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=== 10 keep pace with AMR

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?

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

Global increase and geographic convergence in
sumption between 2000 and 2015

ear’, Suraj Pant’, Sumanth Gandva®, Simam A. Livin™",
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bacterial counts (log scale)




How can we reduce antimicrobial consumption?

Table 4. Estimated antimicrobial use (mg active ingredient per kg
biomass) in food g animals horses) comp. with
use for humans in 30 countries during 2012.
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Ratio of
300/0 Antimicrobial use  Antimicrobial use  human:

Country for animals for humans animal use
consumed

by humans

Australia 437° ~148° 3.39

Austria 549 70.2 1.28
are deemed on Belgum 1611 1626 1.01

medically important 700/0 Bulgaria %9 109.4 111
Canada ~250 1278 0.51

are consumed by animals Oyors s 14 b
Czech 798 841 1.05

Republic

Denmark 441 1362 3.09
Estonia 56.0 701 125

238 140.1 5.89
France 9.1 1758 7
Gemmany 2048 66.9 033
Hungary 675 027
Iceland 59 1259 2134
Ireland 580 1449 250
raly 1675 0.49
Latvia 88.8 201
Lithwania 1020 259

Most antibiotics used in Animals (118 mg/kg) versus humans Lo o o
animals are medically (130 mg/kg) Now s R

important for humans poad o

Portugal 1331 085

Slovakia 159 268
POLICY FORUM

Slovenia 1083 293
GLOBAL HEALTH

Spain 108.6 0.45
Reducing antimicrobial use in food animals

Swedan 126.2 9.35
Consider user fees and regulatory caps on veterinary use

United States ¥ 166.3 0.62
of America

United : 104.2 157

Mutations that increase Kingdo

susceptibility to melanoma p. 1358

Compact guantum
memory p. 1354»

* 2010 data is the most recent published (Ancaymous 20146}
" Extrapoiated from OECD Heath Statistics (Ancnymous 2015,

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

By Thomas P, Van Boeckel,' Emma E.

Glennon,’ Dora Chen,** Marius Gilbert,**
Timothy P. Robinson,™ Bryan T Grenfell,**

Simon A, Levin, V'° Sebastian Bonhoef¥er,'
Ramunan Laxminarayan*™

tin (), is an Important challenge for human
medicine because it can lead W untreatable
infections. Evidence linking AMR between
animals and humans is particularly strong
for common foodborne pathogens resis-
tant to quinolones, such as Campylobucter

otago.ac.nz/infectious-disease

this measure could have an indirect but sub-
stantial impact on the global consumption of
veterinary antimicrobials. A third solution
to cut antimicrobial use would be to charge
# user fee, paid by veterinary drug users, on
sales of antimicrobials for nonhuman use

1350 29 SEPTEMBER 2017 » VOL 357 ISSUE 6358

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

Global user fee 50% increase in cost = 31%

reduction in use




Global trends in antimicrobial use in food animals

Thomas P. Van Boeckela", Charles Brower®, Marius Gilbert®, Bryan T. Grenfell>*f, Simon A. Levin®9",
Timothy P. Robinson’, Aude Teillant®®, and Ramanan Laxmmarayanb i

*Department of E(ology and Evolutlonary Biology, Princeton University, Pri n(eton NJ 08544; "Center for Disease Dynamics, Economics & Policy,
Washlngton DC 20036; “Universite Libre de Bruxelles, B1OSO Brussels, Belgium; “Fonds National de la Recherche Scientifique, B1000 Brussels, Belgium;
“Princeton Environmental Institute, Princeton, NJ 08544 fFogarty International Center, National Institutes of Health, Bethesda, MD 20892; ®Beijer Institute
of Ecological Economics, 10405 Stockholm, Sweden; "Resources for the Future, Washington, DC 20036; 'International Livestock Research Institute, 00100
Nairobi, Kenya; and 'Public Health Foundation of India, New Delhi 110070, India
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Antimicrobial consumption will rise by 67% by 2030, and nearly double in
Brazil, Russia, India, China, and South Africa.

