
to select for isolates with
altered susceptibility either
towards biocides or to anti-
biotics. Rather, pre-exist-
ing insusceptible species
became clonally expanded,
and in the drain studies
degradative partnerships
that utilized Triclosan
became dominant. Field
studies, conducted both 
in hospital and domestic
settings, comparing areas
and households with high
and low biocide use, failed
to demonstrate any link
between biocide use and
the antibiotic suscepti-
bility profiles of the 
isolated bacteria. Further,
constitutive hyper-expres-
sion of efflux pumps was
shown to impose a sub-
stantial fitness-cost upon
the organisms, rendering
their proliferation in 
‘real-world’ microcosms
unlikely.

� Conclusion
With hindsight the risks associated with the profligate
use of biocides have been overstated, but the coverage in
the lay press has led to a general reaction against various
uses of hygienic products. This has extended beyond
domestic applications to some medical products used 
in wound care. It is now imperative that confidence 
is restored in products that form an essential part of
domestic and hospital hygiene. Hygiene should be
emphasized and targeted towards those applications
where there is demonstrable benefit (food preparation,
care of the elderly and immune-deficient, wound care,
infection control). Where possible, biocidal formulations
that leave no biologically active residues should be
chosen. These include strong oxidizers such as bleach 
and oxygen-generators and alcohols. Live, but let the
pathogens die.
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critical, then it was possible that the use of biocides
might influence the selection and propagation of
resistance. These possibilities were made even more
pressing by a concurrent expansion of products deploy-
ing biocides and antibacterial claims being made to
consumers. In the absence of further information it was
not long before the tabloid press were informing us of 
the dangers proffered by the indiscriminate use of anti-
bacterial products, and calling for their abolition.

Sadly, in spite of the economic importance of many of
the active ingredients, knowledge of their mechanisms 
of action had not been advanced since the dark ages of 
the 1960s and 70s and for many classes of agent these
assertions could not be refuted. Even for those biocides
for which multiplicity of target had been clearly demon-
strated, susceptibility towards each target was variable
and dependent on the concentration of the biocide. It was
conceivable that mutations in single intracellular targets
could confer selective advantage to bacteria that were
exposed to sub-lethal concentrations (i.e. remote from
the site of use). Thus, whilst it was unlikely that use
levels of biocide could select for resistance at their point
of use, residuals, accumulated in the environment,
might. Furthermore, it had been shown that at sub-
lethal concentrations many of the active molecules had
the capacity to select for hyper-, or even constitutive-
expression of multidrug-efflux pumps in a range of
organisms. Such mutants, whilst unaffected in their
response to use-concentrations of biocides, possess a
reduced susceptibility towards a range of antibiotics that
is sufficient to lessen their therapeutic effectiveness. 

� Testing tells
Good news does not sell newspapers, so in the last 5 years
whilst the alarm has been maintained, little other rele-
vant research has emerged into the popular press. Such
research impacts greatly upon the potential for biocide
use to select for antibiotic resistance. It has now been
clearly demonstrated that Triclosan does indeed possess
multiple, disparate targets that include the enoyl
reductase of E. coli. Numerous bacteria isolated from 
the mouth, skin and domestic drains have been used to
test biocides including not only Triclosan, but also
quaternary ammonium compounds and biguanides. It
has so far proved impossible to select laboratory-acquired
Triclosan resistance in any organism other than E. coli,
suggesting that in most other bacteria highly conserved
targets other than the enoyl reductase are more sensitive
and critical to the action of Triclosan. Isoniazid- resistant
Mycobacterium tuberculosis, whilst mutated in its enoyl
reductase, remains exquisitely sensitive towards
Triclosan. Long-term microcosm studies of the oral
cavity and of kitchen sink drains (a major outlet for
consumer products – see Fig. 1) exposed for several
months to sub-lethal and use-levels of antibacterial
products, including those containing Triclosan, failed 

ABOVE:
Fig. 1. Biofilm material excised
from a domestic drain (a) and after
culture for several months in a
constant depth film fermenter (b
and c). The photomicrograph in (d)
is a montage through the 5 mm
deep biofilm developed in (c). The
drain microcosm has enabled
domestic drain communities to be
accurately reproduced in the
laboratory (McBain et al., 2003,
Appl Environ Microbiol 69, 177–
185) and the effects of long-
term exposure to antibacterial
formulations to be investigated
(McBain et al., 2003, Appl Environ
Microbiol 69, 5433–5442; McBain
et al., 2004, in press).
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�
In the late 19th and early 20th centuries major
advances were made that led to significant
improvements in public health, life expectancy

and quality of life. These improvements came through
recognition of the role that particular micro-organisms
play in the transmission and spread of human disease,
and through the implementation of routine strategies 
for their avoidance. Central to these strategies was the
introduction, and routine deployment of, chemical
disinfectants and antiseptics. These included many
formulations based on natural products such as pine-oil
and coal tar, together with the early by-products of the
burgeoning chemicals industry – phenolics, cationic
surfactants, alcohols and dyestuffs.

