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I do intend to discuss an unapproved/investigative use of a 
commercial product/device in my presentation:
• Off-label uses of antibiotics, for the purposes of M. genitalium 

treatment



Objectives

• Discuss management of urethritis
• Distinguish relevant updates to STI epidemiology as they pertain to 

clinical care
• Provide clinical resources to access expert guidance on STD 

management at point-of care



Case

• 22-year-old cisgender man presents with 3 days of dysuria and penile discharge. 
He has sex with cisgender women and cisgender men.

• What evaluation (specimen types and tests) would you recommend, and how 
would you treat him?

Slide adapted from Jason Zucker, MD, MS



OBJECTIVE EVIDENCE OF URETHRITIS 
... Diagnostic stewardship is necessary to reduce unnecessary testing



Objective Evidence of Urethritis

If microscopy is unavailable, urethritis can be documented by any 
of the following signs or laboratory tests:
• Mucoid, mucopurulent, or purulent discharge on exam
• Positive leukocyte esterase test on first-void urine
• Microscopic examination of sediment from a spun first-void 

urine demonstrating ≥10 WBCs/HPF



IF THIS WERE GONORRHEA …
… we are headed into an era where you won’t always be able to count on cephalosporins



Gonorrhea is concentrated in …

• Youth and young adults
• Southern U.S.
• Non-white populations
• … but no one and nowhere is exempt



Connecticut: Base STI Case Report Numbers Have 
Increased, Almost to 1980s Levels



Gonorrhea: Mucosal and Systemic Disease:
Increase in Base Case Numbers Dictates Increase in Complex Disease

Shetty et al., JCP 2003

Boodman et al. CMAJ 2021Lam et al., AJM 2020



WHY MDR GONORRHEA IS AN URGENT THREAT

• CDC’s list of antibiotic resistance threats, 2013 and 2019
• How NG evolves resistance
• Why we care more NOW



Antibiotic Resistance Threats in the U.S., 2013
Microorganisms with the threat level of URGENT:
1. C. difficile
2. Carbapenem-resistant Enterobacteriaciae
3. Drug-resistant N. gonorrhoeae

CDC cares about gonorrhea … so should we!



Figure 126-2. Historical Perspective, Gonococcal Antimicrobial Resistance in United States

Workowski KA et al. Ann Intern Med 2008;148:606-613
©2008 by American College of Physicians

(till the 1970s…)



• Isolate came from pharynx of female CSW in Kyoto
• Cftx MIC 2 mcg/ml

– (R) to cefixime (MIC 8 mcg/ml), -lactams, fluoroquinolones, macrolides, 
tetracycline, TMP-SMX, chloramphenicol, nitrofurantoin

– (S) to spectinomycin, rifampin, possibly aminoglycosides and tigecycline, 
possibly carbapenems

• Unique penA mosaic allele similar to that found in N. meningitidis and N.
flavescens – encodes variant of PBP2 
– mtrB, penB, ponA1 mutations also present

First Description of High-Level Cephalosporin Resistance



2008-2009

Decreased Cephalosporin Susceptibility

2003

2007 Hong Kong: 4 treatment failures with cefixime

Increasing MICs to cephalosporins  reported in Australia, 
Europe, and US
Japan: isolate with Ceftriaxone MIC of 2 µg/ml (female CSW)

1999

2001

2002

Japan: Possible treatment failure with cefdinir

Japan: 30% isolates have MICs to cefixime ≥ 0.5 μg/ml

Japan: 0% isolates have MICs to cefixime ≥ 0.5 μg/ml

Japan: 8 (12%) of men with GC in study unsuccessfully 
treated with cefixime

2010 Norway: 2 treatment failures with cefixime
Sweden: 1 pharyngeal GC treatment failure with 
ceftriaxone 250 mg

Hook, IDSA 2011



How does gonococcal resistance develop?

