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Despite advances in prevention, diagnosis and management, infectious
diseases endure as the most common cause of death worldwide and the
third most common cause of death in the developed world.1 The

emergence of antimicrobial resistance in human pathogens now threatens to in-
crease overall mortality, morbidity and health care costs around the world.2 Ad-
dressing the issue of antimicrobial resistance has been called one of the most
urgent priorities in the field of infectious disease.3

Antimicrobial drug resistance arises in populations because of a combination of
selective pressure from the use of antimicrobial agents and the import and spread
of resistant microbes or genes. Antimicrobial drug use and transmission of resis-
tant pathogens in humans are well-recognized contributors to the increase in an-
timicrobial resistance. However, the world is not limited to humans, and microbes
frequently fail to recognize species boundaries. Thus, as described in this issue by
Dr. George Khachatourians (page 1129), the use of antimicrobial drugs in agricul-
ture also has a significant impact on resistance in human pathogens. Nearly half of
all antimicrobial use in North America is in agriculture, and the great majority of
such use is for promotion of growth in farm animals, rather than for crop treat-
ments or therapy.4 The volumes used, and the fact that the low doses of antibiotics
used for growth promotion may be more effective in inducing resistance than the
higher doses used for therapy,5 mean that this use of antibiotics contributes signifi-
cantly toward selection for antimicrobial resistance in human pathogens.

What is the most appropriate response to this problem? Last year’s Canadian
consensus conference on antimicrobial resistance recommended that a national
surveillance system be established to monitor antibiotic use and resistance in agri-
food and aquaculture.6 A 1997 meeting of experts sponsored by the World Health
Organization recommended in addition that no antimicrobial agent be used in
agriculture unless it has been evaluated and authorized by competent national au-
thorities, that a systematic approach to replacing growth-promoting antimicro-
bials with non-antimicrobial alternatives is essential, and that the use of any an-
timicrobial for growth promotion be terminated if it is also used for therapeutic
purposes in humans or is known to select for cross-resistance to antimicrobial
drugs used in human medicine.7

The last of these recommendations was initially made in 1969 by the Swann
Committee of the United Kingdom and was reiterated in 1994 by a World
Health Organization advisory committee.5 The examples of selection for antimi-
crobial resistance in livestock and its subsequent transmission to human popula-
tions cited by Khachatourians reflect 2 problems with practice related to this rec-
ommendation. First, some countries have chosen not to follow it. Other
countries, including Canada, have, because of the absence of proof of selection
for cross-resistance, continued to use antibiotics that are structurally related to
human antibiotics in animal feeds. Unfortunately, research and surveillance data
regarding selection for antimicrobial resistance in animals are extraordinarily
sparse, and we are just now learning that interpreting the absence of proof as
proof of absence may have been an error.

The use of antibiotics for growth promotion is complicated by controversy re-
garding the need for and cost-effectiveness of this use. It is recognized that the
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growth-promoting effect of antibiotics is greatest when
primary animal performance is low. In 1986 Sweden be-
came the first country to ban antibiotics for growth pro-
motion. Since then, antibiotic use in animals has de-
creased by more than 50% in Sweden, and changes in
practice have recouped virtually all the productivity losses
initially incurred when the ban was imposed.8 Earlier this
year, Denmark followed Sweden’s lead. Canada should be
joining these countries in setting an example for the world
to follow. The change in practice will require considerable
effort and a substantial investment into finding alterna-
tives to ensure optimal animal growth. However, as sug-
gested by Witte,9 such an investment is likely to pay off
not only in the protection of our ability to manage human
disease but also in more efficient production of food ani-
mals in general.

It should be recognized that, important as antibiotic use
in animals may be in the evolution of antimicrobial resis-
tance, both antibiotic use and the failure to control the dis-
semination of resistant clones or genes in human popula-
tions are of greater consequence. Human consumption
accounts for the majority of all antibiotic use.4 Antibiotic
use not only selects for resistance within a patient’s own
microflora but also provides a niche for resistant bacteria
that come into contact with the patient during therapy.
Thus, antibiotic pressure and transmission of resistant
clones work synergistically to increase overall resistance.
When the overall rate of penicillin resistance in Streptococ-
cus pneumoniae is 20% to 40%, recent personal antibiotic
use may increase the risk of infection by antibiotic-resis-
tant S. pneumoniae as much as 3-fold (US Centers for Dis-
ease Control and Prevention, unpublished information).

Until recently, many of us believed that resistant strains
were less likely to be virulent than others and that the ac-
quisition of resistance carried with it a price to the organ-
ism, such that antibiotic resistance would be lost once 
antibiotic pressure was removed. There is, however, in-
creasing in vitro data to indicate that neither of these be-
liefs is true.10,11 There is also an increasing number of ex-
amples of worldwide spread of virulent clones of such
multiply-resistant organisms as Salmonella typhimurium
DT104, S. pneumoniae and Staphylococcus aureus.12,13

Ultimately, the burden of managing the change needed
to control antimicrobial resistance will fall on individual
farmers, family practitioners and health care institutions.
The role of academics, public health departments and gov-
ernments is to facilitate and support this change and to en-
sure that the burden is fairly distributed across all of soci-
ety, to whom the benefit accrues. Although there is a great
deal to be done, there is reason for optimism. Experience
in other countries has demonstrated that antibiotic use can
be reduced, that transmission of hospital pathogens can be
controlled and that the overall rate of antimicrobial resis-

tance in bacteria important in human disease can be re-
duced.14–17 Health Canada, in collaboration with a variety
of national organizations, has created the Canadian Coor-
dinating Committee on Antimicrobial Resistance to coor-
dinate Canadian efforts to reduce antimicrobial resistance.
A number of provinces have also initiated programs to
complement this effort. Most promisingly, and despite the
fact that all these initiatives are in very early stages, recent
data suggest that overall outpatient antimicrobial use in
Canada has declined steadily since 1995 (unpublished in-
formation, IMS Canada). Although the reductions are
small, the change indicates that physicians and their pa-
tients are already working toward decreased use. With
continued work, there is every reason to believe that we
can reset the balance and protect ourselves from having to
live in the “post-antibiotic” era.
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