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●
Florence Nightingale was one of the earliest
epidemiologists to write about the calculation
of mortality rates in hospitals, for infection

acquired in hospital was a major problem at this time. 
In 1869, Lancefield Group A streptococcal infection
probably accounted for the high mortality following 
leg amputation in Edinburgh described by James
Simpson. He postulated that the infection was due to 
the “accidental inoculation of the morbific secretions formed in
the bodies of other patients affected”. Of course, nosocomial
infection had been recognized for centuries before this
and the spread of diseases such as smallpox and typhus
within institutions was well described. None of these
infections is a major cause of hospital-acquired infection
in the UK today; a completely different range of organisms
is seen. Indeed, even in the short-term, the continual
evolution of opportunist infection has become one of the
characteristics of communicable disease in hospital.

The term ‘opportunist’ in this setting is a very broad
one, and is taken to refer to an organism that would not
normally cause infection, but is able to do so because of
some impairment in the defences of the individual.
Often the organisms are considered to be of low patho-
genicity, and infection only occurs in a particular clinical
setting. An example is infection due to coagulase-
negative staphylococci in patients with some sort of
implanted prosthetic material, such as a central line,
artificial heart valve or drain. Otherwise, the clinical
presentation of the infection may be changed by
increased susceptibility of the patient. For example,
varicella zoster virus (VZV) generally causes a mild 
self-limiting infection in young children (chickenpox),
but may present as a devastating life-threatening illness
in immunocompromised adults or children in hospital.
Environmental factors may be important, such as the
selection of antibiotic-resistant organisms within a
hospital encouraged by antibiotic use, the congregation
of susceptible patients within the same ward, and the
person-to-person spread of organisms from environ-
mental reservoirs, e.g. fluids, drains, taps and shared
equipment. A host of bacteria, viruses, fungi and
protozoa have been associated with opportunist infection
at some time. This article discusses features of some, but
by no means all, opportunistic pathogens in hospitals
today. Some specific immunocompromised patient
groups where opportunist infections are important, for
example those with AIDS, will not be discussed as these
infections are generally acquired outside hospital.

● Infections in cancer patients following
chemotherapy
The evolution of opportunist infection in hospital is very
well demonstrated by the changing organisms associated
with bacteraemia in neutropenic patients over the years.
Trials performed under the auspices of the European
Organization for Research and Treatment of Cancer

(EORTC) between 1973 and 1994 were designed to
compare a different antibiotic regimen for the treatment
of episodes of fever in neutropenic patients following
cytotoxic chemotherapy. In the majority of patients no
causative organism was isolated, but between 22 and
32% of patients were documented to have bacteraemia.
In the first trial, carried out between 1973 and 1978,
bacteraemia was most commonly due to Gram-negative
organisms (71% of the total), notably Escherichia coli
(32%) and Pseudomonas aeruginosa (12%). At this time
Gram-negative sepsis, due to P. aeruginosa in particular,
was recognized as a major cause of fulminant infection 
in neutropenic patients, with a rapid progression and
very high mortality. The subsequent six EORTC trials
performed between 1978 and 1994 showed a gradual fall
in both the number and proportion of patients with
Gram-negative bacteraemia and a rise in the number of
patients with Gram-positive bacteraemia. Today the
spectrum of organisms associated with bacteraemia is
virtually unrecognizable from that of 20 years ago. The
1992–1994 EORTC trial showed that the proportion of
patients with Gram-negative bacteraemia had fallen to
33%. Indeed, in many units treating neutropenic
patients Gram-negative bacteraemia has now virtually
disappeared. In addition, even the spectrum of
organisms isolated from patients with Gram-positive
bacteraemia has changed. Whereas in 1973–1978
Staphylococcus aureus (19%) and Streptococcus pneumoniae
(3%) were most common, the most prominent Gram-
positive organisms isolated between 1992 and 1994
were coagulase-negative staphylococci (33%) and α-
haemolytic or non-haemolytic streptococci (25%).
These were very uncommon in 1973.