Many of these agents, or their derivatives, first used
over 100 years ago, remain prominent today. Studies of
their bactericidal mechanisms of action were numerous
and fruitful in the 1950s and 60s, but waned somewhat
in the 1970s as the interests of the pharmaceutical giants
moved towards antibacterial agents with therapeutic
potential. Such early studies indicated a wide range of
targets for virtually all of these molecules that, together
with degrees of mammalian cell toxicity, limited their
uses to surface disinfection, preservation, and in man,
topical applications. Many of the agents were surface-
active and relatively lipid-soluble, and as a result had
actions upon cells that grouped them as ‘biological
detergents with membrane-active activities’. Generally
the molecules were biodegradable and did not accumu-
late within the environment.

Over the last century periodic studies have reported 
on the antimicrobial effectiveness of such molecules
towards diverse collections of human and environmental
isolates. There appears to have been no functionally
significant change in the susceptibility of the target
bacteria over this period of extended use. Our experience
of the use of antibiotics in therapeutic applications has
been in direct contrast to this, with the development and
spread of antibiotic resistance increasing since the early
1960s.

In the clinic, antibiotic resistance is currently viewed
as a major threat. Common nosocomial pathogens that
express resistance towards multiple antibiotics are being
increasingly detected both in hospitals and in general
practice. It is generally accepted that the main cause 
of this problem has been, and still is, widespread
inappropriate use and over-prescribing of antibiotics in
clinical medicine, animal husbandry and veterinary
practice. Concerns about bacterial resistance have led 
to calls for increased education, of both public and
professionals, in the correct use of antibiotics.

Since as many as one-third of hospital-acquired
infections are believed to be preventable, then more
stringent infection control measures have also been
advocated to reduce the transmission of what are now
often intractable infections. These measures recognize

the tremendous contributions that antisepsis has made
over the last century towards our current advanced state
of public health. Indeed, if reductions in the number of
infections requiring antibiotic treatment can be achieved
through effective hygiene, including the use of antiseptic
products such as medicated dressings and sutures, then
this will delay increases in the incidence of antibiotic
resistance. Accordingly, it is important to ensure that 
the use of antiseptic products is not discouraged in situ-
ations where it is part of good hygienic practice and
where there may be tangible reductions in the trans-
mission of infection.

� New biocide products
It is against this background that the last decade has 
seen a spectacular increase in the number of consumer
products that contain added biocide or make claims of
antibacterial potency. Such products not only widen the
range of formulations intended to disinfect and sanitize
surfaces, but have also introduced the concept of
antibacterial activity to a wide range of plastics (wraps,
food storage containers, white goods, flooring) and
textiles (socks, shirts, sportswear, carpets). In this latter
instance the outcomes of the implied hygiene are unclear
and often dubious. One of the commonly deployed 
biocides is Triclosan, a broad-spectrum bisphenol that
has been in use for over 35 years as an adjunct to hygiene
in oral and other personal care products, as well as
providing a topical treatment for staphylococcal skin
lesions. The general opinion was that Triclosan acted in a
multifaceted manner akin to other membrane-active
phenolics. This illusion was apparently shattered when
in 1998 it was shown that Triclosan selects for mutants 
in the E. coli fabI gene. fabI encodes enoyl-acyl carrier
protein reductase, an essential enzyme involved in the
synthesis of fatty acids, for which Triclosan was identi-
fied as a potent inhibitor. Somewhat worryingly, Triclo-
san shares this target with some current therapeutic
agents, including the antitubercular drug Isoniazid.
Whilst the clinical importance of Triclosan lies primarily
in its efficacy against Gram-positive skin infections and
the reports of laboratory-acquired Triclosan resistance
were restricted to Gram-negative bacteria, there is
considerable homology between the enoyl reductases of
E. coli and Staphylococcus aureus. The two enzymes are
functionally interchangeable, and mutations in the S.
aureus fabI are capable of conferring Triclosan resistance.

� Misconceptions and the media
The scene was set, the actors cast and the curtain was
about to rise. The studies with Triclosan suggested that
the actions of biocides were not necessarily directed 
at multiple targets and that in some cases they might 
act at one or two specific cellular targets in much the
same way as antibiotics. Were these targets to be shared
with an antibiotic, for which such interactions are

Live and let die
Peter Gilbert and Andrew McBain

The risks of anti-
bacterial resistance
developing from the
use of biocides may
well have been over-
stated. Peter Gilbert
and Andrew McBain
argue that health
and hygiene are
being compromised
as a result.
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