Urethritis: Gonorrhoea, Chlamydia, Mycoplasma
genitalium and Antimicrobial Resistance

Henry J.C. de Vries

Centre for Sexual Health, Public Health Service (GGD) Amsterdam

Dermatology, Amsterdam University Medical Centers, University of Amsterdam

GGD x>y
Amsterdam “ | ﬂmSterdOm UMcC

o
X




Conflicts of interest

ZoliflodacinelStudy funded by GARDP, Switzerland | g,

3;7 Pl g
%, 2
%%Mi1x\§

Chlamydiaceae Gonorrhea Mycoplasma



Chlamydiaceae Gonorrhea Mycoplasma



Gonorrhea



RAPID COMMUNICATION
Extensively drug-resistant (XDR) Neisseria gonorrhoeae

G onorr h oea causing possible gonorrhoea treatment failure with

ceftriaxone plus azithromycin in Austria, April 2022

* Major global Public Health concern
« WHO estimate 82.4 million new cases among adolescents and adults aged 15-49 years
worldwide
 Highest burden of disease in WHO African and Western Pacific regions
« WHO goal to reduce global STl burden by 90% by 2030

* Increasing multi-drug resistance
* Emerging resistance/reduced susceptibility to extended spectrum cephalospon
* WHO priority pathogen in urgent need of new treatments
* Surveillance data on antibiotic resistance and treatment failures from LMIC are scarce

* Currenttreatment recommendations
* Syndromic management
* Single therapy: ceftriaxone IM 250 mgto1g
* Dualtherapy: ceftriaxone IM 250 mg to 1 g and oral azithromycin1g
* New treatments in late clinical development: zoliflodacin and gepotidacin

References: Unemo M et al. Lancet Microbe. 2021; 2(11):e627-e636.
Guidelines for the management of symptomatic sexually transmitted infections. Geneva: WHO; 2021.
Global progress report on HIV, viral hepatitis and sexually transmitted infections, 2021. Geneva: WHO; 2021.
Prioritization of pathogens to guide discovery, research and development of new antibiotics for drug-resistant bacterial infections, including tuberculosis. Geneva: WHO; 2017.



Resistance-free classes

Zero to zero in 100 years:

Available resistance-free antimicrobial classes for Neisseria gonorrhoeae

1920s 1930s 1940s
Principle decade of use before resistance detected

1950s 1960s 1970s 1980s 1990s 2000s 2010s

- Cephalosporins

- Spectinomycin

Fluoroquinolones - Macrolides - Penicillins

- Sulfonamides - Tetracyclines

Lahra et al, Microbiology Australia, Nov 2016



Extended spectrum cephalosporines (ESC)

* 3rd generation class penicillin

* last empirical option for the treatment of gonorrhea 24
 ceftriaxon (1st choice) Z/N\ H S
* cefixime __NI P
* oraldrug O/ R
* no longer recommended

* Dual therapy ceftriaxon + azithromycin failed
* No evidence for impeded AMR emergence
* Rising azithromycin AMR



Population-Level Antimicrobial Consumption Is Associated With Decreased Antimicrobial
Susceptibility in Neisseria gonorrhoeae in 24 European Countries: An Ecological Analysis
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Drug repurposing

Efficacy of ertapenem, gentamicin, fosfomycin, and
ceftriaxone for the treatment of anogenital gonorrhoea
(NABOGO): a randomised, non-inferiority trial

Henry ] C de Vries, Myrthe de Laat, Vita W Jongen, Titia Heijman, Carolien M Wind, Anders Boyd, Jolinda de Korne-Elenbaas, Alje P van Dam*,
Maarten F Schim van der Loeff*, on behalf of the NABOGO steering groupt

Summary

Background Neisseria gonorrhoeae causes gonorrhoea, a common sexually transmitted infection. Emerging strains
resistant to first-line ceftriaxone threaten N gonorrhoeae management. Hence, alternative treatments are needed. We
aimed to evaluate the efficacy of ertapenem, gentamicin, and fosfomycin as alternative treatments for anogenital

N gonorrhoeae.

