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DisclaimersDisclaimers

We wish to clarify that we do not advise against the use of doxy-PEP 

but simply want to highlight important considerations pertaining to its 

use, particularly in relation to AMR



Doxycycline to prevent STIs– 

syphilis, chlamydia, 

gonorrhoea, M. genitalium

Focuses on high-risk 

patients

Well tolerated, could be 

effective at reducing 

incidence of STIs (esp. 

syphilis)



Limitations of doxy-PEP for gonorrhoea

• Very few isolates tested, potential overrepresentation of oropharyngeal isolates, short follow-up time → 

challenging to confirm selection of tetracycline resistance.  

• Only 17% of infections had tetracycline MIC testing performed, with resistance increasing in doxy-PEP arm

• Differences in decreases of gonorrhoea incidence ?doxycycline resistance rates in the US (20%) and France 

(60%)



Doxy-PEP for gonorrhoea raises concerns

More evidence for efficacy needed and greater understanding of contribution to 

gonococcal AMR
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Data from the Australian Gonococcal Surveillance Program .

Gonococcal AMR
• Gonorrhoea has developed resistance to all recommended treatments. 

• Ciprofloxacin resistance means should only be used in resistance-guided treatment. 

• Azithromycin resistance looking bad in many countries.

• Ceftriaxone resistance now a very real problem.

• How rapidly are we heading towards XDR (or largely untreatable) gonorrhoea? 

NOTE: Tetracycline, pre-2018 

only high-level (MIC >8mg/L) 

reported as an epi marker. 

2018 onwards (2 mg/L) used.  



David Whiley, Jacob Tickner, Ratan Kundu, Tiffany Hogan, Sebastiaan van Hal, Monica Lahra. The Lancet Infectious Diseases 2023
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History of gonococcal ceftriaxone resistance

NG with decreased-
susceptibility

penA-10
(successful clone globally)

Ceftriaxone
introduced as
NG treatment F89 – France, Spain 

Resistant
penA-42; A501P

H041 - Japan 
Resistant

penA-37; A311V

A8806, Australia 
Resistant

penA-64; A311V

2000 2005 2010 2015

FC428 – Japan
Resistant

penA-60; A311V



Japan – 2015

No. of isolates: 1

Contacts: Not reported

Global dissemination of penA-60
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Australia – 2017, 2018

No. of isolates: 3

Contacts: Cambodia, 

Philippines, China

France - 2017, 2019

No. of isolates: 2

Contacts: France, Cambodia

Canada - 2017, 2018

No. of isolates: 2

Contacts: China, Thailand, 

Taiwan

China - 2017-2022

No. of isolates : 34

Contacts: China

Japan – 2015-2017, 2020

No. of isolates: 7 

Contacts: Not reported

Denmark - 2017

No. of isolates: 1

Contacts: China, Denmark, 

Australia

Global dissemination of penA-60
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Australia – 2017, 2018

No. of isolates: 3

Contacts: Cambodia, 

Philippines, China

France - 2017, 2019

No. of isolates: 2

Contacts: France, Cambodia

Canada - 2017, 2018

No. of isolates: 2

Contacts: China, Thailand, 

Taiwan

China - 2017-2022

No. of isolates : 34

Contacts: China

Japan – 2015-2017, 2020

No. of isolates: 7 

Contacts: Not reported

Denmark - 2017

No. of isolates: 1

Contacts: China, Denmark, 

Australia
Ireland - 2018

No. of isolates: 1

Contacts: Asia

United Kingdom - 2018, 2022

No. of isolates: 12

Contacts: UK, Thailand, Spain, 

Asia Pacific 

Singapore - 2018

No. of isolates: 1

Contacts: Unknown

South Korea - 2019

No. of isolates : 1

Contacts: Unknown

United States - 2020

No. of isolates : 1

Contacts: Unconfirmed

Global dissemination of penA-60
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Australia – 2017, 2018

No. of isolates: 3

Contacts: Cambodia, 

Philippines, China

Austria - 2022

No. of isolates: 1

Contacts: Cambodia

France - 2017, 2019

No. of isolates: 2

Contacts: France, Cambodia

France - 2022 

No. of isolates: 1 (penA-237)

Contacts: Vietnam, Switzerland

Canada - 2017, 2018

No. of isolates: 2

Contacts: China, Thailand, 

Taiwan

China - 2017-2022

No. of isolates : 34

Contacts: China

Japan – 2015-2017, 2020

No. of isolates: 7 

Contacts: Not reported

Denmark - 2017

No. of isolates: 1

Contacts: China, Denmark, 

Australia
Ireland - 2018

No. of isolates: 1

Contacts: Asia

United Kingdom - 2018, 2022

No. of isolates: 12

Contacts: UK, Thailand, Spain, 

Asia Pacific 

Singapore - 2018

No. of isolates: 1

Contacts: Unknown

South Korea - 2019

No. of isolates : 1

Contacts: Unknown

United States - 2020

No. of isolates : 1

Contacts: Unconfirmed

Sweden - 2022

No. of isolates: 1

Contacts: Unconfirmed

Global dissemination of penA-60
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Australia – 2017, 2018

