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The End of Antibiotics: Evaluating antimicrobial resistance In
Neisseria gonorrhoeae among HIV PrEP users in Vietham

Paul Adamson, MD, MPH (he/him/his)
Assistant Clinical Professor
Division of Infectious Diseases, UCLA
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In US during war effort
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Penicillin for gonorrhea
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Overview

Antimicrobial resistance (AMR) - how it develops and
why it's important

Epidemiology of AMR Iin N. gonorrhoeae

Gonorrhea in Viethnam: AMR and key populations
Preliminary findings from ongoing research
Questions and Discussion




Case

* February 2018, a heterosexual male in the U.K.
presented to a sexual health clinic with 4-day history of

urethral discharge and dysuria

* Three days prior, he had sexual intercourse with a
female in the UK. He recently returned from Thailand,
where he reported having sexual intercourse with a

female.

Eyre, DW, et al., Eurosurveillance, 2018



Exam, Lab Results, and Treatment

« Exam notable for purulent urethral discharge

« 3+ inflammatory cells and Gram-negative diplococci on
microscopy

« Treated with ceftriaxone 1g IM once and doxycycline
100mg BID for 7 days

* NAAT positive for NG in urine

 Culture from urethral swab grew N. gonorrhoeae resistant
to azithromycin, ceftriaxone, cefixime, tetracycline, and
ciprofloxacin; susceptible to spectinomycin

Eyre, DW, et al., Eurosurveillance, 2018



Follow-up

« Day 13: recalled to clinic, symptoms resolved, received
spectinomycin 2g IM, urine NG NAAT (-)

« Day 33: Pharyngeal swab culture positive for NG, same
antibiotic susceptibility profile
— Denied sexual contact after treatment
— Recelved ertapenem 1g IV for 3 days

« Day 54. NAAT and culture of urethral and pharyngeal
swabs were negative

— Unable to contact Thai partner

Eyre, DW, et al., Eurosurveillance, 2018



The Clap Heard ‘Round the World

Sections = El]c ‘mllﬁhil'lgtﬂn i]l'l!'rl Sign News Sport Reel Worklife Travel F
Demoeracy Dies in Darkness

NEWS

Home Video World US&Canada UK Business Tech Science Stories Enter

Health

‘Our greatest fear’: Highly drug-resistant
gonorrhea confirmed by health officials

Man has 'world's worst' super-gonorrhoea

By James Gallagher
Health and science correspondent, BBC News

guardia

UK man has world-first case of super-
strength gonorrhoea

© 28 March 2018 f © ¥ [ < Share

Public Health England say case is first global report of strand
resilient to main antibiotic care

GETTY IMAGES




Detection of ceftriaxone-resistant strains

RAPID COMMUNICATION

Extensively drug-resistant (XDR) Neisseria gonorrhoeae
(-0 3 197°4 RAPID COMMUNICATION

ceftriaxq Ceftriaxone-resistant, multidrug-resistant Neisseria
Sonja Pleininger*, | gOﬂOﬂ’h ' RAPID COMMUNICATION
Heidler?, Magnus'l.. . . . . .
1april 2022 | France, J| Detection of 10 cases of ceftriaxone-resistant Neisseria
NS o0110rrhoeae in the United Kingdom, December 2021 to

Cyrille Valin® , Jean-A
2June 2022 | June 2022

Michaela Day?, Rachel Pittt, Nisha Mody?, John Saunders?, Rupa Rai?, Achyuta Nori!, Hannah Church?, Sarah Mensforth?, Helen
Corkin, Jacqueline Jones?, Preneshni Naicker?, Wazirzada M Khan!, Rebecca Thomson Glover?, Kalani Mortimer?, Chloe Hylton!,
Elizabeth Moss?, Thomas Joshua Pasvol, Ania Richardson?, Suzy Sun?, Neil Woodford?, Hamish Mohammed?, Katy Sinka*, Helen

Fifer?

3Dec 2021 - June 2022

IPleininger et al, Eurosurveillance, 2022; 2 Bercot et al, Eurosurveillance, 2022;
3Day et al, Eurosurveillance, 2022;



Detection of ceftriaxone-resistant strains
January 2023

= [Eheqlth Life,ButBetter Fitness Food Sleep Mindfulness Relationships

First cases of gonorrhea resistant to several
classes of antibiotics identified in the U.S.




