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Imost everyone has heard of the
bacterium MRSA (methicillin-
resistant Staphylococcus aureus) but
what does the name actually mean,
and why are hospital infections given

People exert a considerable
influence on their surroundings.
Impact considers some of the
ways in which our actions are
affecting the environment.

so much prominence in the press?
Understanding the nature and significance of MRSA
requires that we know a little about the organism,
Staphylococcus aureus, and appreciate the mechanisms
by which bacteria can become resistant to antibiotics.
Then, by looking at the history of MRSA, it will be
clear that our actions have helped it to claim a place at
the top of the list of bacteria that cause disease in
humans.

What is Staphylococcus aureus?

S. aureus is a common bacterium found on the skin and
in the nasal passages of roughly 30% of the population.
Although it is usually harmless at these sites, it may
occasionally gain access to the body through breaks in
the skin from abrasions, cuts, wounds, or surgical
incisions. These infections may be mild, causing pimples,
boils, or conjunctivitis in the eye. However, S. aureus can
cause serious infections of the skin, bone and musdle,
urinary tract and blood. It can also cause pneumonia

Box 1 Staphylococcus aureus

strains differ in their ability
to cause disease

Staphylococcus aureus is at the top of the list of
infectious organisms along with other ‘superbugs’. The
species includes strains of variable virulence — the
ability to spread, colonise a host and cause disease. In
the 1970s, problematic strains of MRSA were identi-
fied that were particularly able to cause outbreaks of
infection. These are now called epidemic MRSA and
17 types have been identified. The most aggressive
types are 15 and 16, which appeared in the 1990s and
now are the most prevalent strains in the UK.

An outbreak of infection occurs when a bacterium,
fungus or virus is transmitted to susceptible hosts and
causes disease. Outbreaks can be small scale, involving
family members or patients in a hospital ward, or
pandemic — causing infections all over the globe (as
seen recently with SARS and in the past with influenza).

and heart disease. In some people, these infections are
fatal. The sort of disease caused, and the outcome for the
patient, is related to the prior health of the patient and
the strain of S. aureus involved (see Box 1).

Penicillin and the development of
antibiotic resistance

Normal staphylococcal infections can be treated with
several antibiotics. Penicillin, the first antibiotic to be
discovered, was introduced into clinical practice during
the Second World War. At that time over 90% of
S. qureus strains were sensitive to the drug, so treat-
ment was usually successful. However, strains soon
started to appear that did not respond to treatment —
they had become resistant (see Box 2). Within 5 years,
half of all S. aureus samples isolated from patients were
resistant and today over 90% of such bacterial isolates
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Figure 1 The percentage of all S. aureus isolates resistant
to penicillin from a number of studies worldwide.
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driven by the misuse of
antibiotics

When they were first introduced, antibiotics were
called ‘magic bullets”. It was thought that humans
would no longer have problems treating infection. But
bacteria are adaptable and are helped in the battle of
infection by their ability to modify the DNA they carry
by mutation or by acquisition of DNA from other
bacteria. Antibiotics select for the bacteria that have
changed their DNA and become resistant, that is, they
allow the population of resistant bacteria to continue
to survive and multiply. Misuse of antibiotics in the
past has exaggerated this selection, driving the evolu-
tion of resistant organisms like MRSA. Examples of
misuse include doctors prescribing antibiotics to
patients with viral infections (which will not be affected
by antibiotics), antibiotics used as growth promoters in
agriculture, and antibiotics purchased without prescrip-
tion and not used against the right sort of infection. We
are now much better informed about these issues and
prudent use of antibiotics in the future should help
limit the development of resistance.

are resistant to penicillin (see Figure. 1). These bacteria
carry genes encoding penicillinase, an enzyme that
breaks down penicillin and prevents it from killing the
S. aureus bacteria.

