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the AMR crisis



Antibiotic pipeline facing significant challenges

Evaluating existing 
drugs for priority 
infections 

Repurposing drugs to address the AMR crisis



Freda Jen
Freda Jen is a molecular microbiologist with a PhD focused on pathogenic Neisseria 

species, the bacteria responsible for gonorrhoea and meningitis. Her research 

focuses on host–pathogen interactions and the molecular mechanisms that drive 

bacterial virulence, with the ultimate goal of developing new therapeutics and 

vaccines.

Building on her expertise working on bacterial protein post-translational modifications, 

she contributed to the development of two gonococcal vaccine candidates, which are 

soon expected to enter human trials. Her work also focuses on repurposing existing 

drugs and designing new antibiotics to combat multidrug-resistant Neisseria 

gonorrhoeae and other antimicrobial-resistant Gram-negative bacteria.

experts.griffith.edu.au/8156-freda-jen



Freda Jen

Repurposing Drugs to Address the 
Crisis of Antimicrobial Resistance in 
Neisseria gonorrhoeae 
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Neisseria gonorrhoeae

• Neisseria gonorrhoeae was first 
discovered by Albert Ludwig Sigesmund 
Neisser in 1879.

• It causes the sexually transmitted infection 
(STI) gonorrhoea.

• Gonorrhoea is the second most 
commonly reported STI worldwide.
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Gonorrhea

• Common sites of infection include the 
urethra, cervix, rectum, pharynx, and 
conjunctiva.

• Many infections are asymptomatic, 
especially in women.

• Symptomatic infections may include 
urethritis in men, cervicitis in women, 
and pharyngeal soreness or burning.

• Untreated or undetected infections lead 
to: Pelvic inflammatory disease (PID), 
infertility, neonatal blindness and 
associated with increased HIV 
transmission.



Treatment of Neisseria gonorrhoeae 
 

~1944
A poster attached to a 
kerbside mailbox  
“Penicillin cures gonorrhea 
in 4 hours”



Multidrug resistance of Neisseria gonorrhoeae 
 

History of discovered and recommended antimicrobials and evolution of resistance in 

N. gonorrhoeae. 

Unemo and Shafer 2014 
Clin Microbiol Rev 



Omeershfudin et al, 2023, 
Archives of Microbiology 

Multidrug resistance of Neisseria gonorrhoeae 
 



Neisseria gonorrhoeae Is Evolving Faster 
Than Our Antibiotics

• Global cases of N. gonorrhoeae are rising
• XDR and MDR strains challenge current treatments
• Resistance to ceftriaxone, azithromycin, and others 

increasing (WHO/CDC)
• Treatment failures reported in Europe & Southeast Asia
• No vaccine currently available



• PBT2 is a zinc ionophore (although it also interacts with copper).

• Was designed to target zinc and copper dysregulation to reduce 
brain toxicity as a potential treatment for Alzheimer's disease 
and Huntington's disease.

• Passed Phase I but discontinued after phase II human trials due to 
ineffectiveness.

• In clinical trials, an oral dose of PTB2 250 mg/day was safe and 
well tolerated in Alzheimer's patients.

 

Drug Repurposing for Antimicrobial Discovery – PBT2

PBT2

PBT2-Zn complex



PBT2

PBT2 can synergise with antibiotics to reverse 
antimicrobial resistance.

P. aeruginosa

Guilhen et al 2019 npj 
biofilms and microbiomes

K. pneumoniaePathogenic E. coli A. baumannii

WIKIPEDIA 2024 WIKIPEDIA 2024 WIKIPEDIA 2024
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PBT2 can synergise with antibiotics to reverse 
antimicrobial resistance.

Human LL-37 Porcine PG-1



PBT2

PBT2 can be a new treatment for N. gonorrhoeae

Phase II clinical trials: Clinically, the plasma AUC of PBT2 (1.66 µg·h/mL 
after 250 mg/day for 72 hours) is about 5-fold higher than its MIC 
(0.313 µg/mL) against MDR N. gonorrhoeae. 