Drug-resistant N. gonorrhoeae is a global health threat
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Threat Level:
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How did we get here?

Main resistance
determinants

Novel penA mosaic alleles
(CRO resistance) Plasmid-mediated TET
resistance. Chromosomal TET
23S rRNA/erm+mefA and PEN resistance spreading.
(AZMresistance) SPT resistance frequent in Korea

penA mosaic allele High-level PEN resis.tance
(CFMresistance) (B-lactamase plasmids)

gyrA+parC PEN resistance, dose

(CIP resistance) repeatedly increased SPT resistance

CFM and CRO dinical
failures in Japan, Europe,
Canada, Australia and
South Africa

tetMm SUL resistance commeon
(TET resistance)

blavep.1 (blavem.135) , y

(PEN resistance) ! v First high-level CRO

: ' > resistance in Japan

rps) (mtrR+penB)

(TET resistance) First high-level

AZM resistance
in Europe

i

16S rRNA/rpsE

(SPT resistance) . ;
AZM resistance in

Latin America

A AT L LR LT

penA (mtrR+penB+ponA1)

(PENresistance) CFM resistance in Japan

folP 2 CIP/OFX resistance in Asia
(SULresistance)

Unemo and Shafer, Clin. Microbiol. Rev. 2014



What causes antibiotic resistance?

« Evolutionary struggle between microbes
« Mutation/adaptation - Resistance - Selection

« EXposure to antibiotics increases selection pressure
— Agriculture: ~75% of all tetracycline use worldwide
— Medicine: Overuse/Misuse of antibiotics

How it started How it's going



Antibiotic Development Timeline

Year of introduction

| Ansamycins

| Tetracyclines

Macrolides ]

Chloramphenicols

' Aminoglycosides

B-lactams
*Sulfadrugs

B-lactams
*Sulfadrugs |

rAminoglycosides

l Chloramphenicols

| Tetracyclines

| Macrolides

| Pleuromutilins

|» Glycopeptides |

. i *Oxazolidinones
Year of discovery '

j Glycopeptides

*Quinolones

”é'tri'e*p'tograrﬁirnisr J

| *Quinolones |

 Ansamyeins |

lWLipopeptidg 7

*Oxazolidinones

Lsitreptorgramins:

_Lipopeptides |

‘, | Gram positive

1 Gram positive and
* Gram negative

* Synthetic compound

Lewis, Cell, 2020



Many mechanisms for AMR

g Tetracyclines

a Spectinomycin and macrolides

f B-lactams

® bla

*16S rRNA (Spectinomycin)
*23S rRNA (Azithromycin)

Topoisomerase

Peptidoglycan

b Fluoroquinolones

e p-lactams (including
cephalosporins) and others

e mtrR

MtrCDE
d B-lactams (including

cephalosporins) and
PorB others

® porB

c B-lactams

PBP1—@\— (including
PBPZJ<8 cephalosporins)

® ponA
® penA

Nature Reviews | Microbiology

Goire et al, Nat Rev Micro, 2014




Antibiotic use exerts selective pressure for drug resistance

1. (Blue organism) A species 2. Gonococci (the orange one) find
of bacteria may carry the themselves next to that bacterium,
genetic code for drug and swipe the resistance gene.
resistance (the blue rings).

’ N. gonorrhoeae @ N. gonorrhoeae

(susceptible) (resistant)

Other N?'SSGHO a Oth.er Neisseria ““‘/ i\ f \ 3. New gonococci grow 4. (Then show the blue strips in a
(susceptible) (resistant) ‘ | ‘ with the genes for different place in another oval) Genes
5 . \\ AN %, /, \ ’,",’ resistance incorporated also move around within the gonococcal
& Unrelated bacteria ? \ Y / \ into their own DNA. DNA, jumping to different locations.

~ (susceptible)

Dong HV and Klausner JD, Nat Rev Urol, 2019




Clinical Infectious Diseases

Decreased Cephalosporin Susceptlblhty of Oropharyngeal

Neisseria Species in Antibiotic-using Men Who Have Sex
With Men in Hanoi, Vietnam

Huan V. Dong,"%" Loc Q. Pham,** Hoa T. Nguyen,® Minh X. B. Nguyen,*® Trung V. Nguyen,>’ Folasade May,” Giang M. Le,* and Jeffrey D. Klausner*?