Many factors have contributed to this change.
Certainly cytotoxic chemotherapy for blood cancers
(leukaemia and lymphoma) and the solid organ
malignancies has changed in intensity such that patients
are now more immunocompromised than they were,
both in terms of degree and duration of neutropenia.
Medical advances have meant that it is now possible 
to give very aggressive chemotherapy, and hence
improve the outcome of treatment, while preventing 
the complications of these regimens or supporting the
patients through them. In addition, bone marrow
transplantation has now progressed to an almost routine
procedure, such that it could be argued that the patients
recruited into later EORTC trials were completely
different from those seen in 1973. More intensive
chemotherapy regimens have made mucositis of the
gastro-intestinal tract more common, and this may
explain the increase in bacteraemia due to streptococci
which are commensals of the upper and lower gastro-
intestinal tract. Coagulase-negative staphylococci are
associated with infection of Broviac or Hickman
indwelling vascular lines, which are now almost
universally used for vascular access during treatment.
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Also, quinolone antibiotics are often given 
throughout the period of neutropenia for selective
decontamination of the gastro-intestinal tract to prevent
Gram-negative bacteraemia. This has had a dramatic
effect on the Gram-negative bacteraemia rate in some
units, either by preventing it (which was the intention)
or by suppressing bacterial growth in blood culture
systems and therefore reducing the isolation rate.
However, quinolones have only been widely available
since 1987, and Gram-negative bacteraemia had started
to fall long before this. Some units do not use quinolone
prophylaxis, and they have also documented a fall in
Gram-negative bacteraemia.

● Effects of antibiotic therapy
The potential effect of antibiotic therapy on opportunist
pathogens in hospitals is one of the most important areas
to consider. This has been emphasized by the recent
House of Lords Select Committee on Science and
Technology Report Resistance to Antibiotics and Other
Antimicrobial Agents, which described the hospital
environment as ‘an epidemiological pressure cooker for the
emergence of resistance, combining high infective risks in
immunologically compromised patients who are undergoing
invasive procedures, frequent spread of infection, and high usage
of antibiotics exerting strong selective pressure on the microbial
population.’ It is important to consider the complex
interaction between these factors, all of which influence
the ability of a micro-organism to cause infection.

Two antibiotic-resistant organisms causing concern in
hospitals worldwide at present include methicillin-
resistant S. aureus (MRSA) and vancomycin-resistant
enterococci (VRE).

MRSA. MRSA is clearly a pathogen in its own right, but
recent evidence suggests that, as methicillin resistance in
S. aureus becomes more common, MRSA is not simply
replacing methicillin-sensitive strains (MSSA) as a cause
of infection, but is an additional burden. This has been
seen at Addenbrooke’s Hospital, Cambridge, where the
bacteraemia rate for MSSA has remained remarkably
constant in the last 5 years, but bacteraemia due 
to MRSA has appeared and is increasing every year. 
In 1998 MRSA bacteraemia represented 52% of the
total S. aureus bacteraemia identified. The majority of 
the MRSA bacteraemia (84%) was acquired in hospital,
whereas 54% of the MSSA bacteraemia was community-
acquired. Therefore, it appears that MRSA has become a
major opportunist pathogen in the hospital in its own
right. The spread of MRSA in the hospital from
colonized patients and the presence of risk factors for
infection, such as indwelling vascular lines or surgical
procedures, is probably the cause of this.

VRE. The clinical impact of VRE is more difficult to
assess, as enterococci are intrinsically less pathogenic

than S. aureus. Nevertheless, many hospitals are
beginning to isolate VRE from patients on wards where
glycopeptide antibiotics are widely used, for example,
haematology, transplant or intensive care units. Our 
own experience is that VRE are not uncommon isolates
from clinical specimens, but we have had few patients 
in whom we have been convinced that it was a cause of
infection. When we have felt that there is sufficient
evidence of infection to treat the patient, there has
usually been a persistent source of the organism, for
example, a colonized indwelling vascular line (for
patients with bacteraemia) or a colonized Tenckhoff
catheter or intestinal perforation (in patients with
peritoneal kidney dialysis-associated peritonitis).

Clostridium difficile. Another opportunist pathogen that
emphasizes the interaction between antibiotic therapy,
the environment and the susceptible patient is C.
difficile. This organism is a major cause of antibiotic-
associated diarrhoea in hospitals and has significant
morbidity and mortality. However, patients must have a
triad of risk factors before developing symptoms. First,
they must be colonized with toxigenic strains of the
organism. A small proportion of the population carries
C. difficile as normal gut flora. Many more will acquire
the organism from the environment soon after entering
hospital, and we know that C. difficile spores may persist
on surfaces for many months. Second, the patient must be
susceptible to the action of the bacterial enterotoxins, and
the elderly appear to be much more at risk than younger
patients. Finally, the patient must usually be exposed to
antibiotic therapy, particularly broad spectrum injectable
cephalosporins, which kill many of the bacteria of the
normal gut flora and allow overgrowth of C. difficile.
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Glossary
●Bacteraemia
Presence of bacteria in the blood.

