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Abstract

Background: We investigated differences in gonococcal antimicrobial susceptibility by anatomic
site among cisgender men who have sex with men (MSM) using specimens collected through the
Centers for Disease Control and Prevention’s enhanced Gonococcal Isolate Surveillance Project
and Strengthening the US Response to Resistant Gonorrhea.

Methods: During the period January 1, 2018-December 31, 2019, 12 enhanced Gonococcal
Isolate Surveillance Project and 8 Strengthening the US Response to Resistant Gonorrhea

sites collected urogenital, pharyngeal, and rectal isolates from cisgender MSM in sexually
transmitted disease clinics. Gonococcal isolates were sent to regional laboratories for antimicrobial
susceptibility testing by agar dilution. To account for correlated observations, linear mixed-effects
models were used to calculate geometric mean minimum inhibitory concentrations (MICs), and
mixed-effects logistic regression models were used to calculate the proportion of isolates with
elevated or resistant MICs; comparisons were made across anatomic sites.

Results: Participating clinics collected 3974 urethral, 1553 rectal, and 1049 pharyngeal isolates
from 5456 unique cisgender MSM. There were no significant differences in the geometric

mean MICs for azithromycin, ciprofloxacin, penicillin, and tetracycline by anatomic site. For
cefixime and ceftriaxone, geometric mean MICs for pharyngeal isolates were higher compared
with anogenital isolates (P < 0.05). The proportion of isolates with elevated ceftriaxone MICs
(=0.125 pg/mL) at the pharynx (0.67%) was higher than at rectal (0.13%) and urethral (0.18%)
sites (P< 0.05).

Conclusions: Based on data collected from multijurisdictional sentinel surveillance projects,
antimicrobial susceptibility patterns of Neisseria gonorrhoeae isolates may differ among MSM
at extragenital sites, particularly at the pharynx. Continued investigation into gonococcal
susceptibility patterns by anatomic site may be an important strategy to monitor and detect the
emergence of antimicrobial resistant gonorrhea over time.

Sex Transm Dis. Author manuscript; available in PMC 2024 July 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Quilter et al.

Page 3

Neisseria gonorrhoeae has been designated as an urgent antibiotic resistance threat-level
pathogen in the United States since 2013.12 The organism’s ability to acquire antimicrobial
resistance has complicated the treatment and control of A. gonorrhoeae.* In the United
States, the Gonococcal Isolate Surveillance Project (GISP) functions as the national
surveillance system to monitor susceptibility trends in N. gonorrhoeae strains, providing
critical data to inform the Centers for Disease Control and Prevention sexually transmitted
infections treatment guidelines.®

Data from GISP are based on isolates collected from men presenting with gonococcal
urethritis in selected public STD clinics, with the assumption that the antimicrobial
susceptibility patterns among male urethral isolates are representative of all circulating
strains in the United States.” Although this sampling strategy was practical given the high
culture yield of urethral gonorrhea, gonococcal infections at extragenital anatomic sites
(i.e., rectum and pharynx) may have different susceptibility patterns. It is important to
note that extragenital infections may facilitate the acquisition or development of resistance
mutations.8-14 Notably, the pharynx may serve as an incubator of resistance owing to
genetic reassortment and plasmid uptake of resistance genes between N. gonorrhoeae and
other Neisseria species that colonize the pharynx.12-15 Furthermore, gonococcal infections
at the pharynx are predominantly asymptomatic and, compared with urogenital and rectal
infections, are more difficult to eradicate because of poor bioavailability at the pharynx, such
that they may provide an optimal setting for selection of resistance mutations,16-19

Rates of gonorrhea have been increasing among men in the United States, including gay,
bisexual, and other men who have sex with men (MSM), and high rates of resistance

and elevated minimum inhibitory concentrations (MICs) have been observed historically

in GISP and continue today among gonococcal isolates from MSM.5:20-24 Extragenital
gonococcal infections are common among MSM; however, data comparing antimicrobial
susceptibilities of urogenital and extragenital . gonorrhoeae isolates are limited,25-30.31s
Characterizing antimicrobial susceptibility patterns of gonococcal isolates among MSM is
critical to ensure the development of adequate treatment approaches and ultimately to reduce
the spread of antimicrobial-resistant . gonorrfioeae. The CDC’s enhanced GISP (eGISP)
and Strengthening the US Response to Resistant Gonorrhea (SURRG) expand antimicrobial-
resistant V. gonorrhoeae surveillance by collecting specimens from multiple anatomic

sites from persons attending STD clinics. In this analysis, we describe the antimicrobial
susceptibility profiles of urogenital and extragenital isolates collected from cisgender MSM
who attended participating STD clinics in 2018 to 2019 and investigate differences in
susceptibility across anatomic sites.