« 207 pharyngeal swabs collected from
MSM in 2016-2017

« 100% grew = 1 Neisseria sp.
— N. flavescens — 47.2%
— N. subflava — 21.5%
— N. perflava — 11.3%
— N. gonorrhoeae — 3.4%

« Any antibiotic use In prior month was
associated with increased resistance S Dong H etal, CID, 2019




AMR of N. gonorrhoeae in US

Prevalence of Tetracycline, Penicillin, or Ciprofloxacin Resistance*
or Elevated Cefixime, Ceftriaxone, or Azithromycin MICs by Year
— Gonococcal Isolate Surveillance Project (GISP), 2000-2021

Percentage
40%

A. By Number of Antimicrobials

Any 4 antimicrobials, 0.3%
Any 5 antimicrobials, <0.1%
Any 3 antimicrobials, 4.1%

Any 2 antimicrobials, 14.8%

Ciprofloxacin

Tetracycline Tetracycline only, 13.4%

} Susceptible*, 48.7%
]

A Penicillin

Penicillin only, 2.8%
Azithromycin
efixime
2000 2003 2006 2009 2012 2015 2018 2021
Year

Fluoroquinolone only, 15.3% =
Azithromycin only, 0.5%

Cefixime only, <0.1%
Ceftriaxone only, 0.0%

STD Surveillance 2021, CDC STD Surveillance 2018, CDC



Resistance-Guided Treatment of Gonorrhea: A Prospective
Clinical Study

Jeffrey D. Klausner,' Claire C. Bristow,” Olusegun 0. Soge,® Akbar Shahkolahi,* Toni Waymer,* Robert K. Bolan,’ Susan S. Philip,’ Lenore E. Asbel,’
Stephanie N. Taylor,® Leandro A. Mena,’ Deborah A. Goldstein,” Jonathan A. Powell,"" Michael R. Wierzbicki,'" and Sheldon R. Morris?

* Used gyrA PCR test (Ser-91) in a multi-site, prospective
study to evaluate the efficacy of ciprofloxacin 500mg PO
once to treat N. gonorrhoeae

* Follow-up microbiological cure 5-10 days post-treatment
* Enrolled 211 participants

» Microbiologic cure:
— Intent-to-treat arm: 91.7%
— Per-protocol arm: 100%

IKlausner, JD et al., CID, 2020
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Resistance-Guided Therapy for Neisseria gonorrhoeae

Lao-Tzu Allan-Blitz,"*” Paul C. Adamson,? and Jeffrey D. Klausner®

» Ciprofloxacin: Assays available ResistancePlus® GC
— No commercial assays in US
— British STI guidelines incorporate

» Cefixime Assays under development:
e Ceftriaxone must detect multiple mutations

 Zoliflodacin?




Addressing AMR in N. gonorrhoeae Is an urgent

global health issue

« Survelllance
— Limited data in many parts of the world with high AMR*

* Diagnosis
— Syndromic management in many low-resource settings?
— Lack of detection of AMR at diagnosis?

 Treatment
— Empiric in most settings -
— Limited therapeutic options remain -

IWIT, et al. PLOS Medicine, 2017; 2Wi T, et al. J Int AIDS Soc. 2019



WHO Global Gonococcal Antimicrobial Surveillance Programme

Extended Spectrum Cephalosporins

Y —_ _—= W s .m

Resistance (%)
<0.1
0.1-5
6-30
31-70
71-100
No Data

[ ] Notapplicable

Wi T, etal. PLOS Medicine, 2017



AMR In N. gonorrhoeae: Western Pacific Region
(a) Ceftriaxone () Azthromycin ~~|(c) Ciprofloxacin
N N

Resistance (%)

[] Not applicable [] Not applicable [] Not applicable

George,CRRetal. PLOS One, 2017




BMC Infectious Diseases

Trends in antimicrobial resistance in ®

updates

Neisseria gonorrhoeae in Hanoi, Vietnam,
2017-2019

Paul C. Adamson'""@®, Hung Van Le**", Hai Ha Long Le®?, Giang Minh Le?, Trung Vu Nguyen** and
Jeffrey D. Klausner'”

