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Abstract. Skin can be infected by many types of micro-
organisms, most commonly by gram-positive strains of
Staphylococcus and Streptococcus spp. Treatment of
Staphylococcus aureus (S. aureus) infections, particularly
that of methicillin resistant Staphylococcus aureus (MRSA),
is a challenge in clinical practice. Ozone therapy has proven
to be one of the strongest antiseptics against the majority of
microorganisms involved in skin infections. The purpose of
the present study was to evaluate the microbicidal effects of
topical ozone therapy on S. aureus and MRSA, and deter-
mine the clinical efficacy of ozone therapy on patients with
MRSA skin infection. Microbicidal effects of ozonated oil
and ozonated water were determined by plating and Kirby
Bauer methods. Clinical efficacy and safety of topical ozone
were evaluated in two cases with skin MRSA infection. The
killing rates of ozonated oil for S. aureus and MRSA were
greater when compared with the control oil group. Almost
100% of S. aureus were eliminated by ozonated oil following
5 min. Almost 100% MRSA were eliminated by ozon-
ated oil following 15 min. In addition, 100% S. aureus and
100% MRSA were eliminated by ozonated water in 1 min.
The inhibition zone diameters of ozonated oil for S. aureus
and MRSA were 17 and 13 mm, respectively, which were
significantly larger than the control group. Both cases of skin
MRSA infection were completely healed with ozone therapy.
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In conclusion, ozone therapy is a potential treatment for
S. aureus and MRSA skin infection as it has great efficacy,
few side effects and low-costs.

Introduction

Skin and soft tissue bacterial infections occur frequently in
the general population. They are characterized by erythema,
edema, and/or inflammation (1). and usually begin with an
inflammatory process in epidermis, dermis, or subcutaneous
tissues, they can spread to other parts of the body, leading to
more serious symptoms (2).

Antibiotic therapy is the option of choice for the treatment.
However, most of antibiotics could lose their potency over time
due to the antimicrobial resistance (3). Microbial resistance
to Staphylococcus aureus (S. aureus), especially methicillin
resistant Staphylococcus aureus (MRSA) and vancomycin
resistant-MRSA, is a grand challenge in clinical practices
globally (4,5).

Ozone is naturally occurring gaseous molecule of triatomic
allotrope of oxygen, formed recombination of oxygen atoms and
represented as Os (6,7). The original application of Ozone was
to sterilize microorganisms in drinking water (8). Now ozone
has been used for treatment of open wounds, Herpes Zoster
and Herpes Simplex (9,10), because of its anti-microorganism
effectiveness (11). Additionally, ozone has other advantages like
such as improving wound healing, enhancing immune, no side
effect, no-toxic, environmental friendly and high efficacy (12).
A few studies have shown that ozone therapy is efficient in
killing many kinds of microorganisms, such as S. aureus,
Streptococci spp, Escherichia coli, Enterococcus faecalis, and
P. aeruginosa (13,14).

Studies also have shown that ozone therapy can disinfect
against S. aureus and MRSA strain in vitro (14,15). In vivo
studies have suggested that ozone therapy is safe and exhibits
antibacterial effects for the treatment of peritonitis (16,17).
Ozone has shown its efficacy on healing MRSA skin infec-
tions when combined with other drugs (18,19). However, the
effect of ozone therapy alone in the treatment of MRSA skin
infections is not to be determined.

This study aims to evaluate the microbicidal effects of
topical ozone therapy on S. aureus and MRSA and determine
its clinical efficacy on MRSA skin infections.
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Materials and methods

Ethics approval and consent to participate. This study was
approved by the Ethics Committee of The Third Xiangya
Hospital, Central South University (Changsha, China) and was
carried out in accordance with the approved guidelines. All
patients provided written informed consent.

Material and equipment. The bacterial strains used in this
study were S. aureus (ATCC 6538) and MRSA (ATCC 43300).
Bacterial culture medium was purchased from Zhengzhou
An Tu Biological Engineering Co., Ltd. (Zhengzhou, China).
Dimethylsulfoxide (DMSO) was from Sigma-Aldrich (Merck
KGaA,Darmstadt, Germany. Ozonated oil at the peroxide value
of 2,000 to 2,200 mmol-equiv/Kg [provided by Hunan Health
Care Technology Co., Ltd. (Hunan, China)] was obtained
from the chemical reaction between ozone and camellia oil
because of its high composition of unsaturated fatty acids.
Ozonated water was created by Ozone Water Generating
Instrument (from Hunan Health Care Technology Co., Ltd.) at
the Dermatology Department of the Third Xiangya Hospital.

