
	
Superbugs	–	what	are	they	and	
why	should	we	be	worried?	

	
	



The plan -



Bacteria	…	



Alexander Fleming – 
discoverer of penicillin



Antibiotic discovery …

Nature is metallo-b-lactamases for which we do not have an inhi-
bitor, and the emergence of the NMD-1 ‘‘New Dehli” plasmid cod-
ing for a b-lactamase that provides resistance to all b-lactams. The
timeframe for introducing a new drug is about 12 years. Pathogens
obey no rules when acquiring resistance.

The Industry responded to the rise of resistance by focusing on
synthetics, and a number of high-tech approaches were brought
together to form the new genomics/combichem/HTS/rational
design platform. Essential, conserved proteins identified through
genomics were supposed to serve as targets for HTS and rational
design, producing novel antibiotics. The end result of the new plat-
form however was the closing of anti-infective divisions at Big
Pharma companies. Indeed, not a single drug emerged from this
platform [30,31]. Inhibitors of targets were readily identified, but
were restricted by the penetration barrier, which is especially
effective in gram-negative species. The outer membrane is a bar-
rier for amphipathic compounds, which essentially all drugs are,
since they need to be soluble and able to cross the cytoplasmic
membrane. The multidrug pumps (MDRs) extrude any compounds
that leak in through the outer membrane [32,33], and recognize
chemically unrelated molecules based mainly on polarity, prefer-
ring amphipathics. The inner membrane restricts penetration of
hydrophilic substances, and the result is then a perfect barrier. Por-
ins in the outer membrane and transporters in the inner mem-
brane allow for uptake of specific nutrients. In the bacterial arms
race, some classes of antibiotics evolved to breach this barrier.
These are aminoglycosides, b-lactams, tetracyclines, and to a lesser
extent chloramphenicols. In the world of synthetics, only one large
class able to penetrate well into gram-negative pathogens was
developed during 60 years of the global effort, the fluoro-
quinolones. Metronidazole, effective under anaerobic conditions,
and trimethoprim, are broad-spectrum as well. These compounds
were developed in small focused projects. The only other new class
of synthetics developed in the last 60 years, oxazolidinones, are
narrow-spectrum, bacteriostatic compounds, and also resulted
from a small focused synthetic program unrelated to HTS. The last
useful antibiotic to be discovered, a lipopeptide daptomycin
(1986), is also an anomaly – it acts against the membrane with
associated toxicity. The last class of antibiotics acting against a

specific target to be discovered were streptogramins (1964),
narrow-spectrum compounds introduced some 30-odd years later.

Antimicrobial drug discovery presents an unusually difficult
intellectual challenge, simply doing more high-throughput screen-
ing or adding yet another target to the long list of potential ones
will not do.

3. The discovery pipeline and its bottleneck

The vast negative experience of the past half-century with
antimicrobial discovery points clearly to the bottleneck: the pau-
city of compounds that can penetrate into bacterial cells. The
HTS approach has been very successful in identifying hits against
targets in (and outside of) human cells. Aided by Lipinski rules
(65 hydrogen bond donors; 610 hydrogen bond acceptors; molec-
ular weight 6500 Da; logP 6 5) [34], the compound libraries are
focused on molecules that will be absorbed after oral administra-
tion. These rules however are not useful for identifying good
antimicrobial leads which need to satisfy a different requirement
– penetration into prokaryotes. But this does not mean that a ran-
dom unfiltered library has great starting compounds – Lipinski
rules simply exacerbate the problem. Earlier libraries did not have
that filter. According to the ZINC database, upwards of 13 million
compounds are commercially available, and around 10 million
have been screened by the Industry in search of antimicrobials.
The problem with this global screening effort is that it is very
small. The total chemical space – all possible molecules made of
30 atoms of C,H,O,N and S – is 1060 [35].

The above analysis paints an extremely bleak picture; if we can-
not even discover compounds acting against rapidly growing
gram-positive bacteria, what are the prospects of finding broad-
spectrum antimicrobials acting against non-growing stationary
cells and persisters?

4. Other problems worth mentioning

Apart from difficulties with penetration and tolerance, antimi-
crobials face another unique challenge: development of resistance
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Fig. 1. The timeline of antibiotic discovery and introduction. Top panel, year of introduction into clinical practice; bottom panel, year of discovery of a major antibiotic class.
Sulfa-drugs, quinolones and the oxazolidinones are synthetic. The last class to be discovered, lipopeptides (daptomycin) is also an exception, the compound does not hit a
specific target, but rather increases membrane permeability.
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How do bacteria become 
resistant to antibiotics?
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Introduction
Antibiotics and other antimicrobial medicines are important 

for treating infectious disease in humans, animals and plants. 