METHODS
Study Design and Population

We conducted a cross-sectional analysis of cisgender MSM who attended participating STD
clinics in 12 eGISP and 8 SURRG jurisdictions in 2018 to 2019 (Supplemental Text, http://
links.lww.com/OLQ/A748). We included MSM with a positive gonococcal culture obtained
from any anatomic site (urogenital, rectal, pharyngeal) and antimicrobial susceptibility
testing (AST) performed by agar dilution. We restricted isolate collection to consecutive

Sex Transm Dis. Author manuscript; available in PMC 2024 July 30.
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MSM who had related clinical and epidemiologic data submitted to CDC and whose records
contained a unique patient ID. For the purpose of this analysis, MSM were defined as

a patient who self-identified as male gender and reported having any male gender sex
partners within the past 3 months; consequently, patients with self-reported female gender,
transgender persons, and patients who reported only female, nonbinary, or unknown gender
sex partners were excluded.

Isolate Collection

Per the eGISP protocol, urethral gonococcal isolates were collected from male patients
presenting with symptomatic urethritis, and pharyngeal and rectal isolates from patients
who reported sexual exposure at oral and/or rectal anatomic sites with a . gonorrhoeae
nucleic acid amplification test performed.” Per the SURRG protocol, urethral, pharyngeal,
and rectal isolates were collected from patients who reported sexual exposure at urogenital,
pharyngeal, and/or rectal anatomic sites with a N. gonorrhoeae nucleic acid amplification
test performed. For eGISP, per participating clinic, collection was limited to the first 25
isolates from male patients with symptomatic urethritis and the first 25 pharyngeal and
rectal isolates from patients who reported sexual exposure at oral or rectal anatomic sites.
There was no maximum collection limit for clinics participating in SURRG. There were no
minimum monthly isolate contributions required by participating clinics in either project.

Laboratory Procedures

Specimens collected for N. gonorrhoeae isolation were inoculated on selective media and
incubated at 36°C £ 1°C in 5% CO, by local laboratory staff. Gonococcal isolates were
subcultured on noninhibitory medium (e.g., chocolate agar) with 1% IsoVitalex to obtain

a pure culture of the isolate and for subsequent species identification. For eGISP, local
laboratories were only required to do presumptive identification; whereas, for SURRG,
local laboratories also used matrix-assisted laser desorption-ionization time-of-flight mass
spectrometry and API-NH assay for identification of N. gonorrhoeae.3%5:33 After 18 to

20 hours of incubation, growth from the pure culture was suspended in trypticase soy

broth containing 20% (vol/vol) glycerol and frozen to —=70°C, and shipped monthly to 1

of 4 participating Antibiotic Resistance Laboratory Network (ARLN) regional laboratories.
Antibiotic Resistance Laboratory Network regional laboratories performed N. gonorrhioeae
AST by agar dilution. Antimicrobials tested included azithromycin (0.008-16 ug/mL),
cefixime (0.002-1 pg/mL), ceftriaxone (0.001-1 pg/mL), ciprofloxacin (0.001-32 pg/mL),
penicillin (0.008-64 ug/mL), and tetracycline (0.06—64 ug/mL). Isolates with a cefixime
MIC of =1 pg/mL, ceftriaxone MIC of =1 pug/mL, or azithromycin MIC of =16 ug/mL were
shipped to the CDC and tested to the end point MIC at the CDC Division of STD Prevention
laboratory. All isolates were tested for p-lactamase activity using the nitrocefin test by

the regional ARLN laboratories. Isolates with azithromycin MICs of =2 pg/mL, cefixime
MICs of =0.25 pg/mL, or ceftriaxone MICs of >0.125 pg/mL were shipped from regional
laboratories to the CDC for confirmatory AST. To ensure the accuracy of agar dilution
AST results, control N. gonorrhoeae strains (F18/ATCC 49226, WHO L and WHO U) with
known MICs were included for each susceptibility test run at both the regional ARLN
laboratories and at the CDC Division of STD Prevention laboratory.34$:3% For additional
quality assurance, ARLN regional laboratories participated in external quality assessment

Sex Transm Dis. Author manuscript; available in PMC 2024 July 30.
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by testing a panel of 15 unidentified N. gonorrhoeae strains (provided by the CDC) twice
yearly.