PBT2

PBT2 can be a new treatment for N. gonorrhoeae

Phase II clinical trials: Clinically, the plasma AUC of PBT2 (1.66 µg·h/mL 
after 250 mg/day for 72 hours) is about 5-fold higher than its MIC 
(0.313 µg/mL) against MDR N. gonorrhoeae. 

The PBT2 MICs of ATCC strain 49226, the laboratory strain MS11, and 
13 MDR clinical strains are 0.156–0.3125 µg/mL [broth]; 0.3125-
0.625 µg/mL [agar].



PBT2

PBT2 can be a new treatment for N. gonorrhoeae

N. gonorrhoeae is exclusively sensitive to PBT2.



PBT2 can be a new treatment for N. gonorrhoeae

No antibiotic 

resistance was 

observed after 30 

consecutive daily 

cycles.

PBT2 killed MDR Ng 

within 3 h.

≥0.157 mg/L 

PBT2 left <8% 

viable gonococci 

in Pex lysates.

PBT2 disrupts metal 

homeostasis and 

upregulates mpeR (iron-

repressed), increasing 

Ng sensitivity to Triton 

X-100.
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Neisseria meningitidis strains are sensitive to PBT2

The MIC of N. meningitidis strains tested against PBT2 

N. meningitidis strains 
(serogroup)

PBT2 (µg/mL)
Broth

PBT2 (µg/mL)
Agar

Z2491 (A) 0.1563 0.039

MC58 (B) 0.1563 0.039

8013 (C) 0.1563 0.078

PMC1 (X) 0.1563 0.039

PMC2 (Z/29E) 0.1563 0.039

PMC10 (Y) 0.625 0.156

PMC19 (W) 0.1563 0.078



PBT2 has modes of 
action to inhibit cell 
growth:

• disrupting metal 
homeostasis 

• inducing metal 
toxicity and oxidative 
stress

• interacting with 
metalloproteins or 
metalloenzymes and 
affecting their 
structural integrity 
and function. 
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• disrupting metal 
homeostasis 

• inducing metal 
toxicity and oxidative 
stress

• interacting with 
metalloproteins or 
metalloenzymes and 
affecting their 
structural integrity 
and function. 

8 - hydroxyquinoline
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New Chemical Entities  (NCEs)

Mode of action of PBT2 



New Chemical Entities  (NCEs)

• More potent than PBT2
• Less toxic than PBT2
• Bactericidal activity
• No resistance observed after 30 days of treatment
• Proteomic analysis indicates NCEs modulate key pathways with high efficacy
• Supports the future development of novel antibiotics to treat MDR N. gonorrhoeae

8 - hydroxyquinoline



44

Summary

• Multidrug-resistant Neisseria gonorrhoeae is a serious antimicrobial resistance 
threat and an escalating public health concern.

• PBT2, a repurposed drug originally developed for neurodegenerative diseases, has 
shown promise as a novel treatment for N. gonorrhoeae and other pathogens, 
including N. meningitidis.

• Building on our understanding of PBT2’s structure and mode of action, we have 
developed a new class of novel chemical entities (NCEs) with enhanced 
antimicrobial activity—potentially superior to PBT2.
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Anthony Coates
Anthony Coates is the Founder and Chief Scientific Officer of Helperby Therapeutics 

Group Ltd, a biopharmaceutical company dedicated to developing the next 

generation of lifesaving antibiotics. The company has several therapies in clinical 

trials targeting unmet needs in areas of significant market value, including 

candidates for urinary tract and skin infections.