Findings Between Sept 18, 2017, and June 5, 2020, from 2160 patients invited to participate, we assigned
346 (16%) participants to receive either ceftriaxone (n=103), ertapenem (n=103), gentamicin (n=102), or
fosfomycin (n=38). The fosfomycin group was terminated early after interim analysis revealed less than 60% efficacy.
In the primary per-protocol analysis, 93 (100%) of 93 patients in the cefiriaxone group, 86 (99%) of 87 patients in the
ertapenem group, 79 (93%) of 85 patients in the gentamicin group, and four (12%) of 33 patients in the fosfomycin
group cleared N gonorrhoeae (risk difference vs cefiriaxone -0:01 [95% CI —-0-08 to 0-05] for ertapenem and -0-07
[-0-16 to —0-01] for gentamicin). Thus, ertapenem proved non-inferior to ceftriaxone. In mITT analysis, risk
differences versus ceftriaxone were —0-08 (-0-17 to 0. 003) for ertapenem and —0-11 (-0-21 to -0 04) for gentamicin.
‘We observed a higher proportion of patients with at least one adverse event in the ertapenem group (58 [56%] of 103)
and fosfomycin group (36 [95%] of 38) versus the ceftriaxone group (24 [23%] of 103).

Interpretation Single-dose 1000 mg ertapenem is non-inferior to single-dose 500 mg ceftriaxone in gonorrhoea

treatment. Yet, 5 mg/kg gentamicin (maximum 400 mg) is not non-inferior to cefiriaxone. Ertapenem is a potential
effective alternative for anogenital N gonorrhoeae infections and merits evaluation for cefiriaxone-resistant infections.

Funding ZonMw and GGD-Amsterdam.
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Oral gepotidacin for the treatment of uncomplicated
urogenital gonorrhoea (EAGLE-1): a phase 3 randomised,
open-label, non-inferiority, multicentre study

for Drug-Resistant Gonorrhea

Jonathan D C Ross, Janet Wilson, Kimberly A Workowski, Stephanie N Tawlor, David A Lewis, Sally Gatsi, William Flight, 2 < Firstin olnee
Micofe E Scangarello-Oman, Charles Jokielaszek, Dan Lythgoe, Mancy Powedl, Salim fanmohamed, fudith Absalon, Caroline Perry = -

. : e———l B Spiropyrimidinetrione class,
Lancet April 2025 ey unlike traditional antibiotics

Targets Bacterial DNA Gyrase

Binds to the GyrB subunit, «{%" :
disrupting DNA
replication

" Convenient & Effective Unlike Current Trge_atmﬁe#'-
Zoliflodacin versus ceftriaxone plus azithromycin for  SingleOral Dose .| Cotimcne . Actromyc
. . pver 95% eﬁ:'lcacy g ¢ njection nupiotic
treatment of uncomplicated urogenital gonorrhoea: [ o2 et > vs,
- S - \ Zoliflodacin
an international, randomised, controlled, open-label, = o o Simvler singe

phase 3, non-inferiority clinical trial

Alison Luckey, Manica Balasegaram, Lindley A Barbee, Teresa A Batteiger, Helen Broadhurst, Stephanie E Cohen, Sinead Delany-Moretlwe,
Henry ] C de Vries, Jodie A Dionne, Katherine Gill, Chris Kenyon, Rossaphorn Kittiyaowamarn, Drew Lewis, John P Mueller, Vimla Naicker,
Seamus O'Brien, John P O'Donnell, Nittaya Phanuphak, Elizabeth Spooner, Subasree Srinivasan, Stephanie N Taylor, Magnus Unemo, @ R ihor antit;iotiés ’
Zinhle Zwane, Edward W Hook 3rd, for the Zoliflodacin Phase 3 Study Group™