409 clinical isolates from Hanol, Interpretive Categories, n (%)
2017 - 2019 2017 2018 2019
- 0% susceptible to penicillin Azithromycin (n = 407)
- 98.5% resistant to
ciprofloxacin Resistant 17 (15.3%) 63 (46.7%) 42 (26.1%)
- 30% azithromycin resistance SRDAMS (1= 40
> Very few ceftriaxone resistant No-SUEREpila e 2iden) @t A @eu)
isolates Ceftriaxone (n = 408)
> All isolates susceptible to Non-susceptible 0 (0%) 1(0.7%) 2 (1.2%)

spectinomycin



Prevalence of STIs among MSM in Hanol

Prospective cohort study among
men who have sex with men In
Hanoi, 2017 — 2019

Baseline screening for HIV, syphilis,
gonorrhea and chlamydia (urethral,

rectal, and pharyngeal) 80
60
Recruited 1893 participants 40

20

First HIV PrEP program in Vietnam 0

Baseline Prevalence

11

HIV

31 30

Syphilis mGC/CT



Gonorrhea is often extragenital and asymptomatic

Prevalence of gonorrhea: 13% (n=242) Prevalence of chlamydia: 23% (n=435)

urethra
73

pharyngeal O pharyngeal O pharyngeal

103 O rectum
O urethra

O rectum
Q urethra

Asymptomatic infections:
- 47.9% rectal

- 42.8% urethral > Routine Screening for CT/NG
- 46.4% pharyngeal*

Adamson et al, STD, 2021



AMR In N. gonorrhoeae in key populations

Azithromycin

Prevalence
10%

8%

6%

4%

2%

0%

2010 2013 2016 2019
Year

Men who have
sex with men

CDC, 2019 STD Surveillance

Ceftriaxone

Prevalence
1.0%

0.8%
0.6%
0.4%

0.2%
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Resistance spreads faster with more treatment,
not more sexual partners

years after first appearance of antibiotic-resistant N. gonorrhoeae

Fingerhuth et al, PLOS Pathogens, 2016
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Are PrEP participants in Vietham at
Increased risk for AMR?

STls are common among people in HIV
PrEP programs

Jndergo routine testing for STIs 3-6 months
Increased antibiotic consumption EH
Setting with high prevalence of AMR ~

Will this select for resistance? |//’ .






Testing for STls and AMR within a PrEP program

Study Objectives:

* Prevalence of CT/NG at 3 anatomic sites

* Routine culture of N. gonorrhoeae and testing for AMR
* Piloting a test-of-cure program for pharyngeal infections
« Genomic epidemiology of gonococcal infections

« Commensal Neisseria — prevalence of AMR and perform whole-
genome sequencing




Study Overview

* Design: Observational study

* Population: PrEP program participants

— Exclusion criteria: testing for STIs in the prior < 3 months
(asymptomatic)

« Sample Size: Approximately 1500 PrEP participants



Study Overview - Procedures

* Enroll participants within SHP Clinic PrEP program

— C. trachomatis and N. gonorrhoeae testing by NAAT at rectal,
urogenital, pharyngeal sites and testing for commensal Neisseria

— Questionnaire to assess antibiotic education and practices
 Participants with infection return to clinic for treatment

« Participants with NG infection:
— Collect swabs for culture and antibiotic susceptiblility testing
— Return for test-of-cure 10-14 days following treatment
— Additional swabs taken at TOC visit for culture and AST



Study Overview — Participant Timeline

I




Preliminary Study Results

* Enrolled 601 participants (Jan 2022 - Jan 2023)

* Prevalence of Chlamydia trachomatis: 20.4% (n=108)
— 67.6% were rectal infections

* Prevalence of N. gonorrhoeae: 14.6% (n=77)
— 80.5% were pharyngeal infections



Infections more common among those
reporting symptoms

Overall
Symptoms in prior week No symptoms P-value
N=529
NG infection n % n % P-value
Urethral 16 (3.0%) 14 6.5 2 0.6 <0.001
Rectal 38 (7.2%) 21 0.8 17 5.4 0.06
Oropharyngeal 62 (11.7%) 33 15.3 29 9.2 0.03
Any site 77 (14.6%) 40 18.6 37 11.8 0.03
CT infection
Urethral 23 (4.3%) 11 5.1 12 3.8 0.47
Rectal 73 (13.8 %) 30 14.0 43 13.7 0.93
Oropharyngeal 30 (5.7%) 15 7.0 15 4.8 0.28
Any site 108 (20.4%) 47 21.9 61 19.4 0.50
CT or NG infection
Urethral 34 (6.4%) 21 9.8 13 4.1 0.009
Rectal 95 (18.0%) 40 18.6 55 17.5 0.75
Oropharyngeal 83 (15.7%) 42 19.5 41 13.1 0.04
Any site 155 (29.3%) 68 31.6 87 27.7 0.33