• Transformation plays the key role
– N. gonorrhoeae highly competent for transformation throughout life cycle by its 

own DNA or via closely related bacteria such as other Neisseria commensals and 
N. meningitidis

• Pharyngeal gonorrhea may act as a reservoir where asymptomatic co-colonization with other 
Neisseria species of this obligate human pathogen can occur

– Example: Asp345A insertion in PBP2 resulting in decreased penicillin binding affinity, likely 
originates from commensal Neisseria species

– Cross-species conjugal plasmid transfer also possible
• TetM and B-lactamase-encoding plasmids relatively efficiently transferred intercellularly 

between N. gonorrhoeae strains, as well as N. meningitidis, H. influenzae, and E. coli

Unemo & Shafer, Ann NY Academy of Sciences, 2011



MDPH Clinical Alert: MDNS Gonorrhea
January 19, 2023

• New guidance in Massachusetts (not nationally, nor regionally)
– Ensure compliance with recommended gonorrhea treatment

• Staying at ceftriaxone 500 mg IM x 1 dose (higher if patient heavier) for now
– Culture genital and extragenital sites of symptomatic individuals, in addition to doing 

NAAT
• Discuss with your local clinical micro lab how to optimize, probably involves use of non-nutritive 

swab transport kits (e.g. Amies agar gel or liquid)
• MDPH DSTDP Job Aid available

– Test of cure with NAAT and/or culture (if sx) at all previously positive mucosal sites, 14 
days after initial treatment

• Test of reinfection with NAAT 3 months after treatment
– Presumptive treatment of partners now limited to symptomatic partners or those who 

test positive
• To spare ceftriaxone for those who need it

• Expect disagreement between test results (NAAT more sensitive than culture) and need 
for increased counseling of patients

• Prepare for change (resisting resistance is futile, to some extent)



Maryn McKenna, WIRED, February 1, 2023

“This situation is both a warning and an opportunity,” says Kathleen Roosevelt, director of Massachusetts’ Division of 
STD Prevention and HIV Surveillance, emphasizing that rates of gonorrhea are at historic highs across the US. 

To try to curb that trend, her agency pushed out instructions to every frontline health care professional in the state, 
asking them to extensively interview patients who test positive, encourage those who’ve received treatment to come 

back to be sure they’re cured—and, crucially, change the way clinics test patients for infection to begin with.



We have seen no further MDR GC

https://www.mass.gov/lists/data-and-reports-about-sexually-transmitted-infections-stis#data-from-massachusetts-



Roster et al., unpublished data



Roster et al., unpublished data

After 2 incident cases of interest, in a state with good health care access and electronic laboratory reporting,
model simulations imply that if no further cases are detected at 90 days, further undetected infections are unlikely, 

cumulative disease burden decreases, and likelihood of strain elimination is high.



WAYS TO STEM THE TIDE OF MDR GC

1. New drugs or novel therapeutics for gonorrhea are coming
2. New strategies for antimicrobial stewardship using rapid molecular diagnostics
3. Vaccines under development



Solithromycin – oral fluoroketolide with activity against 
N. gonorrhoeae, M. genitalium, and C. trachomatis. 

Solithromycin Versus Ceftriaxone Plus Azithromycin for the Treatment of 
Uncomplicated Genital Gonorrhoea (SOLITAIRE-U): A Randomised Phase 3 Non-
Inferiority Trial. Chen et al. Lancet Infect Dis, 2019. 
99 (80%) of 123 patients in the solithromycin group and 109 (84%) of 129 patients in 
the ceftriaxone plus azithromycin group had N gonorrhoeae eradication at test of cure 
(difference -4·0%, 95% CI -13·6 to 5·5), thus solithromycin did not meet the criterion 
for non-inferiority at the prespecified -10% margin. The frequency of adverse events 
was higher in the solithromycin….

