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Increases in Neisseria gonorrhoeae With Reduced
Susceptibility to Azithromycin Among Men Who Have Sex
With Men in Seattle, King County, Washington, 2012-2016
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Background. Antimicrobial-resistant Neisseria gonorrhoeae is a major public health threat. The Centers for Disease Control
and Prevention (CDC) recommends ceftriaxone 250 mg plus azithromycin (AZM) 1 g for gonorrhea treatment. Resistance to AZM
could affect gonorrhea control efforts.

Methods. Using gonococcal isolates collected at the Public Health-Seattle & King County (PHSKC) Sexually Transmitted
Disease (STD) Clinic from 2012 to 2016, focusing on 2014-2016, we compared cases with the CDC AZM alert value minimum
inhibitory concentration (MIC) (=2 pg/mL) to those with AZM MIC <1 pg/mL, antimicrobial susceptibility profiles and clinical
outcomes.

Results. In 2012 and 2013, none of the 263 patients from whom we isolated N. gonorrhoeae from the urethra were infected with
organisms with an AZM MIC >2 pg/mL. Between 2014 and 2016, 4.4% of 926 gonorrhea cases demonstrated reduced susceptibility
to AZM; 93% of these cases occurred among men who have sex with men (MSM). Among MSM, 5.0% of 2014-2016 cases demon-
strated reduced susceptibility to AZM. No AZM alert value isolates had concomitant cephalosporin resistance. There were 2 poten-
tial treatment failures: 1 pharyngeal infection treated with AZM 2 g alone, and 1 pharyngeal infection that persisted after study drug.

Conclusions. Among MSM with gonorrhea in Seattle, 5% have gonorrhea with reduced susceptibility to AZM. The World
Health Organization recommends changing treatment guidelines when >5% of isolates are resistant to a recommended drug. The
emergence of resistant AZM gonorrhea should prompt reconsideration of current treatment recommendations, and highlights the

need for new therapies for gonorrhea.
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The Centers for Disease Control and Prevention (CDC) named
antimicrobial-resistant (AMR) gonorrhea as the third most
important AMR threat in the United States [1]. Since the 1930s,
the gonococcus has developed resistance to sulfonamides, peni-
cillin, tetracyclines, and quinolones, requiring serial changes in
recommended therapies [2]. The most recent change occurred
in 2012 when CDC removed cefixime as first-line gonorrhea
treatment [3] due to an increasing proportion of isolates with
reduced susceptibility to the drug. In the United States, the only
currently recommended therapy for gonorrhea is ceftriaxone
250 mg and azithromycin (AZM) 1 g [4].

AZM is the most commonly prescribed antibiotic in the
United States [5], and case reports indicate that AZM mono-
therapy can induce “resistance” in Neisseria gonorrhoeae [6].
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The Clinical and Laboratory Standards Institute (CLSI) has not
defined breakpoints for N. gonorrhoeae AZM resistance due to
a lack of clinical data. However, in 2017, CLSI created an epi-
demiologic cutoff value at a minimum inhibitory concentration
(MIC) 22 ug/mL based on data indicating that most isolates
with AZM MIC 22 pg/mL had at least 2 of 4 C2611T muta-
tions of 23s RNA ribosomal subunit [7, 8]. This MIC value also
corresponds to the CDC’s definition of gonococcal “alert value”
isolates. (In this article we use “alert value” or “reduced suscep-
tibility” to indicate isolates with MIC =2 pg/mL.) Gonorrhea
with reduced susceptibility to AZM is increasingly recognized
globally. In China, 9% of isolates show AZM MIC >2 ug/
mL [9], and reports have documented sporadic outbreaks of
reduced-susceptibility gonorrhea in the United States and the
United Kingdom [10-12]. Data from the CDC Gonococcal
Isolate Surveillance Project (GISP) found that AZM alert values
were stable between 2005 and 2013 [13], but increased 4-fold
(0.6% to 2.5%) from 2013 to 2014 [14].