Interpretation of AST Results

Antimicrobial susceptibility testing results were reported as MIC for antigonococcal
antimicrobials. The results were interpreted according to the criteria recommended by

the Clinical and Laboratory Standards Institute for penicillin resistance (MIC =2 ug/mL

or B-lactamase positive), ciprofloxacin resistance (MIC =21.0 pg/mL), and tetracycline
resistance (MIC >2.0 pg/mL).34s The Clinical and Laboratory Standards Institute has not
established the criteria for resistance to azithromycin, cefixime, and ceftriaxone. Therefore,
the breakpoints used in these analyses to define elevated MIC for these antimicrobials
include those previously described by the CDC GISP: azithromycin MIC =2.0 ug/mL,
cefixime MIC >0.25 pg/mL, and ceftriaxone MIC =0.125 pg/mL.36

Demographic, Epidemiologic, and Clinical Variables

Clinical and demographic data documented at the time of visit were abstracted from medical
records by local clinic staff. Patients and each of their specimens were assigned a unique 1D
such that multiple specimens contributed by a single patient could be identified for a single
visit and/or tracked across multiple clinic visits. In addition to anatomic site of infection, the
following additional variables were included in this analysis: gender of sex partners (MSM
exclusively; men who have sex with men and women), age, race/Hispanic ethnicity, and
HIV status (self-reported and/or per medical chart). Given possible geographic differences
in antimicrobial susceptibility patterns, we additionally categorized each clinic site by US
census region (Northeast, Midwest, South, West) for stratified analyses.

Demographic, clinical, and epidemiologic data were linked to AST results at the CDC.

Data Analysis

We calculated frequencies of demographic and epidemiologic characteristics of cisgender
MSM from whom N. gonorrhoeae isolates were collected. To describe antimicrobial
susceptibility across anatomic sites, we calculated the MIC range, geometric mean MICs
with 95% confidence intervals (CIs) for each antimicrobial by anatomic site, and the
number and proportion of isolates with elevated or resistant MICs. We calculated the MIC
distributions (percentage of isolates by MICs) by antimicrobial for pharyngeal, rectal, and
urethral isolates. To account for correlated observations (i.e., multiple isolates provided by
the same patients either at the same visit or across visits), we used linear mixed-effects
models to calculate geometric mean MICs and mixed-effects logistic regression models to
calculate the proportion of isolates with elevated or resistant MICs across anatomic sites.
We used the likelihood ratio test to assess any MIC difference across anatomic sites (overall
test); if the overall Pvalue was less than 0.05, we performed post hoc pairwise comparisons
among anatomic site pairs. We used the Holm-Bonferroni method (Holm’s sequential
Bonferroni procedure) to control the family-wise error rate for the multiple comparisons.
We also assessed geometric mean MICs and proportion with elevated or resistant MICs
across anatomic sites of infection for each antimicrobial by geographic location using the
statistical models described previously.

Sex Transm Dis. Author manuscript; available in PMC 2024 July 30.
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Analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC) and R version
3.6.3. software (R Core Team, Vienna, Austria). Data were collected as sentinel surveillance
activities and were exempt from CDC institutional review board review.

Characteristics of Population That Contributed Isolates

From January 1, 2018, to December 31, 2019, 13,363 isolates were collected from cisgender
men attending participating STD clinics. Of these, 12,585 (94%) isolates were collected
from men with known gender of sex partners; 6576 (49%) isolates were collected from
5456 unique cisgender MSM and are included in the analysis. Most participants contributed
one isolate only (n = 4570; 83.8%). Among all participants, 13.1% (n = 714) contributed 2
isolates, 2.4% (n = 129) contributed 3 isolates, and <1% (n = 43) contributed more than 3
isolates. Most participants had only 1 clinic visit (n = 4964; 91.0%); the maximum number
of clinic visits by any one MSM was 5 visits over the 2 years (n = 1).

