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Abstract

In recent years, the incidence of com-
munity-acquired methicillin-resistant S.
aureus skin infections (CA-MARSA) has
increased in pediatric population without
associated risk factors. Ozenoxacin 10mg/g
is a topical quinolone that has shown high
activity on strains of S. aureus, S. pyogenes
and other Gram-positive bacteria sensitive
and resistant to methicillin, other
quinolones, mupirocin and fusidic acid.
Ozenoxacin 10mg/g cream was applied
twice a day for 5 days in pediatric patients
with superficial skin infections other than
non-bullous impetigo where oral antibiotics
were not needed. Therapeutic success was
achieved in 93.7% of the patients after 5
days of treatment, with a 98.2% decrease in
the mean SIRS scale of symptoms. No
adverse reaction was reported during treat-
ment. Given the achieved effectiveness,
safety, and adherence of the treatment, we
believe that pediatricians should consider
this topical antibiotic for the treatment of
other superficial skin infections, without
limiting its use to non-bullous impetigo.

Introduction

The skin is the main structural barrier of
the body and any process that alters it can
favor the development of an infection.! The
skin has a resident or saprophytic microbio-
ta composed of bacteria that support well
the acidic and dry environment of the epi-
dermis. When this microbiota is altered, it
favors the development of transient micro-
biota that can trigger infections.! The
microorganisms that are most frequently
implicated in skin infections are S. aureus
and S. pyogenes (Supplementary Table S1)
and it is towards them that empirical antibi-
otic therapy should be directed.?

Skin infections are a frequent reason for
consultation in pediatric dermatology, hav-
ing a wide spectrum of severity.' Topical
treatment of superficial skin infections is
usually enough to treat them, unless there
are risk factors in the host, the infections are
severe, extensive, or have complications.'
In recent years, an increase in the incidence

of skin infections caused by community-
acquired methicillin-resistant S. aureus
(CA-MRSA) has been described world-
wide, especially in the pediatric population
without associated risk factors.? This inci-
dence is especially high in the United
States, while in Spain and other countries in
Europe it appears to be lower.*

Classically, for less extensive superfi-
cial skin infections, topical antibiotics such
as fusidic acid 2%, mupirocin 2% or retapa-
mulin 1% (Supplementary Table S2) have
been used, as recommended by clinical
practice guidelines.!>¢

In 2018, ozenoxacin 10 mg/g was mar-
keted in Spain. It is a non-fluoridated
quinolone for topical use indicated, accord-
ing to the product information sheet, for the
treatment of non-bullous impetigo (the most
common skin infection in pediatric patients)
in patients older than 6 months.’
Ozenoxacin has a bactericidal mechanism
of action due to simultaneous inhibition of
the enzymes topoisomerase IV and DNA
gyrase, necessary for bacterial replication,
by which it produces fast bacterial death.”

In vitro microbiological studies have
shown that it has a high activity at very low
concentrations on S. pyogenes and on
strains of both, susceptible and methicillin-,
fusidic acid or mupirocin resistant strains of
S. aureus, causal agents of most uncompli-
cated superficial infections of the skin. %9
Various studies have shown that ozenoxacin
has a very low capacity to generate resis-
tances in vitro, which is attributed to its dual
target of action and its rapid bactericidal
effect at low concentrations.!®!! This power-
ful bactericidal activity has been evidenced
clinically. Of 206 patients with impetigo
treated with ozenoxacin in a randomized
study, 88.8% had clinical cure or improve-
ment after 5 days of treatment and the
microbiological evaluation showed that
after 2 days of treatment, bacterial eradica-
tion was of 87,2% reaching a 92% after 5
days of treatment.!?

Ozenoxacin has a good safety and toler-
ability profile and is not systemically
absorbed. As, unlike fluorquinolones,
ozenoxacin is not fluorinated, it has not
shown chondrotoxicity, phototoxicity, or
the induction of contact dermatitis through-
out its clinical development.”

