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Comparative In Vitro Activity of Sita loxacin Against 
Neisseria gonorrhoeae Isolated from Thai Patients
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Objective: To investigate the in vitro activity of sitaϐloxacin compared to that of ceftriaxone, ceϐixime, and ciproϐloxacin against 
Neisseria gonorrhoeae isolated from Thai patients.

Materials and Methods: Antimicrobial susceptibility testing of ceftriaxone, ceϐixime, ciproϐloxacin, and sitaϐloxacin in 52 strains 
of N. gonorrhoeae isolated from Thai patients was performed by disk diffusion method and agar dilution method to determine the 
inhibition zone diameters and minimum inhibitory concentrations [MICs] of ceftriaxone, ceϐixime, ciproϐloxacin, and sitaϐloxacin.

Results: All N. gonorrhoeae isolates were susceptible to ceftriaxone (MIC ≤0.025 mg/L, zone diameter ≥35 mm) and ceϐixime 
(MIC ≤0.025 mg/l, zone diameter ≥31 mm). All N. gonorrhoeae study isolates were resistant to ciproϐloxacin (MIC ≥1 mg/l, zone 
diameter ≤27 mm). The inhibition zone diameters of sitaϐloxacin against N. gonorrhoeae study isolates were 41 mm or more 
in 35 isolates (67%), and ranged from 28 to 40 mm in 17 isolates (33%). When the interpretative inhibition zone diameter of 
resistance to ciproϐloxacin (27 mm or less) was applied to sitaϐloxacin, no N. gonorrhoeae study isolates were considered resistant 
to sitaϐloxacin. The MIC50 and MIC90 of sitaϐloxacin against N. gonorrhoeae study isolates was 0.06 and 0.12 mg/L, respectively. 
When the interpretative MIC of ciproϐloxacin resistance (more than 1 mg/L) was applied to sitaϐloxacin, no N. gonorrhoeae study 
isolates were considered resistant to sitaϐloxacin.

Conclusion: Sitaϐloxacin is active against ciproϐloxacin-resistant N. gonorrhoeae. A clinical study in sitaϐloxacin therapy to treat 
gonococcal urethritis caused by ciproϐloxacin-resistant N. gonorrhoeae should be considered.
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Neisseria gonorrhoeae is the causative bacteria 
of gonorrhea, which is a common sexually transmitted 
infection with an estimate from the World Health 
Organization [WHO] of 78 million new cases worldwide 
in people aged 15 to 49 years in 2012(1). N. gonorrhoeae 
is included in the priority list of antibiotic-resistant 
bacteria announced by the WHO in February 2017(2). 
Most isolates of N. gonorrhoeae worldwide are 
resistant to ciprofl oxacin; as such, ciprofl oxacin is 
no longer an eff ective therapy for N. gonorrhoeae 
infection(3). The current recommended antibiotic 
therapy for N. gonorrhoeae infection is a combination 
of extended-spectrum cephalosporin (ceftriaxone) 
and azithromycin(3). However, the emergence and 
spread of N. gonorrhoeae isolates with decreased 

susceptibility or resistance to combined extended-
spectrum cephalosporins and azithromycin has been 
increasing over the past few years(4-6). Therefore, 
research and development of new antimicrobial agents, 
especially oral agents that are active against resistant 
N. gonorrhoeae, are urgently needed. Sitafl oxacin 
(DU-6859a) is an advanced generation fl uoroquinolone 
with good activity against many gram-positive, gram-
negative, and anaerobic bacteria, including strains that 
are resistant to other fl uoroquinolones(7). Sitafl oxacin, 
an oral fl uoroquinolone, was recently approved in 
Japan and Thailand for treatment of respiratory tract 
infection and genitourinary tract infection.

Given that sitafl oxacin is active against many 
ciprofloxacin-resistant bacteria, the aim of the    
present study was to investigate the in vitro activity of 
sitafl oxacin compared to that of ceftriaxone, cefi xime, 
and ciprofl oxacin against N. gonorrhoeae isolated from 
Thai patients.
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Materials and Methods
Antibiotic susceptibility testing of 52 isolates of 

N. gonorrhoeae collected from diff erent Thai patients 
in 2014 was performed at the Division of Infectious 
Diseases and Tropical Medicine, Department of 
Medicine, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand.

The antibiotics that were tested were ceftriaxone, 
cefi xime, ciprofl oxacin, and sitafl oxacin. The inhibition 
zone diameters of ceftriaxone disk (30 μg), cefi xime 
disk (5 μg), ciprofl oxacin disk (5 μg), and sitafl oxacin 
disk (5 μg) were determined by disk diff usion method 
according to the reference standards of Clinical           
and Laboratory Standards Institute [CLSI] 2013. The 
minimum inhibitory concentrations [MICs] of 
ceftriaxone, cefi xime, ciprofl oxacin, and sitafl oxacin 
were determined by agar dilution method according to 
protocols set forth by the CLSI (M07-A10, 2015). 
Gonococcal [GC] Medium Base (Difco™; Becton, 
Dickinson and Company, Franklin Lakes, NJ, USA) 
with 1% defi ned growth supplement (Vitox Supplement; 
Oxoid; Thermo Fisher Scientifi c, Waltham, MA, USA) 
was used. Inoculum preparations were made by direct 
colony suspension, using colonies from overnight 
chocolate agar plates incubated in 5% CO2 and adjusted 
to 0.5 McFarland turbidity (108 CFU/mL). Bacterial 
suspensions were then diluted with cation-adjusted 
Mueller-Hinton Broth to fi nal inocula of approximately 
104 CFU/spot that were applied to the medium using 
a multipoint spot inoculator. Inoculated agars were 
incubated at 36°C in 5% CO2 for 24 hours. The MIC 
was defi ned as the lowest concentration of antimicrobial 
agent that inhibited visible growth on agar. The control 
strain was N. gonorrhoeae ATCC 49226. The inter-
pretative inhibition zone diameter and interpretative 
MIC for ceftriaxone, cefixime, and ciprofloxacin 
against N. gonorrhoeae are shown in Table 1.