Anthony is also Professor of Medical Microbiology at St. George’s University of 

London. He leads several research teams, is the author of over 180 publications and 

has edited 13 books. He is a named inventor on 200 patent applications of which 

127 have been granted and was a member of GARDP’s Scientific Advisory 

Committee until 2025.

revive.gardp.org/anthony-coates/



The development of zidovudine as a                
repurposed antimicrobial

Anthony Coates

                                                       

                                       Founder, Director, CSO, Helperby Therapeutics Group Ltd 

                       Professor Medical Microbiology, City St Georges’, University of London



Key messages
   

Bacterial resistance       Antibiotics          sepsis deaths 

Pharma industry is not generating enough new antibiotics

Repurposing antiviral zidovudine as a LOW COST 
antimicrobial in combination with colistin/meropenem

                                                                                                             
Synergistic kill of highly resistant bacteria



Carl’s story

                            Carl’s story



50
US National Centre for Biotechnology Information including National Database of Antibiotic Resistant Organisms
https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/

Unexpected high growth in resistance, 

especially in Low-Mid Income Countries

> 3.6X actual growth 
in 4 years

10x actual growth 
in 4 years

https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/
https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/
https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/
https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/
https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/
https://www.ncbi.nlm.nih.gov/pathogens/antimicrobial-resistance/


Unexpected high growth in global sepsis deaths 
from antibiotic resistant bacteria – doubled over 5 years

 

Projected deaths
                                                                   

https://amr-review.org



   Now we need new antibiotic treatments



Story of Achaogen
Traditional NEW CHEMICAL ENTITY

                                         Plazomicin (derivative of sisomicin)

Reorg solutions. Case summary: Superbug Biopharmaceutical company Achaogen 4/15/2019. 
Reorg.com. Accessed 8/8/2024



What can we learn from
 the Achaogen bankruptcy?

          

                                                                                                                             



What do we need?

A commercially viable antibiotic company                                                    

( Helperby Therapeutics Ltd)

      Low cost platform technology

Repurposed combinations of 

low cost synergistic drugs 10-50x



Antibiotics work together to produce an effect more 
potent than if each antibiotic were applied singly.

ADDITIVE  1+1=2                       SYNERGY 1+1=100

Kohanski, Michael A.; Dwyer, Daniel J.; Collins, James J. (2010). "How antibiotics kill bacteria: from targets to networks". 
Nature Reviews Microbiology. 8 (6): 423–435. doi:10.1038/nrmicro2333. PMC 2896384. PMID 20440275.

Synergy



Azidothymidine (AZT)

• Also called Zidovudine

• To prevent and treat HIV/AIDS 

• Active against Gram-negative bacteria

 
*Elwell LP et al (1987) AAC, 31,274-280

Image result for SGUL logo

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwixnc_7pcjPAhVC6RQKHXwJAbEQjRwIBw&url=https://sgsa01.sgul.ac.uk/idp/Authn/UserPassword&psig=AFQjCNE-Z0xIH9OTP1eq-3UU82iqv6qMMg&ust=1475916072145870


Why develop zidovudine as a repurposed 
antimicrobial?

Low cost

Low toxicity in humans

Synergy with colistin and other drugs

                       Combination

Can kill highy resistant bacteria

Colistin can be used at a lower concentration                          
reduced cost and lower side effects. 



AZT in combination with colistin 
produces synergistic bactericidal activity 

against NDM-1 K. pneumoniae
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Azidothymidine and colistin are synergistically or additively  
active against100  colistin+carbapenem resistant  
Klebsiella pneumoniae isolates  

       

           SYNERGY/ADDITIVE

         Synergy  ΣFIC<0.5                    AdditiveΣFIC  0.5-≤1

79                                              21

                                                                       

 

Matthew E. Falagas et al 2019. Synergistic activity of colistin with azidothymidine against colistin resistant Klebsiella pneumoniae clinical 
isolates collected from inpatients in Greek hospitals. IJAA, 53(9),855-858
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Phase 1 Clinical Trial 
27 volunteers

Azidothymidine(new class antibacterial)

                  +

Colistin (CMS) (last resort)

  

                                                    Helperby Therapeutics



AZT synergises with meropenem against 
NDM-1 producing Enterobacteriaceae
(Hu Y, Coates 2021 J Antimicrob Chemotherapy, 76(9), 2302-2305)



Progress so far
    Helperby Therapeutics Group Ltd

130 granted 
patents world-

wide.

