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• AMR is a serious-

global issue.

• Root causes of AMR 

remain largely unclear.

Animal

ONE 

HEALTH

AMR is a one health issue.



1. AMR has happened long time ago.
2. AMR can be mitigated but not be eradicated.
3. AMR management must be very well planned.
4. It is a doubt if AMR prevention & 

control program will be successful.
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Innovation: To track and implement new ways to 

prevent AMR infection and their spread

Multi-sectoral interventions, cross border strategies 

and innovations are required to fight 

antimicrobial resistance.
Gudrun Mernitz (2017)



https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html

Volcanoes, Not 

Meteorite, Killed 

Dinosaurs??



 New business models for 

sustainable ABO

 Novel antibiotics

 New R&D system for 

novel ABO

New innovative products 
& services need to grow.

 New AMR diagnostic tool

 Alternatives to ABO

 Surveillance instrument

 Effective vaccine





https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html

The antibiotic era

1950-60s 1970-90s

• Narrow spectrum

• Gram (+)

• Natural products

2000s 2010s

• Broad spectrum

• Gram (+)/(-)

• Medical 

chemistry & 

semisynthetic 

products

• Narrow spectrum

• Gram (+)

• Target based

• Narrow spectrum

• Gram (-) targeted

• Natural products?

• Alternative 

products

Modified from the antibiotic pipeline. What can we expect? (Theuretzbacher, www.drive-ab.eu)
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Sources: Pew Charitable Trusts as of May 2016, company information; http://cen.acs.org/articles/94/i35/Antibiotics-bugs-always-win.html

- Probiotics - Prebiotics

- Symbiotics - Organic acids

- Enzyme - Herb extract

- Bateriophage - Genetics

- Immunomodulators



https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html

- Even ABO are used prudently, 

AMR can still occur.

- No perfect replacement of ABO exist.

- What we need are ABO in new classes.



https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html

Discovery of new types of ABO in more than 3 decades

Fact:

Resistance to 

an ABO can lead 

to resistance to 

other ABO in the 

same class.

From A Scientific Roadmap for Antibiotic Discovery (The Pew Charitable Trusts, 2016)



Fact:
The number of antibiotics being 

developed has steadily been 

decreasing since 

the 1980s.



https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.htmlSources: Pew Charitable Trusts as of May 2016, company information

ESKAPE = Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 

aeruginosa, and Enterobacter species





https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html

Efflux pump inhibitors (EPIs) as 

new antimicrobial agents against 

Pseudomonas aeruginosa
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Chuanchuen et al,/2001. Antimicrob. Agents Chemother. 
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MexAB-

OprM

MexAB-OprM

-Lactams (carbenicillin, 

novobiocin),  -Lactamase 

inhibitors (clavulanic acid), 

carbapenems (meropenem), 

chloramphenicol, tetracycline, 

macrolides(erythromycin), 

fluoroquinolones, rifampin, 

trimethoprim, fusidic acid, 

triclosan

Substrates spectrum 

of MexAB –OprM



MexAB –OprM

-Lactams (carbenicillin, novobiocin),  -Lactamase inhibitors (clavulanic acid), 

carbapenems (meropenem), chloramphenicol, tetracycline, macrolides(erythromycin), 

fluoroquinolones, rifampin, trimethoprim, fusidic acid, triclosan 

MexCD –OprJ

Cnovobiocin, 4th generation cephalosporins (cefepime, cefpirome), cephems, 

chloramphenicol, tetracycline, fluoroquinolones, macrolides (erythomycin), triclosan

MexXY

Aminoglycosides, macrolides(erythomycin), tetracycline

MexEF –OprN

Chloramphenicol, fluoroquinolones, trimethoprim, carbapenems (imipenem, 

panipenem),  triclosan



drugs

Ampicillin,chloramphenicol,

erythromycin, triclosan, 

chloroxylenol, chlorhexidine
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www.icajapan.org
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Potential Efflux Pump 
Inhibitors (EPIs)

Herbs

• PAβN (MC-207,110 or PAβN)

• 1-(1-Naphthylmethyl)-Piperazine

(NMP) & the Arylpiperazine Analogs

• D13-9001 & the Pyridopyrimidinone

Analogs 

• Pyranopyridines (MBX2319) 
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R resistant, S suceptible

Antibiotics are 

selective pressure.
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• In vitro Plasmid curing: 

e.g. SDS, acridine orange, ethidium bromide

• Inhibition of plasmid transfer:

e.g. Phosphoglycolipids (bambermycin or moenomycin)
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X
X
X



Prevotella bryantii

Enterococcus faecium

-cross resistance to vancomycin 

& bacitracin

-cross resistance to vancomycin

Cross resistance between phosphoglycolipids

and antibiotics in commensal bacteria

Edwards et al (2007);  Handwerger and Kolokathis (1990)





https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html

Naturally-occurring germs in 

and on bodies skin, gut, 

mouths, respiratory tracts, 

and urinary tracts.

The full complement of 

microorganisms, their genes 

and their metabolites  

in commensal, symbiotic and
pathogenic microorganisms

including bacteria, archaea, 

fungi, and viruses.

Help in digestion and 

detoxification, immunity, 

protecting against invading 

pathogens, and maintaining 

overall health.



https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html

Resistant bacteria can colonize 

and cause infection. This puts 

people at risk for potentially 

untreatable illnesses. 

The patients can carry resistant 

bacteria and easily spread 

these bacteria to other people, 

especially those who also have 

a disrupted microbiome.

Microbiomes disrupted by 

antibiotics are vulnerable to 

infections by resistant bacteria. 



https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html

• How antibiotics disrupt  

a healthy microbiome

• How a disrupted microbiome 

puts people at risk

• How antibiotic stewardship 

can protect the microbiome



Characterization of the gut microbiome 

in an animal species:

• How antibiotic treatments disrupt normal 

gut bacteria

• How animal growth might be promoted

• How bacterial diseases might be treated 

without using antibiotics 

https://www.nytimes.com/2015/02/01/opinion/sunday/the-death-of-the-dinosaurs.html



AMU AMR



•Reduce use of antimicrobials

•Disease prevention and control

•Diagnostics

•Prescription

•Restriction of last-resort ABO

•Public education

•etc

conservation innovation

•New alternatives

•New drugs

•New diagnostic tool

•New system

•New business model

•etc
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