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Prevalence of Mycoplasma genitalium Infection,
Antimicrobial Resistance Mutations, and Symptom
Resolution Following Treatment of Urethritis

Laura H. Bachmann,' Robert D. Kirkcaldy,' William M. Geisler,? Harold C. Wiesenfeld,® Lisa E. Manhart,* Stephanie N. Taylor,® Arlene C. Seiia,’
Candice J. McNeil,” Lori Newman,® Noelle Myler,’ Rachael Fuchs,’ and Katherine E. Bowden'; for the MAGNUM? Laboratory Working Group

'Division of Sexually Transmitted Diseases Prevention, Centers for Disease Control and Prevention, Atlanta, GA, USA, “Department of Medicine, University of Alabama at Birmingham, Birmingham,
Alabama, USA, *Department of Obstetrics, Gynecology and Reproductive Sciences, University of Pittsburgh, Pittsburgh, Pennsylvania, USA, “Department of Epidemiology, University of Washington,
Seattle, Washington, USA, *Department of Medicine, Louisiana State University Health Sciences, New Orleans, Louisiana, USA, *Department of Medicine, University of North Carolina at Chapel
Hill, Chapel Hill, North Carolina, USA, "Department of Medicine, Wake Forest University Health Sciences, Winston-Salem, North Carolina, USA, ®Division of Microbiology and Infectious Diseases,
National Institute of Allergy and Infectious Diseases, Bethesda, Maryland, USA, and °FHI 360, Durham, North Carolina, USA

Background. Antimicrobial resistance in Mycoplasma genitalium (MG), a cause of urethritis, is a growing concern. Yet little is
known about the geographic distribution of MG resistance in the United States or about its associated clinical outcomes. We evalu-
ated the frequency of MG among men with urethritis, resistance mutations, and posttreatment symptom persistence.

Methods. 'We enrolled men presenting with urethritis symptoms to 6 US sexually transmitted disease (STD) clinics during June
2017-July 2018; men with urethritis were eligible for follow-up contact and, if they had persistent symptoms or MG, a chart review.
Urethral specimens were tested for MG and other bacterial STDs. Mutations in 23S ribosomal ribonucleic acid (rRNA) loci (mac-
rolide resistance—associated mutations [MRMs]) and in parC and gyrA (quinolone-associated mutations) were detected by targeted
amplification/Sanger sequencing.

Results. Among 914 evaluable participants, 28.7% (95% confidence interval [CI], 23.8-33.6) had MG. Men with MG were more
often Black (79.8% vs 66%, respectively), <30 years (72.9% vs 56.1%, respectively), and reported only female partners (83.7% vs
74.2%, respectively) than men without MG. Among MG-positive participants, 64.4% (95% CI, 58.2-70.3%) had MRM, 11.5% (95%
CI, 7.9-16.0%) had parC mutations, and 0% had gyrA mutations. Among participants treated with azithromycin-based therapy at
enrollment and who completed the follow-up survey, persistent symptoms were reported by 25.8% of MG-positive/ MRM-positive

men, 13% of MG-positive/MRM-negative men, and 17.2% of MG-negative men.

Conclusions.

MG infection was common among men with urethritis; the MRM prevalence was high among men with MG.

Persistent symptoms following treatment were frequent among men both with and without MG.

Keywords.

Mpycoplasma genitalium; urethritis; resistance; persistence.

Multiple studies have implicated Mycoplasma genitalium (MG),
a sexually transmitted bacterium first identified in 1980, as an
etiology of male urethritis. MG has been detected in 12.5-31%
of nongonococcal urethritis (NGU) cases [1-6] and has been
associated with persistent and/or recurrent urethritis [7, 8].
Because NGU and gonorrhea are generally treated with an
azithromycin-containing regimen (azithromycin at 1 g orally,
alone or with ceftriaxone, respectively), men with MG ure-
thritis frequently receive azithromycin as a first-line therapy.
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Moxifloxacin is recommended for men with persistent/re-
current urethritis who report adherence to an initial recom-
mended therapy and deny sexual reexposure [9].

Emerging MG resistance may complicate treatment.
Azithromycin efficacy for MG appears to be declining [10].
Macrolide resistance-associated mutations (MRMs) have
been detected in 13.3-88.9% of heterosexual males, 0-75%
of females, and 9-89.7% of men who are gay or bisexual and
have sex with men [11-15]. The prevalence of MG quinolone
resistance—associated mutations (QRMs) may be increasing,
and treatment failures after moxifloxacin therapy have been
identified [16-20]. Given the lack of additional treatment op-
tions in the United States, emerging resistance is concerning.
However, few data are available describing the geographic dis-
tribution of MG resistance in the United States and the clinical
outcomes associated with those MG strains harboring resist-
ance mutations.