Antimicrobial medicines help combat many common diseases 

including tuberculosis, malaria, human immunodeficiency virus/

acquired immune deficiency syndrome (HIV/AIDS), sexually 

transmitted diseases and pneumonia.1,6 Antibiotics treat and 

prevent bacterial infections, making possible and improving the 

safety of chemotherapy, bone marrow or organ transplants, joint 

replacements and other surgery.1,7 

Bacteria are excellent at adapting to their environment. In some 

cases, bacteria may develop resistance that allows them to survive 

in the presence of antibiotics (Fig. 1). Other microbes, including 

fungi, viruses and parasites, can also develop resistance to some of 

the antimicrobial medicines we use to treat infected people, plants 

and animals.

Use and misuse of antimicrobial medicines increases the spread 

of resistance. Antimicrobial-resistant microbes are present in 

every region of the world, including New Zealand.1 Of particular 

concern are high rates of antibiotic resistance among bacteria that 

cause a number of common infections including skin infections, 

pneumonia, and urinary tract infections.1,6 Some bacteria with 

resistance to multiple classes of antibiotics are now widespread 

across the world.1,7

How antibiotic resistance emerges 
and spreads in bacteria
(Modified from Centers for Disease Control and Prevention7)

F I G U R E  1

Some bacteria develop antibiotic 

resistance through mutations in 

their genes

When exposed to antibiotics the bacteria 

that lack resistance genes will be killed or 

grow very slowly, while antibiotic-resistant 

bacteria will flourish

Continued exposure to antibiotics 

results in antibiotic-resistant bacteria 

becoming much more common

Some bacteria acquire 

resistance by gene transfer 

from other bacteria
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How worried should we be?

~ 70,000 people die each year due to infection 
by antibiotic-resistant bacteria

- Estimated to rise to about 10,000,000 per 
year by 2050s 

2014

ANTIMICROBIAL
RESISTANCE

Global Report
on Surveillance 



So what can we do?
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Use of antimicrobial 
medicines in  
New Zealand

Within the community

New Zealand has a high rate of antibiotic use for human 

medicine compared to the rate of use in many other countries 

(Fig. 3).49,50 Levels of antibiotic use in the community in recent 

years are comparable with those in European countries that 

are widely considered to have profligate use of antimicrobial 

medicines, and that have, as a consequence, high levels of 

antimicrobial resistance.51 In New Zealand, approximately 95% of 

the antibiotics intended for human consumption are dispensed 

by community pharmacies.52 Sometimes these prescriptions are 

of nil or trivial benefit.51 For example, most upper respiratory tract 

infections are caused by viruses and therefore cannot be cured 

with antibiotics. Antibiotic dispensing increases dramatically 

each winter, for example during 2014 there was a 40% increase 

between summer and winter.49

There is a marked variation in the total amount of community 

antibiotic dispensing, and in the quality of antibiotic prescribing, 

between the different District Health Board regions in New 

Zealand.49,51 Regional differences in the incidence of infection and 

demographics (age, ethnicity, socio-economic status, geography) 

may account for some of this variation. A study of the antibiotic 

consumption by over 5500 children enrolled in the Growing Up in 

New Zealand study showed that, on average, each child had been 

dispensed 9.5 antibiotic courses by the age of five years.53 The 

study showed more antibiotic courses were dispensed to a higher 

proportion of Māori and Pacific children than other ethnicities.53 

Children living in areas with a high incidence of socio-economic 

deprivation also received more antibiotics than other children.53 

Both these findings are consistent with a higher occurrence of 

infectious disease within these groups.16 Only 3% of the children 

in the study had not received a single antibiotic course from 

community pharmacies during their first five years of life.53

High levels of use of topical antibiotic creams in New Zealand 

have led to high levels of resistance.54,55 Resistance intensified 

with increased dispensing,55 driven, in part, by over-the-counter 

availability of the antibiotic Mupirocin (without the need for a 

prescription) between 1991 and 2000.54
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* Prescriptions in the community only. Hospital prescriptions excluded. 

Source data from ESR,49 ECDC56 and ACSQHC57



So what can we do?



My research team …….


