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Background - Cold atmospheric plasma (CAP) is a new generation medical therapeutic option for bacterial infec-
tions. CAP causes physical cell wall rupture and DNA damage, therefore making it highly useful in the treatment
of various conditions such as skin infections.

Hypothesis/objectives — The antimicrobial activity of cold atmospheric microwave plasma (CAMP) against
major strains in canine skin infections was tested and the difference in antimicrobial activity between the
antibiotic-resistant and antibiotic-susceptible strains of Staphylococcus pseudintermedius was evaluated.

Methods and materials — American Type Culture Collection (ATCC) strains (Staphylococcus aureus, Pseudomo-
nas aeruginosa and Escherichia coli) and clinical isolates identified as methicillin-resistant S. pseudintermedius
(n = 27) and methicillin-susceptible S. pseudintermedius (n = 13) were exposed to CAMP for 10 s, 30 s and
60 s. Afterwards, the bacterial survival rate was confirmed.

Results — Gram-negative bacteria (P. aeruginosa and E. col) were more susceptible than Gram-positive bacteria
(S. aureus and S. pseudintermedius) for the same duration of CAMP exposure. Only the Gram-negative bacteria
were completely killed after 60 s exposure. In S. pseudintermedius isolates, CAMP exposure had similar antibac-
terial effects regardless of antibiotic resistance.

Conclusions and clinical importance — CAMP has sufficient antimicrobial activity against major bacterial strains that
cause pyoderma and otitis externa in dogs, and may be an alternative therapeutic option for S. pseudintermedius skin
infections, for which antibiotics often are ineffective because of antimicrobial resistance in clinical veterinary medicine.

Introduction

The major bacteria that cause canine pyoderma and otitis
are Staphylococcus spp. (Gram-positive bacteria), and
Escherichia coli, Pseudomonas aeruginosa and Proteus
spp. (Gram-negative bacteria).? Of these, Staphylococ-
cus pseudintermedius causes the most skin infections in
dogs; in particular, methicillin-resistant S. pseudinter-
medius (MRSP) causes difficulties in using appropriate
antibiotics in the treatment of infectious diseases.®>*
Owing to restrictions in using antibiotics, alternative ther-
apeutic options are needed, one of which is cold atmo-
spheric plasma (CAP).5®

Plasma is a substance generated when gas flow, such
as compressed air, argon, helium or nitrogen, passes
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through an electric field and become ionised. Nonthermal
plasma, which is generated at room temperature, is com-
posed of radicals, charged particles — except for neutral
electrons that are generated at high temperature — and
ultraviolet photons.® ' Nonthermal plasma, which is pro-
duced at low pressure, is convenient and economically
effective; it is used in human medicine and is called CAP.
CAP is effective in removing micro-organisms.'®"2
Through the action of reactive oxygen species and reac-
tive nitrogen species released during plasma generation,
CAP damages the bacterial cell wall and causes high
oxidative stress and cell membrane rupture. CAP reacts
with bacterial DNA to cause bacterial death.>'" In addi-
tion, CAP stimulates several cytokine factors to promote
anti-inflammatory action, tissue healing and microcircula-
tion stimulation.’ ' In human medicine, CAP is used to
heal wounds and infected areas, and its various dermato-
logical applications are being studied.’™'®1® CAP is
divided into several types according to the production
method. Among them, microwave discharge plasma, also
called cold atmospheric microwave plasma (CAMP), is
capable of generating plasma at a lower temperature and
at a more reasonable price.®81°
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This study aimed to evaluate the in vitro bactericidal
activity of a CAMP type device (lonMedical Inc.; Seong-
nam, Republic of Korea) developed for use in veterinary
medicine and the degree of efficacy with regards to the
methicillin-resistance status of S. pseudintermedius.

