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Antimicrobial Resistance: Urban Myths
Michael Addidle, MBChB, FRCP, DTM&H, FRCPath, Pathlab Laboratories, Tauranga, New Zealand

Antimicrobial resistance is a popular
topic for infection experts, health care
workers, and the general public. Over
the past few decades, several urban
myths surrounding antibiotic resistance
have sprung up and have gained cre-
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dence. In some cases, the experts them-
selves have not been helpful in dispelling
such myths. 4

Listed below are the more important
and common urban myths surrounding
antibiotic resistance. As can be found
with other urban myths, there is oftén
an element of truth contained within the
statement. However, as the text will
demonstraté, there may also be a mask-
ing of the true concepts that underlie
the pronouncements,

Antibiotics Were Invented in
the 1930s

In terms of the natural history of our
planet, bacteria have been around for
billions of years. It is almost certain
that antimicrobial substances have been
around for a similar period. It is there-
fore important to olarify what we mean’
by discovery of antibiotics. The vast
majority of antibiotics in commercial

- use today are naturally occurring or

semi-synthetic antimicrobial com-
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pounds that have been produced by
environmental organisms, such as bac- .
teria and fungi. These antimicrobial
compounds have evolved over billions
of years to give the microbes that
produce them a competitive survival
advantage over other environmental
organisms. In order to survive these
assaults, bacteria have had to develop
resistance mechanisms to these anti-
microbial compounds.

This fact at least partially explains
why bacteria, and in particular environ-
mental bacteria, are often resistant to
several different antibiotics. In the
1930s and 1940s we “discovered anti-
biotics.” Essentially, what this meant is
that we developed the ability to purify
environmental compounds that have
antimicrobjal activity and to give them
directly to humans in a concentrated
form. As the human bacterial flora in
general probably had relatively little
previous exposure to these antimicro-
bial compounds, they were susceptible
on the whole. Over the past 80 years, the
human flora has had to adapt. Table 1
lists some common antimicrobial sub-
stances and the microorganisms from
which they originated.

Antibiotic Resistance
Developed Soon After the
Invention of Antibiotics
Abraham and Chain (1), who were
involved in the isolation and purification
of peniciltin from the Penicillium mold,
- described the presence of a penicillinase
in Escherichia coli, even before penicillin
went into commercial use. However, as
described above, it is extremely likely
that such beta-lactamases have been
around for a long time — long before
penicillin came into production as an
antibiotic for human use. The main rea-
son that resistance to new commercial
antibiotics often develops quickly is that,
in the vast majority of cases, the micro-
bial resistance mechanisms already
exist in small communities of micro-
organisms in the environment and as
part of the normal flora of humans.
The following are some examples

Methicillin-resistant
Stayphylococcus aureus (MRSA)
The mecA gene encoding methicillin
(and flucloxacillin) resistance comes
from Staphylococcus sciuri, a bacterium
found widely on many animal species
and generally of low pathogenicity. When

Table 1. Examples of common antibiotics and the microorganisms from which

they originated

Antimicrobial substance
Penicillins
Cephalosporins
Gentamicin

Clavulanic acid (beta-lactamase inhibitor)
Erythromycin

Imipenem

Vancomycin

Microorganism of origin
Penicillium spp.
Acremonium spp.
Micromornospora spp.
Streptomyces clavuligerus
Streptomyces erythreus
Streptomyces cattleya
Streptomyces orientalis

methicillin, a semi-synthetic antibiotic,
was first introduced commercially, it did
not take long before S. aureus strains
resistant to methicillin appeared. The
resistance was a result of the production
of a penicillin-binding protein, PBP2a,
which is encoded by the mecA gene.
Human pathogens, such as S. aureus,
challenged with large amounts of methi-
cillin, needed this mecA gene to ensure
their survival and quickly acquired it,
This demonstrates that even a semi-
synthetic antibiotic can be counteracted
by genes that encode resistance, which
existed long before the so-called semi-
synthetic antibiotic was produced. Clearly,
bacteria are even smarter than we first
thought. :

ESBL-producing
Enterobacteriaceae

At present, the most common
extended-spectrum beta-lactamase
(ESBL) enzymes arc of the sub-type
CTX-M, most of which are thought
to have been derived from Kluyvera
species. Kluyvera bacteria are widely

. distributed in nature and generally of

low pathogenicity. Commercial intro-
duction of third-generation cephalo-
sporins created a clear requirement for
human pathogens, such as E. coli and
Klebsiella pneumoniae, to acquire this
resistance mechanism.