In 2014, we began identifying gonococcal infections at the
Public Health-Seattle & King County (PHSKC) Sexually
Transmitted Disease (STD) Clinic with elevated MIC to AZM.
This paper describes the epidemiology of N. gonorrhoeae with
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AZM reduced susceptibility in Seattle and its clinical impact
between 1 January 2014 and 31 December 2016.

METHODS

The PHSKC STD Clinic is the only categorical STD clinic in
Washington State, with approximately 10000 visits per year.
Clinicians obtain specimens for gonorrhea culture from men
with signs or symptoms of urethritis and all persons with a posi-
tive gonorrhea screening test who return to clinic for treatment.
This latter group primarily includes men who have sex with
men (MSM) with a positive pharyngeal and/or rectal gonorrhea
nucleic acid amplification test (NAAT) and women with a posi-
tive endocervical or vaginal NAAT. Clinic policy is to screen
MSM using NAAT at all exposed anatomic sites including the
pharynx, rectum, and urethra.

Specimens are sent to the PHSKC Laboratory for culture and
identification, and N. gonorrhoeae isolates are subsequently sent
to the University of Washington’s Neisseria Reference Laboratory
(NRL) for antimicrobial susceptibility testing (AST). The STD
Clinic and the NRL participate in CDC’s GISP. Urethral isolates
undergo AST according to CLSI-recommended agar dilution
method [13]. We screen isolates from extragenital and endocer-
vical sites for cefixime and AZM resistance using the Kirby-
Bauer disk diffusion method. Isolates with AZM zone diameters
<30 mm (equivalent to agar dilution AZM MIC >0.5-1 pg/mL)
are tested by agar dilution [15]. AMR testing includes penicil-
lin, tetracycline, cefixime, ceftriaxone, ciprofloxacin, AZM, and
either spectinomycin (until 2015) or gentamicin (starting in
2015). We used CLSI [8] breakpoints to interpret MIC for pen-
icillin (22.0 pg/mL), tetracycline (=2.0 ug/mL), spectinomycin
(=128.0 pg/mL), and ciprofloxacin (=1.0 pg/mL), and used
GISP alert values for AZM (2.0 pg/mL), cefixime (20.25 ug/
mL), and ceftriaxone (=0.125 pg/mL) as CLSI has not estab-
lished breakpoints for these antimicrobials.

In early 2014, concurrent with the first isolates with increased
MIC to AZM, we began recommending test of cure (TOC) 4
weeks after treatment for patients with N. gonorrhoeae with
AZM MIC 22 pg/mL. Public health staff contacted patients
infected with gonococcal isolates with cefixime, ceftriaxone, or
AZM alert values to encourage them to return for TOC.

We used clinical and behavioral data collected as part of
routine clinic evaluations to identify factors associated with
AZM reduced susceptibility, using x° test to compare propor-
tions and t tests to compare means/medians. We considered
P < .05 significant; all analyses were conducted with Stata 12.0
software (StataCorp, College Station, Texas). For most patients,
standardized behavioral data were collected using a computer
self-interview; patients who did not complete the self-interview
were asked standardized questions by clinicians [16]. Because
virtually all AZM reduced-susceptibility infections occurred
in MSM, we compared MSM gonorrhea cases with and with-
out AZM alert values. Because we do not conduct full AST on

extragenital and endocervical specimens, our analyses com-
paring antimicrobial susceptibility profiles compare all isolates
with AZM MIC >2.0 pg/mL to all urethral isolates with AZM
MIC <1.0 pg/mL. Throughout the manuscript, we define cases
(as opposed to isolates) as temporally separate clinical events;
some patients had >1 isolate from different anatomic sites as
part of a single case, and some patients had >1 case during the
observation period. As a public health activity, our analysis did
not require institutional review board approval.

