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Abstract

Background: Cisgender women have been underrepresented in antibiotic-resistant gonorrhea
(ARGC) surveillance systems. Three of 8 project sites (City of Milwaukee [MIL], Guilford
County [GRB], Denver County [DEN]), funded under the Centers for Disease Control and
Prevention’s Strengthening the US Response to Resistant Gonorrhea (SURRG), focused efforts
to better include cisgender women in ARGC surveillance.

Methods: MIL, GRB, and DEN partnered with diverse health care settings and developed
gonorrhea culture criteria to facilitate urogenital specimen collection in cisgender women and
men. Regional laboratories within the Antibiotic Resistance Laboratory Network performed agar
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dilution antibiotic susceptibility testing (AST) of gonococcal isolates. Data from 2018 and 2019
were analyzed.

Results: In SURRG, 90.5% (11,464 of 12,667) of the cisgender women from whom urogenital
culture specimens were collected were from MIL, GRB, and DEN. Of women in SURRG whose
gonococcal isolates underwent AST, 70% were from these 3 sites. In these 3 sites, a substantial
proportion of cisgender women with positive urogenital cultures and AST were from health care
settings other than sexually transmitted disease (STD) clinics (non-STD clinics; MIL, 56.0%;
GRB, 80.4%; and DEN, 23.5%). Isolates with AST were obtained from 5.1%, 10.2%, and 2.4% of
all diagnosed gonorrhea cases among cisgender women in MIL, GRB, and DEN, respectively, and
were more often susceptible to all antibiotics than those from cisgender men from each of these
sites.

Conclusions: With focused efforts and partnerships with non-STD clinics, 3 SURRG sites were
able to include robust ARGC surveillance from cisgender women. These findings may guide
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further efforts to improve gender equity in ARGC surveillance.

In 2019, the United States reported more than 616,000 cases of Neisseria gonorrhoeae (GC),
a 56% increase since 2015.1 From 2015 to 2019, rates increased in both men and women.
The threat of gonorrhea is further heightened by evolving antimicrobial resistance (AMR)
and shrinking options for treatment. In 1986, the Centers for Disease Control and Prevention
(CDC) initiated the Gonococcal Isolate Surveillance Project (GISP), a sentinel surveillance
system to monitor gonococcal antimicrobial susceptibility and guide gonococcal treatment.
Although GISP has been successful at identifying long-term trends and informing treatment
guidelines, it relies on systematic collection of urogenital specimens from cisgender men
and may not fully represent the spectrum of gonococcal AMR across all genders and
anatomical sites. To achieve surveillance of antibiotic-resistant gonorrhea (ARGC) with
robust representativeness, evaluation of gonococcal isolates should be conducted in a
sufficient proportion of cases, and isolates should represent the morbidity of disease by
geography, race/ethnicity, age, gender identity, sexual orientation, and anatomical site of
infection.2 However, in the United States and globally, there are limited data on gonococcal
AMR rates in women.3= In the United States, women represent approximately 40% of
reported GC cases, but to date, reported GISP data have only included gonococcal isolates
obtained from men.1

Sex at birth and sexual orientation play a role in the prevalence of gonococcal disease

and associated morbidity.! Limited data suggest that sex at birth may play a role in the
prevalence of ARGC. Expression of some gonococcal AMR-associated genes such as the
mtrCDE-encoded efflux pump is linked to environmental conditions such as availability

of free iron. High iron environments in the female urogenital tract and the formation of
biofilms during infection in cisgender women may influence AMR.%-8 Data suggest that
nearly 14% of gonococcal genes are differentially expressed when compared during growth
in the cisgender male and female urogenital tracts including genes associated with AMR.®

Surveillance for AMR in penile urethral gonococcal infection is facilitated by higher rates
of urogenital GC among cisgender men than among women, the increased likelihood of
symptomatic disease during urethral as compared with endocervical infection, and a greater

Sex Transm Dis. Author manuscript; available in PMC 2023 June 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wendel et al.