A Phase 2 Trial of Oral Solithromycin 1200 Mg or 1000 Mg as Single-Dose Oral 
Therapy for Uncomplicated Gonorrhea. Hook et al. Clin Infect Dis, 2019. 
59 participants were enrolled; 28 received 1200 mg of solithromycin and 31 received 
1000 mg.. 
“100% effective for treatment of culture-proven gonorrhea at genital, oral, and rectal 
sites of infection and is a promising new agent for gonorrhea treatment”

Slide courtesy of Sanjay Ram

Ways to Stem Tide of MDR GC:
1. Novel drugs and therapeutics



• 179 participants (167 men, and 12 women); 141 participants in the micro-ITT population could be evaluated
• Microbiologic cure at urogenital sites in in 55 of 57 (96%) who received 2 g of zoliflodacin, 54 of 56 (96%) 

who received 3 g of zoliflodacin, and 28 of 28 (100%) who received ceftriaxone. 
• Rectal infections cured in all 5 participants who received 2 g of zoliflodacin and all 7 who received 3 g, and in 

all 3 participants who received ceftriaxone. 
• Pharyngeal infections were cured in 4 of 8 participants (50%), 9 of 11 participants (82%), and 4 of 4 

participants (100%) in the groups that received 2 g of zoliflodacin, 3 g of zoliflodacin, and ceftriaxone, 
respectively. 

• 21 adverse events related to zoliflodacin, mostly GI. 

A spiropyrimidinetrione

Also active vs 
chlamydia, ureaplasma, 
M. genitalium

Slide courtesy of Sanjay Ram

Ways to Stem Tide of MDR GC:
1. Novel drugs and therapeutics

Taylor et al, NEJM, 2018



Gepotidacin (GSK) – another 
bacterial topoisomerase II 
inhibitor

• 69 participants (with microbiologically evaluable end-points), with Ng isolated from 69 
(100%) urogenital, 2 (3%) pharyngeal, and 3 (4%) rectal specimens.

• 95% were male
• 1500-mg or 3000-mg single oral dose of gepotidacin
• At the pharyngeal and rectal sites, 1/2 and 3/3, respectively, demonstrated 

microbiological cure.
• Overall, about 95% efficacy 
• All 3 failures were isolates that demonstrated the highest observed gepotidacin MIC of 1 

µg/mL and a common gene mutation

Slide courtesy of Sanjay Ram

Ways to Stem Tide of MDR GC:
1. Novel drugs and therapeutics

Taylor et al, CID, 2018



Ways to Stem Tide of MDR GC:
1. Novel drugs and therapeutics



Ways to Stem Tide of MDR GC:
2. New strategies for antimicrobial stewardship using rapid molecular diagnostics

• Rapid POC testing – same day diagnosis
– Almost prime time
– May include POC testing for resistance too
– Will eliminate gap time to treatment for asymptomatic patients 

(therefore less carriage and transmission)
– May provide information for more targeted antimicrobial treatment



Can molecular diagnostics help ‘repurpose’ drugs? 

Mutations in in GyrA highly predictive 
of Cipro resistance

Utility will depend on cost of testing (in 
turn depends on number of tests run), 
and prevalence of Cipro-R isolates 

Allan-Blitz et al., Sex Transm Dis 2018 

CID, published online, Aug 2020

Samples used for NAAT tests evaluated for presence 
of serine 91 mutation in gyrA – ‘Wild-type’ Ser 91 
predicts quinolone sensitivity

100% cure rate with quinolones when Ser 91 in 
GyrA present

Use restricted to asymptomatic persons – long 
turnaround time

Slide courtesy of Sanjay Ram



NEEMA All Grantee Meeting May 1st-2nd, 2017- 29

Single Antibiotic Test Does Not Improve Diagnosis of Triple-
Resistant Gonococcal Infections

A Note of Caution:

“The failure of a single POC test 
to delay emergence of triply 
resistant isolates arises in part 
because all tested cases are 
treated appropriately except for 
triply-resistant infections, thereby 
reducing the burden of all other 
isolates and clearing the way for 
triply-resistant isolates.” 

Tuite et al, JID, 2017



Ways to Stem Tide of MDR GC:
3. Vaccines

N. meningitidis serogroup B vaccine showed 
~31% effectiveness against gonorrhea in 

New Zealand

Thought to be due to outer membrane 
protein similarities between N. meningitidis 

and N. gonorrhoeae

NIH-sponsored study of meningococcal 
group B vaccine rMenB+OMV NZ (Bexsero) 

to prevent gonococcal infection now 
underway 

https://clinicaltrials.gov/ct2/show/NCT0450138

Petousis-Harris et al.
Lancet, 2017



Ways to Stem Tide of MDR GC:
3. Vaccine epitopes under development



Back to Our Case …

• 22-year-old cisgender man presents with 3 days of dysuria and penile discharge. He 
has sex with cisgender women and cisgender men.