RESULTS

None of the 292 tested urethral isolates obtained from 263
patients at the PHSKC STD Clinic 2012-2013 demonstrated
reduced susceptibility to AZM. However, 4.7%, 3.9%, and
4.7% of gonococcal cases diagnosed at the PHSKC STD Clinic
in 2014, 2015, and 2016, respectively, had AZM alert values.
Between 1 January 2014 and 31 December 2016, the NRL
conducted AST on 1004 isolates from 825 individual patients
who had 926 cases of gonorrhea. (Eighty-four persons had >1
separate case of gonorrhea.) This included 577 urethral, 198
pharyngeal, 216 rectal, 11 endocervical, and 2 unknown site
isolates. The 926 cases included 765 cases in MSM, 136 in men
who have sex with women only (MSW), 8 cases in men with un-
known gender of sex partners, 15 cases in women, and 2 cases
in transgender individuals. Forty-one of the 926 (4.4%) cases
were caused by N. gonorrhoeae with reduced susceptibility to
AZM. Thirty-eight of the 41 (93%) AZM-reduced susceptibility
cases occurred in MSM; 2 occurred in MSW (both in 2016). A
total of 38 of 765 (5.0%) MSM gonococcal cases were AZM alert
values, compared with 2 of 136 (1.5%) cases in MSW (P = .068).
Annually, the proportion of MSM cases with AZM alert values
was 5.4%, 4.8%, and 4.6% in 2014, 2015, and 2016, respectively.
Among MSM isolates, 10 of 185 (5.4%) pharyngeal, 8 of 212
(3.8%) rectal, and 26 of 442 (5.9%) urethral isolates were re-
sistant to AZM (P = .523) (Figure 1).

The AZM MIC required to inhibit growth of 50% of organ-
isms (MIC, ), MIC required to inhibit growth of 90% of
organisms (MIC, ), and MIC geometric means did not vary
during 2014-2016 (Table 1). Because European criterion [17]
for AZM resistance is MIC 21 pug/mL, we examined urethral
isolates with MIC 1 pg/mL by year. Overall, 20 isolates had
AZM MIC 1 pg/mL: 7 (1.9%) in 2014, 8 (2.6%) in 2015, and 5
(1.5%) in 2016. All but 1 of these were from MSM. Using this
lower breakpoint to define AZM resistance, the percentage of
isolates with reduced susceptibility to AZM was 7.2%, 6.5%,
and 5.9% in 2014, 2015, and 2016. Comparatively, in 2012
and 2013, 5 (3.4%) and 4 (2.8%) of tested urethral isolates had
AZM MIC 21 pg/mL.

Among MSM, there was no association of AZM
reduced-susceptibility gonorrhea with human immuno-
deficiency virus (HIV) status, age, race/ethnicity, num-
ber of sexual partners, drug use, or previous gonorrhea or
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41* /926 cases (4.4%)
46/1004 tested isolates (4.6%)

Total:

No AZM resistant cases among

15 women and 8 men with €
unknown gender or sex partners

I

MSM MSW
38/765 cases (5.0%) 2 gg;sses
44/839 isolates (5.2%)

Pharyngeal Urethral
10/185 isolates 26/442 isolates
(5.4%) (5.9%)

Rectal
8/212isolates
(3.8%)

*One AZM resistant case in a transgender individual. Isolate is represented in the MSM site

specific boxes.

Figure 1.

Flowchart of the number and proportion of azithromycin alert value gonococcal isolates and cases identified at the Public Health—Seattle & King County Sexually

Transmitted Disease Clinic, 2014—2016. Abbreviations: AZM, azithromycin; MSM, men who have sex with men; MSW, men who have sex with women.

chlamydial infection (Table 2). Comparing antimicrobial
susceptibility profiles from urethral isolates to AZM alert
value isolates, isolates with AZM >2 ug/mL were more sus-
ceptible to penicillin (P = .005) and ciprofloxacin (P < .001)
(Table 3). None of the AZM alert value isolates had con-
comitant reduced susceptibility to third-generation cepha-
losporins. Between 2014 and 2016, the NRL identified 17
(3%) isolates with reduced susceptibility to cefixime (MIC
>0.25 pg/mL) and 3 (0.5%) isolates with a ceftriaxone alert
value (MIC 20.125 pug/mL). The majority of cefixime/cef-
triaxone alert value isolates (95%) occurred among MSM.
There were no differences in mean MIC to any of the tested
drugs between urethral and extragenital isolates with AZM
MIC 22 ug/mL.