£140 million 
market cap.

Contract signed 
for $75 million  

from USA. 



Low cost story



Conclusion

New chemical entity antibiotics are not commercially viable 

–costs too high

Low cost Zidovudine plus colistin kills highly resistant bacteria 

at a low dose of colistin
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François Franceschi
François Franceschi is Associate Director of the Serious Bacterial Infections at GARDP. 

He has over 30 years of experience in the area of antimicrobials, previously serving as 

Program Officer for Therapeutics Development (antibacterial and antifungal) at the 

NIAID in Bethesda, Maryland, USA. 

He has also held various Director positions in antibiotic R&D at Rib-X Pharmaceuticals 

(now Melinta Therapeutics) and was Principal Investigator at the Max Planck Institute 

for Molecular Genetics in Berlin, Germany, where his research was devoted to the 

structure and function of ribosomes, especially in complex with antibiotics. His group 

was a pivotal part of an international consortium led by Ada Yonath, who won the Nobel 

Prize in Chemistry in 2009. François received his PhD in Chemistry at the Frei 

Universität Berlin, Germany. 

revive.gardp.org/francois-franceschi/



A One-Health approach to AMR: 
GARDP’s exploration of a veterinary 
antibiotic for its therapeutic potential 
in humans. The case for apramycin 

François Franceschi, PhD

Associate Director, Serious Bacterial Infections Program



All infections are treatable 

for everyone, everywhere

​We accelerate the development 

and access of treatments for 

drug-resistant bacterial infections​

Our

Mission

Our

Vision



GARDP’s strategic approach

PRIORITY DISEASES 
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PRIORITY 
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POPULATIONS

GARDP 
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Apramycin: a veterinary aminoglycoside antibiotic

▪ Aminoglycosides (AGs) have been a cornerstone of antibacterial chemotherapy since 

streptomycin was first isolated from Streptomyces griseus and introduced into clinical 

use in 1944

▪ Aminoglycosides are potent, bactericidal, broad-spectrum antibiotics that act through 

inhibition of protein synthesis 

▪ Several other members of the class were introduced in the clinic following streptomycin, 

including neomycin (1949), kanamycin (1957), gentamicin (1963), netilmicin (1967, 

derived from sisomicin), tobramycin (1967), amikacin (1972, derived from kanamycin), 

arbekacin (1976, derived from kanamycin), and plazomicin (2006, derived from 

sisomicin) 

▪ Although some of them are still widely used, a shift away from systemic use of 

aminoglycosides began in the 1980s with the availability of the third-generation 

cephalosporins, carbapenems, and fluoroquinolones, which were perceived to be less 

toxic (ototoxicity and nephrotoxicity) and/or provide broader coverage than the 

aminoglycosides.  This shift led to apramycin being approved ONLY for veterinary use 



• Approved only for veterinary use

• Mono-substituted, bicyclic 

deoxystreptamine as opposed to other AGs 

(di-substituted and monocyclic)

• Broad spectrum of activity. Resilient to 

almost all AGs resistance mechanisms 

typically found in MDR and XDR Gram-

negative bacteria (incl.16S RNA methylases 

(common in carbapenem-resistant and 

metallo-β-lactamase producing strains) 

• The only clinically relevant resistance 

mechanism is via AAC(3)-IV that confers 

resistance through N-acetylation (low ↓ 

prevalence in clinical isolates)

• Preclinical & Animal data suggest lower 

nephrotoxicity and ototoxicity than other AGs

Apramycin Differentiation

73



Apramycin antibacterial spectrum
(WHO-PPL 2024). Based on in 
vitro data and animal models (for 
some of the pathogens)