We evaluated the MG prevalence among men with ure-
thritis across multiple US sites, as well as the proportion of
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urethral MG infections with resistance-associated mutations
and the persistence of self-reported symptoms following
treatment.

METHODS

This multicenter study enrolled men presenting with urethritis
symptoms during June 2017-July 2018 at 6 sexually transmitted
disease (STD) clinics located in Alabama (Birmingham), North
Carolina (Durham and Greensboro), Louisiana (New Orleans),
Pennsylvania (Pittsburgh), and Washington (Seattle). Men
>18 years of age were eligible if they self-reported symptoms of
urethritis (ie, dysuria, urethral discharge, and/or meatal itching
or tingling), were willing to complete a follow-up survey during
study Days 14-17, and were willing and able to provide written
informed consent. Men were excluded if they had previously
enrolled in the study; were diagnosed with epididymitis, or-
chitis, prostatitis, or disseminated gonococcal infections; or
were deemed by the interviewer to have a condition that might
affect their ability to follow the protocol. All study sites received
approval from their local institutional review boards.

The protocol anticipated enrollment of ~2200 men to achieve
an evaluable population of 2000 men with urethritis and pre-
cision of the upper and lower bounds of the 95% confidence
interval (CI) for MG prevalence in a given clinic population +/—
5.0%, assuming at least 300 men were enrolled at each clinic and
an MG prevalence of <25%. Due to a higher than anticipated
MG prevalence, study enrollment ceased at 1100 men.

Baseline Data Collection and Laboratory Testing
After providing written consent, participants completed an
interviewer-administered questionnaire and underwent a phys-
ical examination. A urethral swab specimen was collected,
used to create a Gram or methylene blue/gentian violet (MB/
GV) stain to quantitate white blood cells (WBC), and placed
in the Aptima Combo 2 Assay (Hologic, Inc., San Diego, CA)
unisex specimen collection kit. First-catch urine was then col-
lected. Because the detection limit capability of the MG Aptima
assay is extremely low (95% CI limit of detection for a male
urine specimen of .017-.074 genome equivalents/mL) [21], we
did not require men to wait 1 hour after their last urination.
A single 2 mL aliquot of urine was transferred into a urine col-
lection kit and transported to the local laboratory for Neisseria
gonorrhoeae (NG) and Chlamydia trachomatis (CT) testing.
The remaining urine was aliquoted into 2 Aptima Combo 2
Assay (Hologic, Inc., San Diego, CA) urine specimen collection
kits. The urethral swab and urine aliquots were shipped to the
Centers for Disease Control and Prevention at the Division of
STD Prevention’s Laboratory Reference and Research Branch
for additional testing.

Participants with evidence of urethritis by Gram or MB/
GV stain were included in the primary evaluable population.

Participants without urethritis were considered nonevaluable,
were discontinued from the study, and did not undergo further
follow-up. There were 5 sites that classified a urethral Gram or
MB/GV stain with >2 WBC per oil immersion field (oif) on
at least 3 fields as indicative of urethritis. Based on the local
clinic policy, 1 site (Seattle) used a threshold of >5 WBCs/oif
to indicate urethritis, leading to the initial exclusion of 10 men
who met the >2 WBC threshold but not the >5 WBC criteria.
These participants were retrospectively considered evaluable
and included in the assessment of MG prevalence, but did not
contribute follow-up data. Patients were evaluated, treated, and
managed as per local clinic guidelines.

Participant Follow-up

Participants with urethritis at enrollment were asked to com-
plete a telephone-based or electronic survey during Days 14-17
to elicit their symptom status and to ascertain their sexual his-
tory and antimicrobial use since enrollment. Study staff made
at least 3 attempts within 21 days after enrollment to contact
participants who did not complete the survey. Participants who
reported persistent symptoms were referred to the STD clinic
for reevaluation. Medical records from within 45 days after en-
rollment were reviewed for evaluable participants who either
self-reported persistent symptoms during follow-up contact or
who were found to have an MG infection at baseline.

