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Abstract

Coagulase-positive staphylococci, the main etiologic agents of pyodermatitis have a well-known ability to
develop multi antibiotic resistance mechanisms. Non-thermal plasma activated water (PAW) is a new generation of
disinfectants/decontaminants so-called “non-conventional” highly efficient against the microorganisms of medical
interest.

Since the plasma discharge in water gives it specific physical and chemical properties, including bactericidal
activity, the purpose of our paper was to evaluate the degree of reduction of the microbial burden after the exposure
to PAW of coagulase-positive staphylococci suspensions.

Evaluation of the antimicrobial effect was performed on 38 strains of coagulase-positive staphylococci isolated
from skin lesions in humans and pets. In order to obtain PAW, a GlidArc reactor was used. A defined volume of
staphylococcal suspension (10 ml) with 3 McFarland density (approx. 10° CFU/ml) was mixed with 90 ml PAW
and after various contact times (3, 5, 7 and 10 minutes) known volumes of the mixture (0.1 and 1.0 ml) were
transferred to Baird-Parker Agar plates in order to determine the number of CFU/ml. In parallel, the initial burden
was determined by serial dilution method. The reduction of the bacterial burden was calculated as the log [(CFU/
ml before treatment)/(CFU/ ml after treatment)].

After 3 minutes contact with PAW, the average burden reduction was 5.00 logm After 10 minutes of treatment,
the initial burden has been reduced with an average of 7.61 logarithmic units.

PAW proved to be a powerful anti-staphylococcal agent and furtherin vivo studies are warranted to demonstrate
its therapeutic benefits in different clinical dermatological conditions.
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INTRODUCTION

Plasma, the fourth form of the matter, can
exist in a variety of states: low-pressure plasmas,
atmospheric pressure plasmas and high-pressure
plasmas. On the other hand, studies are currently
conducted on the thermal and non-thermal
plasmas. The difference between the two varieties
resides in the relative temperature of electrons,

ions and neutrals that is at a very high level in the
variant thermal plasmas. It is the reason why its
application is limited (Bensignor, 2000).
Non-thermal plasma activated water (PAW) is
currently studied as a method of decontamination
and disinfection. Various studies worldwide have
as the subject the use of plasma in the food industry
(Brisset et al.,, 2012); the antimicrobial treatment
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(Carp, 2014); military equipment (Deilmann et al,
2008); heat-sensitive materials (Dexi et al, 2011);
periodontal diseases and the surface of teeth
(Grundmann et al, 2006; Guguianu, 2002).

The use of PAW in dermatology represents
a viable solution relating to the mechanisms of
resistance to antiseptics and disinfectants. Adaptive
mechanisms and those of bacteria resistance to
antiseptics and disinfectants are known, resistance
being a natural (intrinsic) property or a property
acquired due to mutation or the acquisition of
plasmids (self-replicating and extrachromosomal
DNA) or transposons (chromosomal transposons
or integration plasmids). (Heinlin et al, 2010;
Kamgang-Youbi et al, 2008)

In the global “fight” with staphylococcal
skin infections, a special case is represented by
the methicillin-resistant Staphylococcus aureus
(MRSA), considered as a global threat. (Kamgang-
Youbi et al, 2008); the development of some
alternative topical treatments being salutary.

This study analyzes the effectiveness of the
antimicrobial action of PAW on the coagulaso-
positive Staphylococcus spp., the main etiological
agent of pyoderma in dogs, having a high frequency
in cats. (Kamgang-Youbi et al,, 2009; Laroussi et al,
2003).

MATERIALS AND METHODS

In this study, a new algorithm was used,
algorithm proposed by the team of Hatniuc and of
his collaborators, based on a multielectrod system,
using a type of GlidArc electrochemical reactor
with auxiliary electrodes.

The antibacterial effect of PAW was tested
on a number of 38 strains of staphylococci from
people and pets. The strains were isolated from
purulent collections from subjects diagnosed with
folliculitis, furunculosis, juvenile acne, abscesses,
otitis externa.

The phenotypic identification based on the
cultural and biochemical characteristics (pigmen-
tation, catalase, mannitol fermentation, hemolysis)
of the staphylococci strains pointed out that, out of
the 38 strains, 27 were Staphylococcus aureus, and
11 were non-S.aureus strains. Pathogenicity was
tested by conducting the testing of the coagulation
of citratated rabbit plasma (BioRad). As a positive
witness(better control), in this study, the strain
of Staphylococcus aureus ATCC 25923 was used.
The 38 strains were identified as being coagulase-
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positive, 23 of them as coagulating in 30 minutes,
and 15 in 24 hours.

An inoculum equivalent to the 3 McFarland
standard (aprox.10° cells/ ml) was obtained
from the bacterial culture, incubated at 35°C +
1°C for 24 hours, under conditions of aerobiose.
The initial bacterial concentration was assessed
accurately by using the method of serial dilutions,
up to 107, in duplicates. For the last two dilutions,
10¢ and 107 respectively, an quantity equivalent
to 100ul was discharged in Petri plates with Plate
Count Agar and distributed evenly using sterile,
glass beads. The plates were incubated at 35°C +
1°C, under conditions of aerobiose for 24 hours,
after which the CFUs/ ml were calculated using
the following formula:

CFU/ml = £(n-d)/N

Where “n” is the number of colonies counted
on the Petri plate; “d” is the dilution factor, “N” is
the number of Petri plates taken into account for
each dilution. The initial CFU determined in this
way was used as control for the calculation of
reductions.