Plating method. The bacterial strains were diluted with PBS to
get the concentration reaching at 108 CFU/ml.

For ozonated oil: The test oil suspension was constituted
by 400 ul ozonized oil mixes, 50 ul DMSO and 50 ul microor-
ganism suspension. Control oil suspension was constituted by
400 ul basal oil mixes 50 ¢l DMSO and 50 pl microorganism
suspension. Both groups were incubated in 37°C incubator for
1, 5, 10, 15, 20, and 30 min respectively. Then the suspension
was plated into Petri dishes and grew at 37°C for 24 h. Then
the number of colonies in each agar plate was calculated. The
control suspension constituted by 400 xl normal saline mixes
50 ul DMSO and 50 ul microorganism suspension was used as
control to calculate the killing rate. Killing Rate (%)=(control
colony number-oil colony number)/control colony number).

For ozonated water: 1.0 ml of bacteria liquid was mixed
with 4.0 ml of ozonated water or PBS. 0.5 ml mixture was
added into 4.5 ml neutralizer (Phosphate buffer solution
including sodium thiosulfate) after oscillation for one minute.
After that the sample was planted into Petri dishes and
cultured in an incubator chamber at 37°C. The number of
colonies in each agar plate was calculated after growing for
24 h. Killing Rate (%)=(control colony number-tested colony
number)/control colony number).

Kirby bauer method. The bacteria samples prepared above
were dropped on sterile cotton swabs. The surface was lightly
and uniformly inoculated by cotton swab on agar plate. Then
the scrips impregnated with ozonated oil or control oil were
pasted into the agar plate, followed by incubation at 37°C for
16-18 h. The inhibitory ring test was performed. If the inhibi-
tion zone diameter was bigger than 7 mm, it was considered
effective; otherwise, it was not.

Patients and ozone treatment. The Ethnic Committee of
Third Xiangya Hospital approved the study, and the informed
consents of all the participants were obtained. Two patients
with skin MRSA infection were recruited in this study. In
addition to skin infections, no other diseases were present in
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the two patients. The skin lesions were washed or debrided by
ozonated water in our therapy room once a day, followed by
application of ozonated oil twice per day at home. Antibiotics
and other drugs were not administrated during the ozone
therapy.

Bacteria culture, drug sensitive test and PCR test of lesions.
The lesions of patients were inoculated in the blood plate, then
cultured in an incubator chamber with 5% CO, concentration
at 35°C for 12 h. If there was colony formation of microor-
ganism, the microorganism colony was stained by Gram
staining. After confirming the gram-positive bacterial by
the microscope examination, three bacterial colonies were
added into physiological saline and were prepared with 0.5
turbidity ratio in VITEK?2 system (VITEK2 gram-positive
identification card) by electronic turbidimeter (DensiCHEK
Plus, BioMérieux, Durham, NC, USA). Then bacterial
species and drug sensitivity results of the samples were
detected by Automatic Microorganisms Identification System
(VITEK2-compact). The drug sensitivity results were further
confirmed by VITEK2 AST-GP67 Test kit according to the
manufacturer's protocol. Following the preliminary result
of MRSA infection detected by Automatic Microorganisms
Identification System, the microorganism colony was further
confirmed as MRSA infection by the MRSA Quantitative
Standards kit (no. Z-DD-0096-B; Liferiver Bio-Tech,
San Diego, CA, USA) according to the manufacturer's protocol
in CFX96™Red-Time System.

Statistical analysis. The data were analyzed in SPSS 19.0
software (SPSS, Inc., Chicago, IL, USA). t-test was used to
assess statistical differences between two groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Killing rate of ozone on S. aureus and MRSA. The killing rate
of ozonated oil on S. aureus was much higher than the control.
Almost 100% S. aureus were killed in 5 min. For MRSA, the
killing rate of ozonated oil was also much higher than the
control oil. Almost 100% MRSA were killed within 15 min
(Fig. 1). The killing rates over time between ozonated oil and
control for S. aureus and MRSA were presented in Tables I and
II. The ozonated water (1 mg/l) can sterilize 100% S. aureus
and 100% MRSA in one minute (Fig. 2).

Bacterial inhibitory: Inhibition zone diameter. The inhibition
zone diameters of ozonated oil for S. aureus and MRSA were
17 and 13 mm respectively, which were significantly much
larger than the control (Fig. 3).

