
131© 2021 Indian Journal of Dermatology, Venereology and Leprology - Published by Scientific Scholar

Ozenoxacin: A novel topical antibiotic
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Introduction
Superficial skin infections are a common cause of visits 
to dermatology out‑patient department, especially in the 
pediatric age group. Impetigo is a common infection in both 
children and adults, and is caused by Staphylococcus aureus 
and Streptococcus pyogenes.1 Localized cases of impetigo 
without complications may be treated with topical antibiotics, 
while extensive cases may need systemic therapy.2 Mupirocin 
and fusidic acid are the commonly used topical agents for 
impetigo while retapamulin is a recent alternative.3,4 Mupirocin 
and retapamulin are bacteriostatic at low concentrations but 
may be bactericidal at higher concentrations.4,5 Fusidic acid is 
reported to be bactericidal for S.pyogenes and bacteriostatic 
for S.aureus.6 Antimicrobial resistance is now becoming more 
prevalent, and the emergence of plasmid‑mediated, mutually 
transferrable mupirocin resistance in Staphylococcus aureus 
and Staphylococcus epidermidis has also been demonstrated 
in vivo, reported to arise due to extensive use of mupirocin in 
in‑patients.7,8 Although the clinical implications of mupirocin 
resistance are unclear, and topical mupirocin achieves high 
minimum inhibitory concentrations (MIC), even more than 
what is required to overcome high‑level mupirocin resistant 
strains, the emergence of resistant strains necessitates the need 
for newer antimicrobials.9 The latest drug to join the group 
of topicals is ozenoxacin. In December 2017, ozenoxacin 
received FDA approval for use in the management of 
impetigo in patients aged 2 months and older.10

Structure
The molecular formula of ozenoxacin is C21H21N3O3 and the IUPAC 
name is 1‑cyclopropyl‑8‑methyl‑7‑[5‑methyl‑ 6‑(methylamino) 

pyridin‑3‑yl]‑4‑oxoquinoline‑3‑carboxylic acid.10,11 It belongs 
to the quinolone group of antimicrobials and is the first 
non‑fluorinated quinolone, which has a pyridinyl group at 
C7. Ozenoxacin has a structural similarity with quinoline 
carboxylic acids, which are quinolines where the quinoline 
ring system is substituted by a carboxyl group at one or more 
positions [Figure 1].11,12

Mechanism of Action
Quinolones act by inhibiting two enzymes involved 
in bacterial DNA synthesis‑  DNA gyrase  (a type II 
topoisomerase) and topoisomerase IV.13 The action of DNA 
gyrase is to catalyze the negative supercoiling of DNA. 
The enzyme plays a vital role in DNA replication and 
transcription and in organization of the chromosome. The 
main function of topoisomerase IV is to unlink DNA after 
replication.14‑16 Both enzymes have a tetrameric structure. 
DNA gyrase has two A subunits (gyrA, coded by the gyrA 
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Figure 1: Chemical structure of ozenoxacin
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gene) and two B subunits (gyrB, coded by the gyrB gene). 
Topoisomerase IV also has two A subunits  (parC or grlA, 
the latter in S. aureus, encoded by the parC or grlA genes) 
and two B subunits  (parE or grlB, the latter in S. aureus, 
encoded by the parE or grlB genes).13 Some quinolones 
possess preferential action against topoisomerase IV over 
DNA gyrase  (e.g.  levofloxacin, sparfloxacin, nadifloxacin, 
and ciprofloxacin).17,18

Ozenoxacin has dual inhibitory action and acts by irreversibly 
binding to either DNA gyrase or topoisomerase IV, thus 
inhibiting DNA replication. This typically results in rapid 
bacterial cell death and thus the drug is bactericidal.12,19

Antimicrobial Spectrum
Quinolones have broad spectrum, potent antibacterial 
activity and are bactericidal against both gram‑positive 
and gram‑negative organisms. Ozenoxacin has bactericidal 
action against gram‑positive organisms including MSSA 
(methicillin‑sensitive Staphylococcus  aureus), MRSA 
(methicillin‑resistant Staphylococcus  aureus), MRSE 
(methicillin‑resistant Staphylococcus epidermidis), 
Streptococcus pyogenes, Propionibacterium acnes and 
ofloxacin‑resistant strains of S. aureus and S. epidermidis.19‑21 
The antibacterial activity of ozenoxacin has been found to 
be highly superior and the MIC lower, compared to other 
quinolones such as ofloxacin, nadifloxacin, and levofloxacin.20

Ozenoxacin also been demonstrated to produce more 
rapid microbiological clearance compared to retapamulin, 
although the overall clinical efficacy at the end of treatment 
has been reported to be similar. In animal models, ozenoxacin 
has demonstrated more rapid microbiological clearance 
compared to mupirocin and fusidic acid, although there 
are no comparative human trials.22‑24 Ozenoxacin has also 
been found to have lower MIC compared to fusidic acid, 
mupirocin and retapamulin in  vivo against S.  aureus, 
S. epidermidis, S. pyogenes and S.agalactiae. 15,21 The drug 
exhibits rapid penetration inside the bacterial cell in the 
first minute after exposure and high levels of intrabacterial 
concentrations compared with other quinolones in 
various microorganisms.18,25 The minimum bactericidal 
concentrations (MBCs) have been observed to be generally 
the same or within one dilution of the MICs.18,21,22,26

Resistance
Acquisition of resistance to quinolones is through two 
mechanisms‑ one is through efflux pumps that pump out the 
drug from the bacterial cell, and the other through mutations 
in genes encoding DNA gyrase and topoisomerase IV.13,18,27 
Resistance to quinolones is now rampant.13

