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1. We need to discover and 
develop new antimicrobials – fast 
acting drugs with a new MOA

2. Deeper scientific understanding 
of how antimicrobials actually work 
– make our old drugs more 
effective. What about drug 
combinations?

To keep pace with AMR

3. We need to reduce antimicrobial 
consumption – humans or animals?



1350 29 SEPTEMBER 2017 • VOL 357 ISSUE 6358 

• Cap antimicrobial use (8-318 mg/kg – 50 mg/kg)

• Reduce meat intake 260g/day to 40g/day = 
reduce antimicrobial use by 66% 

• Global user fee 50% increase in cost = 31% 
reduction in use

Animals (118 mg/kg) versus humans 
(130 mg/kg) 

Most antibiotics used in 
animals are medically 
important for humans

How can we reduce antimicrobial consumption?



Antimicrobial consumption will rise by 67% by 2030, and nearly double in 
Brazil, Russia, India, China, and South Africa.

antimicrobial 
consumption in 
food animal 
production

2010 2030

Global = 131,000 tons
(131 million kg)

Global = 200,000 tons

Antimicrobial use in animals plays a role in the emergence, amplification, 
persistence and transfer of resistance determinants to other ecosystems



147 individual poultry farms 

Rachel Darnell



1. Break the link between human and veterinary 
medicine (one resistome)

2. Safeguard against the exchange of AMR 
determinants between animals-plants and 
humans – narrow spectrum agents



Green antimicrobials needed to fight 
environmental pathogens
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• Inflammation of the mammary gland in dairy cows

• Significant economic burden – estimated $280 
million/year

• Negatively impacts animal welfare, global 
issue, $US35B problem

• Topical santisers (teat sprays-dips) are vital 
tools in preventing bovine mastitis, applied 
post milking – global AMR Controlled using teat 
sprays (active ingredients are chlorhexidine and 
iodine) – very cheap

Development of next-generation sanitisers for the control 
of bovine mastitis in the dairy industry



Mastitis: the need for new sanitisers – prevention rather than cure

• Chlorhexidine (CHX) and iodine (povidone-iodine) are 
on WHO list of essential medicines

• Both used in hospitals as skin/surgical sanitisers 

• CHX identified by MPI as a strategic risk to NZ 
exports – residues in milk products, not on CODEX 
Alimentarius

• Rising tolerance to chlorhexidine in Staphylococcus 
aureus hospital isolates

• Co-selection of other antimicrobial resistances



Overall goals:
1. Develop a new active/sanitiser that is able to 
synergise with chlorhexidine

Reduces the amount of chlorhexidine in existing teat 
sprays, thereby reducing the residue risk in milk

2. Develop a stand alone product, with a new active 
(sanitizer) that negates the use of the essential 
medicine chlorhexidine/iodine agricultural settings
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How do we drug metabolic targets: phenotypic 
screen or target identification/validation or both?

Metabolic
Target

Drug

Drug

Compound library

Only a valid target when a drug has been found 
against it

Drug identifies the target

Chemogenomics

Phenotypic screening
Metabolic
Target

l Time to test 100,000 compounds against all targets (614 
essential genes) = 1-2 years

l 61 million drug-target interactions assessed



Assay to measure metabolite 
production

Aerobic/anaerobic

Compound library added
to cell suspension (20 µM)

Pathogen grown 
37°C for 4 days

Cells washed extensively
to remove metabolites

Prepare cell suspension
Targeting metabolism not growth

MIC performed
on positive hits

(if compound is available)

Determine OD520(nm) in plate reader
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Phenotypic screening repurposed 
to hit metabolic targets

FDA-approved drugs
Natural products



S. uberis ATCC 19436

MIC (µg/ml)

S. aureus ATCC 6538

MIC (µg/ml)

E. coli ATCC 10536

MIC (µg/ml)

Compound M (g/mol) No Zinc Zinc (50 

µM)

No Zinc Zinc (50 µM) No Zinc Zinc (50 µM)

PBT2 271.14 64 0.125 8 4 8 4
ZDR22-HCL 388 256 0.125 64 4 >256 >256
ZDR24 395.4 64 0.25 16 8 128-256 ≥256

ZDR27 423.45 64 0.125 16 16 >256 >256

ZDR35 472.49 2 1 4 4 32 >256
ZDR46 453.46 4 1 4 4 >256 >256

ZDR090 466.5 4 0.5 16 16 16 16

ZDR115 506.5 4 2 16 16 16 16

Examples of zincaphore leads with activity against 

mastitis-causing microorganisms

2017: Quinoline sulfonamide compounds and their use as antibacterial 
agents. United States Provisional Patent Application No. 62/608,141.



Bactericidal activity against mastitis-causing bacteria

0.1X MIC

5X MIC
10X MIC

1X MIC

control Bactericidal – sterilizing activity
No resistance mechanism
Works against S. uberis biofilms
Very low cytotoxicity
Cheap to make

Not used in humans – first green 
antimicrobial

13,067,100 kilograms of antimicrobials were sold for use in food production 
animals; 28% percent consisted of ionophores (compounds not used in human 
medicine)
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• ZDR22 MIC: 1 μM, ZDR22 CIC: 0.25μM
• CHX MIC: 4 μM, CHX CIC: 0.25μM
• FICI= 0.3125 (synergistic)

ZDR22 synergises with chlorhexidine against S. uberis

ZDR22 can reduce the 
chlorhexidine 
concentration required 
to inhibit S. uberis 16-
fold. 



Zincaphores as sanitisers
• Zincaphores, a product developed specifically for the animal 

market: SAR (chemistry) developed against mastitis-causing 
bacteria.

• Zincaphores unlikely to contribute to AMR due to the 
multi-targeting MOA:

• Bacterial intracellular zinc toxicity
• Displacement of intracellular metal ions from proteins
• Disruption of metal ion transport
• Hypersensitivity to oxidative stress, production of reactive 

oxygen species
• Disruption of glycolysis and glucose metabolism

European Standard EN1656 chemical disinfectants
and antiseptics test: 5 log reduction in 5 min (1% skim milk)
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