Methods and materials

Bacterial strains

Field strains of S. pseudintermedius were obtained from the skin of
24 dogs with pyoderma and ears of 16 dogs with otitis externa (OE)
at Konkuk Veterinary Medical Teaching Hospital from 2014 to 2015.
The identification of S. pseudintermedius was performed using a
Vitek 2 system (bioMérieux; Hazelwood, MO, USA) and the genetic
diversity of the isolates was confirmed with several assays including
multilocus sequence typing (MLST) in our previous study (see Fig-
ure S1in Supporting information).® The strains were stored in Tryptic
Soy Broth (Thermo Fisher Scientific Oxoid Ltd; Basingstoke, UK) with
50% glycerol at —70°C before testing. We defined methicillin resis-
tance in S. pseudintermedius using the 1 ug oxacillin disk (Thermo
Fisher Scientific Oxoid Ltd) agar diffusion method."” After a 24 h
incubation at 37°C, the inhibition zones were determined and methi-
cillin resistance was confirmed according to the Clinical Laboratory
Standards Institute (CLSI) guidelines for animals (VET08).'® For con-
firming the identification of methicillin resistance, PCR using the tar-
geting mecA gene was performed for molecular identification of
S. pseudintermedius isolates."® As standard strains, this study also
used other pathogenic bacterial strains purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA): P. aeruginosa
(ATCC 1750), E. coli(ATCC 29513) and S. aureus (ATCC 29154).

Antimicrobial susceptibility testing

In order to determine the resistance of MRSP and methicillin-
susceptible S. pseudintermedius (MSSP) strains to antimicrobial
agents, each strain was subjected to an antibiotic susceptibility test
with the agar disk diffusion method on Mueller-Hinton Agar (MHA,
BD Diagnostic Systems; Sparks, MD, USA). The antimicrobial agents
used (Thermo Fisher Scientific Oxoid Ltd) were (in pug/disk): penicillin
(10); chloramphenicol (30); clindamycin (2); erythromycin (15); gen-
tamicin (10); tetracycline (30); trimethoprim-sulfamethoxazole (25);
and rifampicin (5). After 24 h incubation at 37°C, the diameters of the
inhibition zones around the discs were measured and antibiotic resis-
tance was interpreted according to the VET08."® The isolated strains
were divided into sensitive or resistant to the drug; intermediate sus-
ceptibility was regarded as resistant.

Cold atmospheric microwave plasma

In all experiments, CAMP was used with nonionised argon gas. The
plasma used in the experiment was generated in the device shown
in Figure 1. Upon exposure to microwave energy (30-50W,
2,450 MHz) in the tube, the argon gas existing as a carrier gas was
ionised in the tube. As a result, plasma was generated and emitted
through the nozzle. The rate of argon gas flow into the tube could be
adjusted 10-20 L/min, and the microwave energy could be adjusted
to a power of 30 W or 50 W. The amount of plasma emitted changed
according to the power consumed and gas velocity. The length of the
plasma jet emitted also was affected (range 3-15 mm). The surface
temperature of plasma was maintained below 40°C.

Plasma treatment and determination of antimicrobial
effect using colony-forming units

Each isolate and standard bacteria strain in Mueller-Hinton Broth
(MHB; BD Diagnostic Systems) was grown in a 120 rpm shaking
incubator at 37°C for 24 h, and then diluted to 0.5 Mcfarland. The
final inoculum concentration was 1-5 x 10* colony-forming units
(CFU)/mL and 10 uL of bacterial suspension was inoculated into
MHA made in six-well cell culture plates (each area, 9.6 cm?). After
inoculation, the inoculum was streaked on the plate with an
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Figure 1. Schematic diagram of a device that generates cold atmo-
spheric microwave plasma (CAMP).

inoculation loop and needle. The rate of gas flow out of the CAMP
was set at 15 L/min, the microwave energy at 2,450 MHz, 3.5 kV,
and power consumption at 30 W or 50 W. The distance from the
plasma surface to the plate was the length of the jet, and the plasma
took 10 s to pass each agar plate surface. The plates were exposed
to the plasma for 10 s, 30 s and 60 s. The flow of nonionised argon
gas and unexposed plasma were used for control condition. After
CAMP exposure and an additional 24-48 h of growth at 37°C, the
bacterial survival rate was measured after confirming the number of
CFU. We conducted a minimum of three independent tests to mea-
sure the survival rates.

