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Background. Ceftriaxone is the foundation of currently recommended gonorrhea treatment. There is an urgent
need for backup treatment options for patients with cephalosporin allergy or infections due to suspected cephalo-
sporin-resistant Neisseria gonorrhoeae. We evaluated the efficacy and tolerability of 2 combinations of existing non-
cephalosporin antimicrobials for treatment of patients with urogenital gonorrhea.

Methods. We conducted a randomized, multisite, open-label, noncomparative trial in 5 outpatient sexually
transmitted disease clinic sites in Alabama, California, Maryland, and Pennsylvania. Patients aged 15–60 years di-
agnosed with uncomplicated urogenital gonorrhea were randomly assigned to either gentamicin 240 mg intramus-
cularly plus azithromycin 2 g orally, or gemifloxacin 320 mg orally plus azithromycin 2 g orally. The primary
outcome was microbiological cure of urogenital infections (negative follow-up culture) at 10–17 days after treatment
among 401 participants in the per protocol population.

Results. Microbiological cure was achieved by 100% (lower 1-sided exact 95% confidence interval [CI] bound,
98.5%) of 202 evaluable participants receiving gentamicin/azithromycin, and 99.5% (lower 1-sided exact 95% CI
bound, 97.6%) of 199 evaluable participants receiving gemifloxacin/azithromycin. Gentamicin/azithromycin
cured 10 of 10 pharyngeal infections and 1 of 1 rectal infection; gemifloxacin/azithromycin cured 15 of 15 pharyn-
geal and 5 of 5 rectal infections. Gastrointestinal adverse events were common in both arms.

Conclusions. Gentamicin/azithromycin and gemifloxacin/azithromycin were highly effective for treatment of
urogenital gonorrhea. Gastrointestinal adverse events may limit routine use. These non-cephalosporin-based regi-
mens may be useful alternative options for patients who cannot be treated with cephalosporin antimicrobials. Ad-
ditional treatment options for gonorrhea are needed.
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The public health burden of Neisseria gonorrhoeae infections is
substantial. Untreated or inadequately treated gonorrhea can
cause epididymitis, pelvic inflammatory disease (PID), chronic
pelvic pain, ectopic pregnancy, and tubal infertility [1, 2]. In re-
source-limited settings, childhood blindness from gonococcal
ophthalmia neonatorum occurs in children born to infected
mothers. Worldwide, approximately 106.1 million gonococcal
infections are estimated to occur annually [3]. In the United
States, gonorrhea is the second most commonly reported noti-
fiable infection: 334 826 cases were reported in 2012 [4]. Many
gonococcal infections go undetected or unreported; the Centers
for Disease Control and Prevention (CDC) estimate that
>800 000 infections occur annually in the United States
among 15- to 49-year-olds [5]. The annual total direct medical
cost of gonorrhea is estimated to be US$162.1 million [6].

Effective control and prevention of gonorrhea relies on
prompt and effective antimicrobial therapy. However, since
the introduction of antimicrobials in the 1930s, N. gonorrhoeae
has progressively developed resistance to each class used for
treatment, including sulfonamides, penicillins, tetracyclines,
and second-generation fluoroquinolones such as ciprofloxacin
[7–10]. By 2007, cephalosporin antimicrobials were the only re-
maining agents recommended by the CDC for empiric treat-
ment of gonorrhea, and no new treatment options were on
the horizon [10]. However, descriptions of patients with gonor-
rhea unsuccessfully treated with oral cephalosporins were al-
ready being reported from East Asia [11–13], and multiple
countries reported increasing cephalosporin minimum inhibi-
tory concentrations (MICs) [14].