Laboratory Procedures
Diagnostic NG and CT testing of urine specimens was per-
formed atlocal site laboratories using nucleic acid amplification-
based tests, per local standard operating procedures. The Center
for Disease Control and Prevention’s Laboratory Reference and
Research Branch performed transcription-mediated amplifica-
tion testing of the urethral swabs and urine specimens to de-
tect MG (Aptima analyte-specific reagents) and Trichomonas
vaginalis (T'V; Aptima) on the Panther instrument (Hologic,
Inc. San Diego, CA). MG-positive specimens were used for re-
sistance testing. If a participant’s urethral swab and urine spec-
imen were both MG-positive, then the urethral swab underwent
resistance testing (up to 2 attempts). If amplification failed, the
corresponding urine specimen underwent resistance testing (up
to 2 attempts). MG positivity was defined as 1 or more speci-
mens from an individual participant that were positive for MG.
Resistance-associated mutations were detected by targeted
amplification using nested polymerase chain reaction and
Sanger sequencing of base locations 2058 and 2059 (Escherichia
coli number) of 23S ribosomal ribonucleic acid (rRNA) loci
(MRM) and QRM:s in regions of gyrA (DNA gyrase A subunit)
and parC (topoisomerase IV subunit A) [22]. Targeted am-
plification was performed using the TaKaRa Ex Taq (TaKaRa
Bio, Inc. Mountain View, CA, USA) master mix according
to manufacturer instructions. An “outer” amplicon was first
amplified using FP1 and RP1 primers specific to each target,
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followed by amplification of the “nested” amplicon from the
“outer” amplicon using FP2 and RP2 primers specific to each
target. Sanger sequencing of the “nested” amplicons was per-
formed using the BigDye Terminator v3.1 Cycle Sequencing
Kit according to the manufacturer instructions, using primers
FP2 and RP2, specific for each target. Sequencing analysis was
performed using Geneious v10 software (Biomatters, Auckland,
New Zealand) by comparing sequencing reads to wild-type MG
23S rRNA, gyrA, and parC sequences to identify the genetic
variations associated with MRMs and QRMs.

Data Analyses

We calculated unadjusted MG prevalence estimates among all
participants in the primary evaluable population with evaluable
MG results. The 95% Cls were estimated based on generalized
linear models with identity link function and binomial vari-
ance. We accounted for within-site clustering when pooling
data by scaling the variance estimate using the Pearson Chi-
squared statistic, based on evidence of over-dispersion (P < .10
for an overall test of clinic effect) [23].

We calculated overall and site prevalences of NG, CT, and
TV, and of coinfections with these pathogens and MG. Exact
binomial CIs were used for site-specific estimates of TV and
coinfections due to low pathogen positivity. We used logistic
regression to explore the association between prespecified
sociodemographic and sexual behavioral risk factors and MG
infection. Factors significant at the P < .1 level in the univariate

analysis were included in the multivariable analysis. We re-
ported odds ratios and 95% Cls for each comparison.

We calculated prevalence (with exact 95% binomial Cls)
of MRMs and QRMs among participants with 1 or more
MG-positive specimens, both overall and stratified by site and
select, prespecified characteristics.

Among participants who completed the follow-up survey within
21 days of enrollment, we calculated the percentage with persis-
tent symptoms (defined as the self-reported continued presence of
the urethral symptoms reported at enrollment), both overall and
stratified by the presence of MG at baseline. Participants who pro-
vided incongruent responses (ie, men who described symptoms
as persistent at follow-up but who had not reported the symptoms
at enrollment or men who, at follow-up, denied having had symp-
toms that they had reported at enrollment) were summarized sep-
arately. A sensitivity analysis was performed to assess the impact
of including participants with incongruent responses in the prev-
alence of persistent symptoms by determining persistence based
only on answers given on the follow-up survey.

To assess the association between MRMs and clinical out-
comes after azithromycin treatment, we used 2 approaches.
First, we restricted the analysis to participants with an
evaluable MG result who were not infected with TV (for which
azithromycin would have no antimicrobial activity) and who
were treated with an azithromycin-containing regimen. We cal-
culated the percentage of participants who reported persistent
symptoms and the percentage of symptomatic participants who

Screened (n=1100)

\/

Enrolled (n=1096)

Not Enrolled (n=4)

Screen failure (n=1)
Withdrawn during enrollment (n=1)
Did not complete enrollment procedures (n=2)

Y

\

Primary Evaluable Population (n=918)

Withdrawn due to Gram stain or MB/GV
results not being consistent with urethritis
(n=178)

\

\/

Day 15 Survey Analyzed (n=765)

Figure 1.

Day 15 Survey Not Analyzed (n=153)

Withdrawn from study (n=19)
Completed survey after day 21 (n=23)
Lost to follow up (n=111)

Participant flow diagram. Abbreviation: MB/GV, Gram or methylene blue/gentian violet.
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Table 1. Characteristics of Men with Urethritis Attending Participating Sexually Transmitted Disease Clinics
Durham, NC, Greensboro, NC, Pittsburgh, PA,  Birmingham, AL, New Orleans, LA, Seattle, WA, Total,

Characteristic n =93 n =152 n=176 n =235 n =103 n =159 n=918
Age, years

Median (min-max) 270 (18.0-670) 26.0 (19.0-59.0) 25.0 (18.0-69.0) 270 (18.0-58.0)  30.0 (19.0-58.0)  31.0 (18.0-61.0) 270 (18.0-69.0)