• What evaluation (specimen types and tests) would you recommend, and how 
would you treat him?

Slide adapted from Jason Zucker, MD, MS



Etiologies of non-gonoccocal urethritis

• C. trachomatis (15-40%)
• M. genitalium (15-25%)
• T. vaginalis (1-8%)
• Herpes simplex virus (3%)
• N. meningitidis
• Other bacteria (i.e. H. influenzae)
• Other viruses (i.e. adenovirus, Epstein-Barr virus)
• Unknown (~50%)

Slide adapted from Jason Zucker, MD, MS



WHERE WE WERE WITH CHLAMYDIA 
TREATMENT …



First-Pass Answer: RCT: Chlamydia Treatment
Azithromycin vs. Doxycycline for Urogenital Chlamydia infection

EfficacyTreatment failuresAntibiotic 
group 

100%0Doxycycline

97%5 
(3.2%; 95%CI 0.4-7.4%)

Azithromycin

 Captive audience: juvenile detention facilities
 Difference in failure rates was 3.2% 
 The non-inferiority of azithromycin was not established
 Both medications are effective
 Azithro had some treatment failures, but adherence is 

likely to be much greater with single-dose azithromycin

Geisler et al. NEJM 2015;373:2512-2521



WHERE WE ARE NOW WITH CHLAMYDIA 
TREATMENT

You can’t ignore extragenital sites



Chlamydia Transmission 
• Infectiousness / reservoir not been accurately defined
• Transmission has been attributed largely to asymptomatic carriers

Proposed transmission patterns: 

• Genitoanal (grey) 

• Ano-oral (black) 

• Gastrointestinal transit to large 
intestine and rectum 

Slide courtesy of A Kapoor, BIDMC
Rank RG, Yeruva L, CID 2015 and Infect Immun 2014
De Vries HJ, STD 2016



Individual study and study subgroup summary estimates of rectal chlamydia 
positivity in women stratified by clinical subgroup/population type (n=14). 

Chandra et al. Sex Transm Infect 2018;94:320-326

©2018 by BMJ Publishing Group Ltd

Rectal CT summary prevalence 
in women:

• Attending routine clinics: 6% 
(95% CI 3 – 9%)

• Among those positive for 
urogenital chlamydia: 68%  
(95% CI 57 – 80%)

• Using reported anal 
intercourse as an indicator for 
rectal testing leads to missed 
diagnoses



INCREASING EVIDENCE THAT DOXYCYCLINE X 1 WEEK 
IS SUPERIOR TO AZITHROMYCIN X 1 DOSE FOR 
RECTAL CHLAMYDIA



Next Answer: Rectal Chlamydia: 
Microbiologic Cure is Better with Doxycycline

WOMEN
• Dukers-Muijrers et al., CID 2019

– Prospective multicenter cohort study (FemCure)
– Women in Netherlands 
– Microbiologic cure in rectal infxns

• azithromycin 78.5%
• doxycycline 95.5%

• Peuchant et al., Lancet ID 2022
– Multicentre, open-label, randomised, controlled, 

superiority trial (Clazidoxy)
– Women in France
– Microbiologic cure in concurrent rectal+vaginal 

infxns
• azithromycin 85%
• doxycycline 94%

MEN
• Dombrowski et al., CID 2021

– Randomized, double-blind, placebo-controlled trial
– MSM in Seattle and Boston
– Microbiologic cure in rectal infxns across analysis 

groups
• azithromycin 71 – 77% 
• doxycycline 91 – 100%

– Trial stopped early due to interim analysis
• Lau et al., NEJM 2021

– Randomized, double-blind, placebo-controlled trial
– Australian men with asx rectal chlamydia
– Microbiologic cure in rectal infxns

• azithromycin 76.4% 
• doxycycline 96.9%



Figure 2. Comparison of 2-week and 4-week cure percentage by treatment group and analysis population.

https://doi.org/10.1093/cid/ciab153

The content of this slide may be subject to copyright: please see the slide notes for details.