Results
Inhibition zone diameter of tested antibiotics

All study isolates of N. gonorrhoeae collected in 
2014 were susceptible to ceftriaxone with inhibition 
zone diameters of 35 mm or larger, and to cefi xime 

with inhibition zone diameters of 31 mm or larger. 
All study isolates of N. gonorrhoeae were resistant to 
ciprofl oxacin with inhibition zone diameters 27 mm or 
smaller. The inhibition zone diameters of sitafl oxacin 
were 41 mm or larger in 35 isolates (67%) and ranged 
from 28 to 40 mm in 17 isolates (33%). When the 
interpretative inhibition zone diameter of resistance 
to ciprofl oxacin (27 mm or smaller) was applied to 
sitafl oxacin, no N. gonorrhoeae study isolates were 
considered resistant to sitafl oxacin.

MICs of tested antibiotics
The MICs of tested antibiotics are shown in 

Table 2. All study isolates of N. gonorrhoeae were 
susceptible to ceftriaxone with MICs less than 0.25 
mg/L, and to cefi xime with MICs of less than 0.25 
mg/L. All study isolates of N. gonorrhoeae were 
resistant to ciprofl oxacin with MICs of more than 1 
mg/L. The MICs of sitafl oxacin were much lower than 
those of ciprofl oxacin. MIC50 and MIC90 of sitafl oxacin 
against N. gonorrhoeae study isolates was 0.06 and 
0.12 mg/L, respectively. When the interpretative MIC 
of ciprofl oxacin resistance (of more than 1 mg/L) 
was applied to sitafl oxacin, no N. gonorrhoeae study 
isolates were considered resistant to sitafl oxacin.

Discussion
The results of the present study revealed the 

MIC of sitafl oxacin against N. gonorrhoeae isolated 
from Thai patients to be much lower than that of 
ciprofl oxacin, which indicated that sitafl oxacin is much 
more active against N. gonorrhoeae than ciprofl oxacin, 

Table 1. Inhibition zone diameter and MIC interpretative criteria for ceftriaxone, ceϐixime, and ciproϐloxacin against N. gonorrhoeae

Antimicrobial agent Disk content Inhibition zone diameter (mm) MIC (mg/L)

S I R S I R

Ceftriaxone 30 μg ≥35 - - ≤0.25 - -

Ceϐixime   5 μg ≥31 - - ≤0.25 - -

Ciproϐloxacin   5 μg ≥41 28 to 40 ≤27 ≤0.06 0.12 to 0.5 ≥1

MIC = minimum inhibitory concentration; S = susceptible; I = intermediate; R = resistant

Table 2. MICs of ceftriaxone, ceϐixime, ciproϐloxacin, and sita-
ϐloxacin against N. gonorrhoeae

Antimicrobial agent MIC range 
(mg/L)

MIC50 
(mg/L)

MIC90 
(mg/L)

% 
susceptible

Ceftriaxone 0.001 to 0.016 0.008 0.016     100%

Ceϐixime 0.002 to 0.06 0.008 0.008     100%

Ciproϐloxacin 1 to >32 4 24          0%

Sitaϐloxacin 0.016 to 0.25 0.06 0.12     100%*

MIC = minimum inhibitory concentration
* MIC <1 mg/L is considered susceptible
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including the isolates that are resistant to ciprofl oxacin. 
There was no official interpretative criteria for 
susceptibility of N. gonorrhoeae to sitafl oxacin. As an 
alternative, the authors used the interpretative criteria 
for susceptibility of N. gonorrhoeae to ciprofl oxacin 
to determine susceptibility of N. gonorrhoeae to 
sitafl oxacin. The authors found that none of the study 
isolates of N. gonorrhoeae were resistant to sitafl oxacin 
by both inhibition zone criteria and MIC criteria. Our 
observations of good activity of sitafl oxacin against 
ciprofl oxacin-resistant N. gonorrhoeae are similar 
to those reported from several studies conducted in 
Japan(8-13). It should be noted that no ceftriaxone-
resistant and/or azithromycin-resistant N. gonorrhoeae 
isolates were included in the present study. Therefore, 
the activity of sitafl oxacin against ceftriaxone-resistant 
and/or azithromycin-resistant N. gonorrhoeae isolates 
from Thai patients is unknown. Sitafl oxacin is an 
oral fl uoroquinolone with favorable bioavailability 
and a very high concentration of active drug in urine. 
Sitafl oxacin may be an ideal antibiotic for therapy of 
GC urethritis. Accordingly, clinical study in the effi  cacy 
of sitafl oxacin as a therapy for GC urethritis caused 
by ciprofl oxacin-resistant N. gonorrhoeae should be 
considered.

Conclusion
Sitafloxacin is active against ciprofloxacin-

resistant N. gonorrhoeae. A clinical study in sitafl oxacin 
therapy to treat GC urethritis caused by ciprofl oxacin-
resistant N. gonorrhoeae should be considered.

What is already known on this topic?
Most N. gonorrhoeae strains isolated from Thai 

patients are resistant to ciprofl oxacin. 

What this study adds?
Sitafloxacin is active against ciprofloxacin-

resistant N. gonorrhoeae isolated from Thai patients.
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