resultados – la eleiminación completa de P. aeruginosa (cepa ATCC y aislados clı´nicos) se logró con 120s
a 50 W, y los aislados clı´nicos requirieron 60s menos que la cepa ATCC para la eliminación completa a 50
W. También confirmamos efecto bactericida dependiente de tiempo de CAMP a 50 W contra la biopelı´cula
de la cepa ATCC.
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Conclusiones e importancia clı́nica – CAMP fue eficaz tanto contra las bacterias planctónicas como contra la formación de biopelı´culas de P. aeruginosa. Sin embargo, son necesarios más estudios sobre la eficacia y seguridad in vivo en piel y oı´dos caninos para validar completamente su aplicación clı´nica.
Conclusions and clinical importance – CAMP was effective against both planktonic bacteria and biofilm
formation of P. aeruginosa. However, further studies on in vivo efficacy and safety in canine skin and ears
are necessary to fully validate its clinical application.
Zusammenfassung
Hintergrund – Pseudomonas aeruginosa ist ein opportunistisches Pathogen, welches eine eitrige
Entzündung in der Haut und in den Ohren von Hunden verursacht. Unter den verschiedenen Virulenzfaktoren von P. aeruginosa wird ein Biofilm beschrieben, welcher zu antibiotischer Resistenz führt, was wiederum zu therapeutischen Limitierungen führt. Kaltes atmosphärisches Mikrowellenplasma (CAMP) ist
bekannt für eine starke antimikrobielle Wirkung, die eine physische Zellwandruptur und eine Schädigung
der DNA verursacht.
Hypothese/Ziele – Das Ziel dieser Studie war eine Evaluierung der antibakteriellen und Antibiofilm Wirksamkeiten von CAMP gegenüber planktonischen Bakterien und dem Biofilm von P. aeruginosa.
Methoden und Materialien – Die antibakterielle Wirkung von CAMP gegenüber P. aeruginosa
ATCC10145 und klinischen Isolaten (n = 30) wurde mittels Koloniezählungsmethode evaluiert. Wir untersuchten auch die Auswirkung von CAMP auf den Biofilm von P. aeruginosa ATCC Stamm mittels Koloniezählungsmethode,
wasserlöslichem
Tetrazolium
Salz
(WST)
Assay
und
konfokaler
Laserscanmikroskopie (CLSM).
Ergebnisse – Die gänzliche Auslöschung von P. aeruginosa (ATCC Stamm und klinische Isolate) wurde
innerhalb von 120s bei 50 W erzielt, klinische Isolate benötigten 60s weniger als die ATCC Stämme für eine
komplette Auslöschung bei 50 W. Wir bestätigten auch eine Zeit-abhängige bakterizide Wirkung von
CAMP bei 50 W gegenüber dem Biofilm von ATCC Stämmen.
Schlussfolgerungen und klinische Bedeutung – CAMP war gegenüber planktonischen Bakterien sowie
Biofilmbildung von P. aeruginosa wirksam. Es sind jedoch weitere Studien nötig, um die in vivo Wirksamkeit und Sicherheit auf der Haut und in den Ohren des Hundes zu untersuchen, um die klinische Applikation
vollständig zu validieren.
要約
背景-Pseudomonas
aeruginosaは、犬の皮膚や耳に膿性の炎症を引き起こす日和見病原体である。P.