“Azithromycin performed so 
poorly that even in the context 
of expected imperfect 
adherence in real-world use, 
doxycycline should be the 
recommended treatment for 
rectal CT in MSM.”

Dombrowski et al., CID 2021



Lau et al., NEJM 2021

“Adverse events including nausea, 
diarrhea, and vomiting were less 
common in the doxycycline group 
than in the azithromycin group.”



Platt LR et al., J Prim Care Community Health 2021

Data source: MDPH Bureau of Infectious Disease and Laboratory Sciences, Division STD Prevention

Chlamydia Treatment in Massachusetts: 
DOT versus ‘Scripts

• Fig. 1 Patient Flow Diagram • Fig. 2 Time to Treatment

“Pharmacy prescriptions are frequently used for the treatment of chlamydia in 
Massachusetts. We did not observe a significant difference in time to treatment 

between directly observed therapy and pharmacy prescriptions.”



What about 
chlamydia in 
pregnancy?

First-line 
therapy is still 
single-dose 
azithromycin.

Dionne-Odom et al., AJOG MFM 2021

“In this retrospective cohort 
study of 810 pregnant women 
with urogenital chlamydia 
treated with first-line 
azithromycin, nearly 1 in 4 
pregnancies with repeat 
chlamydia testing had 
persistence or recurrence. STI 
coinfection with gonorrhea or 
syphilis during pregnancy was 
the only significant risk factor 
for persistent or recurrent 
chlamydia in a model that 
adjusted for age, race, and 
insurance status.”



Unanswered Questions

• What about alternative regimens – azithromycin daily or weekly?
• Mechanism of azithromycin failure unknown

– Not likely:
• Mechanism of action (doxycycline and azithromycin both target bacterial protein synthesis 

and are considered bacteriostatic)
• Antibiotic resistance (never (!) conclusively demonstrated in vivo)
• Inadequate tissue penetration of drug in rectal environment (Fong et al. PLoS One 2017: 

azithromycin concentration above MIC for chlamydia for at least 14 days)
• Prevalence of LGV biovars (uncommon in Dombrowski et al. study)

– Temporary suppression with single-dose azithromycin? (chlamydia persistence)
– Different host-microbe interactions in rectal environment vs. genital tract?



Panzetta et al. Front Microbiol 2018

Chlamydia trachomatis is atypical …



Back to Our Case …

• 22-year-old cisgender man presents with 3 days of dysuria and penile discharge. He 
has sex with cisgender women and cisgender men.

• What evaluation (specimen types and tests) would you recommend, and how 
would you treat him?

Slide adapted from Jason Zucker, MD, MS



Case 1, continued

• A nucleic acid amplification test returns negative for Trichomonas vaginalis, but 
one for Mycoplasma genitalium is positive. 

• How would you treat him now? What would you recommend for his recent sex 
partners? 



Mycoplasma genitalium:
Diagnostic Stewardship leads to Antimicrobial 
Stewardship
When to Test
• Recurrent NGU or cervicitis
• Consider testing in pelvic inflammatory disease 
• Asymptomatic screening not recommended 

How to Test
• FDA approved genital and urine NAAT

Emerging Drug Resistance
• In U.S., Canada, Europe, & Australia, macrolide resistance 44%-90%
• U.S. fluoroquinolone resistance 0-15% 

Treatment
• Resistance guided therapy, if resistance testing is available 
• Sex partners of symptomatic persons treated only if positive

Slide courtesy of Jason Zucker, MD, MS



• Men with urethritis symptoms were 
enrolled from 6 U.S. STD clinics during 
6/2017–8/2018

• More than 1 in 4 men with urethritis 
had Mycoplasma genitalium

Bachmann LH, Kirkcaldy RD, Geisler WM, Wiesenfeld HC, Manhart LE, Taylor SN, Seña AC, McNeil CJ, Newman L, 
Myler N, Fuchs R, Bowden KE; MAGNUM Laboratory Working Group. Prevalence of Mycoplasma genitalium
Infection, Antimicrobial Resistance Mutations, and Symptom Resolution Following Treatment of Urethritis. Clin 
Infect Dis. 2020 Dec 17;71(10):e624-e632. doi: 10.1093/cid/ciaa293. PMID: 32185385; PMCID: PMC7744987.