Page 3

proportion of cisgender male GC diagnoses (10.4%) occurring in sexually transmitted
disease (STD) clinics compared with the proportion of GC diagnoses in cisgender women
(5.9%).1 N. gonorrhoeae culture and access to penile urethral Gram stain for point-of-care
diagnosis is more readily available in STD clinics, which allows for same visit collection
of GC diagnostic and AMR surveillance samples. In addition, sample collection at the male
urethra for GC culture is quick, requires low technical expertise, and supports surveillance
of gonococcal resistance trends in cisgender men who have sex with men (MSM) and
heterosexual sexual networks. The GISP leverages these features of urogenital infection in
cisgender men to create a systematic and standardized ARGC surveillance system based in
STD clinics across the United States.

Conversely, systematic and representative gonococcal AMR surveillance in cisgender
women is limited by lower GC rates among women than among men, the high proportion

of asymptomatic disease at the endocervix, and requirements for speculum examination for
endocervical swab collection for GC culture. Furthermore, STD care for cisgender women is
decentralized across varied health care facilities that have limited access to GC culture.110
Another substantial barrier to ARGC surveillance in cisgender women is the overall poor
sensitivity of endocervical/vaginal GC culture in cases with vaginal or urine positive nucleic
acid amplification tests (NAATS; symptomatic, 58.9%; asymptomatic, 55.3%) compared
with male urethral GC culture (symptomatic, 92.2%; asymptomatic, 78.7%).11:12 Finally, the
sensitivity of endocervical culture declines as time between culture collection and positive
NAAT collection increases, making limited availability of point-of-care diagnostics yet
another hurdle to establishing effective AMR surveillance systems that include cisgender
women.1! Together, these factors limit the options for systematic and predictable GC culture
collection in cisgender women across the United States and prevent robust comparisons of
AMR data across jurisdictions or between genders.

In 2016, the CDC initiated the Strengthening the US Response to Resistant Gonorrhea
(SURRG) project to bolster local rapid detection and response capacity, with goals that
included collection of samples in patients of all genders and sexual orientations from STD
clinics and other health care settings providing sexual health services (non-STD clinics).
Such non-STD clinics included family planning clinics, women’s health clinics (WHCs),
clinics providing HIV care, urgent and emergency care settings, and adolescent care clinics.
The SURRG project aims to represent approximately 15% of GC morbidity in funded
jurisdictions while advancing the capacity for local antimicrobial susceptibility testing
(AST) and GC-focused partner services. Rather than GISP’s focus on systematic gonococcal
AMR surveillance of susceptibility trends to guide treatment recommendations, SURRG
focuses on surveillance for rapid detection and response and has the potential to address
surveillance gaps, gender bias, and the possibility of gender-based differences in gonococcal
AMR. In 2018 and 2019, 3 SURRG sites accounted for the majority of cisgender women
with GC isolates with AST in SURRG. This article will discuss methods undertaken by

the SURRG projects in the city of Milwaukee, Wisconsin (MIL); Guilford County, North
Carolina (GRB); and Denver County, Colorado (DEN) to identify and address barriers to
equitable ARGC surveillance in cisgender women. The analysis will compare demographic
characteristics and AMR results of urogenital cultures in cisgender women and cisgender
men for these SURRG sites.
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METHODS

Participating Clinics
In 2018 and 2019, 3 of 8 SURRG sites (MIL, GRB, and DEN) focused project efforts
to increase representation of cisgender women in ARGC surveillance. These 3 SURRG
sites recruited clinics with elevated GC morbidity and relatively high numbers of GC
diagnoses among cisgender women. MIL included 3 reproductive health/family planning
clinics and a categorical STD clinic. GRB included 1 women’s health hospital and a WHC,
2 emergency departments, and 2 categorical STD clinics with dedicated teen clinics. In
DEN, the clinics with a focus on cisgender women included one WHC, an urgent care
clinic, and a categorical STD clinic. Other MIL and DEN SURRG non-STD clinics included
an LGTBQ sexual health clinic, an infectious disease clinic, and an HIV primary care
clinic, which contributed minimally to collection of GC isolates from cisgender women,
demonstrating the critical importance of surveillance site selection to representation of
cisgender women and alignment to local morbidity.