1980s

2020

2024

1980 2015 2019 2021

Apramycin authorized 

for animal use as 

growth promotor & 

therapeutic (USA/EU)

Juvabis granted clearance 

from EU authorities for 

Phase 1 (SAD) first in 

human trial: completed

Funded by ENABLE 

(EU)

Development of other 

classes of  antibacterials 

(cephalosporins, 

carbapenems and 

fluoroquinolones) shifted 

interest away from AGs 

because of toxicity concerns

Renewed interest on AGs due to emergence MDR Gram-negative 

pathogens with limited therapeutic options and better understanding of 

AGs PK/PD to minimize toxicity (once-daily dosing)

// //

Juvabis funded (spin off 

Univ. Zurich) to support 

apramycin (EBL-1003) 

clinical development

Phase 1 BAL (lung) 
sponsored by NIAID 

completed***

Phase 1b complicated 

Urinary Tract Infection 

(cUTI) (multidose) approved 

& supported by ENABLE* but 

not initiated due to COVID. 

Funding expired in 2021 trial 

was never initiated 

Juvabis bankruptcy

IP back to Univ. Zurich2022

2023

GARDP 
Development

JPIAMR* grant 2023-2025

apramycin inhalation 

formulation (coordinator 

Univ. Zurich)

*: European Gram-Negative Antibacterial Engine (ENABLE)- IMI’s initiative

**: Joint Programming Initiative on Antimicrobial Resistance (JPIAMR)

*** Last cohort (24 h time point) not recruited due to Juvabis liquidation 75

Apramycin- Development history

Phase 1 SAD 

2025

Data and rights 

acquired by GARDP

June 2025

Phase 1 BAL 



Aminoglycosides (AGs) in human and veterinary medicine

WHO
WHO List of Medically 
Important Antimicrobials: a risk 
management tool for mitigating 
antimicrobial resistance due to

non-human use- Report 2024

AGs are listed as Critically important 
antimicrobials (CIA) for human health. 
plazomicin is the only AG restricted for 
human use 

WOAH*
Annual Report on 
Antimicrobial Agents 
Intended for Use in 
Animals- May 2024

AGs are listed as Veterinary 
Critically Important Antimicrobial 
Agents (VCIA) with few economic 
alternatives

*WOAH: World Organization for Animal Health

GARDP and WOAH met in October 2024 and agreed 

that it was worthwhile for GARDP to explore the 

potential for apramycin use in human medicine



HPCIA: highest priority critically important antimicrobial                 HIA: Highly important antimicrobial

CIA: Critically important antibiotic    IA: Important antimicrobial

Fluoroquinolones
3rd / 4th generation cephs.
Colistin
Fosfomycin

Aminoglycosides
Macrolides (13,14, 15 ring)Plazomicin

Monobactams
BL+BLIs
oxazolidinones

Amphenicols
tetracyclines
Penicillins 
1st 2nd gen. cephalosporins
cephamycins

Prioritization of antimicrobial classes in the WHO Medically Important 

Antimicrobial List



Apramycin resistance in human isolates?  
After 40 years of veterinary use: little reason for concern!

▪ A study of 591,140 genomes of pathogen Gram-neg bacteria deposited in the NCBI National Database of 

Antibiotic-Resistant Organisms, showed that aac(3)-IV (the only apramycin-resistant gene of clinical relevance) 

was detected only in 0.7% of isolates, despite 45 years of veterinary use.