Lancet Jan 2026




\ NHS Evaluating Cross-Protection: Meningococcal \/ accine

il Vaccines Show Effectiveness in Gonorrhoea
2000 Prevention — A Systematic Review and Meta-Analysis ("
Have you had your MenB Yaocines e » Systematic review
to protect you against 9 » Over 82.4 million gonorrhoea cases globally in 2020 (WHO. 2020) and meta-analysis
g o n O rrh Oea - . l\r‘llluItidrusj-resis.tintf str;ins pos:, an incr:asing thre':zt . 5 el E m b 3S e®
Sp0ak 10 your haal adVEOr ot your + No vaccine exists for N. gonorrhoeae, however outer membrane were searched on
R L DR RO vesicle (OMV) vaccines against N. meningitidis show promises 10.07.2024. kmed

@ Mot s st iosisdiicn | G) Cochrane
L e Research question: Do outer membrane vesicle (OMV) meningococcal . N Eheary
vaccines confer cross-protection against gonorrhoea? Outcome: vaccine effectiveness

Background and objectives A m J

[

* 12 studies in the qualitative analysis
« 7 studies in the quantitative analysis
* 4 different OMV vaccines - x -

OMYV vaccines decreased

gonococcal incidence by \/\“J

38% (95%Cl: 22%-50%)
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Complete vaccination was | +—
24% (95%CI: -85%-69%)
more effective than partial =
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Rationale of Chlamydia test & treat paradigm

* To prevent ongoing infection in the
community and reduce prevalence

* To prevent late sequellae esp in
women (PID, Tubal Factor Infertility)

,:f“oa”\ ”(*f er, a}zmu
VM .”

 Easy Ix (azithromycine one dose) with
little side effects




Test and treat paradigm for asymptomatic infections

* |s effective for hiv
e Resultsinillnessin >99% of cases

* Effective for chlamydia?
e Resultsinillnessin <1% of women

* “numbers needed to treat”
* Anti microbial consumption related AMR

e Infection control vs Infectious diseases control




Issues with Chlamydia test & treat paradigm

CT appraisal
- Does it reduce prevalence? —— g )
| Benefit | [ -
. o - S . Harm |
- Does it prevent late complications? ; . T e—
Chlamydia Chlamydia Psycho-social
transmission ? | complications
- Does it have harmfull side effects? impaired immunity
Sexual health on the agenda
Overdiagnosis
Overtreatment

van Bergen JEAM, et al. 2021



Chlamydla positivity rate in Europe

Flgure 4b. Rate of confirmed chlamydia cases per 100 000 population, by gender for cases with
available data, in EU/EEA countries reporting consistently, 2014-2023
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Source: Country reports from countries with comprehensive surveillance that reported consistently and with at
least 85% completeness of gender variable: Bulgania, Croatia, Denmark, Estonia, Finland, Greece, Hungary.
Ieeland, Iredand, Latvia, Lithuania, Malta, Norway, Poland, Portugal, Romaria, Slovakia, Sloveria, Sweden.

Chlamydia Annual Epidemiological Report for 2023, ECDC.eu



Chlamydia screening: Does it reduce prevalence?

* Screening programs are not effective’234

» UK: policy change = only women <25 yr
* men & women >25 yr only with complaints

* Australia: only upon request, no longer recommends yearly screening.

' van den Broek et al., BMJ,2012; 2 Hocking et al., The Lancet, 2018; ® Dukers et al., BMC Infect Dis, 2022; “Herrmann B, 2021.



Chlamydia screening: Does it reduce complications?

* Comparable decrease in PID ._ —
prevalence both in countries with l .
intensive screening programs and "
those without.
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Figure 5: Hospital discharge rates for inflammatory disease in female pelvic organs
Data are from the Organisation for Economic Co-operation and Development ™ See the appendix for further detadls

Unemo et al. Lancet inf Dis 2017



NECCST study

cohort >5000 women of fertile age
14 year follow-up (after chlamydia screening in 2009)

Chlamydia associated complications:
* 4.1% (236/5704) PID
* 1.6% (91/5704) ectopic pregnancy

* 1.0% (55/5704) infertility
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Sub-analysis chlamydia status & treatment

e

* Symptomatic chlamydia: 2-4x higher
chance on PID, ectopic pregnancy and
infertility

——CT treated wrﬁ pfnm atic

* Asymptomatic chlamydia: no increased
chance

* No added value of treatment of
asymptomatic chlamydia.

e et e - R Reference is CT negative

Adjusted hazard ratio
= = ] L o (] (] e oo

PID EP TFI

Alexiou, Lancet Reg Health Eur, Aug 2024



Pregnancy outcome and chlamydia

* Dutch women with a history of chlamydia are as likely to get pregnant as
women without chlamydia, although it took a little longer.’