The majority (71%) of the 41 cases of reduced-susceptibility
AZM gonorrhea were treated with ceftriaxone and AZM. Five
(12%) were treated with a study drug, 2 (5%) were treated with
ceftriaxone and doxycycline, and 1 (2%) was treated with gen-
tamicin and AZM. Another 3 men (7%) were treated with 2 g
of AZM-monotherapy, the reccommended alternative treatment

for patients with a p-lactam allergy until May 2015. (We do not
have treatment records for 1 man.) Twenty-one men (51%)
returned for a TOC at a median of 27 days (range, 3-142) fol-
lowing treatment. Among men with TOC, 3 tested positive.
One reported condomless sex with his untreated partner and
was classified as reinfected. We classified the other 2 men as
potential treatment failures. The first was treated with study
drug, and was initially infected at the urethra and pharynx; only
his pharyngeal TOC by culture was positive at 7 days. We do not
have documentation of his re-treatment. The second patient, a
30-year-old HIV-infected MSM, appeared to fail AZM mono-
therapy. He presented with symptomatic urethritis and received
AZM 2 g alone due to a needle phobia. After treatment, his
pharyngeal gonococcal culture returned positive; rectal testing
was negative. The MIC of both urethral and pharyngeal isolates
was 4.0 ug/mL. He underwent TOC 28 days following treat-
ment, and denied any symptoms or sexual activity since treat-
ment. Pharyngeal TOC by NAAT was positive; culture was not
done. He was re-treated with ceftriaxone 250 mg intramuscu-
larly and doxycycline 100 mg twice daily for 7 days.

Table 1.

Azithromycin Minimum Inhibitory Concentrations (MICs), Geometric Means, Counts, and Percentages of MIC Cut Points for All Tested Isolates at

the Public Health—Seattle & King County Sexually Transmitted Disease Clinic by Year: 2012-2016

Parameter 2012 (n = 149)° 2013 (n = 143)° 2014 (n = 359) 2015 (n = 306) 2016 (n = 339)
AZM MIC, 0.25 pg/mL 0.25 pg/mL 0.25 pg/mL 0.25 pg/mL 0.25 pg/mL
AZM MIC,, 0.5 pg/mL 0.5 pg/mL 1.0 pg/mL 1.0 pg/mL 1.0 pg/mL
Geometric mean 0.21 pg/mL 0.23 pg/mL 0.30 pg/mL 0.29 pg/mL 0.27 pg/mL
MIC 22 pg/mL 0 0 19 (5.3%) 12 (3.9%) 15 (4.4%)
MIC >1 pug/mL 5 (3.4%) 4 (2.8%) 26 (72%) 20 (6.5%) 20 (5.9%)

Abbreviations: AZM, azithromycin; MIC, minimum inhibitory concentration; MIC,, the MIC required to inhibit growth of 50% of organisms; MIC,;, the MIC required to inhibit growth of

90% of organisms.
#2012 and 2013 isolates are urethral only.
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Table 2. Comparison of Clinical and Demographic Characteristics of Men Who Have Sex With Men (MSM) Gonorrhea Cases With Azithromycin Alert
Value Versus All Other MSM Gonorrhea Cases at the Public Health-Seattle & King County Sexually Transmitted Disease Clinic, 2014-2016

MSM AZM Alert Value

All Other MSM Cases

Characteristic Cases (n = 38) (n=727) PValue®
HIV infected 3(79) 139 (19.1) 107
Age, y, median (IQR) 29 (25-34) 29 (25-37) 497
Race/ethnicity 732

Black/African American 2 (5.3) 719.8)

White 27 (71.1) 455 (62.6)

Asian 2 (5.3) 35 (4.8)

Hispanic/Latino 3(79) 97 (13.3)

Native American/Alaska Native 0(0) 10 (1.4)