▪ Several publications document low levels of resistance to apramycin among MDR/XDR human clinical isolates:

▪ 84 CR/hypervirulent Klebsiella strains from China (2020) were ALL sensitive to apramycin while being resistant to 

amikacin and carbapenems. doi.org/10.3389/fmicb.2020.00425

▪  From 470 MDR GNB isolates (2022) from health care facilities in Cambodia, Laos, Singapore, Thailand, and 

Vietnam, 98.3% were susceptible to apramycin. All carbapenem-resistant isolates were sensitive to apramycin. The 

sample included 65 colistin-resistant isolates from which only four (6.2%) were resistant to apramycin. 

doi.org/10.5167/uzh-220040

▪ Apramycin in vitro activity was tested against multidrug-resistant, extensively drug-resistant, and pandrug-resistant 

Acinetobacter baumannii and Pseudomonas aeruginosa.  Only 2% of A. baumannii and P. aeruginosa had an MIC 

greater than an epidemiological cutoff value of 64 µg/ml. doi.org/10.1016/j.diagmicrobio.2017.03.006

▪ There had been speculation that the low levels of resistance to apramycin seen in human isolates could be due 

to a high fitness cost for apramycin resistance. A recent Nature publication seems to suggest that acquiring 

apramycin resistance indeed has a fitness cost. “Exploring the principles behind antibiotics with limited 

resistance. Nature Comms 2025   /doi.org/10.1038/s41467-025-56934-3



Apramycin- In vitro differentiation…

J Antimicrob Chemother 2019; 74: 944–952 doi:10.1093/jac/dky546

✓ 2019 Study shows clear differentiation 
between apramycin and amikacin/gentamicin

   



Apramycin in the literature



Generate PK/PD information in Hollow Fibre 
and Animal Models alone & combinations 

Investigate Probability of Target Attainment (PTA)/dose for 
coverage of critical priority pathogens/syndromes

Generate IMP material from veterinary 
supplies

Initially, utilize the same veterinary apramycin  providers as 
Juvabis to generate 1.5 to 2 kg of GMP material for phase 1b 
clinical trial

Conduct a phase 1b trial (multiday dosing 
@30mg/kg) in cUTI patients (N= ~40)

Primary endpoints safety and PK

• Nephrotoxicity

• Audiometry (ototoxicity)

• PK

Establish a supply chain for apramycin
Locate GMP facilities with the capability to produce 
apramycin API/DP (India, EU, USA) for human use

Improve fermentation process

Contact regulatory authorities to discuss 
apramycin regulatory path

Define regulatory path

Start development of Paediatric Investigational/Study Plan 
(PIP/PSP) once Phase 1b is underway

GARDP Planned Activities:   Short & Medium-term



Summary:  Why Apramycin?

▪ Known class/known liabilities with potential to cover all WHO-critical priority 

pathogens.

▪ Based on the known synergies between aminoglycoside and beta-lactam 

antibiotics, apramycin has the potential to become a solid backbone for 

combination therapies (incl. for neonatal sepsis).

▪ Apramycin appears less ototoxic and nephrotoxic than currently used AGs, 

potentially due to differences in uptake and accumulation in renal cells 

and lower potential to damage cochlear hair cells when compared to 

clinically used AGs.

▪ Combines “premium coverage” with excellent COGs (few USD/dose)

▪ Would allow GARDP to explore a new path for development of a low-cost, 

high-public impact antibiotic deployable in LMICs



Thank you 
to our 

funders



Thank you



If your question is 

addressed to a specific 

speaker, please include 

their name when 

submitting the question.

How to submit your questions

Please submit your 

questions through the box 

provided after clicking the 

‘questions’ button. We will 

review all questions and 

respond to as many as 

possible after the 

presentation.



Today’s speakers

Repurposing drugs to address the crisis 

of antimicrobial resistance

Freda Jen

Griffiths University, 

Australia

Anthony Coates

Helperby 

Therapeutics, UK 

François Franceschi

GARDP, 

Switzerland

Moderator:

Jennifer Smart

GARDP, 

Switzerland



Overcoming challenges of tuberculosis 

drug discovery and development

• With Jeremy Rock, Dirk Schnappinger & 

Laura Cleghorn

• 9 September 2025, 15:30-17:00 CEST

revive.gardp.org/webinars

Upcoming webinars



Thank you for 

joining us
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