Antibiotic resistance depends on the acquisition of
new genetic information. Researchers initially overcame
the problem of penicillin resistance by finding out how
penicillin kills bacteria and then chemically modifying
the structure of penicillin such that it was not destroyed
by the penicillinase, but still acted on the bacterium.
Chemists synthetically produced a number of variants of
the penicillin structure which had antibacterial activity
but remained unaffected by the penicillinase enzyme.
These antibiotics included methicillin, flucloxacillin,
ampicillin and amoxillin, which continue to be used
today to treat many infections caused by strains of
S. aureus which produce the penicillinase enzyme.
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Figure 2 The rise of MRSA causing bloodstream infections
in England and Wales in the 1990s.
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Methicillin resistance

Unfortunately, certain strains of S. aureus, known as
MRSA, have now become resistant to treatment with
methicillin (and other penicillin-derived antibiotics).
Strains vary in their resistance to non-penicillin anti-
biotics, but vancomycin is a drug to which all MRSA
strains appear to be susceptible and this antibiotic
remains the mainstay of treatment. However, reports are
emerging of patients with S. aureus infections resistant
to both methicillin and vancomycin — a major cause of
concern for us all.

Both penicillin and methicillin are effective antibiotics
because they inhibit a key step in bacterial cell wall
synthesis. The consequence of antibiotic action is that
the bacteria can only synthesise weak cell walls. When
water enters the cells by osmosis, they burst and the
bacteria die. Bacteria can become resistant to penicillin
action by the enzymic destruction of the antibiotic by
penicillinase, but in the case of methicillin resistance, a
completely different strategy has arisen. S. aureus has
acquired genes that encode a new cell wall building
protein, thereby allowing successful cell wall synthesis
even in the presence of methicillin. The ability of small
fragments of DNA to move between bacterial species is
a remarkable feature of bacterial physiology, which
underpins not only their defence mechanisms against
antibiotics produced by certain organisms but is a key
strategy in bacterial evolution and survival (see Box 3).

MRSA was not a major problem during the 1960-80s
due to the susceptibility of early MRSA to other anti-
biotics. However, the 1990s saw a dramatic increase in
numbers of patients with MRSA, and now MRSA
accounts for over 40% of bacteria causing blood infeg-
tions (see Figure 2). The increase is mainly attributed to
the evolution of strains of MRSA that are well adapted
to spread and have increased pathogenicity and wider
resistance to other drugs (see Box 1).

What are superbugs?

The term ‘superbug’ is widely used in the media to
describe a variety of bacterial species that cause severe
infections and are resistant to antibiotics. These bacteria
are often able to produce toxins and enzymes that allow
them to resist the human immune system (see pp. 34-37)
and destroy host tissues. These products are called
virulence factors, because their production increases the
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likelihood that the bacteria will be virulent or patho-
genic — able to spread and cause disease.

MRSA is perhaps the best known of the superbugs.
Other headline hitters are the toxin-producing strains of
Clostridium difficile and antibiotic-resistant forms of
Escherichia coli and Enterococcus faecalis.

Hospital-acquired infection

MRSA infections are rarely seen among the general
public and occur most often in patients in hospitals. As
with ordinary strains of S. aureus, some patients harbour
MRSA on their skin or in their nose without harm,
whereas others develop infections. The ability of

Box 3 Mechanisms used for transfer

of DNA between bacteria

Bacteria have developed three main ways to acquire
DNA from the surrounding environment or from other
cells: transformation, conjugation and transduction.
The DNA that is transferred usually carries genes
encoding functions that give a bacterium a selective
advantage, like antibiotic resistance or the ability to
use a certain nutrient.

Transformation involves the transfer of a piece of DNA
from the environment, through the bacterial cell wall
and into the cytoplasm. The DNA can be strands of
DNA from another bacterium that has lysed and
released its cellular contents, or a plasmid, which is a
self-replicating piece of DNA.

Conjugation is a more organised mechanism and
requires the interconnection of two cells by a tube
(sometimes called the sex pilus, though it has nothing
to do with sexual reproduction). DNA, usually plas-
mids, can then be transferred between the cells.

The third way bacteria acquire DNA is via transduction,
which occurs during infection with a bacteriophage.
These are viruses that infect bacterial cells, degrade
their DNA and incorporate it into new virus particles.
The host bacterium lyses, releasing the new bacterio-
phages to infect other bacterial cells. New bacterial
hosts then incorporate the DNA carried from the first
bacterium into their own genome.