Of the 6576 isolates, 3974 were urethral, 1553 were rectal, and 1049 were pharyngeal
isolates (Table 1). There was variation in the geographic distribution of isolates across
anatomic sites. Most pharyngeal and rectal isolates (62.3% and 60.4%, respectively) were
contributed by participants in the West, whereas most urethral isolates were collected in
the Northeast (40.4%) and West (40.0%) regions. Across anatomic sites, more than 90%
of isolates were collected from MSM who only identified recent male sex partners. There
was some variation in the distribution of ages and race/Hispanic ethnicity of MSM from
whom isolates were collected across anatomic sites. For example, 16.9% of urethral isolates
were from MSM aged 20 to 24 years, whereas 22.7% of pharyngeal isolates were from
MSM aged 20 to 24 years. Overall, 17.5% of isolates were collected from MSM who had
a positive HIV status documented at the time of isolate collection; this varied according
to anatomic site of infection (e.g., 19.4% of urogenital isolates vs. 11.1% of pharyngeal
isolates).

Comparison of Antimicrobial Susceptibilities Across Anatomic Sites of Infection

The MIC distributions by antimicrobial for pharyngeal, rectal, and urethral isolates

were unimodal across antimicrobials, with the exception of ciprofloxacin, which was
bimodal (Fig. 1). There were no significant differences in the geometric mean MICs for
azithromycin, ciprofloxacin, penicillin, and tetracycline across anatomic sites (Table 2).

For cefixime, there were differences in the geometric mean MICs across anatomic sites (P
< 0.05); the geometric mean MIC for pharyngeal isolates (geometric mean MIC, 0.0192
pg/mL) was higher compared with rectal isolates (geometric mean MIC, 0.0181 pg/mL;
adjusted A< 0.05) and urethral isolates (geometric mean MIC, 0.0176 pg/mL; adjusted
P<0.05). The rectal geometric mean MIC for cefixime was not significantly different
from the urethral geometric mean MIC. For ceftriaxone, there were also differences in the
geometric mean MICs across anatomic sites (overall, < 0.05); the geometric mean MIC for
pharyngeal isolates (geometric mean MIC, 0.0108 pg/mL) was higher compared with rectal
isolates (geometric mean MIC, 0.00987 pg/mL; adjusted P < 0.05) and urethral isolates

Sex Transm Dis. Author manuscript; available in PMC 2024 July 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Quilter et al.

Page 7

(geometric mean MIC, 0.0098 ug/mL; adjusted £ < 0.05). The rectal geometric mean MIC
for ceftriaxone was not significantly different from the urethral geometric mean MIC.

There were no differences in the proportion of isolates with elevated or resistant MICs
across anatomic sites for azithromycin, cefixime, ciprofloxacin, penicillin, and tetracycline;
however, for ceftriaxone, the proportion of isolates with elevated MICs at the pharynx was
higher than the proportion with elevated MICs at the rectum or urethra (P < 0.05). For
ceftriaxone, 0.67% (7 of 1049; 95% CI, 0.32-1.4) of pharyngeal isolates had elevated MICs
compared with 0.18% (7 of 3974; 95% CI, 0.08-0.37) of urethral isolates and 0.13% (2 of
1553; 95% CI, 0.03-0.51) of rectal isolates.

Comparison of Antimicrobial Susceptibilities Across Anatomic Sites of Infection and
Geographic Region

In some geographic regions, there were differences in geometric mean MICs for
azithromycin, cefixime, and ceftriaxone across anatomic sites of infection (Table S1, http:/
links.lww.com/OLQ/A749). For azithromycin, the geometric mean MIC differed across
anatomic sites in the Northeast with higher pharyngeal geometric mean MIC (£ < 0.05)
compared with rectal and urethral. For cefixime and ceftriaxone, the geometric mean MICs
differed across anatomic sites in the Midwest with higher pharyngeal geometric mean
MICs than rectal and urethral geometric mean MICs (P < 0.05). There were no significant
differences in the geometric mean MICs for ciprofloxacin, penicillin, and tetracycline
according to anatomic site by geographic region.

The proportion of pharyngeal isolates with elevated or resistant MICs for ceftriaxone was
higher than the other anatomic sites in each geographic region; however, there were no
statistically significant differences in the proportion with elevated or resistant MICs for
azithromycin, cefixime, ceftriaxone, ciprofloxacin, penicillin, and tetracycline according to
anatomic site of infection by geographic region (Table S2, http://links.lww.com/OLQ/AT749).