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



147 individual poultry farms

TABLE 1. Antimicrobial resistance profiles in enterococci isolated
from broiler fecal samples

No. of Number (%
Supplier®  isolates

o) resistant

tested” Vancomycin Avilamycin® Erythromycin Bacitracin®
A 185 12 (6.5) 34 (18.4) 145 (78.4) 183 (98.9)
AP 104 4(3.9) 19 (18.3) 77 (74) lm (99)
B 56 1(1.8) 2 (3.6) 10 (17.9) 55 (98.2)
C 37 5(13.5) 2(54) 15 (40.5) 36 (97.3)
Total 382 22 (5.8) 57 (14.9) 247 (64.7) 377 (98.7)

¢ Enterococcel were isolated using m-Lnterococcus agar lacking antimicrobials.
b Samples taken from supplier A, with broilers currently on an antimicrobial-

free feeding regime.

¢ See Materials and Methods for breakpoints used.

Rachel Darnell

A E. faecalis Isolate Resistomes

hsa
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Resistance Gene
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W Absence

Reservoir
B Clinical
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MLST Strain
L
W 108
16
1n4
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Year Isolated
W 1996
W 1999
2000
2001
2002-3
o 2004
| 2006

hsd Locus
1 Repeat Regions Standard
Repeat Regions Flipped

Repeat Regions Ambiguous

W Absence
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A Clonal Lineage of VanA-Type Enterococcus faecalis Predominates in
Vancomycin-Resistant Enterococci Isolated in New Zealand
Janet M. Manson, Stefanie Keis, John M. B. Smith, and Gregory M. Cook*
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Characterization of a Vancomycin-Resistant Enterococcus faecalis
(VREF) Isolate from a Dog with Mastitis: Further Evidence of a
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Persistence of Vancomycin-Resistant Enterococei in New Zealand
Broilers after Discontinuation of Avoparcin Use

Janet M. Manson, John M. B. Smith, and Gregory M. Cook*
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Acquired Bacitracin Resistance in Enterococcus faecalis Is Mediated by
an ABC Transporter and a Novel Regulatory Protein, BcrR
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Veterinary Medicine Needs New
Green Antimicrobial Drugs

Pierre-Louis Toutain’*, Aude A. Ferran’, Alain Bousquet-Melou', Ludovic Pelligand? and
Peter Lees?

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

otago.ac.nz/infectious-disease




owes|  Green antimicrobials needed to fight

OTAGO

] anvironmental pathogens

o B

[ GreenAntimicrobials J

Callaghaninnovation
@&\ W GlycoSyn™ 2D
HH

PEAKSBIO  jmcuseio Lo

= Q@

Pt 4 e mmtnte

N\
chg—fl' DEOSAN

PSA Kiwifruit
[3

MASTITIS FOOT ROT
Mycoplasma bovis Fusobacterium necrophorum Greenhouse gas emissions
Streptococcus uberis !

Staphylococcus aureus
Escherichia coli

otago.ac.nz/infectious-disease

Liver abscesses
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BRIGHT SCIENCE. BRIGHTER LIVING.

2015 @seer

An inhibitor persistently decreased enteric methane
emission from dairy cows with no negative effect on
milk production

Alexander N. Hristov™', Joonpyo OhP, Fabio Giallongo?, Tyler W. Frederick?, Michael T. Harper?, Holley L. Weeks®,
Antonio F. Branco®, Peter J. Moate, Matthew H. Deighton®, S. Richard 0. Williams®, Maik Kindermann®,

and Stephane Duval®

Department of Animal Science, The Pennsylvania State University, University Park, PA 16802; ®Departamento de Zootecnia, Universidade Estadual de
Maringa, PR 87020-900, Brazil; “Agriculture Research Division, Department of Economic Development Jobs Transport and Resources, Ellinbank Centre,

Ellinbank 3821, Victoria, Australia; “Animal Nutrition and Health, DSM Nutritional Products, Basel CH-4002, Switzerland; and “Research Centre for Animal
Nutrition and Health, DSM Nutritional Products France, Saint Louis Cedex 68305, France

2016 @)

Mode of action uncovered for the specific reduction of
methane emissions from ruminants by the small
molecule 3-nitrooxypropanol

Evert C. Duin?, Tristan Wagner®, Seigo Shima®, Divya Prakash®’, Bryan Cronin?, David R. Yafez-Ruiz‘, Stephane Duval,
Robert Riimbeli¢, René T. Stemmler®, Rudolf Kurt Thauer®?, and Maik Kindermann®?