Specimen Collection

GRB and DEN engaged with emergency departments and urgent care sites to implement
broad, inclusive GC culture criteria that recommended specimen culture collection from
all cisgender women with any exposure to a partner with an STD in GRB and from any
women undergoing a speculum examination in DEN. Broad culture criteria can result in
lower culture recovery. However, in these emergency departments and urgent care sites,
which often administered empiric syndromic therapy, more selective culture criteria (e.g.,
that entailed collecting specimens for culture days after a GC NAAT tested positive) would
have likely resulted in missed opportunities to obtain specimens for culture. Same-day
collection of specimens for culture and NAAT during the speculum examination also likely
improved culture sensitivity.11 Other more specific criteria were also used to guide GC
culture collection in cisgender women in these sites, such as positive GC test results or in
GRB findings of cervicitis or pelvic inflammatory disease on exam.

In reproductive health clinics, WHCs, and STD clinics, many cisgender female patients
underwent screening for asymptomatic GC. For these clinics, high-yield criteria for culture
collection were based on positive results of NAATS, and specimens for culture were
collected from women returning for treatment. In addition, these clinics used moderate
yield criteria for endocervical culture collection based on a patient’s exposure to a partner
with GC or other STD, clinical symptoms such as pelvic pain or discharge, or clinical
examination findings such as cervicitis or pelvic inflammatory disease. Non-STD clinic
criteria for urethral culture in cisgender men varied by SURRG site but included indications
such as symptoms of urethritis or epididymitis, presence of urethral discharge, exposure to
a partner with GC or another STD, and a positive GC NAAT result. In STD clinics, urethral
GC culture was also obtained if a urethral swab Gram stain was compatible with GC.

Clinic staff reminders for GC culture specimen collection included signage, posted
protocols, and electronic health record triggers. In some clinics, including the STD clinic
and WHC in DEN, workflows were altered to allow providers to collect endocervical culture
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specimens during visits that were classically only treatment visits. Each SURRG site used
quality assessments for adherence to culture criteria or analysis of culture recovery to drive
quality improvement initiatives for GC culture collection at STD and non-STD clinics.

Laboratory Services

Providers’ specimen collection methodology varied among the sites. In MIL, providers in
the STD clinic used InTray GC (BioMed Diagnostics, San Jose, CA) with onsite incubators;
non-STD clinics used ESwab (Copan Diagnostics, Murrieta, CA). In GRB, providers in

the STD clinics performed direct inoculation of modified Thayer-Martin plates; those in
non-STD clinics used InTray GC. All GRB clinics had onsite incubators. Providers in all
DEN clinics participating in SURRG used direct provider inoculation of Jembec plates with
onsite incubators.

All culture specimens with GC growth were evaluated locally for ceftriaxone (CRO),
cefixime (CFX), and azithromycin (AZM) susceptibility by Etest (bioMeriéux, Marcy
I’Etoile, France). Agar dilution AST for penicillin (PCN), ciprofloxacin (CIPRO),
gentamicin, CRO, CFX, tetracycline (TET), and AZM was performed at the designated
Antibiotic Resistance Laboratory Network regional laboratory (Texas Department of State
Health Services for DEN and MIL; Tennessee Department of Health for GRB). Agar
dilution antimicrobial susceptibility data were included in this analysis. Clinical and
Laboratory Standards Institute criteria were used to define GC isolates as susceptible

to AZM for minimum inhibitory concentration (MIC) <1.0 pg/mL.13 For SURRG, GC
isolates with AZM MIC =2.0 ug/mL were designated nonsusceptible. The Clinical and
Laboratory Standards Institute breakpoint for CRO and CFX susceptibility is MIC <0.25
pg/mL. For SURRG, to improve detection of emerging resistance, lower thresholds were
used to designate reduced susceptibility for CRO and CFX (CRO MIC =0.125 ug/mL;
CFX MIC 20.25 ug/mL). Clinical and Laboratory Standards Institute gonococcal resistance
breakpoints were used for TET (MIC =2.0 ug/mL), CIPRO (MIC =1.0 pg/mL), and PCN
(MIC 22.0 pg/mL).

