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Survival of the fittest
When an antibiotic is first used the percentage of resistant
strains is less than 1 %. After 8–12 years, if the antibiotic is
in regular use, the level of resistance increases dramatically.

How antibiotic resistance spreads
Treating a patient with antibiotics causes the microbes to
adapt or die; this is known as ‘selective pressure’.

If a strain of a bacterial species acquires resistance to 
an antibiotic, it will survive the treatment. As the bacterial 
cell with acquired resistance multiplies, this resistance is
passed on to its offspring. In ideal conditions some bacterial
cells can divide every 20 minutes; this means that after 
only 8 hours in excess of 16 million bacterial cells carrying
resistance to that antibiotic could exist.

The human body is home to a normal flora which colonizes
surfaces and reduces the availability of nutrients and space
to pathogenic bacteria. Therefore, in a healthy person it is
difficult for these pathogens to gain a hold and exist in large
numbers. When a person takes a broad spectrum antibiotic,
e.g. ampicillin, the antibiotic does not discriminate between
the pathogens and the beneficial normal bacterial flora 
of the body so that both will be killed. A reduction in the
numbers of resident flora will give any bacterial pathogen
resistant to the antibiotic an increased competitive advan-
tage. It may then multiply, predominate and cause disease.

How are resistance genes spread?
Antibiotic resistance can either be inherent or acquired.

1. Inherent resistance. Some bacteria are naturally 
resistant to some antibiotics due to their physiological
characteristics.

2. Acquired resistance. This occurs when a bacterium 
that was originally sensitive to an antibiotic develops
resistance. This can be due to: 

� Random chromosomal mutation. Mutation is a sponta-
neous event and occurs regardless of whether an
antibiotic is present or not. A mutation in chromosomal
DNA is usually only effective against a single type 
of antibiotic. Drug-resistant TB arises this way.

� Transfer of extrachromosomal DNA from a resistant
species to a sensitive one. Transferable resistance was
first identified in 1959 when resistance genes found in
Shigella transferred to E. coli via plasmids. Resistance
(R) plasmids can transfer multiple resistance genes. 
R plasmids can be transferred by conjugation (bacteria
have to be in direct contact to exchange genetic 
material) and transduction (the transfer of DNA via a
bacteriophage).

� Resistance genes can also be transferred from one
plasmid to another plasmid or chromosome. The
mobile genetic element is known as a ‘jumping gene’
as it is able to insert itself anywhere along the genome.

With the emergence of antibiotic-resistant bacteria increas-
ing at a faster rate than the discovery of new drugs the
WHO, through its antimicrobial resistance monitoring
(ARM) activities, and in conjunction with other bodies, is
working to develop and implement a global strategy for the
control of antimicrobial resistance.

Reversing antibiotic resistance
In 1997 Professor Altman and his team at Yale University
published a paper in PNAS showing how they had devel-
oped a method for reversing drug resistance in bacteria
using plasmids containing synthetic gene codes to inhibit
bacterial production of proteins that confer antibiotic resis-
tance. It is possible that in the future this technique could be
a viable alternative to the present approach of developing
new antibiotics.

Discovery of new antibiotics using genomics
The entire genomic sequences of many bacterial patho-
gens are now known. This allows scientists to identify new
drug targets and should lead to improvements in the design
and development of future antibiotics (see the articles by
David Payne p. 55 and David Hopwood p. 64 in this issue).

� Antifungals
Fungal cells and human cells are both eukaryotic and share
many structures and metabolic pathways. A successful
antifungal agent must have greater activity against the fun-
gal cell than the human cell, i.e. it must not be toxic to the
human cell. This is very difficult to achieve. Serious fungal
infections, which are associated with immunosuppressed
conditions such as AIDS and transplantation, have grown in
clinical importance in recent years as has the number of
affected patients in this state. Also, environmental fungi that
are not normally regarded as pathogens are infecting such
patients and causing disease, e.g. Fusarium, a common soil
and plant pathogen.

Some common fungal ailments can be treated with over-
the-counter drugs. For example, fluconazole is used against
superficial Candida infections.

Antifungal resistance is less of a problem than antibacterial
resistance; however, certain strains of Candida species that
are resistant to azoles have been isolated. This is worrying
because patients with suppressed immune systems are at
particular risk of developing Candida infections.

An increasing amount of research is now being conducted
to identify new targets that are unique to a specific fungus.
Once again, genome-based approaches are being used.

� Antivirals
For most viral infections there is no specific treatment. It is
difficult to develop antivirals, as it is hard to find a drug that
successfully inhibits virus replication without affecting the
host cell. This is a direct result of virus replication taking over
the biochemical machinery of the host cell. However, rapid
progress has been made in recent years and now over 30
antiviral drugs are available, as described on p. 58 in this
issue. Acyclovir is probably the best known antiviral, sold
without prescription to combat cold sores caused by the
herpes simplex virus.