Unknown 4 (10.5) 59 (8.1)
No. of sex partners <2 mo, median (IQR) 3 (2-4) 3 (2-5) 476
Methamphetamine use <12 mo 4 (10.5) 88 (12.1) 771
Popper use <12 mo 9(23.7) 193 (26.6) .696
Crack or cocaine <12 mo 1(2.6) 56 (7.7) 246
Any illicit drug use® <12 mo 11 (29.0) 237 (32.6) 639
Lifetime history of gonorrhea 18 (47.4) 264 (36.3) 169
Gonorrhea diagnosis <12 mo 7 (18.4) 183 (25.2) .348
Chlamydia or NGU < 12 mo 6 (15.8) 133 (18.3) .820

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

Abbreviations: AZM, azithromycin; HIV, human immunodeficiency virus; IQR, interquartile range; MSM, men who have sex with men; NGU, nongonococcal urethritis.

#y? test for comparison of proportions and t tests for comparison of means.

®Any illicit drug use includes methamphetamines, poppers, crack, cocaine, or any report of injection drug use. It does not include drugs for erectile dysfunction.

DISCUSSION

In 2014, the PHSKC STD Clinic witnessed the beginning of a
sustained increase in N. gonorrhoeae infections with reduced
susceptibility to AZM among MSM, among whom 5% of gono-
coccal infections now have AZM MIC 22 pg/mL. While we did
not observe a concurrent increase in AZM alert value gonor-
rhea in heterosexuals, we had very few non-MSM N. gonor-
rhoeae isolates, and identified 2 AZM alert value gonococcal
infections in MSW in 2016, raising concern that the potentially

resistant infections seen in MSM may have spread into other
populations. The World Health Organization and CDC recom-
mend removing an antimicrobial from recommended treat-
ment regimens when >5% of circulating isolates are resistant
or the therapy is <95% effective [18]. If we consider alert value
isolates resistant, we are now at that threshold among MSM in
King County, Washington. This occurrence raises the issue of
whether AZM should continue to be part of standard gonor-
rhea treatment. Our findings also highlight the need to expand

Table 3. Comparison of Antimicrobial Susceptibility Profiles of All Non-azithromycin Alert Value Urethral Isolates Versus Azithromycin Alert Value
Isolates From Public Health—Seattle & King County Sexually Transmitted Disease Clinic, 2014-2016

All Non-AZM Alert Value Urethral

AZM Alert Value

Isolates (n = 541) Isolates (n = 46) PValue
Antimicrobial (Breakpoint) No. Resistant (%) Median MIC (Range) No. Resistant (%) Median MIC (Range) For % For Mean MIC
Azithromycin ECV/alert value 0 0.25 (0.03-1) 46 (100) 4 (2 to >256) <.001 <.001
(>2 pg/mL)
Cefixime alert value 17 (3.1) 0.015 (0.015-0.25) 0 0.015 (0.015-0.06) .386 .036
(>0.25 ng/mL)
Ceftriaxone alert value 3(0.6) 0.008 (0.008-0.25) 0 0.008 (0.008-0.03) 1.00 .061
(>0.125 pg/mL)
Tetracycline (=2 pg/mL) 194 (35.9) 1(0.25-16) 19 (41.0) 1(0.25-4) 623 .027
Spectinomycin (2014) 0 NA 0 NA NA NA
(>128 pg/mL)
Gentamicin (2015-2016) 0 8 (4-16) 0 8 (4-8) NA .014
(32 pg/mL)
Penicillin 102 (18.9) 1(0.25-16) 1(2.2) 1(0.25-2) .005 .018
(>2 pg/mL)
Ciprofloxacin (>0.5 pg/mL) 178 (32.9) 0.015 (0.015-16) 3(6.5) 0.015 (0.015-16) <.001 .006

Abbreviations: AZM, azithromycin; ECV, epidemiologic cutoff value; MIC, minimum inhibitory concentration; NA, not applicable.
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antimicrobial susceptibility surveillance for gonorrhea, particu-
larly among heterosexuals.

