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Interaction with Other Antimicrobials 
Ozenoxacin has been tested in combination with 17 other commonly used 
antimicrobial agents against S. aureus,  S. pyogenes and . 

 antagonism interactions with ozenoxacin were observed: with ciprofloxacin 
against S. aureus  

.

Antimicrobial Activity
Ozenoxacin has been shown to be active against most isolates of the following 
microorganisms, both in vitro and in clinical infections [see Indications and Usage 
(1)]: 

Gram-positive bacteria 
Staphylococcus aureus 
Streptococcus pyogenes 
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Executive Summary:
Ozenoxacin, a non-fluorinated quinolone, was assessed for its in vitro activity 
against number of clinical isolates of Staphylococcus aureus and Streptococcus 
pyogenes. The MIC90 against S. aureus was 0.25 mg/L and against S. pyogenes, 0.015 
mg/L. Ozenoxacin, targets DNA gyrase and topoisomerase IV and by virtue of its 
lower IC50 values, appear to be a stronger inhibitor compared to levofloxacin and 
ciprofloxacin. 

The in vitro antibacterial activity of ozenoxacin, ciprofloxacin, and levofloxacin was 
studied against a number of clinical isolates and ATCC strains under different 
microbiological testing conditions, including the presence of different cations, pH, 
inoculum size, human serum, and CO2 incubation. The data indicated that 
ozenoxacin antibacterial activity was not affected by cation supplementation to the 
test medium and increasing CO2 in the growth environment. However, ozenoxacin 
activity showed a marked decreased by high inoculum (107 CFU/mL), increasing 
concentration of human serum in the testing medium, and increased pH to 
alkalinity. The antibacterial mode of action of ozenoxacin and control drugs was 
consistently maintained (MBC/MIC ratios ≤4) under different test conditions. This 
indicates that ozenoxacin is bactericidal. 
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A study of the in vitro antibacterial drug-drug interactions found four antagonistic 
interactions with ozenoxacin with ciprofloxacin against S. aureus and with 
aztreonam, rifampicin and retapamulin against S. epidermidis. The clinical 
significance of this finding is not known. 

Resistance rates ranged from 10-8 to 10-10 for ozenoxacin against test organisms and 
mutations were found in the ParC region in MRSA and S. pyogenes. The probability 
of ozenoxacin selecting spontaneous resistant mutants in quinolone-susceptible and 
-resistant isolates with pre-existing mutations in the QRDR appears low. 

Clinical study using a topical 1% ozenoxacin cream has demonstrated a good 
therapeutic effect in both adult and pediatric patients with impetigo due to S. aureus 
(MRSA and MSSA) and S. pyogenes. 

Antimicrobial Spectrum of Activity
Ozenoxacin is a novel non-fluorinated quinolone that is being developed for topical 
use. The in vitro activity of ozenoxacin was evaluated against gram-positive isolates 
obtained from a network of collecting centers located in the USA and around the 
world. The isolates were from multiple sources including skin, wound, abscess, 
tissue and blood. Ozenoxacin exhibited good in vitro activity against all 2398 S. 
aureus (MIC50/90 0.004/0.25 mg/L), 889 coagulase negative staphylococci (MIC50/90 
0.015/0.25 mg/L), 657 S. pyogenes (MIC50/90 0.008/0.015 mg/L) 222 S. dysgalactiae 
(MIC50/90 0.03/0.03 mg/L) and 327 S. agalactiae (MIC50/90 0.03/0.03 mg/L). 
However, all levofloxacin non-susceptible staphylococci had higher ozenoxacin MIC 
values compared to those that were non-susceptible. Additionally, methicillin-
resistant staphylococci also had higher MIC to ozenoxacin, but this was due to 
quinolone cross-resistance rather than methicillin-susceptibility. 