No. of isolates: 3

Contacts: Cambodia, 

Philippines, China

Austria - 2022

No. of isolates: 1

Contacts: Cambodia

France - 2017, 2019

No. of isolates: 2

Contacts: France, Cambodia

France - 2022 

No. of isolates: 1 (penA-237)

Contacts: Vietnam, Switzerland

Canada - 2017, 2018

No. of isolates: 2

Contacts: China, Thailand, 

Taiwan

China - 2017-2022

No. of isolates : 34

Contacts: China

Japan – 2015-2017, 2020

No. of isolates: 7 

Contacts: Not reported

Denmark - 2017

No. of isolates: 1

Contacts: China, Denmark, 

Australia
Ireland - 2018

No. of isolates: 1

Contacts: Asia

United Kingdom - 2018, 2022

No. of isolates: 12

Contacts: UK, Thailand, Spain, 

Asia Pacific 

Singapore - 2018

No. of isolates: 1

Contacts: Unknown

South Korea - 2019

No. of isolates : 1

Contacts: Unknown

United States - 2020

No. of isolates : 1

Contacts: Unconfirmed

Sweden - 2022

No. of isolates: 1

Contacts: Unconfirmed

Global dissemination of penA-60

78.1% of reported penA60 strains 

are tetracycline resistant



Gonococcal surveillance in 2021 – 2022

• 243 isolates tested, 230 tested for ceftriaxone MICs

• Ceftriaxone resistance present in half of all samples tested. 

• penA60 represented 67% of all resistant isolates. 

• All penA60 isolates had: 

• Ceftriaxone MICs > 0.125 mg/L and were RESISTANT 

TO CEFIXIME

Gonococcal AMR trends close to home
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Ceftriaxone resistance

N = 114 (50%)

67% were penA60!
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• 15.4% resistant to ceftriaxone 

• 40% also resistant to azithromycin

• 43.1% resistant to cefixime

• 14.4% resistant to azithromycin 

• 97.1% resistant to ciprofloxacin

• 19 isolates were resistant to all 
antibiotics tested and classified as XDR 
strains

Gonococcal AMR trends close to home



AGSP gonococcal AMR data (2023)

~10k isolates tested 

• 22 isolates with ceftriaxone resistance 

 NSW (8), VIC (8), QLD (3), WA (2), SA (1)

  4/8 isolates from VIC had an XDR profile

~64% of isolates (14/22) confirmed penA60  

Many patients had travel history within the Asia-Pacific
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So what can we do?.... 
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Molecular tests have replaced culture for majority of gonorrhoea diagnoses.

WHO strategy: development of rapid molecular assays for detection of AMR, to 

enhance surveillance and directly inform individual patient treatment.

- ResistancePlus GC (gonorrhoea detection + ciprofloxacin SUSC + RES)

Molecular tests for gonococcal AMR
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….. However, there have been challenges: 

Azithromycin resistance: multiple markers, difficult from a commercial design 

perspective to target all mediators of resistance

Tetracycline resistance: tetM confers high-level resistance; however, existing 

primers have poor specificity for gonorrhoea

Ceftriaxone resistance: historical lack of certainty regarding suitable molecular 

targets → But penA60 has emerged as target with high utility! 

Molecular tests for gonococcal AMR



Molecular tests for gonococcal AMR

• penA60 molecular target is appealing – single representative mutation with high 

predictive value

• Enables simple, affordable and rapid detection of ceftriaxone resistance 

• Molecular assays to monitor this resistance are important – more NAAT 

samples vs isolates → molecular tests have potential to enhance AMR 

surveillance

• Cost-effective means to enact individualised treatment of gonorrhoea
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Molecular tests for gonococcal AMR

Future of molecular AMR detection: amplicon sequencing?
• Targets regions of the genome relevant to AMR (+/- gonococcal 

sequence typing markers)

• Cost-effective vs whole genome and multiple PCR tests 

• More powerful AMR surveillance ☺

RES RES RES



Benefits of doxyPEP should be carefully weighed against risks and potential 

harm in selecting for multi-drug/XDR gonococcal strains 

At the very least, we need to enhance AMR surveillance among populations 

using doxyPEP 

 …But also useful for other populations (incursion of strains from GBMSM to 

hetero populations reported) 

Molecular tools have the potential to meet these needs, now more urgent 

considering doxyPEP being used in Australia 
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Take home messages



CRICOS 00025BCRICOS 00025B • TEQSA PRV12080

Dr Emma Sweeney

Thank you!

Senior Research Fellow, UQ Centre for Clinical Research

e.l.sweeney@uq.edu.au

CRICOS 00025B • TEQSA PRV12080

@MicroDx_UQ

@ScienceNerdEmma

@theamrhub

The AMR Hub
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