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Intro to gonorrhea (’the clap’)



N. gonorrhoeae sites of infection and sequelae

Haese, Thai, and Kahler Vaccines 2021



Clinical approach

• Diagnosis:
• Most often made by nucleic acid amplification test: sensitive and 

specific, but no information on resistance.
• Rarely made by culture: time and labor intensive, but gold standard for 

assessing resistance.

• Treatment:
• Empiric, based on population AMR surveillance data.
• Currently (US CDC guidelines): ceftriaxone 500mg IM x 1
• Test of cure 7-14d after treatment for pharyngeal infections, “monitor 

vigilantly” for treatment failures at other sites.



Gonorrhea is a highly prevalent infection—
and on the rise

https://www.cdc.gov/std/statistics/2021/slides/13.png



https://www.cdc.gov/std/statistics/2020/figures/GC-1.htm



N. gonorrhoeae is increasingly drug resistant, 
with XDR strains in circulation



Resistance has emerged to each antibiotic used to 
treat gonococcal infections

Goire et al., Nature Rev Gen 2014



Thunderclap comes to Boston

Reimche et al., Lancet Inf Dis 2024





Most strains in the US remain susceptible

https://www.cdc.gov/std/statistics/2020/figures.htm



To address the challenges posed by AMR 
gonorrhea, we need…
• More antibiotics
• Tools for prevention
• Better diagnostics: both for epidemiological purposes and to help 

with diversifying selection pressures
• Better global surveillance: by identifying where the problems 

originate, can we slow the emergence and spread of resistance?
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Drugs in the pipeline



What’s the best way to introduce
a new antibiotic for gonorrhea?



What’s the best way to introduce
a new antibiotic for gonorrhea?

1. Hold the new antibiotic in reserve until the current 
therapy reaches a threshold prevalence of resistance

2. Use either drug immediately 
3. Gradually introduce the new drug
4. Combination therapy 

Reichert et al., Lancet Microbe 2023



What’s the best way to introduce
a new antibiotic for gonorrhea?

1. Hold the new antibiotic in reserve until the current 
therapy reaches a threshold prevalence of resistance

2. Use either drug immediately 
3. Gradually introduce the new drug
4. Combination therapy 

Reichert et al., Lancet Microbe 2023

Across a range of fitness costs of resistance and likelihood of emergence of 

resistance on treatment….



To address the challenges posed by AMR 
gonorrhea, we need…
• More antibiotics
• Tools for prevention
• Better diagnostics: both for epidemiological purposes and to help 

with diversifying selection pressures
• Better global surveillance: by identifying where the problems 

originate, can we slow the emergence and spread of resistance?



Vaccines



N. gonorrhoeae evades and inhibits 
the immune response

Phase and antigenic variation Immune inhibition

Quillen and Seifert, Nature Reviews Micro, 2018



4CMenB seems to have some effectiveness?

Study Estimated Vaccine Effectiveness % 
(95% CI)

Petousis-Harris et al., Lancet 2017 31% (21–39)

Abara et al., Lancet Inf Dis 2022 40% (23–53)

Bruxvoort et al., Clin Inf Dis 2022 46% (34-86)

Wang et al., Lancet Inf Dis 2022 32.7% (8.3–50.6)

Phase 3 trials underway



Doxycycline Post-Exposure Prophylaxis
(Doxy-PEP)



Doxycycline to prevent bacterial STIs

Doxy-PEP = post-exposure prophylaxis using 200mg 
doxycycline, recommended within 72h of 
condomless sex

IPERGAY: Molina et al., Lancet Infect Dis 2018
DoxyPEP: Luetkemeyer et al., NEJM 2023
DOXYVAC: Molina et al., CROI abstract 2023
dPEP:  Stewart et al., NEJM 2023



Background: Evidence for Doxy-PEP

Luetkemeyer et al., NEJM 2023

DoxyPEP trial in U.S. 
showed significant 
reduction in 
quarterly incidence 
of gonorrhea in 
MSM/TGW for those 
using DoxyPEP



Questions about Doxy-PEP

• How does doxy susceptibility vary across demographics/geography?
• Expect this will select for doxy resistant strains—what else are they 

resistant to, and how does this compare to the co-resistance in doxy 
susceptible strains?
• This might temporarily decrease the burden of gonorrhea—how long 

until resistant strains drive incidence back up? 
• What about bystander selection in S. aureus and other bacteria?



Mortimer and Grad, Clinical Infectious Diseases 2023

Regional variation in N. 
gonorrhoeae tetracycline 
resistance (using genome 
sequencing data from the 
CDC; Reimche et al., 2021)



What’s going to happen with STI prevalence, 
antibiotic resistance, microbial ecology?



Potential increase in antibiotic consumption…

Given the DoxyPEP trial 

inclusion criteria, we 

estimate up to 0.89 million 

MSM may be eligible (0.53 

million PLWH+0.36 million 
HIV PrEP users)

Assume 30% adoption 

among this population, 

similar to uptake of 

HIV PrEP among those 

eligible

Average 

doxyPEP: 4 

doses per 

month 

=
~1M doses of 
doxycycline 
per month

x x

Cases of STIs averted:  

monthly incidence of STIs among those on DoxyPEP*(1-RR)*DoxyPEP population

~27,000 doses of antibiotics per month

Roster and Grad, Lancet Microbe 2023



Too few data to make much of doxycycline 
resistance in the DoxyPEP trial…

Luetkemeyer et al., NEJM 2023



But a bit of history…
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To address the challenges posed by AMR 
gonorrhea, we need…
• More antibiotics
• Tools for prevention
• Better diagnostics: both for epidemiological purposes and to help 

with diversifying selection pressures
• Better global surveillance: by identifying where the problems 

originate, can we slow the emergence and spread of resistance?



If most diagnoses are made by nucleic acid 
amplification tests already, what about rapid 

sequence-based prediction of AMR?
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How well can we predict AMR phenotype from genotype?

Ma, Mortimer, et al., 
Nature Communications
2020
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CIP R2: 0.94



https://plexpcr.com/products/sexually-transmitted-infections/resistanceplus-gc/
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How does AMR influence the spread of 
N. gonorrhoeae?



Mortimer et al., CID 2020

Genomic epidemiology of >1000 cases of gonorrhea in NYC



Mortimer et al., CID 2020

The largest clusters are drug susceptible



What is the relationship between 
resistance and prevalence?

https://www.cdc.gov/std/statistics/2020/figures.htm



Gonorrhea 
and AMR are 
global…



Conclusions
• Need more antibiotic development—and thinking about how best to 

introduce and use them
• Need more tools for prevention
• DoxyPEP: short term benefit? Long term costs?

• Better diagnostics
• Rapid AMR diagnostics based on phenotype?

• Better surveillance: by identifying where the problems originate, can 
we slow the emergence and global spread of resistance?



Thank you!