* Norwegian study same number of pregnancies in women with and without a
history of chlamydia.?

'Hoenderboom BM, et al. Sex Transm Dis 2020;47:739-47. ?Bakken 1J, et al. Sexually transmitted diseases 2007



Chlamydia screening: harmful side effects?
CT appraisal

* Unnecessary treatement induces:
* Antimicrobial resistance

* Microbiome disruption
* Side effects (allergic reactions, toxicity)

* Psycho-social consequences

* As of 2025, Dutch Sexual Health Clinics
discontinued asymptomatic screening

|
v v

Chlamydia
complications

Chlamydia
transmission ?

Sexual health on the agenda

—
I|r _____——————“—’—________
| H
,'_____ arm |
== |
Psycho-social
\pairec ity

Overdiagnosis

Overtreatment
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Mycoplasma genitalium overview

e Sexually transmitted... but not tested routinely

* Discovered in 1980: isolated in men with urethritis
* Neisseria gonorrhoeae, in 1879
 Chlamydia trachomatis, in 1907
* Treponema pallidum, in 1905

* |dentified in 1983 as a new species within the Mollicutes class
* Mollis = soft; cutis = skin: no cell wall
* One of the smallest, self-reproducing bacteria (0.3-0.5 pm)
* Intracellulair bacterium: invades into the host cell nucleus using its tip (MgPa gene).

Deng X, et al. Cyclophilin A is the potential receptor of the Mycoplasma genitalium adhesion protein. IntJ Med Microbio 2018;308(3):405-12.
Tully JG, et al. Mycoplasma genitalium, a new species from the human urogenital tract. Int J Syst Evol Microbio 1983;33(2):387-96.

| 24



Genome Mycoplasma genitalium

e Circular double-stranded DNA

* Smallest genome (482 genes) "Minimal genome*

* Minimal metabolism
* Low genomic redundancy (382/482 genes are essential)
* Few repair mechanisms

* Mutation rate 11, about 10x higher than in E. coli

* Results in a high antibiotic resistance

* Limited treatment options due to the lack of a cell wall

Drake, J. W., Charlesworth, B., Charlesworth, D. & Crow, J. F. Rates of Spontaneous Mutation. Genetics 148, 1667-1686 (1998).
Jensen, J. S. & Bradshaw, C. Management of Mycoplasma genitalium infections — can we hit a moving target? BMC Infect. Dis. 15, 343 (2015).

| 25



Symptoms Mycoplasma genitalium

= Similar to Chlamydia trachomatis and Neisseria gonorrhoeae
= Men: dysuria, urethral discharge, and irritation and/or urethral discomfort

= \WWomen: dysuria, change in vaginal discharge, postcoital bleeding,
intermenstrual bleeding, pain during sex

= Relationship with PID and tubal factor infertility disproven/debated.

= Asymptomatic infections are common:
" 56% of infected women
= 94% of infected men

= Molecular diagnostics for routine purposes
= Dutch guideline: only in men with urethritis complaints.
= British guideline: symptomatic individuals (e.g., PID, NSU) and partners

Pinto-Sander N et al. Mycoplasma genitalium infection. BMJ. 2019 Oct 18;367:15820. |26

Sonnenberg P. et al. Prevalence, risk factors, and uptake of interventions for sexually transmitted infections in Britain. Lancet, 2013



Rising antibiotic resistance in M. genitalium
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Dual MRAM + FRAM resistance

C Dualresistance

Percentage
with MRM
and QRAM

D <2%
D <5%

[ ] s-10%
] m-20%
7] 21-50%
. >50%

Jensen et al. Antimicrobial treatment and resistance in sexually transmitted bacterial infections. Nature Rev Microbiology, 2024.
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Alternative treatment options
for dual resistant Mycoplasma genitalium infection

* In many (MRAM, FRAM) resistent clients clinical improvement with 15t /2nd
line therapy.