Practicing treatment

The first case. A 21-year-old male patient presented to the
Dermatology Department of our hospital complaining of
a painful abscess on his left calf muscle for approximately
20 days. Denied any systemic diseases or health issues. Skin
examination revealed induration, bleeding and surrounding
erythema in the left upper Achilles tendon (Fig. 4A). The over-
lying skin had become thin and felt fluctuant with spontaneous
pus secretion. Previous treatments included systemic antibiotics,



MOLECULAR MEDICINE REPORTS 17: 2449-2455, 2018

2451

w Control il
=
e
=2
©
%]
Ozonated oil
Caontrol il
<
%]
i
=

Control

B 110+

100 4

w
=]
1

==}
=]
1

Killing rate (%)

70 -

10 min

QOzonated oil

20 min

30 min

15 min

—- MRSA
=@ S.aureus

60 T T T

Min

T
15

20 30

Figure 1. Killing rate of ozonated oil for S. aureus and MRSA. (A and B) Almost 100% S. aureus were killed in 5 min by ozonated oil. Almost 100% MRSA
were killed within 15 min by ozonated oil. S. aureus, Staphylococcus aureus; MRSA, methicillin resistant Staphylococcus aureus.
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Figure 2. Killing rate of ozonated water for S. aureus and MRSA. The ozonated water can sterilize 100% S. aureus and 100% MRSA in one minute. S. aureus,

Staphylococcus aureus; MRSA, methicillin resistant Staphylococcus aureus.

cleaning and dressing changes for more than 20 days without
any visible effect. Tests for diabetes and immune-suppression
syndrome were negative. Bacteria culture, drug sensitive test
and PCR test confirmed skin MRSA infection (Fig. 5A and C).
The strain was resistant to clindamycin, erythromycin, cefoxitin,
oxacillin, penicillin-G, piperacillin, and azithromycin (Fig. 5A).
After diagnosis of MRSA infection, the patient voluntarily

was put on topical application of ozone therapy. Ozonated
water was used to wash the lesion for 10 min immediately,
followed by soak the lesion for 20 min after debridement if
necessary in our therapy room every day. The application of
topical ozonated oil twice per day was carried out at home by
the patient. Four days after treatment, the lesion was cleaned
to remove necrotic tissue and pus secretion (Fig. 4B). Affected
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Table I. Killing rate of ozonated oil on S. aureus.

Killing rate
Time (min)  Control oil (%) Ozonated oil (%) P-value
1 31.80+1.05 86.35+2.10 <0.0001
5 40.81+8.27 99.01+1.90 <0.0001
10 3591x1.74 99.25+1.00 <0.0001
15 36.04+3.37 99.84+0.24 <0.0001
20 37.26+3.82 100+0.00 <0.0001
30 37.16x1.44 100+0.00 <0.0001
S. aureus, staphylococcus aureus.
Table II. Killing rate of ozonated oil on MRSA.

Killing rate
Time (min)  Control 0il (%) Ozonated o0il (%)  P-value
1 44.70+0.97 69.09+1.73 0.0037
5 47.31+1.42 74.96+1.44 0.0004
10 42.99+5.69 91.25+2 .91 0.0001
15 42.99+5.28 98.37+1.71 <0.0001
20 41.65+6.7 99.65+0.09 <0.0001
30 47.37+7 .45 100+0.00 <0.0001

MRSA, methicillin resistant staphylococcus aureus.

areas were reduced by more than 70% during the first month
(Fig. 4C) and was almost healed by the end of second month
(Fig. 4D). Bacteria culture test revealed that tissues from the
lesion did not develop bacteria one month after the topical ozone
treatment.

The second case. An 8-year-old male patient presented to our
department complaining of a big blister on the dorsal aspect
of the left hand. Denied any systemic diseases and any treat-
ment at the moment. On skin examination, a 2x2 cm ulcerated
lesion with yellow crusts was seen with surrounding erythema
and fluid exudation on the dorsal aspect of the left hand.
Laboratory tests confirmed MRSA skin infection, resistant to
clindamycin, cefotetan, erythromycin, oxacillin, penicillin-G,
and trimethoprim/sulfa-methoxazole (Fig. 5B and D). A
complete healing from the lesion was achieved after 12 days
of treatment with a combination of ozonated water and ozon-
ated oil using the same remedy as we described in the first
case (Fig. 6). Bacteria culture test revealed that scales from the
lesion did not develop bacteria 12 days after the topical ozone
treatment.

Discussion

In this study, we demonstrated that ozonated oil and ozon-
ated water have strong in vitro antibacterial effects against
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Figure 3. The inhibition zone diameters of ozoned oil for S. aureus and MRSA.
The inhibition zone diameters of ozonated oil for S. aureus and MRSA were
17 and 13 mm, respectively. ““P<0.0001. S. aureus, Staphylococcus aureus;
MRSA, methicillin resistant Staphylococcus aureus.