Data Management and Analysis

The first full year of SURRG culture specimen and data collection activities occurred

in 2018. Demographic data were collected using electronic health records and provider-
completed order forms and reported to the CDC as deidentified line-listed data. SURRG
within jurisdiction and out of jurisdiction designations were made by self-reported patient
address. We defined cisgender females as patients who self-identified as female, were
assigned female at birth, and had endocervical or vaginal specimens collected for culture.
We defined cisgender males as patients who self-identified as male, were assigned male

at birth, and had urethral specimens collected for culture. Patients self-reported sex of

sex partners. Laboratory agar dilution data were reported from participating regional
laboratories. Jurisdictional GC case report data were extracted from Wisconsin Department
of Health Services, North Carolina Division of Public Health, and Colorado Department of
Public Health and Environment STD surveillance systems. For this article, we analyzed
results from urogenital culture specimens collected for GC among cisgender men and
women in 2018 to 2019. More than one urogenital specimen may have been collected for
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GC culture from some patients at different episodes of GC infection over the study period.
Results of extragenital GC cultures were excluded from this analysis to reduce heterogeneity
in comparisons and because of overall low numbers of cisgender women with SURRG GC
isolates with AST from extragenital sites. We examined epidemiological characteristics of
cisgender patients in MIL, GRB, and DEN who had urogenital culture specimens collected
and whose isolates underwent AST. To better understand the representation of GC morbidity
in each jurisdiction, we calculated the percentage of reported GC cases that were evaluated
with GC culture and AST in patients residing within the project jurisdiction (i.e., were
“in-jurisdiction”) in 2018 to 2019. Frequencies and percentages were calculated using SAS
9.4 (SAS Institute Inc., Cary, NC), and tests of significance were not conducted for this
descriptive data.

Human Subjects Protection

RESULTS

The institutional review board of the CDC determined the SURRG project to be a public
health activity and not human subject research.

Overall SURRG Data, 8 Sites

In 2018 and 2019, a total of 26,898 cisgender persons (14,231 men and 12,667 women) had
urogenital specimens collected for GC culture in SURRG. Among the 26,898, 7498 (27.9%)
(6668 men and 830 women) had positive GC cultures that underwent AST. Across all
SURRG sites, most (90.5%; n = 11,464 of 12,667) of the cisgender women with urogenital
specimens collected for GC culture and the majority (70%; n = 581 of 830) of cisgender
women with positive urogenital GC isolates that underwent AST were from MIL, GRB, or
DEN (Table 1). Cisgender women represented a higher proportion of all cisgender patients
with positive urogenital GC cultures for each of the 3 sites (MIL, 21.8%; GRB, 29.9%;
DEN, 12.1%) than for the other 5 SURRG sites combined (5.3%; results not shown).

City of Milwaukee, Greensboro County, and Denver County SURRG Data

The vast majority of included cisgender female patients in MIL (69%) and GRB (95.8%)
had specimens collected in non-STD clinics (Table 1). In DEN, nearly 80% of the included
cisgender female patients had urogenital culture specimens collected in the STD clinic, but
non-STD clinics contributed a sizable proportion of female patients with urogenital culture
specimens (21.3%). The percentage of cisgender women whose urogenital GC cultures were
positive was generally lower in non-STD clinics (MIL, 8.4%; GRB, 2.6%; DEN, 9.9%)

than in STD clinics (MIL, 14.6%; GRB, 14.3%; DEN, 8.7%; Table 1). Despite the lower
positivity in non-STD clinics, a substantial proportion of cisgender women with positive
urogenital GC cultures and whose isolates underwent AST were from non-STD clinics
(MIL, 56.0%; GRB, 80.4%; and DEN, 23.5%; Table 1).

Overall, across these 3 SURRG sites, 71.6% of women were Black, 12.2% were White,
12.1% were Hispanic, and 1.0% were of another or unknown race/ethnicity (results not
shown). Although age varied slightly across the 3 jurisdictions, the median age of cisgender

Sex Transm Dis. Author manuscript; available in PMC 2023 June 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wendel et al.

Page 7

women with positive urogenital GC cultures and AST was 23 years (interquartile range,
20-27 years).