Mechanism of Action
Ozenoxacin, a non-fluorinated quinolone is said to exhibit a dual target of action; 
inhibiting DNA gyrase and topoisomerase IV. These are enzymes involved in the 
transcription and replication processes of bacterial DNA. The enzymes are needed 
for solving the accumulated superhelical tension ahead of polymerases and 
decatenating the two newly formed DNA strands.  Inhibitory concentration 50 
(IC50) or the concentration of inhibitor (ozenoxacin and comparators) that is 
needed for 50% enzyme inhibition is shown in Table 1. Ozenoxacin, by virtue of its 
lower IC50 values, appear to be a stronger inhibitor; therefore, it exhibited the 
greatest inhibitory activity (IC50) against both bacterial enzymes. This mimics 
what’s observed in the in vitro susceptibility testing. 

Table 1 Inhibitory activity of ozenoxacin and approved quinolones against DNA gyrase and 
topoisomerase IV obtained from S. aureus SA113
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Mechanism of Resistance Studies
In this study, the in vitro activity of ozenoxacin was compared to those of 
moxifloxacin, levofloxacin, and ciprofloxacin against both quinolone-susceptible and 
quinolone-resistant gram-positive bacteria with well-characterized resistance 
mechanisms. A total of 50 quinolone-susceptible (QS) and quinolone-resistant (QR) 
gram-positive isolates [methicillin-susceptible S. aureus (n = 9), methicillin-resistant 
S. aureus (n =5), methicillin-susceptible S. epidermidis (n=8), methicillin-resistant S. 
epidermidis (n = 5), Streptococcus pyogenes (n= 8), Streptococcus agalactiae
(n = 8), and Enterococcus faecium (n=6)] collected between 2009 and 2010 were 
studied. The experiments were conducted in the presence and absence of 25g/ml of 
reserprine (an efflux inhibitor). Reserprine is a plant alkaloid that inhibits multidrug 
transporters thus increasing the intracellular concentrations of quinolone resulting 
in lower MIC values. The quinolone resistance-determining regions (QRDRs) of the 
gyrA, gyrB, parC, and parE genes were amplified by PCR and sequenced to identify 
DNA base pair changes. 

Results of the in vitro activity of the quinolones tested show that ozenoxacin 
demonstrated the highest antibacterial activity against the isolates tested, with the 
MIC ranging from 0.008 – 4 mcg/ml (Table 2). Ozenoxacin was 3 to 320 fold more 
active than the comparators. Three QS-MRSE strains had no mutation in the gyrA or 
parC genes; the MICs of ozenoxacin for these strains ranged from 0.004 to 0.06 
mg/liter, whereas the MICs of the remaining quinolones ranged between 0.06 and 1 
mg/liter. One QS-MRSE strain had a mutation in gyrA (Ser84 → Phe), which showed 
a MIC of ozenoxacin of 0.03 mg/liter. One QS-MRSE strain had a double mutation 
(Ser84 → Phe in gyrA and Ser80 → Phe in parC) and a MIC of ozenoxacin of 0.03 
mg/liter. The MIC of ozenoxacin of the strain 69.02, however, was reduced to 0.015 
mg/liter in the presence of reserpine, suggesting that this strain possesses two 
concomitant mechanisms of resistance, an amino acid substitution in gyrA 
(Ser84Phe) plus an overexpression of a reserpine-inhibited efflux pump.

Four QR-MRSE strains that had double mutations in gyrA (Ser80 → Tyr/Glu88 → Gly 
or Glu88 → Lys) and parC (Ser80 → Phe/Asp84 → Tyr) showed a MIC of OZN of 1 to 
2 mg/liter. This was at least 8-, 16-, and 64-fold higher than MICs of moxifloxacin, 
ciprofloxacin and levofloxacin, which were 16 to 64 mg/liter, 32 to 128 mg/liter, 
and 128 to 256 mg/liter, respectively.
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Two S. pyogenes strains (165 and 168) showed reduced MICs of MXF, LVX, and CIP 
in the presence of reserpine, whereas the MIC of ozenoxacin was not affected. The 
overexpression of a reserpine-inhibited efflux pump had no effect on ozenoxacin. 