Given that most superficial skin infec-
tions share the same types of pathogenic
microorganisms,’ it was decided to empiri-
cally determine the usefulness of
ozenoxacin 10mg/g cream in superficial
skin infections other than non-bullous
impetigo.
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Case Reports

This prospective observational pilot
study was conducted from December 2019
to December 2020 in the pediatric service
of Centro la Rivota, Alcorcon, Madrid,
Spain.

During the time period in which the
study was carried out, a total of 16 patients
were recruited, 12 males and 4 females.
Thirteen of the patients (10 male and 3
female) had local infections of the nail skin
fold (paronychias, whitlows) (range 3-14
years). Two patients (both males) had folli-
culitis (range 4-6 years) and one patient
(female) aged 12 years presented with an
ear lobe infection secondary to an infection
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of an orifice due to a piercing
(Supplementary Table S3).

Pediatric patients between 6 months and
14 years who had superficial skin infections
other than non-bullous impetigo in which
oral antibiotics, due to severity or extension
of the lesions were not needed, were consid-
ered for this study. Patients with a history of
hypersensitivity to ozenoxacin and patients
with impetiginized skin lesions were
excluded. At the baseline visit, all the
patients and their parents were informed
about the procedure to be carried out and
the informed consent was signed, which
was reflected in their clinical history. All
patients continued treatment with 2 daily
applications of ozenoxacin 10mg/g for 5
days, with a final visit after the end of ther-
apy. The presence of exudate pus, crusts,
erythema/inflammation, tissue warmth, pru-
ritus and pain were clinically assessed using
the Skin Infection Rating Scale (SIRS) of
signs and symptoms grading them from 0-3
(0 absent, 1 minimum, 2 moderate, 3
severe).'3

The clinical response was based on the
clinical assessment by the investigator at
the follow-up visit following a predefined
scale with the following categories: 1:
Clinical success, 2: Clinical improvement,
3: No change, 4: therapeutic failure, and 5:
indeterminate. Clinical success was consid-
ered the total absence of the lesion or
improvement based on the SIRS scale so
that the score was 0 (absent) for
exudate/pus, crusts, itching and pain and no
more than 1 (minimum) for
erythema/inflammation. and that no addi-
tional antimicrobial therapy was required.

A picture of the lesion was taken at
baseline and another at the end of therapy.
No samples were taken for microbiological
determination. As this is a first proof of con-
cept study, no sample size was calculated,
and no statistical analysis was previewed
beside descriptive statistics of the variables.

After the topical administration of
ozenoxacin 10 mg/g every 12 h for 5 days,
93.7% of the patients achieved clinical suc-
cess. The mean global score of the SIRS
scale decreased 6.4 points (92.8%) from the
baseline visit to the end of therapy (Figure
1). It was only necessary to associate amox-
icillin-clavulanate in one of the cases of
paronychia due to lack of complete resolu-
tion of the lesion. In another 2 cases of
paronychia, a minimal degree of erythema
persisted after 5 days of treatment but did
not require additional medication. In the
cases of folliculitis, the clinical success was
100%, as in the case of the patient with ear
lobe infection. In Figures 2A and 3A two
cases of paronychia at baseline can be seen,
showing the evolution after 5 days twice a
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Figure 1. Mean score of SIRS before and after 5 days b.i.d treatment with ozenoxacin
10mg/g cream. Symptoms were graded from 0-3 (0 absent,]1 minimum, 2 moderate, 3
severe).

Figure 2. Paronychia at baseline (2A) and after 5 days twice a day therapy (2B) with
ozenoxacin 10mg/g.

Figure 3. Paronychia at baseline (3A) and after 5 days twice a day therapy (3B) with
ozenoxacin 10mg/g.
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day treatment with ozenoxacin 10mg/g
cream (Figures 2 and 3). Additional pictures
from the initial lesions and follow up of the
evolution in this study can be found in the
Appendix.

In all cases, the tolerability of the drug
was very good, with no signs of local irrita-
tion or any other local or systemic alter-
ations.