Statistical methods

Prism 5 (GraphPad Software Inc.; San Diego, CA, USA) was used for
all statistical comparisons in this study. Comparison of differences in
the survival rates according to plasma exposure time, one-way
ANOVA was performed. P-values of <0.05 were considered signifi-
cant.

Results

Bacterial isolates and antimicrobial susceptibility
tests

Antimicrobial susceptibility tests were conducted with 40
clinical S. pseudintermedius isolates. According to the
presence of the mecA gene and oxacillin resistance, 27
(67.5%) of the strains were MRSP and 13 (32.5%) were
MSSP. The agar disk diffusion method was used to char-
acterise the antimicrobial resistance patterns of the iso-
lates. The resistance profiles of MRSP and MSSP strains
to the antimicrobial agents are shown in Table 1. Three
isolates (7.5%) were susceptible to all antibiotics, and
one isolate (2.5%) was resistant to only one antibiotic.
Other 36 isolates (90%) were confirmed to have

463



Jin et al.

multidrug resistance at least three antibiotic classes. Mul-
tidrug resistance was detected in 22 (100%) MRSP
strains and 13 (76.5%) MSSP strains, and high resistance
to penicillin and tetracycline was identified among both
strains.

Bactericidal effect of cold atmospheric microwave
plasma in vitro

First, standard bacterial strains were evaluated for the
effectiveness of CAMP (Figure 2). The plasma intensity
was tested at two power levels (30 W and 50 W). The
negative control without plasma exposure was assumed
to have a survival rate of 100%, for convenience. At a
plasma intensity of 30 W, when irradiated for 10's, 30 s
and 60 s, the survival rates of P. aeruginosa were 22.9%,
8.1% and 0.7%, respectively, and those of E. coli were
30.1%, 10% and 0.8%, respectively; however, the sur-
vival rates of S. aureus were 65%, 28.1% and 9.9%,
respectively, which were similar to those of the
methicillin-resistant standard strain. At 50 W, the survival
rate of P. aeruginosa was reduced to 5.7% with only 10 s
of irradiation, and the organism was completely killed
after 60 s. All E. coli organisms also were confirmed to
have been completely killed after irradiation for 60 s. In
the case of S. aureus, the survival rate was 50.3% when
exposed for 10 s, and the survival rate was 2.8% after
60 s of irradiation; thus, it was not completely killed.
When an additional 120 s were given, the bacteria was
confirmed to have completely died. In all strains, there
was no significant difference in nonionised gas flow as
positive control with nonplasma.

Figure 3 shows the comparison of the antimicrobial
activity between MRSP and MSSP, which were clinical
isolates. For both MRSP and MSSP, the survival rates
decreased as plasma exposure time increased. Among
the MRSP isolates, survival rates were confirmed to be
51.96% + 37.37% after 10s of exposure,
21.40% =+ 16.10% after 30 s and 4.79% =+ 4.79% after
60 s of exposure. In MSSP isolates, the survival rates
were confirmed to be 44.59% 4+ 11.26% after 10 s,
20.33% =+ 6.10% after 30 s and 6.08% =+ 2.64% after
60 s of exposure (P < 0.005). CAMP exposure thus had a
bactericidal effect, which occurred regardless of antimi-
crobial resistance.

Discussion

Among the mechanical methods that generate plasma,
those most currently commercialised in the medical

industry are the dielectric barrier discharge (DBD) sys-
tem, in which gas flows between two electrodes and
produces voltage to instantly generate plasma. With
DBD, the temperature of the gas is instantaneously
raised to 150°C, and a lot of power is consumed because
of the high voltage required.®?° The microwave dis-
charge system that generates CAP (CAMP) has the
advantage of being easy to use because no electrode is
necessary to generate plasma and particles are formed
in a torch-like manner.”8'° Moreover, it promotes bacte-
rial death more quickly because it generates plasma
directly. The device used in this study has maximum effi-
ciency in generating plasma with a surface temperature
<40°C and its power consumption (only 50 W) is lower
than that of other commercial microwave discharge
plasma machines.®