Mycoplasma genitalium

Slide courtesy of Jason Zucker, MD, MS



• Start with doxycycline to reduce bacterial load

If macrolide sensitivity available and sensitive 

Durukan D, Read TRH, Murray G, Doyle M, Chow EPF, Vodstrcil LA, Fairley CK, Aguirre I, Mokany E, Tan LY, Chen MY, Bradshaw CS. Resistance-Guided Antimicrobial Therapy Using Doxycycline-Moxifloxacin and Doxycycline-2.5 g 
Azithromycin for the Treatment of Mycoplasma genitalium Infection: Efficacy and Tolerability. Clin Infect Dis. 2020 Sep 12;71(6):1461-1468. doi: 10.1093/cid/ciz1031. PMID: 31629365.

Doxycycline 100 mg PO twice 
daily x 7 days

Doxycycline 100 mg PO twice 
daily x 7 days

Moxifloxacin 400mg twice 
daily x 7 days

Moxifloxacin 400mg twice 
daily x 7 days

(Azithromycin 1 g x 1 day then 

500 mg x 3 days)

Azithromycin 2.5g over 4 
days

Azithromycin 2.5g over 4 
days

then

then

Mycoplasma genitalium

Slide courtesy of Jason Zucker, MD, MS



It’s Friday at 4:30pm. You are called about a male 
patient with urethritis who tested positive for M. 

Genitalium and has persistent symptoms despite 
treatment with multiple antibiotic  regimens including 

doxycycline, azithromycin, and moxifloxacin. You 
suspect resistance. What do you do next?

Clinical Update on Mycoplasma genitalium

Slide courtesy of Phil Chan



Treatment Failure
Considerations and Options
1. Minocycline for 2-4 weeks (There may be 

some increased activity compared to 
doxycycline);

2. Obtain pristinamycin (streptogramin) or 
sitafloxacin through an EUA (challenging);

3. If the person is going to Europe, send a 
prescriptions for this medication to that 
country (if available);

4. Lefamulin (not available).

*Before concluding resistance, exclude re-infection 
(partners should be tested and treated if positive)

**Would only move to last-line(s) if symptomatic (Only re-
test if symptomatic)

Clinical Update on Mycoplasma genitalium

Slide courtesy of Phil Chan



Mycoplasma genitalium – Take homes

When to Test
• Recurrent NGU or cervicitis
• Consider testing in pelvic inflammatory disease 
• Asymptomatic screening not recommended 

How to Test
• FDA approved genital and urine NAAT

Treatment
• Doxycycline followed by Moxifloxacin
• Sex partners of symptomatic persons treated only if positive

Slide courtesy of Jason Zucker, MD, MS



RESOURCES



Want to know more about STDs?  
There’s an app for that. 

CDC STD Treatment 
Guidelines App for Apple 
and Android

Available NOW, FREE!
(accept no competitors)

Search “STD Treatment” 
in App store



STD Clinical Consultation Network
• Provides STI/STD clinical consultation services within 1-5 business days, 

depending on urgency, to clinicians nationally 
• Consultation request is linked to your regional PTC’s STI/STD expert faculty
• Just a click away: www.STDCCN.org
• Also embedded in Treatment Guidelines App!

Dr. Kevin L. Ard 
ID, Mass General 

Hospital

Dr. Philip A. Chan
ID, Brown

Dr. Erica Hardy
Med-Peds/ID, 

Brown/
Women&Infants

Dr. Katherine K. Hsu
Pedi ID, Boston Med 

Ctr/MDPH

Dr. Zoon Wangu
Pedi ID, 

UMass/MDPH

Dr. Amit Achhra
ID, Yale

Dr. Devika Singh
ID, U of Vermont