For each strain, 90 ml of PAW were put in
contact with 10 ml of initial inoculum. At different
times of contact, 3,5,7 and 10 minutes, respectively,
the known volumes of mixture (0.1 and 1.0 ml)
were distributed on Petri plates with the agar
Baird-Parker medium. 0.1ml was discharged on the
surface of the medium and evenly distributed by
using sterile glass beads. 1.0 ml was introduced on
the Petri plate, over which the molten medium was
cooled to to 45° C and poured; it was incorporated
and carefully homogenized. The plates that were
obtained in this way, were incubated at 352C + 1°C
for 24 hours, under conditions of aerobiose.

After the expiry of the incubation period, for
each plate were counted the remaining colonies
and the CFU/ ml was calculated again. The
reduction of the bacterial burden was calculated
as the log [(CFU / ml before treatment) / (CFU /
ml after treatment)].

RESULTS AND DISCUSSION

Water that is activated with plasma acquires
an acid Ph and contains among other groups:
hydrogen peroxide (H,0,), nitrate (NO,) and nitrite
(NO,) anions, responsible for the degradation of
the bacterial wall, by means of an oxidative effect
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on proteins, lipids, DNA (McDonnel and Russell,

1999; Naitali et al,, 2010).

The efficacy of inactivation by using this
method depends on abiotic (temperature,
the hardness of water, the amount of organic
substances and nutrients for the bacterium) and
biotic (the structure of the cell wall, the presence
or absence of capsules, the ability to sporulate)
factors (Oehmigen et al, 2010, Paterson, 2008).

Previousstudies pointoutthattheantimicrobial
action of PAW increases in the following order:
yeast, gram-positive and gram-negative bacteria
(Roth, 2005; Sladek et al, 2007). The factors that
may affect the action on bacteria depend on:

e the thickness of the bacterial cell wall (in Gram +
= 20-80nm, in Gram- = 10-15nm) (15);

e its rigidity (in Gram +, the wall is rigid, in
comparison with Gram- in the case of which the
wall is elastic) and/ or

e the chemical structure of the wall (GLP - the
glucidic and lipidic polypeptidic structure
in Gram- and the glucidic and polypeptidic
structure in Gram+); the existence of some
strains of the capsule. (Ursache et al, 2014;
Vleugels et al, 2005).

12

In this study, the antibacterial activity of PAW
was analyzed on a total number of 38 strains
of staphylococci, isolated from clinical cases
of pyoderma and otitis externa in humans and
animals and 1 ATCC 25923 Staphylococcus aureus
strain. Reduction was calculated at 3 and 10
minutes respectively, the results being graphically
illustrated in Fig. 1.

After 5 and 7 minutes treatment, the
staphylococcal burden reduction didn't differ
significantly from that occurred after 3 minutes.
An obvious reduction - that means more than 5log,
has been observed only after 10 minutes contact
with PAW. We consider that PAW acts against
staphylococci following two steps: first one being
the penetration through the cell wall and second
one involving the impairment of cell content (i.e.
DNA, proteins) which is practically responsible for
bacterial death.

At the 3-minute treatment of the strains with
PAW, the values of reduction ranged from 0 to 7.38
with an average of 5 log; and every 10 minutes,
the minimum and maximum reduction was 4.99;
10.11 respectively; with an average of 7,61 log. The
PAW action on the strains of coagulase-positive
staphylococci proved to have a heterogeneous
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Fig. 1. The reduction of Staphylococcus spp. After the PAW treatment at 3 and 10 minutes
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character. The heterogeneous behavior is more
pronounced within 3 minutes from treatment
compared to within 10 minutes from treatment.
For the treatment time of 3 minutes, 26 strains of
Staphylococci were placed in the average range of
reduction of 5 * 1 log, reduction compared to the
34 strains, for the treatment time of 10 minutes,
in the average range of reduction 7.61 * 1 log.
This demonstrates that the bactericidal action is
proportional to the treatment time. In four (Ai 2,
66, 95 and ATCC 259234) out of the 39 strains,
although within 10 minutes the reduction was
complete, there was a reduction 0 noticed within
3 minutes from the treatment with POW. In 23
out of the total number of strains tested, the ,cid”
effect was complete within 10 minutes from the
treatment with PAW. In the case of these strains,
it was noticed that the total inactivation was
independent of the initial inoculum CFUs, before
the treatment with POW, these ones ranging
between 4,78x108 and 8,3x10'°.

The (eventual) correlation of the degree of the
tested reduction of Staphylococcus species, will be
achieved after carrying out the molecular biology
tests and identifying the genotype.

CONCLUSION

In this study, PAW obtained by using the
GlidArc reactor, the bacterial load dropped by
an average of 5 log at a duration of 3 minutes of
contact and of 7.61 log of 10 minutes of contact.

The behavior of those 39 strains (38 from
clinical isolates and 1 ATCC) was found to be
heterogeneous. At 3 minutes of contact of the
Staphylococcus culture with PAW, 26 strains had
a reduction in the average range of 5 * 1 log,
while after 10 minutes of contact, 34 strains had a
reduction in the average range of of 7.61 log.

After 10 minutes of contact, 23 strains were
totally inactivated, irrespective of the initial load
of the inoculum used.

The results of the “in vitro” study on the
antibacterial action of PAW on the strains of
Staphyloccoccus spp. recommend this method
as a disinfection variant due to the economic
advantages. As regards the use of PAW in
dermatology, in-vivo future clinical trials in
histochemistry, histopathology, toxicity, etc.
will prove the impact on the body to which this
treatment applies.
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