Among cisgender women whose GC isolates underwent AST, most resided within the
funded project jurisdiction (i.e., in-jurisdiction) in MIL (98.6%) and GRB (78.0%), but

less than half were in-jurisdiction in DEN (40.9%). In DEN, cisgender women with

GC isolates with AST frequently resided in other surrounding Denver Metro counties.
Positive urogenital GC cultures with AST were obtained from 15.8%, 13.8%, and 11.5% of
jurisdictional GC cases in men in MIL, GRB, and DEN, respectively, and 5.1%, 10.2%, and
2.4% of the jurisdictional cases in women in MIL, GRB, and DEN, respectively (Table 2).

Antimicrobial susceptibility of urogenital GC isolates from cisgender women varied
considerably between the 3 sites. Azithromycin nonsusceptibility ranged from 0.4% in GRB
to 6.9% in MIL. Tetracycline resistance ranged from 14.2% in GRB to 41.4% in DEN.
Penicillin resistance ranged from 7.8% in MIL to 12.6% in DEN, and CIPRO resistance
ranged from 15.1% in MIL to 26.1% in DEN (Fig. 1). Across all 3 sites, cisgender women
more frequently had urogenital GC isolates that were susceptible to all antibiotics (AZM,
TET, CIPRO, CRO, CFX, and PCN; MIL, 58.3%; GRB, 72%; DEN, 51.4%) than did
cisgender MSM only or both men and women (MSM/MSMW; MIL, 40.3%; GRB, 54.7%);
DEN, 37.8%) and cisgender men who have sex with women only (MSW; MIL, 55.5%;
GRB, 68.2%; DEN, 47.2%). Overall, across the 3 sites, the proportion of GC isolates with
AMR from cisgender women seemed to align more closely to those seen in MSW than
MSM/MSMW. For all 3 sites and in all genders, cephalosporin (CRO and CFX) reduced
susceptibility was low (<0.5%).

DISCUSSION

Surveillance for ARGC is critical for rapid detection and response and development of
effective GC treatment guidelines. In addition, AST and genomic surveillance has the
potential to inform our understanding of the influence of anatomical sites on acquisition and
expression of genes conferring AMR and potential differences in antimicrobial susceptibility
based on gender, sexual orientation, and geographic location. However, in the United

States and globally, surveillance of gonococcal AMR has historically been focused on
urethral GC in cisgender men, and less than 20% of GC isolates evaluated for AMR

by the Euro-Gonococcal Antimicrobial Surveillance Program in 2018 and the Australian
Gonococcal Surveillance Programme in 2019 were collected from cisgender women.34 The
CDC SURRG project aims to promote more diverse and robust ARGC surveillance aligned
to national morbidity and to develop an infrastructure for rapid identification of ARGC with
outbreak response.

Experience from the SURRG projects in MIL, GRB, and DEN demonstrates that
incorporation of diverse health care sites with a clear track record for serving cisgender
women with gonococcal infection can substantially contribute to expanded ARGC
surveillance. However, as outlined, surveillance activities in urgent and emergency care
sites may require broad and nonspecific urogenital culture criteria in cisgender women with
low overall urogenital culture recovery and considerable additional staff time in specimen
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collection and culture processing. The increased proportion of GC isolates that were fully
susceptible to antibiotics in cisgender women compared with cisgender men in MIL, GRB,
and DEN highlights the potential importance of expanded ARGC surveillance in cisgender
women and aligns with European surveillance reports showing some discordance in AST
between GC isolates collected from heterosexual males and females. Our data also raise
further interest in the potential clinical implications of limited published data suggesting
that gender and urogenital site of infection may influence prevalence and expression of

GC AMR determinants.®9 Although systematic ARGC surveillance in cisgender women
remains challenging because of the high proportion of asymptomatic infection, decentralized
care with poor access to GC culture, and low sensitivity of endocervical/vaginal cultures,
experience in these 3 SURRG sites demonstrates that focused efforts can improve morbidity
aligned ARGC surveillance in cisgender women and may be useful for AMR rapid detection
and response activities.