To support public health preparedness and address the emerg-
ing threat of cephalosporin-resistant gonococcal infections, the
CDC recognized that clinical efficacy and safety data on alterna-
tive therapeutic regimens for gonorrhea were urgently needed.
Because no new antimicrobial treatment agents with robust effi-
cacy data were available when this trial was designed, existing an-
timicrobials that were not recommended for treatment of
gonorrhea were evaluated for use in combination therapy. Azi-
thromycin monotherapy is effective for gonorrhea treatment
but has not been recommended for routine use because of the
ease with which N. gonorrhoeae can develop macrolide resistance
[15–17]. Gentamicin, an injectable aminoglycoside that binds to
the 30S ribosomal subunit and inhibits protein synthesis, has not
been recommended in the United States for treatment of gonor-
rhea, but it has been used successfully in other countries for gon-
orrhea treatment, including Malawi [18]. It is chemically similar
to spectinomycin (which is efficacious but not available in the
United States [16]), widely available in the United States, and rel-
atively inexpensive. Gemifloxacin, an oral fourth-generation flu-
oroquinolone, had not undergone clinical study for gonorrhea,
but demonstrated in vitro activity against ciprofloxacin-resistant
N. gonorrhoeae [19]. In vitro synergy testing of azithromycin and

gemifloxacin suggested that gemifloxacin may have promise as an
agent in combination therapy (CDC, unpublished data). In this
trial, we evaluated the efficacy and tolerability of azithromycin
plus either gentamicin or gemifloxacin for treatment of uncom-
plicated urogenital gonorrhea.

METHODS

Study Design
This study was a multicenter, randomized, open-label, noncom-
parative trial involving men and women with uncomplicated
urogenital gonorrhea. Enrollment was conducted from May
2010 through November 2012. Study follow-up was completed
in November 2012. The study was registered at ClinicalTrials.
gov (NCT00926796).

The final protocol was approved by investigational review
boards at each clinical site and the CDC. Participants provided
written consent. The trial was monitored by an independent
safety monitoring committee (SMC), which convened semian-
nually. Following the SMC meeting held in August 2012, the
SMC recommended halting trial enrollment because continued
participant accrual to targeted enrollment of 500 infected par-
ticipants would be highly unlikely to alter the results.

Setting and Participants
Participant enrollment occurred in outpatient sexually trans-
mitted disease (STD) clinics in Birmingham, Alabama;
San Francisco and Los Angeles, California; Pittsburgh, Pennsyl-
vania; and Baltimore, Maryland.

Patients were initially eligible for inclusion if they (1) were sus-
pected to be infected with urethral or cervicalN. gonorrhoeae (de-
fined as untreated urethral or cervical N. gonorrhoeae identified
by Gram stain demonstrating gram-negative intracellular diplo-
cocci, laboratory testing at a previous visit indicating gonorrhea,
or untreated patients reporting anal, oral, or vaginal sexual con-
tact in the past 60 days with someone diagnosed with gonorrhea),
and (2) were willing to abstain from sexual intercourse or use
condoms until follow-up was complete. Pregnancy tests were
completed for all women; pregnant women were not enrolled.

Major exclusion criteria were age <15 years or >60 years, hav-
ing a history of renal insufficiency, hepatic insufficiency, cardiac
arrhythmia, neuromuscular disorders, rheumatoid arthritis, or
tendon disorders; prior receipt of kidney, lung, or heart trans-
plants; pregnancy or lactation; allergy or prior adverse reaction
to macrolides, aminoglycosides, or fluoroquinolones; concomi-
tant infection requiring systemic antimicrobial therapy (besides
chlamydia); receipt of systemic or intravaginal antimicrobials
within 30 days of study enrollment, or current use of corticoste-
roids, immunosuppressive therapy, or cardiac antiarrhythmic
medication; and clinically diagnosed abdominal pain related
to PID, testicular pain, epididymitis, disseminated gonococcal
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infection, or genital ulcer disease. Women diagnosed with bacte-
rial vaginosis (BV) at enrollment were enrolled if they were will-
ing to defer BV treatment until the follow-up visit. Women who
did not wish to defer BV treatment were withdrawn from the
study and treated in accordance with local clinic protocols.

At enrollment, clinical information and culture specimens
were collected, and participants were treated according to the
randomized assignment. Participants later found to have nega-
tive enrollment cervical or urethral cultures for N. gonorrhoeae
were deemed ineligible and were discontinued from the study.