18-19 3(3.2) 1(7) 17 (9.7) 13 (5.5) 5(4.9) 5 (3.1) 4 (4.8)

20-24 5 (26.9) 62 (40.8) 61 (34.7) 75 (31.9) 21(20.4) 18 (11.3) 262 (28.5)

25-29 4 (36.6) 1(33.6) 38 (21.6) 59 (25.1) 25 (24.3) 47 (29.6) 254 (277)

30-34 9(9.7) 20 (13.2) 18 (10.2) 26 (11.1) 23(22.3) 30 (18.9) 126 (13.7)

>35 22 (23.7) 18 (11.8) 42 (23.9) 62 (26.4) 29 (28.2) 59 (37.1) 232 (25.3)
Race/ethnicity

Black, non-Hispanic 84 (90.3) 124 (81.6) 107 (60.8) 220 (93.6) 72 (69.9) 35 (22.0) 642 (69.9)

White, non-Hispanic 2(2.2) 10 (6.6) 40 (22.7) 13 (5.5) 26 (25.2) 75 (47.2) 166 (18.1)

Hispanic 0(0) 2 (1.3) 6 (3.4) 1(.4) 2 (1.9) 20 (12.6) 1(3.4)

Other 7 (75) 16 (10.5) 23 (13.1) 1(.4) 3(2.9) 29 (18.2) 79 (8.6)
Sex in last 60 days

Yes 92 (98.9) 148 (97.4) 173 (98.3) 230 (97.9) 103 (100) 159 (100) 905 (98.6)

No 1(1.1) 3(2.0) 3(1.7) 5(2.1) 0(0) 0(0) 12 (1.3)

Don't know/refused 0(0) 1(.7) 0 (0) 0(0) 0(0) 0 (0) 1(.1)
Sex of sex partner(s)®

Female only 84 (91.3) 127 (85.8) 145 (83.8) 215 (93.5) 63 (61.2) 63 (39.6) 697 (77.0)

Male only 5 (5.4) 19 (12.8) 24 (13.9) 11 (4.8) 36 (35.0) 92 (57.9) 187 (20.7)

Male and female 3(3.3) 2 (1.4) 4(2.3) 4(1.7) 4(3.9) 4(2.5) 21(2.3)
Total number of sex partners in past 60 days®

0 1(1.1) 3(2.0) 3(1.7) 5(2.1) 0(0) 0(0) 12 (1.3)

1 33 (35.5) 52 (34.4) 64 (36.4) 89 (37.9) 28 (27.2) 30 (18.9) 296 (32.3)

2-5 55 (59.1) 93 (61.6) 97 (65.1) 137 (68.3) 67 (65.0) 91 (57.2) 540 (58.9)

6-10 4(4.3) 2 (1.3) 9(6.1) 4(1.7) 4(3.9) 25 (15.7) 48 (5.2)

>11 0(0) 1(7) 3(1.7) 0(0) 4(3.9) 13 (8.2) 21(2.3)
Living with HIV® 1(1.1) 8 (5.3) 2 (1.1) 0 (0) 10 (9.7) 14 (8.8) 35 (3.8)

Data are presented overall and by study site, June 2017-July 2018. All data are presented as n (%) unless otherwise indicated.

Abbreviations: AL, Alabama; HIV, human immunodeficiency virus; LA, Louisiana; NC, North
“In the prior 60 days and among participants who reported sex within the past 60 days.

®There were missing data from 1 participant from Greensboro, NC.
°Based on participant self-reports.

Carolina; PA, Pennsylvania; WA, Washington.

returned to a clinic within 45 days of enrollment, stratified by
MG status and the presence or absence of MRMs. The analysis
of the percentage of symptomatic patients who returned to the
clinic was limited to men with persistent symptoms, because
all men with persistent symptoms underwent a chart review.
Second, we performed a comparable analysis of participants
whose specimens were positive for only MG and who received
an azithromycin-containing regimen. Because all MG-infected
men were eligible for a chart review, we did not limit this anal-
ysis based on symptom status. Because of the low prevalence of
QRMs and limited sample sizes, we did not present a similar
analysis for QRMs. Analyses were conducted using SAS/STAT
software, version 9.4 (SAS Institute, Cary, NC).

RESULTS

Population Characteristics and Mycoplasma genitalium Prevalence

Of 1100 men who were screened, 1096 (99.6%) were enrolled.
A total of 918 enrollees had evidence of urethritis by Gram
or MB/GV stain and were included in the primary evaluable

population (Figure 1). The participant median age was 27 years
(range, 18-69 years) and most were non-Hispanic Black
(69.9%) or White (18.1%; Table 1). Overall, 77.0% of partici-
pants reported only female partners in the past 60 days, 20.7%
reported only male partners, and 2.3% reported both male and
female partners. Demographic differences were noted across
sites (Table 1).