Novel approaches and workflows may further improve collection of urogenital GC cultures
from cisgender women in the future. Both MIL and GRB have validated self-collection

of vaginal GC culture swabs to increase culture collection by eliminating the need for
speculum evaluation, decreasing expertise required for specimen collection, and increasing
patient convenience and comfort. This approach has been described by SURRG sites

for pharyngeal, rectal, vaginal/endocervical, and urine/urethral gonococcal cultures, with
results demonstrating similar sensitivity of patient and provider-collected cultures at these
anatomic sites.14 However, more comparative data are needed to identify the best anatomical
sample, collection process, culture media, swabs, and transportation and storage processes to
optimize culture sensitivity and to determine the most cost-effective approach. In addition,
use of point-of-care GC NAATS could facilitate standard same-day GC culture collection
using simplified and focused culture criteria based on NAAT results. Collecting GC culture
specimens on the same day as positive NAAT specimens could improve culture sensitivity,
decrease staff and laboratory time spent on processing of cultures collected on patients

with negative GC NAATS, shorten time to identification of patients with ARGC, and
possibly facilitate more rapid initiation and coordination of public health responses to
patients with ARGC. Monitoring and assessing these best practices and associated costs

of surveillance systems will be a key to building sustainable and data-informed ARGC
surveillance programs in the United States and globally.

Although robust culture-based surveillance of ARGC in cisgender women remains
challenging, whole-genome sequencing and molecular identification of AMR determinants
from remnant NAATS represent exciting options that could augment our knowledge about
ARGC prevalence and specific mechanisms of AMR in cisgender women. These techniques
have already been used to assess outbreak control in a local population after identification
of a case of ARGC by culture and AST and if expanded could allow for broad-based
representative surveillance across all genders.1516 However, to date, these tools have not
been routinely used for the purposes of general nationwide or jurisdictional surveillance,
and because of GC’s propensity for rapid development of new resistance mutations, culture
and AST will necessarily remain a cornerstone of surveillance that could be strengthened by
these culture-independent molecular techniques.
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There are several limitations to this analysis. Observed differences across sites must be
interpreted carefully in light of different types of non-STD clinics, culture criteria, and
culture collection and laboratory processing protocols. Patients attending different non-STD
clinic types may differ by multiple characteristics including age, race/ethnicity, insurance
status, and sexual networks that could impact the prevalence of GC and therefore culture
recovery as well as the presence of gonococcal AMR. Similarly, our ability to detect and
compare any differences in the prevalence of ARGC in cisgender women and cisgender men
may be affected by other differences between these genders associated with GC urogenital
symptoms and the type of health care clinics (such as STD or emergency department)

at which they are seeking care. Differences in STD clinic patient population between
jurisdictions also can affect the relative impact that non-STD clinics may make in ARGC
surveillance for cisgender women. Finally, rigorous quantitative comparisons of results from
different types of non-STD clinics and different culture criteria, specimen collection, and
culture processes have not been performed. More rigorous evaluation of best practices could
further guide work for equitable, large-scale expansion of ARGC surveillance activities in
cisgender women.

The CDC’s SURRG project has broadened the US approach to ARGC surveillance

and built capacity not only for rapid identification and public health response but also

for identification of differences in ARGC prevalence by gender. SURRG’s focus on
representation of jurisdictional morbidity has led to innovative partnerships in surveillance
with nontraditional clinical care sites, novel workflows, and the development of a variety

of culture techniques that have expanded ARGC surveillance in cisgender women and
demonstrated some differences in antimicrobial susceptibility (although these results should
be interpreted with caution because of differences in culture collection criteria used across
SURRG sites and symptomatic urogenital infections by sex). Continued intentional and
thoughtful expansion of GC culture with AST and molecular surveillance techniques will
allow for further assessment of the impact of gender and other demographic and geographic
factors on ARGC prevalence and transmission and will allow for the development

of surveillance and rapid response systems that more equitably represent national GC
morbidity.
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Figurel.

Percent of urogenital Neisseria gonorrhoeae isolates with reduced antimicrobial
susceptibility by site, gender, and gender of sex partner among cisgender males and females,
SURRG, 2018 to 2019. AZM nonsusceptible (NS) MIC >2.0 pg/mL, TET-R MIC =2.0
pg/mL, CIPRO-R MIC =1.0 pg/mL, and PCN-R MIC=2.0 ug/mL. Ceftriaxone and cefixime
resistance is not included in the figure because for all 3 SURRG sites and in all genders,
cephalosporin (ceftriaxone and cefixime) reduced susceptibility was low (<0.5%).
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