SCOTT CAMAZINE/ALAMY

S. aureus to survive outside the human host on dry
surfaces means that the bacteria can be picked up on the
hands of patients, their visitors and statf in hospitals. If
these people do not wash their hands well, MRSA may
be spread and cause an infection — a hospital-acquired
infection. The ability of MRSA to survive in the envir-
onment has helped it to become established as a leading
cause of such infections.

The rate of acquiring an infection in a hospital is
increasing and up to 9% of the patients in some hospi-
tals will have one. This percentage seems high, but there
are many reasons why patients acquire an infection
while in hospital. More and more, we are able to treat
patients who are already very ill and susceptible to infec-
tion. Some procedures, such as organ transplantation
and cancer treatment, require the immune system to be
suppressed with drugs. Patients may be on long-term
antibiotic treatment, which can have the consequence
of selecting for the survival of resistant bacteria, or they
have catheters inserted into their bodies, which can give
bacteria a route of entry into the blood.

Much of the media coverage of MRSA highlights
‘dirty hospitals’. Possibly up to 30% of hospital-acquired
infections could be prevented by strict adherence to
hygiene recommendations, for example thorough hand
washing (see BIOLOGICAL SCIENCES REVIEW, Vol. 19, No. 3,
pp. 7-9). However, many infections result from the
factors described above and not because of inadequate
cleanliness. In recent years, procedures controlling the
spread of infection in hospitals have been much
improved. Infection-control doctors and nurses are
responsible for maintaining good hygiene practices and
investigating outbreaks of resistant bacteria.

People infected with MRSA usually face a long stay
in hospital while the organism is removed using
vancomycin in combination with other antibiotics.
Vancomycin must be given by slow infusion into a vein,
so this antibiotic can be used for treatment only in
hospitalised patients.

Before penicillin was introduced, many bacterial
infections were untreatable and infectious diseases were
the major cause of death in humans. A return to the
pre-antibiotic era is unlikely for a number of reasons.
Although the development process for new drugs via
the biotech/pharmaceutical industry is not supplying
antibiotics as rapidly as it has in the past, we are now

Coloured transmission electron micrograph of Escherichia
coli bacteria conjugating. The hair-like links between the
bacteria allow DNA to pass from one to another. x13000
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[image: image4.jpg]Useful resources

The Society for General Microbiology:
www.microbiologyonline.org.uk/

The UK Health Protection Agency:
www.hpa.org.uk/defaulthtm

The Department of Health:
www.dh.gov.uk

www.netdoctor.co,uk/diseases/facts/mrsa.htm

much more aware of the dangers of the uncontrolled
use of antibiotics (see Box 2). There is also an increased
awareness that using a combination of different anti-
biotics that affect different targets in the bacterial cell
(called combination therapy) helps to prevent the
development of resistance.

Molecular detectives hunt MRSA

When an outbreak of MRSA infection occurs, it is
important to track the spread and identity the source of
the infection — usually a patient or staff member who
is carrying the strain and spreading it to others. This
requires accurate identification of the bacteria, a process
that used to take several days. Developments in molec-
ular biology have now made it possible to ‘fingerprint’
MRSA in a matter of hours. This rapid detection makes
it possible to stop an outbreak in its tracks and greatly
reduces the number of patients that become infected.
Some of these techniques are not yet used routinely, but
they should have a significant impact on hospital-
acquired MRSA infection in the near future.

ESSENTIAL WORD
DICTIONARIES

Staphylococcus
aureus growing
on an agar plate
containing
blood.

So, although the future has been painted in a rather
gloomy light by many newspapers and MRSA is still
causing problems in hospitals, there is cause for opti-
mism — as long as we remember how our actions in the
past have driven the development of resistant bacteria
and learn from these lessons.

Dr Mat Upton is a lecturer in medical microbiology at
the University of Manchester. His research focuses on
ways of identifying MRSA rapidly, and discovery of new
compounds to combat staphylococcal infections
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