Department of Chemistry and Biochemistry, Auburn University, Auburn, AL 36849; "Max Planck Institute for Terrestrial Microbiology, D-35043
Marburg, Germany; ‘Estacion Experimental del Zaidin, Consejo Superior de Investigaciones Cientificas, 18008 Granada, Spain; “Research Centre for Animal
Nutrition and Health, DSM Nutritional Products France, 68305 Saint Louis, France; and “Research and Development, DSM Nutritional Products, 4002
Basel, Switzerland

otago.ac.nz/infectious-disease

Methane emission, g/d

Methane Reduction Project

- how to reduce methane emission by a minimum of 25%

3-nitrooxypropanol
methyl coenzyme-M
(CoM) reductase

60 mg/kg dry matter
(daily): 30%
inhibition

600
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e High3NOP
0 T T T T T T
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Experimental week
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“ Development of next-generation sanitisers for the control
of bovine mastitis in the dairy industry

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

otago.ac.nz/infectious-disease
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Mastitis: the need for new sanitisers — prevention rather than cure
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Chlorhexidine (CHX) and iodine (povidone-iodine) are

on WHO list of essential medicines /N

Both used in hospitals as skin/surgical sanitisers

CHX identified by MPI as a strategic risk to NZ
exports — residués in milk products, not on CODEX
Alimentarius

Rising tolerance to chlorhexidine in Staphylococcus
aureus hospital isolates

Co-selection of other antimicrobial resistances

EPIDEMIOLOGY AND SURVEILLANCE

A wancn  Antimicrobial Agents

SOCKTY FOR L gL et
maosowoey aNd Chemotherapy

-

w Topical Antibiotic Use Coselects for the Carriage of Mobile
‘ | Genetic Elements Conferring Resistance to Unrelated

- Antimicrobials in Staphylococcus aureus

Alex Krause p y

M5c student
(i Glen P. Carter,*® 'Mark B. Schultz,>®< Sarah L. Baines,*® Anders Gongalves da Silva, "< Helen Heffernan,” Audrey Tiong,*

Otagoac nZ/I ﬂfECtIOUS-dISGa se Peter H. Pham,”< lan R. Monk,® Timothy P. Stinear,*" Benjamin P. Howden,»>< Deborah A. Willlamson® <
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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

otago.ac.nz/infectious-disease
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How do we drug metabolic targets: phenotypic
screen or target identification/validation or both?

Chemogenomics

Target

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

Phenotypic screening

Target

Compound library Drug identifies the target

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

e 61 million drug-target interactions assessed




Phenotypic screening repurposed

to hit metabolic targets

Pathogen grown
37°C for 4 days

MIC performed
on positive hits
(if compound is available)

100+
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Cells washed extensively %
to remove metabolites

Assay to measure metabolite
production
Aerobic/anaerobic
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Prepare cell suspension
Targeting metabolism not growth

Compound library added

Determine ODs,o(nm) in plate reader

to cell suspension (20 pM)

FDA-approved drugs
Natural products




Intracellular

-+  Examples of zincaphore leads with activity against

-®

1® mastitis-causing microorganisms
—@

S. uberis ATCC 19436 S. aureus ATCC 6538 E. coli ATCC 10536

MIC (ug/ml) MIC (ug/ml) MIC (ug/ml)
Compound M (g/mol) No Zinc Zinc (50 No Zinc  Zinc (50 uM) No Zinc  Zinc (50 uM)

uM)
PBT2 271.14 64 0.125 4 8

ZDR22-HCL 388 256 0.125 4 >256
ZDR24 3954 64 0.25 128-256

ZDR27 423.45 64 0.125 >256
ZDR35 472.49 2 1 32

ZDR46

453.46

1

ZDR090

ZDR115

466.5

506.5

0.5

2

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

otago.ac.nz/infectious-disease




Bactericidal activity against mastitis-causing bacteria

Cell survival (%)
© ©  control Bactericidal — sterilizing activity
No resistance mechanism
Works against S. uberis biofilms
0.1X MIC -
e Very low cytotoxicity
Cheap to make
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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)

otago.ac.nz/infectious-disease
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ZDR22 synergises with chlorhexidine against S. uberis

—

0 025 05 1 2 4 8 ZDR22(uM)

0

\ ¥ = -
X l‘\ 2 N

0.125 NSV - ZDR22 can reduce the
0.25 ( Y V- chlorhexidine

concentration required
to inhibit S. uberis 16-
fold.

* ZDR22 MIC: 1 uM, ZDR22 CIC: 0.25uM
* CHXMIC: 4 uM, CHX CIC: 0.25uM
* FICI=0.3125 (synergistic)

otago.ac.nz/infectious-disease
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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)

otago.ac.nz/infectious-disease
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