Previous studies confirmed that Gram-negative bacte-
ria are more susceptible to CAP than Gram-positive bacte-
ria.5812 CAMP generated in this study exhibited the
same antibacterial effect: when exposed to CAMP for
1 min, all strains of Gram-negative bacteria (P. aerugi-
nosa, E. col) were killed even at low power (30 W), and
the Gram-positive bacteria (S. aureus, S. pseudinter-
medius) showed survival rates of 9.05% at 30 W and
3.44% at 50 W. This result was attributable to the differ-
ence in thickness of the bacterial cell wall, as observed in
previous studies.'??" The peptidoglycan in the Gram-
positive bacteria was approximately 15-80 nm thick,
whereas that in the Gram-negative bacteria was 1.5
15 nm.?2 Considering the varied thickness of these pepti-
doglycans, the degree of cell lysis caused by plasma
exposure also varied, indicating the result of differences
in depolarisation of the cell membrane and integrity.'?

In the case of S. pseudintermedius, the experiment
was performed by dividing it into MRSP and MSSP
strains. When exposed to CAMP, the two types of strains
showed no significant differences: the average survival
rate on both strains was 47.12% when treated for 10 s,
18.61% for 30 s and 4.71% for 60 s. Neither MRSP nor
MSSP strains showed a significant difference compared
with the untreated group which was treated with argon
gas only for 60 s. Also the CAMP had the same antimicro-
bial efficacy considering their genetic diversity had
already been confirmed in the previous study with
MLST.® The bactericidal effect was not attributable to
temperature and argon gas also was considered to have
no antibacterial effect, because the temperature of the
surface generated during plasma exposure did not
exceed 40°C. Plasma physically causes bacterial cell lysis;

Table 1. Antimicrobial resistance profiles of methicillin-resistant and -susceptible Staphylococcus aureus (MRSP and MSSP) isolates from dogs

with pyoderma and otitis externa

Number of resistant strains (%)

Isolates n P OX GEN ERY CLI TET SXT CHL RI

MRSP 27 27 27 24 22 23 25 20 15 2
(100) (100) (88.9) (81.5) (85.2) (92.6) (74.1) (55.6) (7.4)

MSSP 13 9 0 8 8 8 9 4 6 0
(69.2) (61.5) (61.5) (61.5) (69.2) (30.8) (46.2)

P, penicillin; OX, oxacillin; GEN, gentamicin; ERY, erythromycin; DA, clindamycin; TE, tetracycline; SXT, trimethoprim-sulfamexothazole; CHL, chlo-

ramphenicol; Rl, rifampicin.
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Figure 2. Cold atmospheric microwave plasma (CAMP) treatment of bacterial strains.

Each bacteria strain was grown on Mueller-Hinton agar for 24 ~ 48 h and exposed to CAMP for 10 s, 30 s and 60 s with argon feeding gas at
15 L/min, with 30 W or 50 W power. Argon gas flow only was used as positive control group. Pseudomonas aeruginosa was ATCC1750, Escheri-
chia coli was ATCC 29513, Staphylococcus aureus was ATCC 29154 and S. pseudintermedius was a clinically isolated at methicillin-susceptible
(MSSP) strain. **, P < 0.005; error bar + SD (standard deviation) for triplicate analysis.
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Figure 3. Cold atmospheric microwave plasma (CAMP) exposure to methicillin-resistant and -susceptible Staphylococcus aureus (MRSP and
MSSP).
MRSP and MSSP were grown on Mueller-Hinton agar for 24 ~ 48 h and exposed to CAMP for 10 s, 30 s and 60 s with argon feeding gas at 15 L/
min, with 50 W power. The untreated control group was set to 100% and argon gas flow only was used as positive control group. **, P < 0.005;
error bar &+ SD (standard deviation) for triplicate analysis.

therefore, we believe that it shows the same antibacterial
effect even in highly antibiotic-resistant strains.