Carbapenemases

These resistance enzymes are from
multlple environmental sources, inclyg-
ing Bacillus species. Although we think
of carbapenemases as being the “newest”
resistance mechanisms of which we are
aware, in reality, these naturally occur-
ring carbapenemases, like carbapenems,
have most likely been around for millions
of years. Once again, introduction of
carbapenems into the antibacterial for-
mulary created a need for pathogenic

bacteria in humans to acquire this resis-
tance mechanism in order to survive.
As we can see from the above exain-
ples, when environmental antimicrobial
compounds are purified and given to -
humans, the human bacterial flora must
find ways to resist this antimicrobial
assault in order to survive. Horizontal
transfer of genetic material by mecha-
nisms such as transformation and conju-
gation has allowed the human microbial
flora to acquire resistance mechanisms,
usually from environmental bacteria.

The Antibiotic Era Is Coming
to an End
Following the commercial intro-

" duction of an antibiotic, there may be

a delay before resistance appears while
the bacteria acquire the necessary resis-'
tance mechanisms. This occurs by hori-
zontal gene transfer, as mentioned above,
or occasionally by mutation, particu-
larly in the case of semi-synthetic anti-
biotics. Eventually, and assuming other
factors remain stable, an equilibrium is
achieved between the proportions of a
bacterium susceptible and resistant to
a particular antibiotic. §. aureus resis-
tance to penicillin is an example in
which 10% of S. aureus isolates have
remained susceptible to penicillin for
the past 50 years. Why equilibrium is
achieved is unclear at present, but it is
probably due, in principle, to the fact
that the human bacterial ecosystem is
not a closed system. However, what is
apparent is that a better understanding
of these equilibriums may allow us to
more accurately model the emergence -
of antimicrobial resistance in the future.
Factors that distutb the bacterial-
antibacterial equilibrium include the
use of antibiotics, which is probably

“the main factor, but also the ease of

bacterial transmission from host to host.
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Acquisition of mutations that increase
resistance also plays a role, but gener-
ally over a much longer time. Tt is pos-
sible that acquisition of such resistance
mutations over a long period may
decrease the virulénce of the organism.
The dynamic interplay between antibac-
terial resistance and bacterial virulence
is cloquently explained in the medical
literature (2).

Antibiotic Resistance is
Constantly Increasing

There are thousands of journal arti-
cles, textbook chapters, lectures, and
Internet items that begin with this state-
ment. It is essentially a throwaway line
that most likely did not have a lot of
thought put into it. However, in many
circumstances, the statement is mislead-
ing. An important but much ignored fact
is that bacterial-antibacterial equilibriums
also allow resistance rates to decrease,
particularly when antimicrobial use is
decreased in a population. There are
many examples of this cited in the
medical literature (3-5).

Alternatively, in populations in which
antibiotic use is unregulated and trans-
mission conditions are favorable, the
equilibrium balance is tipped in favor
of resistance (6). Antibiotic resistance
equilibriums also occur in agriculture,
and the use of antibiotics in this setting
selects for antibiotic-resistant bacteria
in meat and vegetables that we may
well end up ingesting (7,8).

Some people argue for a doomsday-
type scenario when all bacteria will
eventually be resistant to all antibiotics.
Evolution theory argues strongly against
this. Before the advent of human anti-
biotics, bacteria had different suscepti-
bility patterns against different naturally
occurring anti-microbial compounds,
depending on the bacterium’s need for
resistance in its particular ecological
niche,

Antibiotic-Resistant Bacteria Are
Responsible for Large Numbers

of Deaths within Our Hospitals

While this statement is true to some
extent, it is often a message given in a
misleading way. For example, a recent
paper (9) states™*methicillin resistant
Staphylococcus aureus (MRSA) kills
more Americans every year than emphy-
sema, HIV/AIDS, Parkinson’s disease,
and homicide combined.” What is not
detailed, however, is that it is generally

the §. aureus strain that is the killer, not
the fact that it is methicillin/flucloxacillin
resistant. It is notoriously difficult to
attribute mortality to the presence of a

JTesistance mechanism in a bacterium,
‘particularly because the resistant strains

tend to colonize sicker patients, with
more risk factors for multidrug-resistant
organism colonization. A better way of

iving this message would be “Bacteria
are still responsible for significant
amounts of fatalities within our hospi-
tals. A proportion of these fatalities are
likely to be directly related to failure of
antibiotic therapy because the bacteria
are resistant to it.”