The rapid rise from zero AZM alert value isolates in 2013 to
5% of cultured gonococcal isolates in 2014 is similar, but larger
in magnitude, to a trend observed in GISP data [13]. Nationally,
there was a 4-fold increase in AZM alert values, from 0.6% of
isolates in 2013 to 2.5% in 2014. Similarly, Canadian surveil-
lance data showed an 8-fold increase in AZM with MIC >2 pg/
mL between 2011 (0.4%) and 2014 (3.3%) [19]. In Guangzhou,
China, the proportion of tested isolates with AZM MIC >2 pg/
mL more than doubled between 2009 and 2013, when 10% had
an AZM MIC >2 pg/mL (though only 100 isolates were tested)
[9]. Ten years ago, ciprofloxacin resistance first appeared in
the United States among MSM on the West Coast, presumably
due to resistant organisms spread from Asia. The epidemio-
logic pattern we observed, with AZM alert value gonorrhea
seemingly emerging first among MSM in Seattle, Washington,
is reminiscent of the US experience with ciprofloxacin resist-
ance, which is now widespread nationally [2]. Curiously, other
West Coast jurisdictions did not see as large of an increase in
AZM alert values in 2014 as Seattle and, per GISP, the area
with the largest proportion of AZM alert value isolates was in
the Midwest [14]. It remains unclear whether organisms with
AZM reduced susceptibility are a consequence of transmission
of organisms from Asia, de novo emergence of resistance, or a
combination of both.

Our observations, and other developments in the field
of STDs, should prompt some reconsideration of current
STD treatment guidelines. AZM is the most commonly pre-
scribed antibiotic in the United States [5], being used mostly
for upper respiratory tract infections. In the realm of STDs,
AZM monotherapy is recommended for the treatment of
chlamydial infection and the empiric treatment of sexually
transmitted infection syndromes (ie, nongonococcal ureth-
ritis [NGU] and cervicitis). However, AZM is problematic for
several reasons. First, observational data suggest that the drug
is 20% less effective than doxycycline for rectal chlamydial in-
fection [20], which is very common in MSM [21] and may
be common, and undiagnosed, in women [22]. Second, AZM
monotherapy induces resistance in Mycoplasma genitalium
[23], a common but infrequently diagnosed pathogen causing
NGU. Third, use of AZM for chlamydia and NGU in persons
harboring asymptomatic, undiagnosed N. gonorrhoeae has
the potential to expose the gonococcus to AZM monotherapy.
Case reports and retrospective studies have found that AZM
monotherapy can result in elevated N. gonorrhoeae MIC [6,
11, 24], and in vitro data support this idea [25]. Thus, AZM
appears to be inferior to doxycycline for at least some chla-
mydial infections, and may promote both M. genitalium and
gonococcal resistance. Because of these concerns, European
guidelines have recently changed to recommend the use of
doxycycline for NGU [26].

AZM may also be problematic as part of gonorrhea treatment
regimens. The addition of AZM to ceftriaxone or cefixime for
the treatment of gonorrhea was originally justified as a means
to treat concurrent, undiagnosed chlamydial infection. The
2-drug regimen for gonorrhea was subsequently endorsed, even
in persons without chlamydia, as a means to thwart the devel-
opment of gonorrhea AMR. Though seemingly reasonable, very
few clinical data exist to support this recommendation, and it is
possible that combination therapy is actually promoting resist-
ance. AZM has a very long half-life (approximately 68 hours)
[27], whereas ceftriaxone usually clears the body between 30
and 45 hours (half-life 8 hours) [28]. Thus, gonococci not erad-
icated in the first 30 hours following treatment may be exposed
to AZM monotherapy for up to 14 days. Given the many con-
cerns related to AZM’s use for STDs, it may be time to recon-
sider the drug’s role in STD treatment recommendations.