This study is different from other studies showing
decontamination or antibacterial effect of previous plasma
because we evaluated the antibiotic-resistant strain of
S. pseudintermedius that was clinically isolated in dogs’
skin infections (pyoderma and OE). In terms of the energy
use and exposure time, the CAMP used in this study was

© 2021 ESVD and ACVD, Veterinary Dermatology, 32, 462-e126.

more effective than that used for evaluating the results of
the antimicrobial effect on Staphylococcus spp. in other
types of plasma machines. Moreover, it is a very efficient
method because it has similar antimicrobial effects even
at 30 W to other microwave-type plasma machines,
whose energy use is generally >80 W.82"23 With the
CAMP used in this study, the surface temperature is low
and the device where plasma comes out s
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a pen type; therefore, it might be more applicable to
veterinary medicine, especially exposed skin. However, in
the case of OE, the gas velocity required when CAMP is
generated creates pressure and some noise. Therefore,
an otological safety test is necessary because there is a
possibility of damage to the tympanic membrane or other
adverse effects on the auditory system. Additional experi-
ments are necessary to determine its suitability for clinical
use. When applied to tissues, it is not only antiseptic, but
also enables tissue regeneration. Therefore, the effective-
ness of the plasma-cell and plasma-tissue interactions
must be evaluated.?* Furthermore, for actual clinical appli-
cation, an effective plasma dose should be established,
skin irritation should be assessed, as well as skin
hydration, and transepidermal water loss should be evalu-
ated to see whether it affects the skin barrier function
in vivo.

In this study, the antimicrobial efficacy of CAMP was veri-
fied against the bacteria, especially S. pseudintermedius;
commonly found among the microbial causes of canine skin
infection. Therefore, further study is needed to test the effi-
cacy of CAMP on fungi such as dermatophytes and Malas-
sezia spp., which also could cause skin infection.
Notwithstanding these limitations, this study provides a
basic confirmation of the antimicrobial activity of CAMP
against clinical isolates in veterinary medicine. Based on this
study, future CAMP tests are expected on other bacterial
skin infections or other microbial skin infections.

In conclusion, the present study has demonstrated that
CAMP has antibacterial effects in vitro against
antimicrobial-resistant strains of S. pseudintermedius.
Clinical studies are necessary to assess the safety and
efficacy of in vivo use of CAMP against various infections
in veterinary medicine.

References

1. Miller WH, Griffin CE, Campbell KL. Muller and Kirk’s Small Ani-
mal Dermatology, 7th edition. St Louis, MO: Elsevier Mosby,
2013; 184-192.

2. Bourély C, Cazeau G, Jarrige N et al. Antimicrobial resistance pat-
terns of bacteria isolated from dogs with otitis. Epidemiol Infect
2019; 147: e121.

3. Kang J-H, Chung T-H, Hwang C-Y. Clonal distribution of methicillin-
resistant Staphylococcus pseudintermedius isolates from skin
infection of dogs in Korea. Vet Microbiol2017;210: 32-37.

4. Bryan J, Frank LA, Rohrbach BW et al. Treatment outcome of
dogs with meticillin-resistant and meticillin-susceptible Staphylo-
coccus pseudintermedius pyoderma. Vet Dermatol 2012; 23:
361-368, €65.

5. Scholtz V, Pazlarova J, Souskova H et al. Nonthermal plasma—A
tool for decontamination and disinfection. Biotechnol Adv 2015;
33:1,108-1,119.

6. Alkawareek MY, Gorman SP, Graham WG et al. Potential cel-
lular targets and antibacterial efficacy of atmospheric pressure
non-thermal plasma. Int J Antimicrob Agents 2014; 43: 154—
160.

7. Brun P, Bernabé G, Marchiori C et al. Antibacterial efficacy and
mechanisms of action of low power atmospheric pressure cold
plasma: membrane permeability, biofilm penetration and antimi-
crobial sensitization. J Appl Microbiol 2018; 125: 398-408.

466

8. Ehlbeck J, Schnabel U, Polak M et al. Low temperature atmo-
spheric pressure plasma sources for microbial decontamination.
J Phys D Appl Phys 2010; 44: 13002.