Among 914 participants in the primary evaluable popu-
lation with evaluable MG laboratory results, 866 received an
azithromycin-containing regimen, 18 received moxifloxacin,
and 25 received a doxycycline-containing regimen. Of the 914
participants, 28.7% (95% CI, 23.8-33.6) had an MG infection
(Table 2). The MG prevalence was similar to the prevalences
of CT (24.8%; 95% CI, 20.9-28.8) and NG (34.8%; 95% CI,
29.7-39.8) and was higher than the prevalence of TV (6.9%;
95% CI, 3.8-10.0). Over 30% of participants did not have any of
the 4 pathogens. The MG prevalence ranged by site from 20.4%
(95% CI, 14.1-26.7) in Seattle to 38.8% (95% CI, 31.1-46.6) in
Greensboro. Regional differences in MG prevalences persisted
when data were stratified by the sex of sex partner (data not
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plasma genitalium, Chlamydia trachomatis, Neisseria gonorrhoeae, and Trichomonas vaginalis

of My

e and Ab

Table2. Pr

Greensboro, NC Pittsburgh, PA Birmingham, AL* New Orleans, LA® Seattle, WA? Overall®

Durham, NC

Prevalence (95% CI)

n Prevalence (95% Cl) n  Prevalence (95% Cl)

Prevalence (95% CI)

Prevalence (95% CI) n  Prevalence (95% Cl) n Prevalence (95% ClI)

n

23.8-33.6)
20.9-28.8)
29.7-39.8)

3.8-10.0)
23.3-378)

28.7
24.8
34.8

6.9
30.6

914
Mm
915
909

912
Data are among men with urethritis attending participating sexually transmitted disease clinics, overall and by study site, June 2017-July 2018. Participants with multiple pathogens are included in the row for each pathogen detected in their specimens.

14.1-26.7)
11.4-23.2)
25.8-40.5)
4-5.4)

33.1-49.1)

— = = = —

— = = - —

6.8

29.8
226
BEke
34.2

235
234
234
235
234

20.9-34.2)
20.4-33.6)
19.4-32.4)
7.2-172)

275-42.1)

- - = = -

24.7
32.3
41.9

75
20.4

93
93
93
93

Trichomonas vaginalis®

Mycoplasma genitalium 93
Chlamydia trachomatis

Neisseria gonorrhoeae

No pathogens®

Abbreviations: AL, Alabama; Cl, confidence interval; LA, Louisiana; NC, North Carolina; PA, Pennsylvania; WA, Washington.

“Variations in denominators are due to unevaluable results or noncompletion of testing because of protocol deviation at enrollment.

PExact confidence limits were used for site-specific estimates.

shown). Among all men with MG, 16.2% (95% CI, 11.4-20.9)
also had CT, 21.2% (95% CI, 16.2-26.1) had NG, 3.5% (95% CI,
.1-6.8) had TV, and 11.9% (95% CI, 7.4-16.4) had 3 or more
pathogens (Supplementary Figure).

Participant characteristics, stratified by the presence or ab-
sence of MG, are displayed in Supplementary Table 1. By
univariate logistic regression, MG was more likely in Black,
Hispanic, and other men than in White men; less likely with
each increasing year of age; more likely in men with only female
sex partners than in men with only male partners; and less likely
in men who reported anal sex (Supplementary Table 2). In the
multivariable analyses, MG remained significantly associated
with Black race (OR, 2.41; 95% CI, 1.45-4.02) and younger age
(OR, .95; 95% CI, .94-.97; Supplementary Table 2).

Prevalence of Resistance Mutations

Among 262 participants with MG and available resistance re-
sults, 163 (64.4%; 95% CI, 58.2-70.3) had MG strains with
MRMs and 30 (11.5%; 95% CI, 7.9-16.0) had strains with parC
mutations; gyrA mutations were not detected (Table 3). There
were 21 (8.3%; 95% CI, 5.2-12.5) participants who had both
MRMs and parC mutations. The proportion of participants
with MRMs varied by site (Table 3).

Men who reported NGU in the previous 3 months more
often had an MRM (94.1%; 95% CI, 71.3-99.9) than those who
did not report NGU (62.2%; 95% CI, 55.7-68.5). Differences in
the prevalences of MRMs or parC mutations were not observed
by sex of sex partner, antibiotic use in the past 14 days, or CT,
NG, or TV in the past 3 months (Table 3).