* Anti-inflammatory effect of antibiotics?

* MRAM + FRAM without clinical improvement > alternative treatment:
* Minocycline; Effectiveness 40-70%
* Doxycycline followed by moxifloxacin: varying effectiveness
» Sitafloxacin: expensive and difficult to obtain: 75% cure*
* Pristinamycin: limited availability outside of France

| 29
*Samra, et al. OFID, 2023.



Frequent screening for asymptomatic chlamydia and
gonorrhoea infections in men who have sex with men:
time to re-evaluate?

Elnise Williams, Deborah A Williamson, jane 5 Hocking

There is increasing debate regarding the harms and benefits of frequent asymplomalic screening [or
Chlamydia trachomatis and Neisseria gonorrhoeae in men who have sex with men (MSM). One concern is that frequent
agyml.ﬂﬂmﬁﬂ Sf_rﬁeniﬂg(. ould resull in increased antimicrobial réesistance in an array l?l.‘-l'?‘.ll..ll.:l- = 1 (Jlljrl'll. jl]l‘l'llil.?ll‘-
and other pathogens, due lo selection pressure exerled by frequent broad-spectrum antimicrobial usage within some
sexual networks. Here, we outline the harms and benefits of frequent C trachomatis and N gonorrhoeae screening in
MSM in high-income settings and propose that screening frequency be reduced. We describe the evidence gaps that
should be further explored to better understand the implications of reducing the frequency of asymplomatic
C trachomatis and N gonorrhoeae screening in MSM and the surveillance systems that should be in place 1o prepare for
such changes.

@*® Antimicrobial stewardship:

Lomoet Infect Dis 7023;
13:2558-66

Published Gnline

July 26, 2023

hittpecfidoi ongi'10. 1006/
51473 -3099{(23)00356-0
[epartment of Infectious
[viseases, Liniversity of
Melbourne, Peter Doherty
Institute for Infection and

Immunity, Melbowmne, VIC,

Sexually Transmitted Infections

Management of asymptomatic sexuvally transmitted
infections in Europe: towards a differentiated, evidence-based
approach

Chris Kenyon,"* Bjgm Herrmann,” Gwenda Hughes,” and Henry J. C. de Viies™/4

Summary

Most sexually transmilted infections (STIs) can be accurately diagnosed and treated during asymplomalic carriage.
Widespread screening for these STIs is therefore assumed to be an effective way to reduce their prevalence and
associated disease. In this review, we provide evidence that this is the case for HIV and syphilis. However, for other STIs
such as Neisserin gonorrhoese and Chlamydia trachomatis, our review reveals that the evidence that screening reduces
infection prevalence and associated disease is weak. There is also growing evidence of harms from screening that might
outweigh any benefils. The harms include the increased consumplion of antimicrobials that fellows frequent sereening
and increased detection of asymplomatic STIs in key populations, such as men who have sex with men taking HIV pre-
exposure prophylaxis, and associated risk of antimicrobial resistance in target and non-target organisms. There may also
be psycho-social harm associated with an 5T1 diagnesis. We condude that in the absence of symploms, in high STI
prevalence populations frequent STI screening should be limited to HIV and syphilis.

Rational use of antibiotics

Chack for
[T e

The Lancet Regional
Health - Europe
2023:34: 100743
Published Online 26
October 2003
hittps:{dol.ong/10
1016/} lanepe 2023
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IN EUROPE
390,000

deaths per year

[AMR Review, 2014)
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Conclusions on antimicrobial resistant ST

* Antibiotie,stewardship
* Rationaluse of antibiotics (evidence based recommendations only)
* Wide usein agriculture & OTC availability
* Manage infectious diseases not infections

e Drug repurposing & new antibiotics
* Cat and mouse game we are bound to loose?

* Vaccination, the holy grail?
* Men-B vaccination partial protection against gonorrhea
* No vaccines for chlamydia and mycoplasma in the near future.

32
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