Randomization and Interventions
Using a permuted blocked randomization scheme with stratifica-
tion by study site and allocation by numbered envelopes, partici-
pants were randomly assigned treatment in a 1:1 ratio to treatment
with either gentamicin 240 mg intramuscularly (or 5 mg/kg if
≤45 kg) plus azithromycin 2 g orally, or gemifloxacin 320 mg
plus azithromycin 2 g given simultaneously as single oral doses.
For those who received gentamicin 240 mg, 2 separate 3-mL injec-
tions of 40 mg/mL solution were administered. Azithromycin was
provided as four 500-mg tablets. A small snack was provided prior
to medication administration. Participants were observed for at
least 30 minutes after medication administration and were in-
structed to return to the clinic or contact the study coordinator
immediately if vomiting occurred within 30 minutes of departing
the clinic. Those who vomited within 1 hour were discontinued
from the study, re-treated per the local clinic standard of care,
and asked to return in 10–17 days for evaluation. Partners were
evaluated and treated according to local clinic protocol.

Laboratory Procedures
At enrollment and follow-up, specimens for N. gonorrhoeae
culture were collected from the urethra or cervix using polyester
swabs. Pharyngeal and/or rectal specimens were collected if the
participant reported exposure at the relevant anatomic site(s).
Swabs were immediately smeared onto modified Thayer-Martin
medium plates and placed into a candle jar or whirl bags
with carbon dioxide (CO2) tablets. Cultures were either trans-
ferred to the local laboratory within 4 hours for incubation in
4%–7% CO2 or were stored at the clinic in a 4%–7% CO2 incu-
bator and transferred to the local laboratory within 24 hours.
Media were examined for N. gonorrhoeae at 24, 48, and
72 hours.

Neisseria gonorrhoeae isolates were frozen and shipped to the
CDC Division of STD Prevention Laboratory Reference and Re-
search Branch for confirmatory culture and agar dilution anti-
microbial susceptibility testing. Results were interpreted
according to Clinical and Laboratory Standards Institute
(CLSI) criteria [20]. The CLSI does not define gonococcal
susceptibility or resistance for azithromycin, gemifloxacin,
or gentamicin. We categorized isolates with azithromycin

MICs ≥2.0 µg/mL as exhibiting elevated azithromycin MICs.
Gemifloxacin MICs ≥1 µg/mL were considered elevated [21].
Gentamicin MICs were classified as follows: susceptible,
≤4 µg/mL; intermediate susceptibility, 8–16 µg/mL; and resis-
tant, ≥32 µg/mL [18].

Outcomes and Follow-up
The primary outcome measure was microbiologic cure, defined
as a negative follow-up culture for urogenital N. gonorrhoeae
10–17 days after receipt of the study medications. Secondary
outcome measures were microbiologic cure of pharyngeal and
rectal infection, tolerability of each regimen, and antimicrobial
susceptibility of enrollment isolates.

Statistical Analyses
This was not a comparative trial but rather a trial to establish
efficacy data for 2 candidate regimens. Trial results will be
used to assess whether either regimen meets the traditional
CDC criteria for being a recommended (cure rate of >95%
with a lower 95% confidence interval [CI] bound ≥95%) or al-
ternative (cure rate of >95% with a lower 95% CI bound ≥90%)
treatment for uncomplicated urogenital gonorrhea [22]. We an-
ticipated a cure rate of 97% and lower 1-sided 95% CI bound of
≥95% and allowed for a 10% dropout rate. The target sample
size was 250 infected participants per group.

The primary analysis used the per protocol (PP) population,
which comprised all infected participants who (1) satisfied inclu-
sion and exclusion criteria, (2) were randomized and treated, (3)
returned for follow-up within 10–17 days, and (4) had an evalu-
able follow-up culture result. Participants who vomited within 1
hour were not included in the PP analysis. For each treatment
group, we calculated the proportion of participants with urogen-
ital gonorrhea who achieved microbiological cure and the exact
binomial lower 1-sided 95% CI bound. Sensitivity analyses of mi-
crobiological efficacy were conducted using the modified intent-
to-treat (mITT) population, which included all infected partici-
pants who satisfied inclusion and exclusion criteria and were ran-
domized and treated. For the purposes of the mITT analyses,
participants who were lost to follow up, vomited within 1 hour
of drug administration, or whose follow-up culture results were
not evaluable were considered to have failed treatment. We calcu-
lated the frequency of adverse events (AEs) among patients in the
PP population and the safety population (all patients who received
at least 1 dose of study medication, including those who vomited
within 1 hourof drug administration). All analyseswere performed
using SAS version 9.3 (SAS Institute, Cary, North Carolina).