Symptom Persistence

Of 914 participants with evaluable MG results, 763 (83.5%)
completed the follow-up survey within 21 days. Of those,
151 (19.8%) reported that their symptoms had not fully re-
solved, with no substantial difference by baseline MG status
(Supplementary Table 1). Results of the sensitivity analysis,
which included incongruent responses, agreed with the main
analysis.

Among 670 men without TV who were treated with an
azithromycin-containing regimen at enrollment, men with
MG and MRM more often reported persistent symptoms
(25.8%) than both men with MG but without MRM (13.0%)
and men without MG (17.2%), though this finding was not
statistically significant (Table 4). Among men reporting per-
sistent symptoms, the proportion who returned to a clinic by
Day 45 did not differ substantially by MG and MRM status
(MG and MRM, 31.3%; MG without MRM, 22.2%; MG nega-
tive, 32.9%; Table 4). Among 115 participants infected only with
MG (mono-infected) who were treated with an azithromycin-
containing regimen at enrollment, 35.1% of participants with
MRMs reported persistent symptoms, compared to 8.7% of
those without MRMs. Regardless of the symptom status at Day
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Table 3. Prevalence of Macrolide Resistance Mutation (23S rRNA) and Quinolone Resistance Mutation (parC) Among Men with Mycoplasma genitalium—

Associated Urethritis

23S rRNA Mutation

parC Mutation

23S rRNA Mutation Present,

Men with MG with n (%) Men with MG with parC Mutation Present,
Evaluable 23S rRNA results [95% Cl] Evaluable parC Results n (%) [95% Cl]
Overall® 253 163 (64.4) [68.2-70.3] 261 30 (11.5) [7.9-16.0]
Study site
Durham, NC 23 14 (60.9) [38.5-80.3] 22 4 (18.2) [56.2-40.3]
Greensboro, NC 56 38 (67.9) [64-79.7] 59 10 (16.9) [8.4-29]
Pittsburgh, PA 47 28 (59.6) [44.3-73.6] 48 3(6.3) [1.3-172]
Birmingham, AL 69 43 (62.3) [49.8-73.7] 70 4 (5.7) [1.6-14.0]
New Orleans, LA 29 18 (62.1) [42.3-79.3] 30 4 (13.3) [3.8-30.7]
Seattle, WA 29 22 (75.9) [66.5-89.7] 32 5 (15.6) [6.3-32.8]
Sex of sex partner(s)°
No partner/no sex in last 60 days 4 2 (50.0) [6.8-93.2] 5 0 (0) [0-52.2]
Females only 212 133 (62.7) [65.8-69.3] 214 21 (9.8) [6.2-14.6]
Male only or male and female 37 28 (75.7) [68.8-88.2] 42 9(21.4) [10.3-36.8]
Antibiotic use in 14 days prior to enrollment®
Yes 12 8 (66.7) [34.9-90.1] 12 1(8.3) [.2-38.5]
No 240 155 (64.6) [68.2-70.6] 248 29 (11.7) [8.0-16.4]
Coinfection status
+CT 40 24 (60.0) [43.3-75.1] 42 4 (9.5) [2.7-22.6]
+NG 51 27 (52.9) [38.5-67.1] 55 6(10.9) [4.1-22.2]
+TV 9 7 (77.8) [40.0-97.2] 9 0 (0) [0-33.6]
+2 or more 29 12 (41.4) [23.5-61.1] 30 1(3.3) [.1-172]
No coinfection 123 92 (74.8) [66.2-82.2] 123 19 (15.4) [9.6-23.1]
Unknown 1 1(100) [2.5-100] 2 0 (0) [0-84.2]
STD history at enrollment®
CT in last 3 months
Yes 17 13 (76.5) [60.1-93.2] 18 1(5.6) [.1-27.3]
No 231 146 (63.2) [56.6-69.4] 237 29 (12.2) [8.4-17.1]
Don't know or refused to answer 5 4 (80.0) [28.4-99.5] 6 0 (0) [0-45.9]
NG in last 3 months
Yes 15 11 (73.3) [44.9-92.2] 16 1(6.3) [.2-30.2]
No 234 148 (63.2) [56.7-69.4] 240 29 (12.1) [8.2-16.9]
Don't know or refused to answer 4 4 (100.0) [39.8-100.0] 5 0 (0) [0-52.2]
TV in last 3 months
Yes 3 2 (66.7) [9.4-99.2] 3 0 (0) [0-70.8]
No 248 169 (64.1) [67.8-70.1] 256 30 (11.7) [8.0-16.3]
Don't know or refused to answer 2 2 (100.0) [15.8-100.0] 2 0 (0) [0-84.2]
NGU in last 3 months
Yes 17 16 (94.1) [71.3-99.9] 18 3(16.7) [3.6-41.4]
No 233 145 (62.2) [565.7-68.5] 240 26 (10.8) [3.6-41.4]
Don't know or refused to answer 3 2 (66.7) [9.4-99.2] 3 1(33.3) [.8-90.6]

Data are overall and by select characteristics at enroliment, June 2017-July 2018.