9. Judée F, Wattieaux G, Merbahi N et al. The antibacterial activity
of a microwave argon plasma jet at atmospheric pressure relies
mainly on UV-C radiations. J Phys D: Appl Phys 2014, 47:
405201.

10. Shimizu T, Steffes B, Pompl R et al. Characterization of micro-
wave plasma torch for decontamination. Plasma Process Polym
2008; 5: 577-582.

11. Marsit NM, Sidney LE, Branch MJ et al. Terminal sterilization:
conventional methods versus emerging cold atmospheric pres-
sure plasma technology for non-viable biological tissues. Plasma
Process Polym 2017; 14: e1600134.

12. Mai-Prochnow A, Clauson M, Hong J et al. Gram positive and
Gram negative bacteria differ in their sensitivity to cold plasma.
Sci Rep 2016; 6: 38610.

13. Emmert S, Brehmer F, HanBle H et al. Atmospheric pressure
plasma in dermatology: ulcus treatment and much more. Clin
Plasma Med 2013; 1: 24-29.

14. Arndt S, Landthaler M, Zimmermann JL et al. Effects of cold
atmospheric plasma (CAP) on B-defensins, inflammatory cytoki-
nes, and apoptosis-related molecules in keratinocytes in vitro
and in vivo. PLoS One 2015; 10: e0120041.

15. Isbary G, Zimmermann JL, Shimizu T et al. Non-thermal plasma
—More than five years of clinical experience. Clin Plasma Med
2013; 1: 19-23.

16. Li Y-F, Taylor D, Zimmermann JL et al. /n vivo skin treatment
using two portable plasma devices: Comparison of a direct and
an indirect cold atmospheric plasma treatment. Clin Plasma Med
2013; 1: 356-39.

17. Schissler JR, Hillier A, Daniels JB et al. Evaluation of Clinical Lab-
oratory Standards Institute interpretive criteria for methicillin-
resistant Staphylococcus pseudintermedius isolated from dogs.
J Vet Diagn Invest 2009; 21: 684-688.

18. CLSI. Performance standards for antimicrobial susceptibility
tests for bacteria Isolated from animals — 4th ed. CLSI supple-
ment VET08. Wayne, PA: Clinical and Laboratory Standards Insti-
tute; 2018.

19. Pillai MM, Latha R, Sarkar G. Detection of methicillin resistance
in Staphylococcus aureus by polymerase chain reaction and con-
ventional methods: a comparative study. J Lab Physicians 2012;
4:83-88.

20. Daeschlein G, Scholz S, Ahmed R et al. Skin decontamination by
low-temperature atmospheric pressure plasma jet and dielectric
barrier discharge plasma. J Hosp Infect 2012; 81: 177-183.

21. Ermolaeva SA, Varfolomeev AF, Chernukha MY et al. Bacterici-
dal effects of non-thermal argon plasma in vitro, in biofilms and
in the animal model of infected wounds. J Med Microbiol 2011;
60: 75-83.

22. Vollmer W, Blanot D, de Pedro MA. Peptidoglycan structure and
architecture. FEMS Microbiol Rev 2008; 32: 149-167.

23. Laurita R, Miserocchi A, Ghetti M et al. Cold atmospheric plasma
treatment of infected skin tissue: evaluation of sterility, viability,
and integrity. /EEE Trans Radiat Plasma Med Sci 2017; 1: 275-
279.

24. Von Woedtke T, Metelmann HR, Weltmann KD. Clinical plasma
medicine: state and perspectives of in vivo application of cold
atmospheric plasma. Contrib Plasma Phys 2014; 54: 104-117.

Supporting Information

Additional Supporting Information may be found in the
online version of this article.

Figure S1. Genetic diversity of S. pseudintermedius iso-
lates used in this study by MLST.
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Résumé

Contexte - Le CAP (Cold atmospheric plasma) est une nouvelle génération de traitement pour les infec-
tions bactériennes. CAP cause une rupture physique de la paroi et endommage I'’ADN, le rendant ainsi hau-
tement utile pour le traitement d'atteintes variées telles que les infections bactériennes.
Hypothéses/Objectifs — L'activité antimicrobienne de CAMP (cold atmospheric microwave plasma) con-
tre des souches majeures des infections cutanées canines a été testée et la différence d'activité antimicro-
bienne entre les souches résistances ou sensibles aux antibiotiques de Staphylococcus pseudintermedius
a été évaluée.