Role of the Funding Source
The study was designed by the investigators, the CDC, and the
National Institute of Allergy and Infectious Diseases (NIAID) at
the National Institutes of Health; sponsored by NIAID; and
funded by NIAID and the CDC.
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RESULTS

Participants
Of 664 participants with suspected gonorrhea, 614 were random-
ized (491men, 121 women, and 2 participants with sex datamiss-
ing), and 603 received study medication (Figure 1). Of those
randomized and treated, 305 received gentamicin/azithromycin
and 298 received gemifloxacin/azithromycin. One hundred nine-
teen individuals were found to be ineligible after randomization
and treatment, of which 117 were due to negative enrollment cul-
tures (58 were men and 59 were women).

Most participants were men, and approximately one-third of
participants self-identified as men who have sex with men (MSM)
(Table 1). Nearly half of the participants were enrolled in San Fran-
cisco.Of401participants, 152 (38%) reported sexbetween the initial
and follow-up study visit, and 61 reported sex without a condom.

Efficacy
In the PP analysis, microbiological cure was achieved by 100%
of participants with urogenital gonorrhea treated with gentami-
cin and azithromycin (lower 1-sided exact 95% CI bound,

98.5%) and by 99.5% (lower 1-sided exact 95% CI bound,
97.6%) of participants treated with gemifloxacin/azithromycin.
One heterosexual male participant treated with gemifloxacin/
azithromycin had N. gonorrhoeae isolated from a urethral
swab collected at a follow-up visit. The MICs of this partici-
pant’s pretherapy isolates of gemifloxacin, ciprofloxacin, and
azithromycin were 0.004, 0.002, and 0.25 µg/mL, respectively
(Supplementary Table 1). The posttherapy isolate was not avail-
able for susceptibility testing. He reported having vaginal sex
without a condom between visits. All 25 participants with
pharyngeal gonorrhea (15 received gemifloxacin/azithromycin
and 10 received gentamicin/azithromycin) and 6 participants
with rectal gonorrhea (5 received gemifloxacin/azithromycin,
1 received gentamicin/azithromycin) were microbiologically
cured.

The mITT sensitivity analysis, which considers participants
who vomited within 1 hour and those lost to follow-up as failing
treatment, demonstrated gentamicin/azithromycin efficacy of
83.8% (lower 1-sided 95% CI bound, 80.0%) and gemifloxa-
cin/azithromycin efficacy of 84.4% (lower 1-sided 95% CI
bound, 80.5%) (Supplementary Table 2).

Figure 1. Study flow diagram. aThree of these participants vomited within 1 hour of study drug administration. bNine of these participants vomited within
1 hour of study drug administration. cParticipants may have been discontinued from the per protocol analysis for >1 reason, but only the primary reason is
listed. Abbreviation: ITT, intent-to-treat.
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Tolerability
The most commonly reported AEs were mild to moderate gas-
trointestinal conditions. Among 202 PP participants in the gen-
tamicin/azithromycin arm, 27.7% reported nausea, 18.8%
reported diarrhea, and 7.4% reported vomiting (Table 2).
Among 199 PP participants in the gemifloxacin/azithromycin

Table 1. Selected Baseline Characteristics of Per Protocol
Participants by Group

Characteristics

Gentamicin +
Azithromycin
(n = 202)

Gemifloxacin +
Azithromycin
(n = 199)

Age, y, median (IQR) 26 (22–35) 29 (22–36)

Sex and sex of sex partner
Women 19 (9.4) 21 (10.6)

MSM 67 (33.2) 77 (38.7)

MSW 116 (57.4) 101 (50.8)
Self-identified race/ethnicity

Asian/Hawaiian/Pacific Islander 6 (3.0) 5 (2.5)

Non-Hispanic black 126 (62.4) 103 (51.8)
Non-Hispanic white 44 (21.8) 45 (22.6)

Hispanic or Latino 18 (8.9) 28 (14.1)

Multiracial 7 (3.5) 12 (6.0)
Other 1 (0.5) 6 (3.0)

Enrolling site

Baltimore, Maryland 1 (0.5) 2 (1.0)
Birmingham, Alabama 60 (29.7) 53 (26.6)

Los Angeles, California 4 (2.0) 5 (2.5)