Table 2: Activity of ozenoxacin compared with other quinolones against gram positive 
bacteria

Reference ID: 4073465
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Activity against isolates with quinolone resistance-determining regions
Ozenoxacin continues to demonstrate in vitro activity against clinically important 
isolates showing 2, 3 or 4 mutations in the gyrA and/or parC genes (Table 3). The 
data indicate that ozenoxacin is active against isolates with mutations in the 
quinolone resistance-determining regions (QRDRs) of the gyrA, gyrB, parC, 
and parE genes that would normally increase the MICs for fluoroquinolones. 

Reference ID: 4073465
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Table 3 Activity of ozenoxacin compared with other quinolones against Gram positive 
bacteria with QRDR 
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Mutation selection frequency
The mutation selection rate of ozenoxacin and comparators was determined and the 
data resented in Table 4.  Approximately 108–1010 cfu/mL of each test strain was 
inoculated in duplicate onto Mueller–Hinton agar plates containing the selected 
antibacterial agent at 2×, 4× and 8× MIC of ozenoxacin, levofloxacin or ciprofloxacin. 
The frequency of resistant mutants selected by each fluoroquinolone was calculated 
as the ratio of the number of bacteria growing divided by the number of bacteria in 
the original inoculum, which was calculated by plating several dilutions of the 
original inoculum. 

The data indicated that the mutation selection frequency for ozenoxacin in all MSSA 
strains studied was lower in comparison to levofloxacin and ciprofloxacin. No 
spontaneous mutants were selected when tested against quinolone susceptible or 
resistant MSSA and MRSE strains used in this study. Please note that no 
assumptions can be made to indicate that ozenoxacin does not select for 
spontaneous mutants in all MSSA and all MRSE isolates. Spontaneous mutants in the 
MRSA, S. pyogenes, S. agalactiae and E. faecium strains were selected with 
ozenoxacin, levofloxacin and ciprofloxacin; additionally, mutation rates were similar 
among the quinolones. One or more mutations were found in the gyrA and/or parC 
genes. Overall the frequency of resistant mutants selected by ozenoxacin is 
relatively low (range: 10-8 to 10-10) against all isolates tested. 

Table 4: Selection of mutants resistant to ozenoxacin, levofloxacin and ciprofloxacin in strains 
of S. aureus, S. epidermidis, S. pyogenes, S. agaladiae and E. faecium

Reference ID: 4073465
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Additional non clinical Studies: 

Activity against PVL and PSM-positive MRSA
The purpose of this study was to determine the efficacy of ozenoxacin against MRSA 
isolates that expressed the Panton-Valentine leucocidin and Phenol Soluble Modulin 
–α, -β, -δ (also known as RNAIII). Panton-Valentine leukocidin (PVL) is a cytotoxin 
which caused leukocyte destruction and tissue necrosis. PVL was initially associated 
with hospital acquired MRSA infections, and were shown to be more invasive than 
MRSA infections acquired in the community. The distinction between hospital and 
community acquired MRSA based on the presence of PVL is less pronounced as the 
two populations migrate. PSM in S. aureus is related to the PSM identified in S. 
epidermidis suggesting some form of horizontal gene transfer occurred between 
these organisms. PSMs in S. epidermidis have demonstrated an inflammatory 
response in macrophage-type cells and have been shown to be an important part of 
biofilm production. The MIC range for ozenoxacin against these isolates was 0.002-2 
mg/L. In general, the results of this study strongly suggest that the presence of 
Phenol soluble modulin genes and/or production of Panton-Valentine leukocidin 
toxin had no effect on the antimicrobial activity of ozenoxacin.

Assessment of bactericidal activity 
Studies were conducted to investigate the bactericidal activity of ozenoxacin against 
a number of gram-positive isolates by determining the minimum bactericidal 
concentrations. The MBC/MIC ratio of ozenoxacin, ciprofloxacin and levofloxacin 
measured at different pH conditions against 16 ATCC strains and 40 clinical isolates 
are shown in Table 5. The MBC values were consistently 1- to 2-folds higher than 
the corresponding MIC results. The MBC/MIC ratios were all ≤4 indicating that 
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ozenoxacin is bactericidal and this characteristic was maintained in spite of 
different pH testing conditions.