Ozenoxacin appears to be impervious to the efflux pumps that 
confer bacterial resistance to other quinolones, which may be 
attributed to its high concentration inside bacterial cell. 18,25,27 
It shows low selection of resistant mutants, and has a mutant 

prevention concentration less than the skin concentration 
of the drug. These mechanisms protect ozenoxacin against 
the development of resistance. Ozenoxacin does not show 
cross‑resistance with other quinolones or other anti‑microbial 
classes.18,21

Pharmacokinetics
Ozenoxacin exhibits negligible systemic absorption from 
both intact and abraded skin. The drug concentrations have 
been found to be high in the stratum corneum, low in the 
epidermis and below the limit of quantification in the 
dermis.28 There is no difference in absorption between adult 
and pediatric skin.22

Owing to the low systemic absorption, the tissue 
distribution, metabolism and elimination in humans 
have not been investigated in in‑vivo studies.18 Mean 
protein binding of  [14C]‑ozenoxacin in in‑vitro 
studies has been found to be moderate  (~85% to 
87%) in human plasma samples and independent of 
concentration.10  [14C]‑ozenoxacin has been found to be 
metabolically stable in in vitro human hepatocytes and in 
freshly prepared human skin discs.10,26

Indications
Topical ozenoxacin is indicated for the treatment of impetigo 
caused by Staphylococcus  aureus and Streptococcus 
pyogenes. 28,29 It is approved in the US and Canada for the 
treatment of non‑bullous and bullous impetigo in adults and 
pediatric patients aged 2 months and older. 10,26,29,30 It has also 
been approved in 12 countries of the European Union (EU) 
for topical treatment of non‑bullous impetigo in patients aged 
6 months and older. 26,30,31

Composition and Storage
Ozenoxacin is available as 1% cream  (10 mg/g) in 10‑g 
tubes. It is a white to pale yellow crystalline powder, 
available commercially as a pale‑yellow cream. It must be 
stored at room temperature and must be used within 45 days 
of opening the tube.10,26

The other ingredients used in the preparation are benzoic 
acid  (E 210), ethylene glycol monopalmitostearate, 
octyldodecanol, oleoyl macrogol‑6‑glycerides, polyethylene 
glycol‑6 stearate, polyethylene glycol‑32 stearate, propylene 
glycol, purified water and stearyl alcohol. 26

Dosage and Administration
A thin layer of ozenoxacin cream must be applied to the 
affected area twice daily for 5 days. It can be applied over 
a maximum area of 100 cm2 in adults and pediatric patients 
12 years of age and older. In patients less than 12 years of 
age, it can be applied up to 2% of the total body surface area, 
but not exceeding 100 cm2. The area of application may be 
covered by a sterile bandage or gauze dressing if required. 
Patients who do not show a clinical response within 3 days 
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of treatment should be re‑evaluated, and alternative therapy 
should be considered.26,30

Adverse Effects and Safety Profile
Ozenoxacin is considered to have an excellent safety profile 
and no significant adverse effects have been reported.18,28,29 
There is however, a single report of worsening pre‑existing 
rosacea and seborrheic dermatitis.29

Ozenoxacin 1% and 2% formulations have been tested for 
dermal tolerability and were shown to be safe with little or no 
tendency to produce irritation, sensitization, phototoxicity or 
photoallergy.32

The efficacy and safety in patients less than 2 months have 
not been established. No dose adjustment is necessary in 
geriatric patients or in hepatic or renal impairment. Studies in 
pregnant and breastfeeding women have not been performed, 
but since systemic absorption is negligible, adverse events 
are not expected. If ozenoxacin is used during breast‑feeding, 
it is recommended to avoid applying on the breast area to 
prevent the nursing infant from unintentional oral drug 
intake.18,26,28

Quinolones have potential chondrotoxic effects on juvenile 
animals. However, no histopathological toxicologically 
relevant changes in cartilage were observed in rats treated 
with oral ozenoxacin.33 The lack of fluorination at C‑6 position 
is considered to improve the safety profile of ozenoxacin 
compared to other quinolones.20 There is no systemic 
absorption in children, hence negating the possibility of 
chondrotoxicity.34

Drug Interactions
Ozenoxacin does not induce cytochrome P450 enzymes 
in vitro. Since systemic absorption is negligible, there are no 
reported drug interactions.26

Contraindications
The only known contraindications till date are patients who 
are hypersensitive to this drug or to any ingredient in the 
formulation and infants less than 2 months of age due to lack 
of data about safety in that age group.26,30

Cost and Cost Effectiveness
A 10‑g tube of ozenoxazin costs $ 17.78 in the United states, 
which makes the cost $ 1.778 per gram. Fusidic acid costs 
$0.7340 per gram while the cost of mupirocin ranges from 
$0.3556 to 0.550. Although ozenoxacin was found to have a 
lower total cost, this was based on the assumption of a lower 
time‑to‑cure. Based on a re‑analysis considering similar 
clinical rates of cure among topical treatments, a price 
reduction of 28% (vs. fusidic acid) and 51% (vs. mupirocin) 
would be required for ozenoxacin to be cost‑effective. 
Many oral antibiotics are considerably less expensive than 
ozenoxacin. The clinical effectiveness of ozenoxacin was not 

compared with oral antibiotics; hence the cost‑effectiveness 
is not known it is not yet available in India.35

Conclusion
Ozenoxacin is a newer topical antibiotic with faster 
clinical efficacy, favourable microbiological profile and 
safety. However, indiscriminate use must be avoided, and 
antimicrobial stewardship must be practiced to preserve the 
value of this novel drug.
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