Pittsburgh, Pennsylvania 40 (19.8) 38 (19.1)
San Francisco, California 97 (48.0) 101 (50.8)

Previous STD (by participant self-report)

Gonorrhea 85 (42.1) 92 (46.2)
Chlamydia 82 (40.6) 85 (42.7)

HIV infection (by participant self-report)

Positive 19 (9.4) 16 (8.0)
Negative 159 (78.7) 163 (81.9)

Unknown 24 (11.9) 20 (10.1)

Symptoms
Penile or vaginal discharge 182 (90.1) 179 (89.8)

Dysuria 153 (75.7) 138 (69.3)

Dyspareunia 22 (10.9) 23 (11.6)
Anal pain or discharge 4 (2.0) 2 (1.0)

Sore throat 9 (4.5) 14 (7.0)

Exam findings
Penile discharge (among men) 177 (96.7) 169 (94.9)

Vaginal discharge (among
women)

17 (89.5) 20 (95.2)

Anal tenderness or discharge 0 (0.0) 1 (0.5)

Pharyngeal erythema or
exudate

6 (3.0) 11 (5.5)

Additional infections diagnosed

Bacterial vaginosis (among
women)

9 (47.4) 10 (47.6)

Chlamydiaa 51 (25.9) 47 (23.7)

Pharyngeal gonorrhea 10 (5.0) 15 (7.5)

Rectal gonorrhea 1 (0.5) 5 (2.5)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range;
MSM, men who have sex with men; MSW, men who report sex exclusively
with women; STD, sexually transmitted disease.
a Denominators of 197 (gentamicin/azithromycin) and 198 (gemifloxacin/
azithromycin) due to inevaluable results.

Table 2. Percentage of Participants in the Per Protocol Analysis
Reporting Adverse Events and Severitya

Adverse
Event

Gentamicin +
Azithromycin (n = 202)

Gemifloxacin +
Azithromycin (n = 199)

Nausea
Mild 47 (23.3) 58 (29.1)

Moderate 9 (4.5) 15 (7.5)

Severe 0 (0.0) 1 (0.5)
Vomiting

Mild 13 (6.4) 5 (2.5)

Moderate 2 (1.0) 4 (2.0)
Severe 0 (0.0) 1 (0.5)

Abdominal pain or discomfort

Mild 10 (5.0) 12 (6.0)
Moderate 2 (1.0) 9 (4.5)

Severe 3 (1.5) 0 (0.0)

Diarrhea
Mild 30 (14.9) 25 (12.6)

Moderate 6 (3.0) 20 (10.1)

Severe 3 (1.0) 1 (0.5)
Fatigue

Mild 3 (1.5) 4 (2.0)

Moderate 1 (0.5) 2 (1.0)
Severe 0 (0.0) 0 (0.0)

Dizziness

Mild 4 (2.0) 6 (3.0)
Moderate 3 (1.5) 1 (0.5)

Severe 0 (0.0) 0 (0.0)

Injection site pain
Mild 1 (0.5) 0 (0.0)

Moderate 1 (0.5) 0 (0.0)
Severe 0 (0.0) 0 (0.0)

Tendon disorder/tendonitis

Mild 1 (0.5) 2 (1.0)
Moderate 0 (0.0) 1 (0.5)

Severe 0 (0.0) 0 (0.0)

Note: Some patients had >1 adverse event (AE). Mild: AEs require minimal or
no treatment and do not interfere with the participant’s daily activities.
Moderate: AEs result in a low level of inconvenience or concern with the
therapeutic measures. Moderate AEs may cause some interference with
functioning. Severe: AEs interrupt a participant’s usual daily activity and may
require systemic drug therapy or other treatment. Severe AEs are usually
incapacitating. See the Division of Microbiology and Infectious Diseases
Adult Toxicity Tables for severity of specific syndromes, November 2007
(available at: http://www.niaid.nih.gov/LabsAndResources/resources/DMIDC
linRsrch/Documents/dmidadulttox.pdf).
a AEs that occurred in >1% of participants in either arm are listed.
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arm, 37.2% reported nausea, 23.1% reported diarrhea, and 5%
reported vomiting. No serious AEs occurred.