Table 5: Comparative MBC/MIC ratios calculated under different pH conditions against 16 
ATCC strains and 40 clinical isolates.

Ozenoxacin bacteriostatic and bactericidal activity was not affected by increasing 
concentrations of calcium or magnesium in culture medium or when tested in the 
presence of CO2 compared to normal atmospheric conditions. However, ozenoxacin 
had a significant reduction of activity when tested with a high inoculum 
concentration of 107 CFU/mL (Table 6). This phenomenon, where the MIC rises with 
increasing number of bacteria, may reduce clinical effect against gram positive 
organisms, despite good in vitro activity.   

Table 6: Comparison on the effect of inoculum size, inoculum preparation and incubation time 
on activity

Activity in the presence of human serum
To determine the effect of human serum protein on MIC, the Applicant conducted 
MIC testing using CLSI 25 and 50% serum. Data indicated that the presence of 
human serum (25 and 50%) in the test medium decreased the ozenoxacin activity 1 
to 6-fold compared to test with no serum. However, no significant effects with the 
reference compounds (ciprofloxacin and levofloxacin) were observed (Table 7). 
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Table 7 Comparison on the effect of human serum on activity compared with the standard 
CLSI broth microdilution conditions

In another study, the effect on pH activity on ozenoxacin MIC was conducted. The 
data indicated that alkaline pH tended to decrease the activity of ozenoxacin, 
whereas the acidic pH tended to increase the ozenoxacin activity (Table 8).

Table 8 Comparison of different pH conditions on activity compared with the standard (pH 
7.2-7.4)

Antibacterial interactions: 

Synergistic or antagonistic effect
A study of the possible ozenoxacin antibacterial interactions has been undertaken to 
complete the microbiological characterization of ozenoxacin. A total of 630 
combinations between ozenoxacin and other antimicrobial agents (cefepime, 
imipenem, aztreonam, azithromycin, amikacin, tetracycline, rifampin, linezolid, 
ciprofloxacin, piperacillin, tazobactam, trimethoprim, sulfamethoxazole, 
daptomycin, mupirocin, fusidic acid and retapamulin) were tested in isolates of S. 
aureus, S. epidermidis, S. pyogenes and S. pneumonia. Of these combinations, 600 
(95.2%) gave an indifferent response, i.e. no interaction with ozenoxacin. Only four 
negative interactions with ozenoxacin (i.e. antagonism) were observed out of a total 
of 630 combination experiments with other antimicrobial agents. In addition, 26 
combinations with ozenoxacin showed an advantageous outcome (partial 
synergy/addition). Combinations with interaction with ozenoxacin are summarized 
in Table 9.
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Table 9 Summary of interaction with ozenoxacin where antagonism or partial 
synergy/addition occurred

All antagonistic interactions were with staphylococci and they involved distinct 
antimicrobial agents. Similarly, the partial synergy/addition interactions involved a 
wide range of antimicrobial agents. However, there was a greater prevalence of 
interaction between ciprofloxacin and ozenoxacin than any other combination, 
especially with the Streptococci. Antagonism was reported with S. aureus between 
ciprofloxacin and ozenoxacin, but all other non-indifferent interactions were partial 
synergy/addition.

Establishment of quality control guidelines 

Agar and Broth
The establishment of in vitro susceptibility testing quality control was conducted in 
accordance with the CLSI M23-A3 document. Correlation for ozenoxacin between 
agar dilution and broth microdilution results was observed for all organisms tested 
including the ATCC QC strains (Enterococcus faecalis ATCC 29212, Escherichia coli 
ATCC 25922 and Streptococcus pneumoniae ATCC 49619). Table 10 shows that the 
MICs determined by agar dilution were equivalent or within 1 doubling dilution 
compared with those obtained by broth microdilution (100% essential agreement). 