Abbreviations: AL, Alabama; Cl, confidence interval; CT, Chlamydia trachomatis; LA, Louisiana; MG, Mycoplasma genitalium; NC, North Carolina; NG, Neisseria gonorrhoeae; NGU,
nongonococcal urethritis; PA, Pennsylvania; parC, A subunit of topoisomerase IV; rRNA, ribosomal ribonucleic acid; STD, sexually transmitted disease; TV, Trichomonas vaginalis; WA,

Washington.

#Among 262 men who tested positive for MG, 9 had unevaluable results for 23S, and 1 had an unevaluable result for parC.

®There were 4 men who reported sex with both female and male partners.

“There was 1 participant with no resistance who did not remember whether they had antibiotic use 14 days prior to enrollment.

9Based on self-reports.

15, MG mono-infected men harboring MRMs who were treated
with azithromycin at enrollment were more likely to present to
the clinic again within the 45-day follow-up period (27.1%)
than mono-infected men without an MRM (7.1%), though this
finding did not reach statistical significance (Table 5).

DISCUSSION

MG was common among men presenting with urethritis to STD
clinics in the United States. Overall, MG was detected in over 25%
of men with urethritis, similar to previously published estimates [5].
In contrast to previous reports [24], the MG prevalence in urethritis
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Table 4. Association of Self-reported Persistent Urethritis and Return Visits

MG Positive MG Negative
Resistance Mutations Resistance Mutations
Present in 23S rRNA, n = 124 Absent in 23S rRNA, n = 69 n =477
n (%) (95% ClI) n (%) (95% CI) n (%) (95% ClI)

Persistent symptoms at Day 15

Yes 32 (25.8) (18.4-34.4) 9(13.0) (6.1-23.3) 82 (17.2) (13.9-20.9)

No 84 (67.7) (58.8-75.9) 60 (87.0) (76.7-93.9) 378 (79.2) (75.3-82.8)

Incongruent: symptoms not reported at 4(3.2) (.9-8.1) 0 (0) (0-5.2) 4 (.8) (.2-2.1)

enrollment but reported as persistent

at Day 15

Incongruent: symptoms reported at 4 (3.2) (.9-8.1) 0 (0) (0-5.2) 13 (2.7) (1.5-4.6)

enrollment but denied ever having at

Day 15
Returned at least once within 45 days of enrollment®

Yes 10 (31.3) (16.1-50) 2(22.2) (2.8-60) 27 (32.9) (22.9-44.2)

No 22 (68.8) (50-83.9) 7 (77.8) (40-97.2) 55 (67.1) (55.8-77.1)
Return visit before Day 15 FUP

Yes 6(18.8) (72-36.4) 0(0) (0-33.6) 7 (8.5) (3.5-16.8)

No 26 (81.3) (63.6-92.8) 9 (100) (66.4-100) 75 (91.5) (83.2-96.5)
Return visit between Day 15 FU and Day 45°

Yes 4 (12.5) (3.5-29) 2(22.2) (2.8-60) 21 (25.6) (16.6-36.4)

No 28 (87.5) (71-96.5) 7(77.8) (40-97.2) 61 (74.4) (63.6-83.4)

Data are among men treated with azithromycin who have analyzable Day 15 data, stratified by Mycoplasma genitalium status and by the presence or absence of macrolide resistance mu-

tations (23S rRNA),* June 2017-July 2018.

Abbreviations: Cl, confidence interval; FU, follow-up; MG, Mycoplasma genitalium; rRNA, ribosomal ribonucleic acid.

®Men with Trichomonas vaginalis infection were excluded; men with an unevaluable result for the 23S mutation were also excluded.

PAmong men reporting persistent symptoms at Day 15; excluding participants with incongruent answers.

was higher than the prevalences of both CT and TV, though these
differences were statistically significant only for MG and TV. The MG
prevalence varied by site, ranging from approximately 20% in Seattle
to nearly 40% in Greensboro. At 2 other Southern sites, Birmingham
and New Orleans, there were prevalences of nearly 30%, suggesting
regional differences and a higher prevalence in the South. Among the
MG strains detected, MRMs were common, parC mutations were not
infrequent, and the prevalence of resistance mutations varied by site.