Fortunately, over the surveillance period, 2014-2016, the PHSKC
STD Clinic did not experience any treatment failures among per-
sons treated with ceftriaxone-containing regimens. Ceftriaxone
resistance remains very rare, and the recommended 250-mg dose
would be expected to cure virtually all isolates currently circulating
in the United States [29]. However, most other developed nations,
including the United Kingdom [30], Europe [31], and Australia
[32] recommend 500 mg of ceftriaxone in combination with 1 g or
2 g of AZM. Japanese authorities recommend 1 g ceftriaxone alone
[33]. No clinical data exist to suggest that these higher doses are su-
perior for the majority of circulating gonorrhea isolates, but insofar
as treatment recommendations are designed to retard the selection
of resistant organism and their transmission, it may be worthwhile
to consider increasing the ceftriaxone dose in the United States.
Ideally, prior to such a recommendation we would possess labora-
tory and/or clinical evidence that using a higher dose of ceftriaxone
prevents the development of AMR.

Our findings may also have implications for how clinicians
and public health authorities treat the sex partners of persons
with gonorrhea. Cefixime, an oral third-generation cephalo-
sporin that is considerably less potent against N. gonorrhoeae
than ceftriaxone, is widely used in combination with AZM for
gonorrhea expedited partner therapy (EPT). (EPT is provision
of treatment to sex partners of infected patients without the
partners’ medical evaluation, usually by having the infected
patient give their partners medication or a prescription.) In
some states, including Washington, EPT is widely prescribed
for heterosexuals and has been shown to significantly reduce
gonorrhea reinfection [34, 35]. EPT is not recommended for
MSM, due both to the higher risk of AMR gonorrhea and
high rates of concurrent syphilis and undiagnosed HIV [4].
However, heterosexual EPT use might need to be curtailed if
AZM reduced-susceptibility gonorrhea becomes widespread in
MSW and women. Our data on AMR gonorrhea among hetero-
sexuals are extremely limited, and the current GISP system does
not collect specimens from women. Our observation of a small

716 « CID 2018:66 (1 March) « Barbee et al



number of AZM alert value gonococcal infections in heterosex-
uals, as well as recent increases in heterosexual syphilis cases
in King County and elsewhere [36], suggests that the current
epidemic of bacterial sexually transmitted infections in MSM
may be spreading to heterosexual populations, and highlights
the need to expand gonorrhea surveillance among heterosexu-
als. CDC has recently launched an expanded gonorrhea surveil-
lance project, SURRG (Strengthening US Response to Resistant
Gonorrhea), which should greatly augment the availability of
data on AMR gonorrhea.

Despite several strengths, this analysis is subject to many lim-
itations. First, only a subset of persons infected with gonorrhea
in King County underwent culture for antimicrobial surveil-
lance. Men infected with gonorrhea who attend the STD Clinic
may be different than those diagnosed elsewhere. Second, as
indicated above, we have very limited data on non-MSM. Third,
our findings come from a single US city, and the extent to which
the rise in reduced susceptibility AZM we observed has affected
other parts of the United States is not certain. Fourth, we did
not conduct full AST on all extragenital and endocervical iso-
lates. We screened these isolates using disk diffusion, possibly
underestimating the number of isolates with low-level, elevated
AZM MIC (approximately 1-2 pug/mL). Last, we did not per-
form molecular testing on pre- and posttreatment isolates from
our suspected treatment failures, so we cannot verify that they
were not reinfections. However, given that the patients with
positive TOC were treated with AZM monotherapy and an ex-
perimental drug, and denied reexposure, we believe these are
true treatment failures.

In summary, the proportion of gonococcal infections in
King County, Washington, with reduced susceptibility to AZM
increased dramatically between 2013 and 2016. This increase
was concentrated among MSM, among whom approximately
5% of gonococcal infections are caused by AZM alert value
organisms. At least 1 treatment failure with AZM monother-
apy occurred, and this regimen should be avoided. While none
of the AZM alert value isolates were also resistant to a ceph-
alosporin, a number of recent findings in the STD field may
prompt reconsideration of continuing to recommend AZM for
STD treatments. Cefixime plus AZM for EPT should be avoided
among MSM, and surveillance efforts should be expanded to
determine if EPT is still a reasonable partner management
option for heterosexuals. Further research is needed to under-
stand how antibiotic use affects the development of resistance in
N. gonorrhoeae at both the individual and population level, and
to develop new gonorrhea treatment options.
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