Reference ID: 4073465
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Table 10: Ozenoxacin, ciprofloxacin and levofloxacin MICs for QC strains* and agreement of 
the results obtained by agar dilution compared to those obtained by broth microdilution

Selection of disk content and disk diffusion susceptibility test
The objective of this study was to establish the equation relating the ozenoxacin MIC 
values to the zone of inhibition around the 1-, 2.5- and 5-μg ozenoxacin disks and to 
select the most appropriate disk content for disk diffusion susceptibility test with 
ozenoxacin. The studies were done in accordance with the CLSI M-23 document, the 
optimal disk content was determined as the lowest disk content of antibiotic which 
will distinguish resistant strains of any bacterial species from isolates of the 
intermediate or susceptible category.

The ozenoxacin MIC range, MIC50 and MIC90 obtained by the broth microdilution 
method, and the range and mean of the diameter of the zone of inhibition obtained 
by the disk diffusion method (1-, 2.5- and 5 μg ozenoxacin disks) for the 116 
organisms tested are shown in Table 11. The average zone around 5 μg disk was 
24.4 mm (6 to 40 mm) and the zones around 2.5 μg and 1 μg disk averaged 23.6 (6 
to 40 mm) and 20.9 (6 to 37 mm), respectively.

Reference ID: 4073465
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Table 11 The relationship of MIC range, MIC50 and MIC90 and zone diameters around disks 
containing 1-,2.5- and 5 μg of ozenoxacin test with 116 organisms

Ozenoxacin regression line analysis demonstrates a significant correlation between 
broth microdilution MICs and the inhibition zone diameters obtained with 1-,2.5- 
and 5- μg disks (correlation coefficients [r]= 0.92 to 0.94) (Table 12).

Table 12 Regression equations and correlation statistics (r) for disk diffusion testing using 1-, 
2.5- and 5-μg ozenoxacin disks and compared to broth microdilution MICs

Based on the data, which showed similar statistical results for all disk concentration 
used in the study, the Applicant indicated that the use of the 5-μg ozenoxacin disk 
was deemed as more optimal content as the disk concentration routinely used for 
other fluoroquinolones (ciprofloxacin, levofloxacin, ofloxacin or garenoxacin) is 5-
μg. Inhibition zones were in agreement with CLSI document M-23. This reviewer 
agrees. 

Proposed quality control (QC) ranges in broth (Tier 2 QC study)
This multicenter study was performed to establish QC guidelines for susceptibility 
testing of ozenoxacin as indicated in the CLSI M23-A3 document (Tier 2 QC study: 
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CLED: Cysteine lactose electrolyte deficient medium

Human Studies

Two well-controlled Phase 3 studies (P-110880-01 and P-110881-01) conducted in 
adult and pediatric subjects evaluated the safety and efficacy of ozenoxacin 1% 
cream in the treatment of nonbullous or bullous impetigo. Both studies compared 
ozenoxacin 1% cream with placebo cream; however, the key difference in study 
design was that Study P-110880-01 also included an active comparator 
(retapamulin 1% ointment). According to the protocol, subjects in both studies must 
have had a clinical diagnosis of bullous or nonbullous impetigo. The subjects were 
required to have a total affected area of between 1 and 100 cm2, with surrounding 
erythema not extending more than 2 cm from the edge of any affected area. In the 
case of multiple affected areas, the total area was considered the sum of each 
affected area and was not to exceed 100 cm2. For subjects less than 12 years of age, 
the total area was not to exceed a maximum of 2% of the body surface area. 