Consistent with data on declining azithromycin efficacy
(10, 17, 25], we found that over 60% of detected MG strains har-
bored MRMs; the high prevalence of MRMs was noted across all
study sites. Frequent or recent exposure to azithromycin likely con-
tributes to the emergence of MRMs in MG [10, 25, 26]. We found
that the prevalence of MRMs was higher among participants with
recent NGU—a condition for which previous azithromycin treat-
ment was highly likely—than participants who did not report

Table 5. Association of Self-reported Persistent Urethritis and Return Visits with Macrolide Resistance Markers

Resistance Mutations Present in 23S rRNA

Yes, n =85 No, n =30
n (%) (95% CI) n (%) (95% CI)

Persistent symptoms at Day 15°

Yes 26 (35.1) (24.4-47.1) 2(8.7) (1.1-28)

No 43 (58.1) (46.1-69.5) 21(91.3) (72-98.9)

Incongruent: symptoms not reported at enroliment but reported as persistent at Day 15 3(4.1) (.8-11.4) 0 (0) (0-14.8)

Incongruent: symptoms reported at enrollment but denied ever having at Day 15 2(2.7) (.3-9.4) 0 (0) (0-14.8)
Returned at least once within 45 days of enroliment®

Yes 23 (27.1) (18-37.8) 2(71) (.9-23.5)

No 62 (72.9) (62.2-82) 26 (92.9) (76.5-99.1)

Data are among men in the primary evaluable population who have analyzable Day 15 data, are positive for Mycoplasma genitalium only, and were treated with azithromycin, stratified by

the presence or absence of macrolide resistance mutations (23S rRNA), July 2017-June 2018.

Abbreviations: Cl, confidence interval; rRNA, ribosomal ribonucleic acid.

2Among 97 (74 with 23S mutations present and 23 without) participants with analyzable Day 15 data.

®Among 113 (85 with 23S mutations present and 28 without) participants with analyzable return data.
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NGU. No clear association between resistance and antimicrobial
exposure (within the previous 14 days) or other STDs was iden-
tified. In light of rapidly emerging macrolide resistance and the
likely role of azithromycin in facilitating resistance, careful consid-
eration of azithromycin use in STD treatment is warranted.
Although a Food and Drug Administration-approved
MG diagnostic test became available in the United States
2019
press-announcements/fda-permits-marketing-first-test-

in  January (https://www.fda.gov/news-events/
aid-diagnosis-sexually-transmitted-infection-known-
mycoplasma), an approved test to detect MG resistance
mutations is not currently available. Diagnostics for resist-
ance detection may be useful to guide therapy, particularly
if future tests are available at the point of care. A recent
trial that investigated the use of resistance testing to guide
therapy highlighted the potential benefit of concurrent
testing for MG and resistance mutations. The investigators
found a high cure rate for MG infections with MRM when
moxifloxacin was used and for infections with wild-type
strains when azithromycin was used [27].

We found a non-statistically significant trend that men with
MG and MRMs were more likely to report persistent symp-
toms after azithromycin treatment than either men with MG
but without MRMs or MG-negative men, although there was
no clear difference in clinic returns within the 45-day chart re-
view period by MG/MRM status. In a subset of men with MG
mono-infection treated with a macrolide, over 35% of those
with MRMs reported persistent symptoms after treatment,
compared to 9% among those without MRMs. Men with MG
and MRM were also more likely to return to a clinic within
45 days than men with MG but without MRM (27% versus 7%,
respectively), though this finding was not statistically signifi-
cant. The high prevalence of MG and MRMs in men with ure-
thritis may translate into large numbers of men experiencing
persistent symptoms (and returning for additional health care).
The burden of health-care costs and clinic resources associated
with persistent MG urethritis warrants investigation.

This study had several limitations. There was 1 site that
used Gram stain criterion of >5 WBCs/oif for a urethritis di-
agnosis, while others used >2 WBCs/oif. Follow-up data were
not collected from 10 participants initially excluded due to the
higher WBC cut-off, but all were MG negative and the impact
of the missing data is likely to be minimal. Clinical outcomes
were based on self-reports and not systematically documented
with return study visits and retesting. We were unable to eval-
uate follow-up visit data among all participants, as we limited
chart reviews to men with MG and/or persistent symptoms. We
may have underestimated the percentage of participants who
returned for care, as participants might have presented to other
clinics. The smaller sample size likely decreased the power to
detect statistically significant differences amongst subgroups.

These limitations stem in large part from the decision to con-
duct the study within the context of real-world urethritis
management. This context strengthens and broadens the appli-
cability of the findings.

In this study, MG was common among men with urethritis, and
over 60% of MG strains harbored MRMs. Over 10% of MG strains
had QRMs. Emerging resistance in MG and a limited armamen-
tarium of effective treatment options pose significant challenges to
the clinical management of MG urethritis. The emergence of MG as
a prominent urogenital pathogen warrants continued research into
the clinical and public health implications of MG, the optimal man-
agement of MG urethritis, point-of-care diagnostics for resistance,
and the search for new treatment options.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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