aeruginosaの様々な病原因子の中でも、バイオフィルムは抗生物質耐性をもたらすことが報告されてお
り、治療の限界につながっている。冷気マイクロ波プラズマ (CAMP) は高い抗菌効果を持つことが知ら
れており、物理的な細胞壁の破壊及びDNAの損傷を引き起こす。
仮説・目的-本研究の目的は、浮遊性細菌およびP. aeruginosaのバイオフィルムに対するCAMPの抗菌・
抗バイオフィルム効果を評価することであった。
材料と方法 - P. aeruginosa ATCC10145および臨床分離株 (n = 30) に対するCAMPの抗菌効果をコロニー
カウント法で評価した。また、P. aeruginosa ATCC株のバイオフィルムに対するCAMPの効果をコロニー
カウント法、水溶性テトラゾリウム塩 (WST) アッセイ法、共焦点レーザー走査型顕微鏡 (CLSM) で評価
した。
結果 - P. aeruginosa(ATCC株および臨床分離株) の完全な根絶は50Wで120秒以内に達成され、臨床分離
株は50Wでの完全な根絶にATCC株よりも60秒短い時間を必要とした。また、ATCC株のバイオフィルム
に対するCAMPの50Wでの時間依存的な殺菌効果を確認した。
結論と臨床上の重要性 - CAMPは、浮遊性細菌及びP. aeruginosaのバイオフィルム形成の両方に対して有
効であった。しかし、その臨床応用を完全に検証するためには、犬の皮膚や耳におけるin vivoの有効性及
び安全性に関するさらなる研究が必要である。
摘要
背景-铜绿假单胞菌是一种条件致病菌, 可引起犬皮肤和耳部化脓性炎症。在铜绿假单胞菌的各种毒力因子
中, 有报道生物膜导致抗生素耐药, 限制了疗效。已知冷大气微波等离子体(CAMP)具有较高的抗菌作用, 从
而引起物理细胞壁破裂和DNA损伤。
假设/目的-本研究的目的是评价CAMP对浮游细菌和铜绿假单胞菌生物膜的抗菌和抗生物膜作用。
方法和材料-使用菌落计数法评价CAMP对铜绿假单胞菌ATCC10145和临床分离株(n = 30)的抗菌作用。我
们还通过菌落计数法、水溶性四唑盐(WST)试验和激光共聚焦显微镜(CLSM)评估了CAMP对铜绿假单胞菌
ATCC菌株生物膜的影响。
结果-铜绿假单胞菌 (ATCC菌株和临床分离株) 在50 W下120 s内完全根除, 在50 W下,临床分离株完全根除所
需时间比ATCC菌株短60 s。我们还证实了50 WCAMP对ATCC菌株生物膜的时间依赖性杀菌作用。
结论和临床重要性–CAMP对抑制浮游细菌和铜绿假单胞菌生物膜形成均有效。但有必要对犬皮肤和耳部的
体内疗效和安全性进行进一步研究, 以充分验证其临床应用。
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Resumo
Contexto – Pseudomonas aeruginosa é um patógeno oportunista que causa inflamação purulenta na pele
e orelhas de cães. Dentre os fatores de virulência de P. aeruginosa, os biofilmes têm sido relatados como
causadores de resistência a antimicrobianos, levando a limitações terapêuticas. O plasma atmosférico frio
(CAMP) é conhecido por apresentar elevada ação antimicrobiana, que causa ruptura fı´sica da parede celular
e dano ao DNA.
Hipótese/Objetivos – O objetivo deste estudo foi avaliar os efeitos antibacterianos e antibiofilme do
CAMP contra bactérias P. aeruginosa nas formas planctônica e biofilme.
Métodos e materiais – O efeito antibacteriano de CAMP contra P. aeruginosa ATCC10145 e isolados clı´nicos (n = 30) foi avaliado utilizando o método de contagem de colônias. Nós também avaliamos o efeito de
CAMP no biofilme de P. aeruginosa cepa ATCC pelo método de contagem de colônias, ensaio de sal de tetrazólio solúvel em água (WST) e microscopia confocal de varredura a laser (CLSM).
Resultados – A erradicação completa de P. aeruginosa (cepa ATCC e isolados clı´nicos) foi obtida dentro de
120 s a 50 W, e os isolados clı´nicos precisaram de 60 s a menos que a cepa ATCC para completar a erradicação a 50 W. Nós também confirmamos o efeito bactericida tempo-dependente do CAMP a 50 W contra o biofilme da cepa ATCC.
Conclusões e importância clı́nica – O CAMP foi eficaz contra bactérias planctônicas e formação de biofilme de P. aeruginosa. Entretanto, mais estudos sobre a eficácia in vivo e a segurança na pele canina e orelhas são necessários para validar a sua aplicação clı´nica.
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