S. aureus and MRSA. This is the first study to prove that the
topical application of ozone alone can be a powerful treatment
option for MRSA skin infections.

Data in this study have shown that ozonated oil can
sterilize up to 98% of S. aureus in 5 min and up to 98% of
MRSA in 15 min while ozonated water (1 mg/l) can ster-
ilize 100% of S. aureus and 100% of MRSA in one minute.
This results indicate that ozone therapy has very powerful
anti-microbial properties against gram positive microor-
ganisms, which was confirmed by the bacterial inhibitory
experiment of ozonated oil. Our results are consistent
with reports regarding bacterial elimination in S. aureus
or MRSA by ozone therapy (20-23). Notably ozone can
sterilize both gram positive bacteria and gram negative
bacteria (24). Ozone is an unstable molecule that rapidly
decays to O, and releases a single oxygen atom. The single
oxygen atom reacts with the cell membrane of the bacteria,
attacks the cellular components, interrupts the normal cell
activity and then destroys bacteria (23,25).

Ozone therapy has been used for infectious diseases
such as conjunctivitis and keratitis (26), peritonitis (27), and
surgical sepsis (28). In our clinical practice, topical applica-
tion of ozone therapy is very effective for healing MRSA
induced skin ulceration. The two cases got remarkable thera-
peutic effects after ozone treatment alone. Besides the high
efficiency for sterilization, ozone therapy exhibits a potential
effect in wound healing. The possible mechanisms include:
i) Increasing oxygen levels, glucose and ATP transporter
molecules in ischemic tissues; ii) increasing the activity of
bone marrow stem cells, so as to promote angiogenesis and
tissue regeneration; iii) the upregulation of the expression of
antioxidant enzymes in blood; iv) Promoting the neuronal
medium rise (29,30); and v) Inducing growth factors (31). Ozone
therapy was also reported to reduce pain and swelling (32).
Patients in this study also presented significant decrease in
pain and swelling.

Diabetic foot ulcers are a challenging clinical problem,
characterized by neuropathy, peripheral arterial diseases,
foot deformities, and infection (33,34). S. aureus was the
most common pathogen identified in Diabetic foot ulcers,
representing 46% of culture-positive patients. And 15% were
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Figure 4. Topical application of ozone therapy on left calf muscle MRSA infection. (A) The lesion before ozone therapy. (B) The lesion after removing necrotic
tissue and pus secretion. (C) The lesion after topical application of ozone therapy for one month. (D) The lesion after topical application of ozone therapy for
two months. MRSA, methicillin resistant Staphylococcus aureus.
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Figure 5. Drug sensitive test and PCR test confirmed skin MRSA infection. (A) The results of drug sensitive test of the first case. (B) The results of drug sensi-
tive test of the second case. (C) The melting curve of PCR test confirmed the MRSA infection of the first case. (D) The melting curve of PCR test confirmed
the MRSA infection of the second case. PCR, polymerase chain reaction; MRSA, methicillin resistant Staphylococcus aureus.

Figure 6. Topical application of ozone therapy on the left-hand MRSA infection. (A) The lesion before ozone therapy. (B) The lesion after topical application
of ozone therapy for 12 days. MRSA, methicillin resistant Staphylococcus aureus.
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classified as MRSA (35). Ozone application was not only to kill
S. aureus or MRSA, but also reported to significantly reduce
the lesion area in patient with diabetic foot (31,36,37). Ozone
also can improve glycemic control by controlling hypergly-
cemia and insulin sensitivity and preventing oxidative stress
associated with diabetes mellitus and its complications (38).
Because of the low-cost, ozone therapy can also reduce
the medical bills for patients with diabetes mellitus and its
complications.

Ozonated water can keep the bactericidal effect for
approximately 30 min, while ozonated oil can maintain its
sterilization ability persistently (39-42). This is why ozonated
oil was applied to our patients after washing with ozonated
water to increase the effective time.

Although ozone therapy can kill microbes, improve
wound healing, reduce pain and swelling at minimal cost
with almost no side effect, it is contraindicated in several
diseases such as Blood Coagulation Failure, Bleeding
Organs, Thrombocytopenia, Ozone Alergia, Hemorrhagic or
Apoplectic Stroke, Ozone Intolerance (43).

In summary, ozone therapy is potential treatment for
S. aureus and MRSA skin infections with great efficacy, low
side effects, and low-cost.
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