Among all 305 participants who received gentamicin/
azithromycin (safety analysis), nearly 26% of 305 participants
experienced nausea and 17% reported diarrhea (Supplementary
Table 3A); 10 (3.3%) participants vomited within 1 hour of gen-
tamicin/azithromycin administration (Figure 1). Among all 298
gemifloxacin/azithromycin recipients, 40% experienced nausea
and 22% reported diarrhea (Supplementary Table 3B); 23
(7.7%) vomited within 1 hour of gemifloxacin/azithromycin ad-
ministration (Figure 1).

Antimicrobial Susceptibility
From 396 PP participants, 421 pretreatment N. gonorrhoeae
isolates were available for antimicrobial susceptibility testing
(participants with pharyngeal or rectal infections may have
contributed >1 pretreatment isolate). Elevated azithromycin
MICs (≥2.0 µg/mL) were detected in 0.5% of isolates, and ele-
vated gemifloxacin MICs (≥1.0 µg/mL) were detected in 17.1%
of isolates (Table 3). Previous studies found gemifloxacin MICs
to be 4-fold lower than ciprofloxacin MICs [19, 23, 24]. In con-
trast, our study found that gemifloxacin MICs of most isolates
were the same as or 1–2 dilutions lower than the ciprofloxacin
MICs. None of the isolates were resistant to gentamicin.

DISCUSSION

Neisseria gonorrhoeae has acquired resistance to each antimi-
crobial recommended for treatment. As this trial was being con-
ducted, gathering evidence pointed to emergence of gonococcal
cephalosporin resistance. Multiple reports from Europe and re-
cently, Toronto, Canada, described patients with gonorrhea
who were unsuccessfully treated with oral cephalosporins

[25–27]. Ceftriaxone-resistant isolates were identified in Japan
and Europe [28–30]. Cefixime MICs increased in the United
States, particularly in the western states and among MSM; in re-
sponse, the CDC updated its STD treatment guidelines in 2012
to recommend dual therapy with ceftriaxone 250 mg as a single
intramuscular dose plus either azithromycin 1 g orally or dox-
ycycline 100 mg orally twice daily for a week as the only first-
line treatment for gonorrhea [31]. In 2013, CDC named
N. gonorrhoeae as one of 3 “urgent” antimicrobial threats
[32]. Additional gonorrhea treatment options are needed.

This trial provides clinical data on 2 therapeutic options that
may be useful for patients who cannot be treated with currently
recommended ceftriaxone-based therapy, due to infection with
ceftriaxone-resistant strains or severe cephalosporin allergy.
Among participants included in the primary analysis, all urethral
gonococcal infections were successfully treated with gentamicin/
azithromycin, and nearly all urethral infections treated with gem-
ifloxacin/azithromycin were cured. All of the rectal and pharyn-
geal gonococcal infections were cured, but only a small number of
these nongenital infections were studied. Gastrointestinal AEs, es-
pecially mild nausea and diarrhea, were common. Some partici-
pants vomited within 1 hour of study drug administration, and
those participants were not included in the primary analysis.

It is not entirely surprising that both combinations demon-
strated excellent efficacy. As previously noted, azithromycin
has demonstrated excellent efficacy as monotherapy [17], and
gentamicin and gemifloxacin are active against N. gonorrhoeae.
Prior to this trial, however, we lacked clinical efficacy and, im-
portantly, safety data on the combination of these agents.

Although these combinations exhibited excellent efficacy, the
burden of adverse events is likely to limit the routine use of
these combinations. A substantial proportion of participants
in both arms reported mild nausea, diarrhea, and vomiting,

Table 3. Antimicrobial Susceptibility of Pretreatment Neisseria gonorrhoeae Isolates Collected From Participants in the Per Protocol
Analysis (n = 421)a

Antimicrobial MIC50, µg/mL MIC90, µg/mL Range, µg/mL
Percentage at or

Above MIC Breakpoint
MIC Breakpoint for Resistance

or Elevated MICs, µg/mL

Azithromycin 0.25 0.5 0.03–16 0.5 ≥2.0
Cefixime 0.015 0.06 0.001–1.0 1.4 ≥0.25
Ceftriaxone 0.008 0.03 0.001–0.125 1.2 ≥0.125
Ciprofloxacin 0.004 8.0 0.002–32.0 24.5 ≥1.0
Gemifloxacin 0.004 2 0.001–8.0 17.1 ≥1.0
Gentamicin 4 8 0.002–16 0 ≥32.0
Penicillin 0.5 4 0.004–64 23.0 ≥2.0
Tetracycline 0.5 16 0.03–>32 24.2 ≥2.0