Microbiological samples were taken at all study visits from the affected area 
identified at baseline, provided that culturable material was present.  If the affected 
area at baseline included multiple area(s) located at different body sites, a primary 
location, for microbiological sampling purposes, was defined as the most severe 
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area according to the investigator. Microbiological samples were obtained 
preferably from this primary location at all study visits. In the case of bullous 
lesions, the sample was collected preferably by aseptic needle aspiration or 
alternatively by swabbing of the bullae exudates. In the case of nonbullous lesions, a 
bacterial culture of the fresh exudates was obtained by swabbing. If the lesions were 
crusted, after cleansing the honey-colored crust and uplifting the scab, a bacterial 
culture of the fresh exudates underneath the scab was obtained by swabbing of the 
fresh exudate. If swabs were used, it was required to collect 2 swabs. The first was 
used for culturing and the second was used for Gram staining.

All specimens collected at all study visits were sent to a central laboratory for 
susceptibility testing and identification. Since nearly all cases of impetigo are caused 
by S aureus and S pyogenes alone or in combination, in Study P-110880-01, other 
microorganisms were considered as pathogens only in cases where none of these 
pathogens were identified at Visit 1. In Study P-110881-01, only S aureus and S 
pyogenes alone or in combination were considered pathogens. In the case that 
neither of these pathogens was identified at Visit 1, the microbiological response 
assessment was unable to be determined. Characterization of resistances was 
evaluated for specimens collected at Visit 1. All specimens were stored and 
transported as instructed by the central laboratory. 

In the pooled Phase 3 studies (P-110880-01 and P-110881-01), a total of 877 
subjects were enrolled [South Africa (n = 390), the US (n = 212, including 46 
subjects in Puerto Rico), Germany (n = 125), Romania (n = 63), Russia (n = 57), 
Ukraine (n = 27), and Spain (n = 3)]. The enrolled subjects were randomized to 
receive ozenoxacin 1% cream (361 subjects), placebo cream (362 subjects), or 
retapamulin 1% ointment (154 subjects). A summary of subject disposition in these 
studies is presented in Table 13. The most commonly found pathogens were S. 
aureus, S pyogenes, and Staphylococcus epidermidis, which were found in 66.4%, 
49.9%, and 18.6% of the subjects, respectively. 

Table 13. Pooled Phase 3 Studies: Summary of Subject Disposition (All Screened Subjects)
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Microbiological Response by pathogens
For the pooled analysis studies, the percentages of subjects who achieved complete 
S. aureus eradication or presumed eradication at Visit 2 were 86.7% in the 
ozenoxacin treatment group, 51% in the placebo group and 60.2% in the 
retapamulin group (Table 14). At visit 3 the percentage that had complete 
eradication was 93.9%, 67.7% and 90.9% for ozenoxacin, placebo, and retapamulin, 
respectively.

In study P-1108811-01 there were 18 confirmed patients with methicillin resistant 
S. aureus at visit 1.  At visit 3, end of treatment, there were 6 cures, and 12 
improvements. Of the 12 improvements, 3 were reported as failures at visit 4. Please 
note, as discussed in the in vitro section of this review, the presence of PVL and/or 
PSM in MRSA isolates had no effect on the microbiological outcome.

Table 14. Pooled Phase 3 Studies: Microbiological Response for All Subjects with 
Staphylococcus aureus at Visits 2, 3, and 4 (PPB Population)

For the pooled analysis studies, the percentages of subjects who achieved complete 
S. pyogenes eradication at Visit 2 were 74.7% in the ozenoxacin treatment group, 
40.7% in the placebo group and 69.6% in the retapamulin group (Table 15). At visit 
3 the percentage that had complete eradication was 89.6%, 61.7% and 94.2% for 
ozenoxacin, placebo, and retapamulin, respectively. 
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Table 15. Pooled Phase 3 Studies: Microbiological Response for All Subjects with Streptococcus 
pyogenes at Visits 2, 3, and 4 (PPB Population)

In summary, ozenoxacin 1% cream demonstrated microbiological efficacy in 
children and adults with impetigo. The microbiological response rates against S. 
aureus and S. pyogenes were equally effective for ozenoxacin and retapamulin at the 
end of therapy. From a clinical microbiology perspective, this NDA is approvable 
pending the suggested changes to the microbiology section of the label. 
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