Resistance to antivirals is not common but does occur.

The advent of AIDS has stimulated an intensive research
programme into new antivirals.

Antibiotics cannot be used to treat viral infections, although,
they are sometimes given to treat secondary bacterial infec-
tions which can occur after the immune system has been
weakened fighting a viral infection.
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Once thought to be conquered, infectious diseases 
continue to tax all the ingenuity of microbiologists who
strive to keep ahead of the mutating microbes in the quest
for effective treatments.

SGM Education Projects Administrator Dariel Burdass
gives an overview of the current situation with antibiotics
and other antimicrobials. A more detailed version of this arti-
cle will shortly appear as a ‘Factfile’ for distribution widely to
schools.

� What are antimicrobial agents?
Antimicrobial agents are chemicals that kill or inhibit the
growth of micro-organisms and are used to treat microbial
infections. Some are produced naturally by microbes, but
many are now synthetic.

� Antibacterials (antibiotics)
Antibiotics are secondary metabolic products of both 
soil bacteria and fungi. However, the term antibiotic now
refers to both synthetic and naturally occurring compounds
and is most commonly associated with drugs used to treat
bacterial infections.

Alexander Fleming discovered penicillin, the first antibiotic,
in 1928. He isolated it from the mould Penicillium notatum
and found it prevented the growth of bacteria even when
diluted up to 800 times. Penicillin was not available for 
commercial use until Florey and Chain purified it in 1940.

The 1940s saw the mass production of penicillin and 
this led to an enormous reduction in illness and death from
bacterial disease. The result was an explosion of research 
in this field and many new classes of antibiotics were 
discovered. Antibiotics were seen as ‘magic bullets’ due to
their ability to cure the patient by targeting the infective
agent precisely without affecting the host. This led the 
US Surgeon General William H. Stewart to tell congress 
in 1969 ‘the time has come to close the book on infectious
disease’.

How do they work?
Antibacterials exploit the difference between the prokaryotic
bacterial cell and the host’s eukaryotic cell. They work by
being either bacteriostatic, preventing cells from multiplying
so that the bacterial population remains static, allowing the
host’s defence mechanism to fight the infection, or by killing
the bacteria (bactericidal).

This is achieved by interfering with one or more of the 
following processes:

� Cell wall synthesis and integrity, e.g. penicillin

� Cell membrane function and structure, e.g. polymixin

� Protein synthesis, e.g. tetracycline

� Nucleic acid synthesis, e.g. rifampicin.

Antibiotics are classified either as:

� broad spectrum, acting on both Gram-negative and
Gram-positive bacteria, or

� narrow spectrum, acting on only a single group of bacteria.

The emergence of drug-resistant bacteria
Micro-organisms are termed drug-resistant when they are
no longer inhibited by an antimicrobial to which they were
previously sensitive.

In the late 1940s, only 4 years after mass treatment with
penicillin had been introduced, a strain of the bacterium
Staphylococcus aureus was shown to be resistant to this
drug. The emergence and spread of antibacterial-resistant
micro-organisms has continued to grow due to both the
over use and misuse of antibiotics.

How has this happened?
Many factors have contributed to this rise in resistance and
include the following:

� Pressure on GPs to prescribe. The House of Lords Select
Committee on Science and Technology 1999 reported
‘Patients’ expectations and doctors’ perceptions of patient
expectations may result in doctors prescribing antibiotics
to keep patients happy, even if they are not needed.’

� Antibiotics are commonly prescribed for respiratory
infections when the vast majority of these are caused by
viruses not bacteria.

� Most patients are prescribed antibiotics without the 
doctor knowing the cause of the infection.

� Poor patient compliance, e.g. failing to take the full course
of antibiotics prescribed. This has been a particular prob-
lem when treating TB. Treatment is long (6–9 months),
but patients often stop taking their antibiotics after 1
month when they start to feel better.

� Heavy use of antibiotics in hospitals. ITCUs, burns units
and specialist surgical care units have the highest usage
of antimicrobials and these areas also have the highest
occurrence of antimicrobial-resistant bacteria. Frequent
contact between medical staff and patients increases
the chance of cross infection. It has been reported that 
up to 75 % of hospital staff carry methicillin-resistant
Staphylococcus aureus (MRSA). Colonization with these
resistant bacteria can occur even in patients not being
treated with antibiotics.

� In many developing and even some western countries
antibiotics can be purchased over the counter in pharma-
cies and general stores, leading to inappropriate and/or
over use.

� Poor quality antibiotics in some countries.

� Use of antibiotics in animals for growth promotion and
prophylaxis, which can lead to them entering the environ-
ment.