DISCUSSION

In this analysis of gonococcal isolates collected from cisgender MSM attending STD clinics
participating in multijurisdiction sentinel surveillance projects, we detected differences in
MICs to antigonococcal antimicrobials across anatomic sites of infection. Cefixime and
ceftriaxone geometric mean MICs were higher among pharyngeal isolates compared with
rectal and urethral isolates, and the proportion of isolates with elevated ceftriaxone MICs
was higher at the pharynx compared with those with elevated MICs at the rectum and
urethra. Furthermore, we detected differences in MICs across anatomic sites of infection for
azithromycin, cefixime, and ceftriaxone in some geographic regions, reflecting geographic
heterogeneity. Collectively, our findings suggest differential antimicrobial susceptibility
patterns of N. gonorrhoeae at the pharynx.

This is the first combined report from 2 multijurisdiction sentinel surveillance projects;

combining results was facilitated by use of similar protocols and AST conducted by the
same regional laboratories. This is the largest study to date using standardized protocols
to investigate differences in antimicrobial susceptibility of N. gonorrhoeae by anatomic

Sex Transm Dis. Author manuscript; available in PMC 2024 July 30.
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site. Previous studies comparing antimicrobial susceptibilities of urogenital and extragenital
gonococcal isolates are limited. Similar to Kidd et al.,28 which examined susceptibility
patterns among MSM by anatomic site using isolates collected in 2011 to 2013 from

men seeking care in 5 STD clinics, we found a difference in cefixime geometric mean
MICs between pharyngeal and rectal isolates; however, we also detected a difference in
geometric mean MICs between pharyngeal and urethral isolates. Given the smaller sample
size included in the analysis of Kidd et al. (only 205 pharyngeal isolates included), it

may not have been powered to detect small differences between anatomic sites. An earlier
study by Hottes et al.30 identified a higher prevalence of elevated azithromycin, cefixime,
and ceftriaxone MICs among rectal and pharyngeal isolates than among urethral isolates;
however, this study did not control for sex of sex partners, and this difference may

have been more reflective of the higher prevalence of gonococcal strains with elevated
MICs circulating within MSM sexual networks as compared with heterosexual networks.
When looking at associations between antimicrobial susceptibility and anatomical site

of infection, a recent study found that resistance to cefixime and resistance combined

with decreased susceptibility to ceftriaxone was associated with urogenital infections.31s
However, this study used combined data from multiple counties with varying levels of
reporting and differing AST methods, highlighting the need for additional studies using
standardized methodology. Preliminary analyses of eGISP and SURRG data were suggestive
of differences by anatomic site; however, they were not weighted to account for the
geographic variation in distribution of isolates or modeled to account for clustering by
patient.37s'383

Although cefixime and ceftriaxone geometric mean MICs across anatomic sites in our
analysis were very low and within the antimicrobial susceptibility range, the pattern of
higher MICs at the pharynx suggests that susceptibility patterns may be different at the
pharynx compared with anogenital sites and supports concerns that the pharynx may

serve as an anatomic niche that fosters N. gonorrfioeae resistance. Studies suggest that N,
gonorrhoeae may acquire resistance genes, such as penA, associated with cephalosporin
resistance, from oropharyngeal commensal Neisseria species.}1-14 Furthermore, studies

of cefixime pharmacokinetics have shown variation in absorption and protein binding

that contributes to poor bioavailability and negligible cefixime drug concentrations in
pharyngeal fluid.2® In addition, tonsillar concentrations of ceftriaxone have also been lower
than anticipated,9 suggesting lower drug penetration at the pharynx that could foster
antimicrobial resistance. Rectal gonococcal infections and exposure to fecal lipids provide
selective pressure for antimicrobial resistance mutations3%5-42s; however, in our analysis, the
rectal geometric mean MICs for cefixime and ceftriaxone were not significantly different
from the urethral geometric mean MICs and were lower than the pharyngeal geometric mean
MICs. This may be due to in vivo selection for transmissible antimicrobial resistance in the
pharynx given the longer duration of untreated pharyngeal gonococcal infections compared
with other anatomic sites.438

Interestingly, although differences were identified in cefixime and ceftriaxone geometric
mean MICs across anatomic site, differences across anatomic sites were not identified

for other antimicrobials. This may be due to already circulating gonococcal strains with
high levels of antimicrobial resistance to those other antimicrobial classes (e.g., penicillins,

Sex Transm Dis. Author manuscript; available in PMC 2024 July 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Quilter et al.

