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Outnumber humans by 1022

Outweigh humans by 108

Present on Earth for 3.5 billion years

Evolve up to 500,000 times faster





3.5 billion years
Diversity 

Resilience 

Co-operation 

Efficiency 

Communication













Antibiotics







Penicillin

Discovered (Fleming) in 1929 - difficult to synthesise 

Florey and Chain produced usable quantities 1939 

USA & UK collaborated on production during WWII 

First patient treated in March 1942. 10 more patients 
treated the following summer.



Penicillin production

1943: 12 kg 

1944: 4,100 kg 

2016: 70 x 106 kg



Penicillin cost (2016 $)

1943: $275 per 100,000 U 

1949: $1 per 100,000 U 

2016: $0.03 per 100,000 U



“There is the danger that the 
ignorant man may easily 

underdose himself and by 
exposing his microbes to 

non-lethal quantities of the 
drug make them resistant” 

Alexander Fleming, 1954



One can think of the middle 
of the twentieth century as 
the end of one of the most 
important social revolutions 

in history, the virtual 
elimination of the infectious 

diseases as a significant 
factor in social life. 

McFarlane Burnett, 1960



1938-52 
-8.2% /yr

Sulphonamide 1937-43: 
30%↓ maternal mortality 
24%↓ pneumonia mortality 
58%↓ scarlet fever mortality

Armstrong GL et al. JAMA 1999; 281:61-66
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Why? (1)





Beta-lactams

Aminoglycosides

Tetracyclines

Ancient Modern



Modern
Ancient



Why? (2)



J Biol Chem 1946; 437-41
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Agricultural resistance

MRSA common in swine 

Salmonella, campylobacter, E.Coli common in cattle 

Direct infection + transmission of resistance



Why? (3)



Streptomycetes

Bacteria found in soil 

Largest genome of any bacteria 

Rarely pathogenic 

Best natural producers of antimicrobials













Diminishing returns

Only two classes of synthetic antibiotics developed 
in the last half century - flouroquinolones and 
oxazolidinones



Why? (4)



Economics
“In the absence of an immediate, obvious 
and undeniable incentive such as near-term 
survival in the face of a major war, plague, 
or famine, the only incentive for producing 
any new product for any reason that 
appears to work consistently throughout 
history is material gain, or more simply, 
profit”

Dodds DR. Antibiotic resistance; a current epilogue. Biochem Phamacol 2017 in press



Economics
Cost of antibiotic resistance (USA) $55 billion /yr but 
majority of cost ($35 billion) due to lost productivity - 
not borne by health budget 

Antibiotics are not especially profitable: more money 
can be made by developing other drugs 

Lipitor: $12 billion/year revenue 

Levofloxacin: $2.5 billion/year



A post-antibiotic world?
700,000 fatalities from drug resistant bacteria per 
annum 

Most “septic” deaths occur late with patients 
colonised by virulent multidrug-resistant pathogens 

Estimated that in the absence of new drug 
discovery, deaths from infection will be 10 x 106 and 
exceed those from cancer by 2050



ESKAPE organisms
Enterococcus 

Staphylococcus aureus 

Klebsiella sp 

Acinitobacter baumannii 

Pseudomonas aurugenosa 

Enterbacter



CDC threats URGENT

C.difficile (15,000 deaths per annum) 

CRE (600 deaths but 50% mortality) 

N.gonorrhea



CDC threats SERIOUS
MRSA, VRE, S.pnuemonia 

XDR-TB 

Pseudomonas 

Salmonella, Shigella 

Acinitobacter, Campylobacter 

Fluconazole-resistant Candida



Barriers to development of 
new antimicrobials

Money 

Penetration 

Tolerance 

Resistance



Tolerance

Related to the presence of persister bacteria 

Approx 1% of bacterial population - not mutants 

Non-growing, dormant cells tolerate bacteriocidal 
antibiotics 

May explain relapsing infections



Resistance

Destruction of the antibiotic 

Target modification 

Reduced penetration of the antibiotic



Resistance

Usual bacterial load in systemic infection is 109 

Population of bacterial in the body is 1014



Where to from here?





HTS

13 million compounds commercially available 

10 million screened to date with no viable 
compounds identified 

Total chemical space of all possible molecules 
made of up to 30 atoms of C, H, O, N, S is 1060







“We have been supplying a legitimate 
professional demand and not once could 
have foreseen the unlooked for results. I 

do not feel that there was any 
responsibility on our part” 







The future

HTS using biological models 

Extreme environments - hot springs, deep ocean 

Bacterial dark matter 

Silent operons









Conclusion

Infection-related mortality is increasing and is 
projected to exceed malignancy as a cause of 
death within a generation 

Development of new antibiotics faces significant 
economic and biological constraints 

In the meantime - use the guidelines