Abbreviations: MIC, minimum inhibitory concentration; MIC50, minimum inhibitory concentration required to inhibit growth of 50% of organisms; MIC90, minimum
inhibitory concentration required to inhibit growth of 90% of organisms.
a Three hundred ninety-six participants provided a total of 421 isolates (participants with genital and extragenital infections may have contributed >1 pretreatment
isolate).
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and 5% of all patients who received study drugs vomited within
1 hour. These results probably reflect the known tolerability
profile of azithromycin 2 g administered orally [33]. A larger
proportion of participants who received gemifloxacin/azithro-
mycin seem to have experienced gastrointestinal AEs than par-
ticipants who received gentamicin/azithromycin. This may
reflect the additive contribution of gemifloxacin, which is asso-
ciated with nausea, diarrhea, vomiting, and abdominal pain
[34]. If prescribing either of these regimens, it might be prudent
for clinicians to monitor the patient for vomiting after admin-
istration, so as to ensure adequate therapy.

Although inpatient gentamicin therapy is often limited be-
cause of potential nephro- or ototoxicity, the risk of toxicity
has appeared low among healthy patients with normal renal
function who received single-dose gentamicin treatment for
gonorrhea [35–38]. Further investigation of the risk of nephro-
or ototoxicity in young adults receiving single-dose gentamicin
therapy might be useful, however. Clinicians must exercise cau-
tion when considering the use of these combinations for preg-
nant women: although azithromycin has been assigned to
pregnancy class B by the US Food and Drug Administration,
gemifloxacin has been assigned to pregnancy class C and gen-
tamicin to pregnancy class D [33, 34, 39].

Published in vitro gemifloxacin susceptibility data indicate
that gemifloxacin is active against N. gonorrhoeae, including
isolates with ciprofloxacin resistance or mutations in gyrA
and parC, possibly due to stronger inhibitory activity than
other fluoroquinolones [19, 23, 24]. Although a gemifloxacin re-
sistance MIC breakpoint has not been defined and the clinical
relevance of the gemifloxacin MIC breakpoint used in this trial
is unclear, it is nevertheless worrisome that a large percentage of
isolates in this trial exhibited elevated gemifloxacin MICs. Many
isolates exhibited gemifloxacin MICs that were the same as or
only 1–2 dilutions lower than the ciprofloxacin MICs. Surveil-
lance of gemifloxacin MICs and efforts to define the MIC asso-
ciated with resistance may be warranted.

This study has several limitations. Because the design only in-
cluded combination therapies, we are unable to define the effi-
cacy of individual antimicrobials included in the regimens, and
we are unable to clearly define the benefit of adding a second
antimicrobial. A theoretical basis exists for using 2 antimicrobi-
als to potentially delay emergence and spread of resistance, and
combination therapy has been recommended for routine clini-
cal care of gonorrhea since 2010 [16, 31]. However, the evalua-
tion of newly developed antimicrobials should begin with the
study of single agents, rather than antimicrobial combinations,
so that efficacy and tolerability can initially be determined for
each new drug. The study was not designed to provide the ap-
propriate statistical power to obtain precise estimates of efficacy
for pharyngeal and rectal gonococcal infections. Nonetheless,
the results suggest that the studied treatments may be

efficacious for extragenital infections. Enrollment of women
proved challenging during the study, and many enrolled
women were deemed ineligible because of negative baseline cul-
tures. The relative underrepresentation of women might limit
generalizability. These findings may not be applicable to
patients aged >60 years or to those with significant comorbid
medical conditions.

In summary, the results of this trial indicate that the combi-
nations of azithromycin plus gentamicin or gemifloxacin exhib-
it excellent efficacy for treatment of uncomplicated urogenital
gonorrhea. Cephalosporin resistance in N. gonorrhoeae is ex-
pected to emerge, and these combinations may be helpful for
patients infected with ceftriaxone-resistant gonococci or pa-
tients with severe cephalosporin allergy. This trial provides
much-needed data in the short term, but additional treatment
options for gonorrhea are urgently needed.
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