Why do micro-organisms produce antimicrobials?

In the environment antimicrobials have the following roles:

� They improve the survival of the producer in competition with other bacteria, fungi, amoebae, plants, insects 
and large animals.

� They act as metal-transporting agents.
� They act as agents of symbiosis between the microbe and other organisms such as plants, nematodes and

insects. For example, in the case of a symbiotic relationship between fungi and plant roots, the fungi produce
antibiotics that protect the plant against pathogenic fungi or bacteria, and the plant provides the fungi with
nutrients.

� They can stimulate spore formation and inhibit or stimulate germination.

Antimicrobial update
Dariel Burdass
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SGM Micro-Encyclopedia
The articles in Microbiology Today are made available 
on the SGM website as downloadable PDF files. 
These have all been classified by subject and make a
great resource for teaching. Go to the SGM home page
www.sgm.ac.uk and click on ‘Micro-Encyclopedia’.
Follow the links on the left hand side to search for articles
on a given topic. For example, for features on antibiotics
click on ‘Human’ under the ‘Diseases and Treatment’ 
section where the following can be found:

The enemy within – hospital-acquired antibiotic-resistant
bacteria Peter Hawkey (Feb 2001).

New drugs for the super bugs Ian Chopra (Feb 2000).

� Microbiology in the News
For the latest microbiology as reported in the media click
on ‘News Desk’ which can also be found via the SGM
website. This is arranged chronologically and summarizes
the topics as they appear in the broadsheet newspapers,
BBC Online and other publications every day. This is also 
a useful resource for finding background information on
microbiological issues.

School Member survey
Recently a questionnaire was circulated to all School
Members to evaluate current and future SGM educational
resources and initiatives. 7 % kindly responded.

� Profile of respondents
Of those that responded, 74 % teach microbiology at key
stage 3, 87 % at key stage 4 and 96 % post-16 with an
average of 3 hours, 6 hours and 15 hours, respectively
being spent on practical microbiology teaching at each of
the key stages. The majority use the AQA specifications at
both GCSE and A level with 61 % teaching the optional
A2 module in biotechnology/microbiology.

� Current SGM resources
It was pleasing to note that 91 % find the current micro-
biology resources either moderately or highly relevant 
to the curriculum. When asked if the resources are used 
to support microbiology teaching, over 74 % said they use
the posters, 83 % the practical microbiology book and
75 % said they use all the factfiles (except Biofilms).

� Future resources
Over 86 % thought that the future planned resources
were relevant to the specifications. However, less than
50 % thought that they would use either the algae or tea
tree practicals in their teaching sessions. AIDS and the
body’s defence system against microbes were the 
two most popular of the proposed fact files with 100 %
thinking they were relevant to the specifications and 75 %
indicating they would use these in their future teaching.

The most popular format for teaching resources contin-
ues to be paper with PowerPoint second, video third and
web-based fourth.

This information will be taken into account when planning
new resources, along with any additional comments that
were made.

SGM Summer School

12–16 July 2004, University of Leeds
Places are available for this residential event which 
aims to update post-16 biology teachers on microbiology
topics in the curriculum. The specification-led programme
is now available on the SGM’s dedicated microbiology
education website www.microbiologyonline.org.uk,
where you can also download a booking form. As well as
lectures, workshops and hands-on practicals, there are
outings and social events, plus the opportunity to meet top
microbiologists. 

The lectures are organized into themes:

� Molecular Microbiology
Post genomics (Kenny McDowell)
Microbial immunology (Eileen Ingham)

� Biotechnology
Drug development (Ian Chopra)
Exploitation of enzymes (Bob Rastall)
Fermentation (Geoff Robson)

� Infectious Disease
Bacterial disease (John Heritage)
TB (Debbie Gasgoyne)
Viral diseases – hepatitis and HIV (Dick Killington)
Fungal diseases (Dick Hobson)
Malaria (Glen MacConkey)

� Science Education
The new Salters–Nuffield Advanced Biology 
and the National Network of Science Learning 
Centres (Anne Scott)
Improving teaching and learning in post-16 biology
(Michael Kalvis, DfES)

There will also be an emphasis on science communica-
tion, with a workshop led by eminent science writer
Bernard Dixon and a poster competition.

Three afternoons will be devoted to practicals, to include
measuring fungal growth; testing antimicrobial sensi-
tivity; use of the microscope and Gram staining; fungal
identification; datalogging; DNA fingerprinting; pGLO
transformation.

The course fee is only £130, which covers all accommo-
dation, meals, course materials and outings. Teachers
from SGM member schools pay only £100.

Email education@sgm.ac.uk if you have any queries.

� Dariel Burdass, SGM Education Projects
Administrator