Results: Test of Cure

» 20 missed window
* 2 notre-tested by NAATs

- Median: 13 days (IQR: 12-15) - Timing: Avg 16 days (range 5-35)
- No difference in timing pos vs neg
- All pos at oropharynx (+1 rectum)




Results: Culturing N. gonorrhoeae

» Overall, 13 isolates cultured, recovery varies by anatomic
Site and symptom status
— Urethral — 35.7% (5/14) - all 5 reported symptoms
— Rectal — 10% (4/40) - 3/4 reported symptoms
— Pharyngeal — 6.2% (4/65) - 2 w/ symptoms + 2 without

b




Results: Resistance in N. gonorrhoeae

13 isolates for antibiotic susceptibility testing
« Spectinomycin — all susceptible

* Azithromycin — 4 (31%) resistant

« Cefixime — 1 (7.7%) decreased susceptible

» Ceftriaxone — 2 (15.4%) decreased susceptible
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Commensal Neisseria study




Commensal Neisseria study




Study summary and next steps

High prevalence of CT/NG infections

Routine culturing of NG has low positivity but can
Increase Isolates for AST/surveillance

High positivity of tests-of-cure

Next steps:

— Whole genome sequencing of N. gonorrhoeae

— Analysis of test-of-cure specimens
— Commensal Neisseria sequencing



Addressing AMR in N. gonorrhoeae Is an urgent

global health issue

« Survelllance
— Limited data in many parts of the world with high AMR*

* Diagnosis
— Syndromic management in many low-resource settings?
— Lack of detection of AMR at diagnosis?

 Treatment
— Empiric in most settings -
— Limited therapeutic options remain -

IWIT, et al. PLOS Medicine, 2017; 2Wi T, et al. J Int AIDS Soc. 2019



New treatment for gonorrheal
9

Zoliflodacin - novel antibiotic of the
spiropyrimidinetrione class that targets the B ORIGINAL ARTICLE
subunit of DNA gyrase (GyrB)

Single-Dose Zoliflodacin (ETX0914)

for Treatment of Urogenital Gonorrhea
Promising Phase 2 results for urogenital and

rectal gonorrhea; Phase 3 trial underway

Zoliflodacin resistance - D429N, K450T or Journal of

J Antimicrob Chemother 2019; 74: 3521-3529 AntlmlcrOblal

K450 N m utati O n S i n G yr B doi:10.1093/jac/dkz376 Advance Access publication 5 September 2019 ChemOtherupy

In vitro antimicrobial combination testing of and evolution
of resistance to the first-in-class spiropyrimidinetrione

T hese were Sel eCted eXperi m ental Iy but zoliflodacin combined with six therapeutically relevant

antimicrobials for Neisseria gonorrhoeae

d O th ey O C C u r n atu ral Iy? Sunniva Foerster’, George Drusano?, Daniel Golparian®, Michael Neely®, Laura J. V. Piddock®, Emilie Alirol* and

Magnus Unemo *




Journal of
J Antimicrob Chemother 2021; 76: 28472849 Antimicrobial
doi:10.1093/jac/dkab262 Advance Access publication 29 July 2021 Chemotherdpy

Using a public database of Neisseria gonorrhoeae genomes to detect
mutations associated with zoliflodacin resistance

Paul C. Adamson @ *, Eric Y. Lin ® 2, Sung-Min Ha (® 3 and Jeffrey D. Klausner (® *

Pathogenwatch A global platform for genomic epidemiology

= L APathogenwatch GENOMES N

A global collection of nearly 13,000 N.

e — - gonorrhoeae genomes

Includes tools that enable detection of
AMR

No GyrB mutation analysis tools

AdamsonPC, et al., https://doi.org/10.1093/jac/dkab262



https://pathogen.watch/
https://doi.org/10.1093/jac/dkab262

Summary

AMR in N. gonorrhoeae Is an urgent global health threat
Prevalence Is higher in Western Pacific Region

Antibiotic consumption might lead to resistance in N. gonorrhoeae
Increased vulnerability to AMR among key populations

Research to optimize STI screening, treatment, and monitoring for
AMR

Benefits

2t

Harms
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Thank you!
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