Matériels et méthodes - Les souches ATCC (American Type Culture Collection) (Staphylococcus aureus,
Pseudomonas aeruginosa et Escherichia col) et les souches cliniques isolées de S. pseudintermedius
identifiées comme résistantes a la méticiline (n = 27) S. pseudintermedius sensibles a la méticiline
(n = 13) ont été exposées a CAMP pendant 10 s, 30 s et 60 s. Ensuite, le taux de survie bactérien a été
confirmé.

Résultats - Les bactéries Gram-négatives (P. aeruginosa et E. coli) étaient plus sensibles que les bactéries
Gram-positives (S. aureus et S. pseudintermedius) pour la méme durée d'exposition au CAMP. Seules les
bactéries Gram-négatives étaient complétement tuées aprés 60s d’exposition. Dans les souches de
S. pseudintermedius, |'exposition a CAMP avait des effets antibactériens similaires au regard de la résis-
tance antibiotique.

Conclusions et importance clinique — Le CAMP a une activité antimicrobienne suffisante contre les sou-
ches bactériennes majeures causant pyodermite et otite externe chez le chien et peut étre une option
thérapeutique alternative pour les infections cutanées a S. pseudintermedius pour laguelle les antibiotiques
sont souvent inefficaces en raison de résistances antimicrobiennes en médecine vétérinaire clinique.

Resumen

Introduccion - el plasma atmosférico frio (CAP) es una opcidn terapéutica médica de nueva generacion
para las infecciones bacterianas. El CAP provoca la ruptura fisica de la pared celular y el dafio al DNA, por lo
que es muy Util en el tratamiento de diversas afecciones, como las infecciones de la piel.
Hipodtesis/objetivos - se probd la actividad antimicrobiana del plasma de microondas atmosférico frio
(CAMP) contra las principales cepas en las infecciones cutdneas caninas y se evalué la diferencia en la acti-
vidad antimicrobiana entre las cepas resistentes y sensibles a los antibiéticos de Staphylococcus pseudin-
termedius.

Métodos y materiales - cepas de la American Type Culture Collection (ATCC) (Staphylococcus aureus,
Pseudomonas aeruginosa y Escherichia coli) y aislados clinicos identificados como S. pseudintermedius
resistente a meticilina (n = 27) y S. pseudintermedius sensible a meticilina (n = 13) fueron expuestos a
CAMP durante 10's, 30 sy 60 s. Posteriormente, se valoré la tasa de supervivencia bacteriana.
Resultados - las bacterias Gram negativas (P. aeruginosa y E. coli) fueron méas susceptibles que las bacte-
rias Gram positivas (S. aureus y S. pseudintermedius) durante la misma duracién de exposicion a CAMP.
Solo las bacterias Gram negativas murieron por completo después de 60 s de exposicion. En los aislados
de S. pseudintermedius, la exposicion a CAMP tuvo efectos antibacterianos similares independientemente
de la resistencia a los antibidticos.

Conclusiones e importancia clinica - CAMP tiene suficiente actividad antimicrobiana contra las principa-
les cepas bacterianas que causan pioderma y otitis externa en perros, y puede ser una opcion terapéutica
alternativa para las infecciones cutdneas por S. pseudintermedius, para las cuales los antibiticos a
menudo son ineficaces debido a la resistencia a los antimicrobianos en medicina veterinaria.

Zusammenfassung

Hintergrund - Kaltes atmosphérisches Plasma (CAP) z&hlt zu einer neuen Generation an medizinischen
Behandlungsoptionen fur bakterielle Infektionen. CAP verursacht eine physische Zellwandruptur und eine
DNA Schadigung, was es in der Folge bei der Behandlung verschiedener Erkrankungen wie Hautinfektio-
nen sehr wirkungsvoll macht.