Finish Your Course of
Antibiotics to Prevent
Emergence of Resistance

T often remember this statement being
said during my childhood. It was often
advised by the doctors and pharmacists
who prescribed and dispensed the anti-
biotics and was reinforced by parents!

I think this myth exists today, although
perhaps to a lesser extent. In fact, a
longer than necessary course of anti-
biotics prolongs the selective pressure
for resistant organisms to thrive and
thus promotes antibiotic resistance. In
otherwise healthy people, the antibiotic
courses for uncomplicated urinary tract
infections, straightforward respiratory
tract infections, and simple soft tissue
infections can often be remarkably
short, and people may notice significant
improvement in their symptoms after
just a few doses. It is important also to
realize that the patient’s immune system
works in tandem with antibiotic therapy,
80 when the pathogenic bacterial load
has been reduced by antibiotics, it is
easier for a patient’s immune system

to finish the job of controlling the
infection,

The real message here is that anti-
biotic courses should be long enough to
deal with the infection at hand, but not
so prolonged that they unnecessarily
promote selection of resistant bacterial
strains.

No New Antibiotics Are
Being Developed

The honeymoon period for develop-
ment of novel antibiotic agents looks to
be over. By previous standards, research
in this field, although still active, is
clearly nowhere near the level that it
was 20 years ago (9). The business

person’s explanation for this is that the
current market forces for large-scale
antibiotic development simply do not
exist. The main reasons are as follows.
(1) Although there are many patients
with infections caused by microorgan-
isms resistant to some antibiotics, rela-
tively few patients have an infection
caused by an organism that is resistant
to all antibiotics on a hospital’s formu-
lary. (ii) The duration of antibiotic ther-
apy is generally very brief compared

- with other types of drug therapy, partic-

ularly cardiac-drugs, where the patient
is often placed on the medication for
a long period, thereby increasing the
financial return for the manufacturer.
The truth is that new antimicrobial
compounds are still being researched,
although admittedly to a much lesser
extent than 20 years ago. If antimicro-
bial resistance increases to the extent
that a large number of people are left
without reasonable and affordable
options from the current formulary,
then market forces dictate that this
is likely to cause an increase in such
research and development activity. The
Infectious Diseases Society of Ametrica
has produced a policy paper with rec-
ommendations to try to stimulate the
development of new antibiotics (10).
The ideal new antibiotic would be
one to which bacteria do not develop
resistance, at least for a very long per-
iod. Such an antibiotic would probably
need to be entirely synthetic and unlike
anything that occurs naturally in the
environment. Unfortunately, we are
probably a long way from achieving
this goal, and it is unlikely that it will
happen in the foreseeable future.

Inappropriate Antibiotic Use
Creates Antibiotic Resistance

This is another statement that is not
strictly true. A better way of stating it
is as follows: “All antibiotic use selects
for resistant bacteria, whether it is
an appropriate or inappropriate use.”
However, and not surprisingly, broad-

spectrum antibiotics tend to select for

broad-spectrum resistance.

The clinician’s dilemma is as follows:
do I treat this patient with sepsis with
the broadest-spectrum antibiotic that [
have at my disposal, giving him or her
the best chance of recovery, with the
knowledge that by doing so T will select
for antibiotic-resistant bacteria that may

-—“_——“—’—'——
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be transmitted to other patients and the
environment, decreasing the likelihood
of curing future patients with this drug,
or do I treat this patient with a narrower-
spectrum antibiotic, which may be unsuc-
cessful in a peréentage of cases, but
knowing that, to some extent, | have
safeguarded the effectiveness of the
drug for future use?

It is a debate that will last our lifetime.
Both general physicians and clinical
microbiologists have a vested interest
in either side of this debate. Infectious
diseases physicians are probably in the
best position to regulate such a balance,
because they have a foot in each camp.
They are directly responsible for patient
care and also have the responsibility to
minimize antimicrobial resistance in
their institution.

Conclusion

As relative experts in this field, we
have a duty to give our fellow health
care workers as accurate a picture as
possible regarding the issues surround-
ing antibiotic resistance. We need to be
careful that we are not the ones generat-
ing and perpetuating urban myths like
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