Page 9

ciprofloxacin, tetracycline) at all anatomic sites. Because cephalosporin resistance is still
emerging in the United States and may develop at different anatomic sites, these surveillance
systems may have been able to identify small differences in antimicrobial susceptibility
patterns across anatomic sites for ceftriaxone and cefixime. In addition, we may have

been underpowered to detect small differences in the antimicrobial classes with a higher
prevalence of resistance across anatomic sites. Furthermore, when looking at the proportion
of isolates with elevated or resistant MICs, we identified a higher proportion of isolates with
elevated ceftriaxone MICs at the pharynx compared with other anatomic sites, a pattern not
seen for other antimicrobials. However, the proportion of isolates with elevated ceftriaxone
MICs at the pharynx was small (0.67%), suggesting that ceftriaxone remains an effective
treatment of pharyngeal gonococcal infections.

The GISP was established in 1986 to monitor the antimicrobial susceptibility trends in

N. gonorrhoeae strains and to inform treatment recommendations with the assumption
that male urethral isolates are reflective of all circulating strains. If the goal remains to
monitor N. gonorrhoeae susceptibility at a population level and antimicrobial resistance is
thought to emerge at the same rate at both urogenital and extragenital sites, then limiting
sentinel surveillance to circulating strains at the urethra may be sufficient for monitoring
national susceptibility patterns. However, if resistance emerges faster at extragenital

sites, particularly the pharynx, compared with urogenital sites, routine monitoring of

N. gonorrhoeae susceptibility at extragenital sites may be important for identifying new
resistant strains and for monitoring resistance emergence trends over time.

In our analysis, we found differences in geometric mean MICs across anatomic sites

of infection in some geographic regions, such as azithromycin in the Northeast and
cefixime and ceftriaxone in the Midwest. There were no significant differences between the
proportions of isolates with elevated or resistant MICs across anatomic sites by geographic
region. Gonococcal antimicrobial susceptibility patterns overall are known to vary by
geographic region, and our historical understanding has been that antimicrobial-resistant
N. gonorrhoeae strains (such as fluoroquinolone-resistant and penicillinase-producing .
gonorrhoeae) are often imported from Asia, with early cases detected in the Pacific and
West Coast, before spreading east in the United States.#4545 The finding of differences
across anatomic sites in some geographic regions suggest that resistance/elevated MICs

in isolates may develop and emerge in different geographic regions.*6 Furthermore, this
may be reflective of diverse gonococcal strains circulating in different geographic sexual
networks possibly because of sexual behavioral or antimicrobial-use patterns that may vary
geographically.

Strengths of our analysis include the large, population-based sample; ability to account
for clustering by individual and for heterogeneity by geographic site; and completeness

of gender of sex partners data such that we could restrict the study to MSM. However,

we note limitations. First, our isolates may not be representative of all circulating strains
of gonococcal infections because of the population that underwent specimen collection
and the known challenges with isolating . gonorrhoeae. This may have differed by
anatomic site because gonococcal culture at extragenital sites has much lower sensitivity
compared with the urethral site.475-49 |n addition, collection of urethral cultures in eGISP
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is limited to MSM presenting with symptomatic urethritis, whereas extragenital cultures are
collected from MSM who report sexual exposure at the anatomic site, regardless of presence
of symptoms. Therefore, our findings would be biased if gonococcal strains associated

with symptomatic infection or improved culture growth are more likely to have differing
antimicrobial susceptibility patterns from those associated with asymptomatic infection or
decreased ability to grow in culture. Second, our study was limited to cisgender MSM
attending STD clinics participating in eGISP and SURRG, and our results may not be
representative of gonorrhea antimicrobial susceptibility patterns across anatomic sites in
other populations. For example, a prior study examining . gonorrhoeae antimicrobial
susceptibility patterns across women and men who have sex with women only did not

find differences in MICs according to anatomic site, although this study may not have

been sufficiently powered.23 Finally, although our overall sample size was large, when
stratified by geographic regions, sample size was reduced, potentially limiting our ability to
identify significant differences by anatomic site—particularly for antimicrobials with a low
frequency of elevated MICs (e.g., cefixime and ceftriaxone).

In conclusion, we identified differences in MICs across anatomic sites of gonococcal
infection with higher cefixime and ceftriaxone geometric mean MICs and a higher
proportion of isolates with elevated ceftriaxone MICs among isolates from the pharynx.
Continued investigation into antimicrobial susceptibility patterns of gonococcal isolates at
extragenital sites may be an important strategy to detect and monitor the emergence of
antimicrobial-resistant . gonorrhoeae strains over time. Ensuring adequate treatment and
eradication of pharyngeal gonococcal infections may be important to reducing the spread of
antimicrobial-resistant V. gonorrhoeae in communities.50
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