Hypothese/Ziele — Die antimikrobielle Wirksamkeit von kaltem atmospharischem Mikrowellenplasma
(CAMP) wurde gegeniber wichtigen Stdmmen bei Hautinfektionen des Hundes getestet und der Unter-
schied der antimikrobiellen Aktivitdt zwischen den Antibiotika-resistenten und den Antibiotika-
empfindlichen Stdmmen von Staphylococcus pseudintermedius evaluiert.

Methoden und Materialien — Stdmme (Staphylococcus aureus, Pseudomonas aeruginosa und Escheri-
chia coli) aus der American Type Culture Collection (ATCC) und klinische lIsolate, die als Methicillin-
resistente S. pseudintermedius (n = 27) und Methicillin-empfindliche S. pseudintermedius (n = 13) isoliert
worden waren, wurden CAMP fir 10 s, 30 s und 60 s ausgesetzt. Danach wurde die bakterielle Uberle-
bensrate bestatigt.

Ergebnisse — Gram-negative Bakterien (P. aeruginosa und E. coli) waren empfindlicher als Gram-positive
Bakterien (S. aureus und S. pseudintermedius) bei gleich langer Dauer der Exposition zu CAMP. Nur die
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Gram-negativen Bakterien waren nach einer 60 s dauernden Exponierung vollig abgetotet. In S. pseudinter-
medius Isolaten zeigte die Exponierung unabhéngig von der antibiotischen Resistenz zu CAMP eine ahnli-
che antibakterielle Wirkung.

Schlussfolgerungen und klinische Bedeutung — CAMP zeigt eine ausreichende antimikrobielle Aktivitat
gegenlber bakteriellen Stammen, die eine Pyodermie und eine Otitis externa bei Hunden verursachen und
kdnnte eine alternative therapeutische Option flr Hautinfektionen durch S. pseudintermedius darstellen, fir
die Antibiotika aufgrund der antimikrobiellen Resistenz in der klinischen Veterinarmedizin oft unwirksam sind.
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Resumo

Contexto — O plasma atmosférico frio (PAF) é uma opcao terapéutica de nova geracao para infecgdes bac-
terianas. O PAF causa ruptura fisica da parede celular e danos ao DNA, sendo, portanto, altamente Gtil no
tratamento de vérias condi¢des, como infeccbes de pele.

Hipotese/objetivos - A atividade antimicrobiana do plasma atmosférico frio de microondas (PAFM) contra as
principais cepas em infecgdes cutaneas caninas foi testada e a diferenca na atividade antimicrobiana entre as
cepas de Staphylococcus pseudintermedius resistentes a antibidticos e suscetiveis a antibidticos foi avaliada.
Métodos e materiais — Cepas da American Type Culture Collection (ATCC) (Staphylococcus aureus, Pseudo-
monas aeruginosa e Escherichia col)) e isolados clinicos identificados como S. pseudintermedius resistente a
meticilina (n =27) e S. pseudintermedius sensivel a meticilina (n = 13) foram expostos ao PAFM por 10s,30s e
60 s. Posteriormente, a taxa de sobrevivéncia bacteriana foi confirmada.

Resultados - As bactérias Gram-negativas (P. aeruginosa e E. col) foram mais suscetiveis do que as bactérias
Gram-positivas (S. aureus e S. pseudintermedius) para a mesma duragao da exposicdo PAFM. Apenas as
bactérias Gram-negativas foram completamente mortas apds 60 s de exposi¢ao. Nos isolados de S. pseudinter-
medius, a exposicdo ao PAFM teve efeitos antibacterianos semelhantes, independentemente da resisténcia
aos antibidticos.

Conclusdes e importancia clinica - PAFM tem atividade antimicrobiana suficiente contra as principais cepas
bacterianas que causam piodermite e otite externa em caes, e pode ser uma opgao terapéutica alternativa para
infeccdes cutaneas por S. pseudintermedius, para as quais os antibidticos muitas vezes sao ineficazes devido a
resisténcia antimicrobiana na medicina veterinaria.
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