● Indwelling vascular line
A line or drip inserted into a blood vessel 
to give fluids and/or drugs.

●Mucositis
Inflammation of the mucosa of the
gastrointestinal tract as a result of
chemotherapy.

●Neutropenia
A white cell count of <1 x 109 per litre,
usually as a result of chemotherapy.
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● Control strategies
For the opportunist organisms discussed above, control
in hospital must take account of the pressure to select the
organism, the care of the infected or colonized patient,
and the prevention of spread of the organism to other
patients. For prevention of transmission the most
important factor remains handwashing, and this has
been emphasized recently by a renewed national hand
hygiene campaign to improve education among health-
care workers. Perhaps one of the other most interesting
areas is the role of antibiotic use in the selection of these
organisms. It is well known, of course, that use of an
antibiotic may encourage the emergence of resistance to
that antibiotic or class of antibiotics. Alternatively, the
use of an antibiotic may change the colonizing flora so
that a different range of infecting organisms is seen.
Sometimes, however, the connection is not so clear-cut.
For example, the use of broad-spectrum injectable
cephalosporins in hospitals has been linked to the
emergence of C. difficile diarrhoea as a major concern. It
has not been possible in individual studies to prove that
cephalosporins are the primary cause, but several studies
have now shown that it is possible to reduce the incidence
of C. difficile diarrhoea dramatically by changing
antibiotic prescribing practice to avoid these agents.
Likewise, it has been suggested that the incidence of
vancomycin-resistant enterococci may be reduced by
avoiding the use of glycopeptide and cephalosporin
antibiotics, the agents most likely to encourage the
proliferation of these organisms. Looking to the future,
control of vancomycin-resistant enterococci and the
restricted use of glycopeptide antibiotics have been
advocated as an essential prerequisite to the prevention 
of the emergence of vancomycin-resistance among
staphylococci, and MRSA in particular.

● Conclusions
It can be seen, therefore, that the pathogens causing
infections in hospitals are constantly evolving to fill
niches created by the ever-changing susceptibility of
patients, the selective antibiotic pressure on organisms
and spread of organisms from one patient to another in
the hospital environment. In many respects the spectrum
of opportunist infections we see now is a result of the
treatments we have given patients. As we respond to
these infections and medical treatment advances the
spectrum of pathogens we encounter will continue to
change. Infection control in hospitals is often described
by those closely involved with it as fire-fighting. Who
knows where the fire will break out next?
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Dear Editor

The new edition of the biennial publication CRAC Degree
Course Guide 1999/2000: Microbiology, Immunology &
Biotechnologywas published in April. The purpose of the
series in which this guide features is to help prospective
undergraduates in their choice of degree course and
institution.  When I wrote about the guide in the August 1998
issue of SGM Quarterly (Vol. 25, part 3, p. 105), my main
purpose was to alert members responsible for recruitment
and admissions to be on the lookout for the request for
revised information for this new edition.

In the normal course of events the guide would not come to
the attention of members in this way for another two years.
However, apart from its main intended readership, it may also
be of interest to those of us involved in undergraduate
teaching because it includes a table of information listing
which of 20 topics are compulsory or optional components in
the final year of some 100 degree courses. This information
was introduced two editions ago. Although 20 topics does
not provide the amount of detail that we might need because
it was not drawn up with us in mind, it seems to be the only
such summary available.

Copies are not always readily accessible within HE
institutions. Therefore, as it is academic consultant on a
strictly non-commission basis, I feel reasonably comfortable
in mentioning that the 45-page guide (ISBN 1-8601-7619-4)
is available through booksellers at £5.50 and by post (plus 
£1 p&p) from Client Services Department, Biblios Publishers
Distribution Services Ltd, Star Road, Partridge Green, 
West Sussex RH13 8LD (Tel. 01403 710851; 
Fax 01403 711143).

Yours sincerely

■John Grainger, University of Reading

Dear Sir/Madam

We are writing in recognition of the information on food
preservation you sent us. It was very informative and we are
grateful for your help. Our project in our Year Nine Science
fair would not have ran smoothly without it. Many thanks.

We send a special thank you to you, for all the effort you put
into selecting relevant information, sending things and also
recommending other sources we could use. You were by far
the most helpful company we wrote to, and our teacher was
surprised at your efficiency in replying. We received the
reams of information within three days of sending off for it.

Thank you again. We will be crediting you on our display board.

■Lucy Razzall, Gemma Gomersall & Alison Zander, The
Blue Coat School. Egerton Street, Oldham, Lancashire
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