Discussion and conclusions

For many years, only fusidic acid, first
marketed in the 1960s and mupirocin, first
marketed in 1987 in the USA and in 1991 in
the EU, were available as topical antibiotics
for superficial skin infections. Retapamulin
was marketed in 2007 but for commercial
reasons it was withdrawn from the market
in 2019 in EU. Both mupirocin and fusidic
acid are indicated in all types of superficial
skin infections, primary infections as
impetigo or folliculitis, as well as secondary
treatment of impetiginization of eczematous
lesions or secondary infection of wounds
and lacerations.'®!s

The excessive use or misuse of these
topical antibiotics have led to an increase in
resistances to mupirocin and fusidic acid,
which varies significantly depending on the
geographic location and local data. Since in
this type of pathologies the treatment is usu-
ally empirical, it is difficult to find data in
the literature that reflect the real state of the
resistance rate to these topical antibiotics. In
the United States, a study in pediatric
patients with superficial skin and soft tissue
infections (SSTIs) has shown resistance to
mupirocin in up to 31% of the included
patients.!® New Zealand a significant
increase in out-of-hospital use of fusidic
acid between 1993 and 2012 was reported.
In parallel, the prevalence of fusidic acid
resistance to S. aureus increased from 17%
in 1999 to 29% in 2013. The restriction of
the free dispensation of mupirocin in that
country in the 2000 was followed by a
decrease in resistance to mupirocin from
28% to 11% in 2011.*

In Spain there are practically no avail-
able data on resistance to fusidic acid or
mupirocin in outpatients, although recent
data in children under 14 years of age which
were nasal carriers showed a 2.2% of resis-
tance to fusidic acid in S. aureus and 5.6%
in MRSA16 and a 7% resistance to
mupirocin in S. aureus and a 4% in
MRSA."7

The development of ozenoxacin fol-
lowed the requirements for the development
of new antibiotics for skin infections pub-
lished in the FDA 2010 Guidance for

Industry.'® In this guidance, only impetigo is
considered as a primary infection with
enough entity to demonstrate the efficacy
and safety of topical antibiotic treatment.
For this reason, only patients with impetigo
were included in the clinical trials during
ozenoxacin clinical development.

There are no previous studies showing
the efficacy of ozenoxacin in the treatment
of other superficial skin infections other
than impetigo, but the data of our study
show that our results are in line with those
obtained with mupirocin or fusic acid. Thus,
in a comparative study between mupirocin
and fusidic acid that included patients with
primary and secondary skin lesions (includ-
ing impetigo) with a treatment schedule of 3
times a day for 7 days application, the
patients treated with mupirocin achieved
clinical cure or improvement in 97% of
cases and fusidic acid in 93%."
Additionally, in another comparative study
between mupirocin and fusidic acid, the
subgroup of patients who presented superfi-
cial skin infections other than impetigo
achieved clinical cure or improvement after
6-8 days of treatment 3 times a day in 82%
of the patients treated with mupirocin and in
98% of those treated with fusidic acid.?

Even though ozenoxacin 10 mg/g is
indicated only for the topical treatment of
non-bullous impetigo in the product infor-
mation sheet, in view of the results obtained
in our study, we believe that its use in other
superficial skin infections different from
impetigo could be beneficial.

We believe that the success of the treat-
ment relies in its bactericidal activity and in
the convenience of the therapeutic schedule
of one application every 12 hours for 5
days, as this fact avoids the loss of dose as
a consequence of school hours, improving
the compliance of the therapy.

It is true that the sample size is not very
high and there are also no studies in the lit-
erature with which to compare our results,
or that compare the efficacy of ozenoxacin
10mg/g in other superficial skin lesions
compared to the rest of the existing topical
antibiotics. To our knowledge, this is the
first study conducted with ozenoxacin
10mg/g beyond non-bullous impetigo.

However, given the obtained effective-
ness data, the safety of the treatment, since
no adverse reaction was reported, and the
ease of compliance with the treatment, we
consider that pediatricians should take this
topical antibiotic into account for the treat-
ment of other superficial skin infections
caused by susceptible microorganisms and
do not restrict its use only to non-bullous
impetigo.
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