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Antimicrobial resistance:
are we losing the war?
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The problem
Antibiotics are among medicine’s
most powerful tools and have signifi-
cantly contributed to the improve-
ment of public health in the last 50
years. However, their very success
and popularity are their Achilles heel
– the more antibiotics are used, the
more they promote bacterial resist-
ance that undercuts their effective-
ness. As a result, clinicians are in-
creasingly using newer and broader-
spectrum agents for empiric treat-
ment, thereby expanding the cycle
of resistance.1,2

In addition to human medicine,
antibiotics have also been exten-
sively used for disease prevention and
growth promotion in animal, plant
and fish farming and this practice has
had a strong impact on development
of resistance not only in plant and
animal bacteria, but also in bacteria
associated with people.3

An important but largely disre-
garded aspect of antibiotic use is the
fate of antibiotics excreted into the
environment following treatment.
Tetracyclines, for example, are not
inactivated by bacteria and are quite
stable in faeces at room temperature.4

Therefore the tons of tetracycline,
yearly used as animal growth pro-
moters or prescribed to patients,
probably remain in nature and con-
tinue their action on bacteria. More
importantly, they are diluted in soil
and water to low concentrations
known to encourage the selection and
transfer of resistance. Regrettably,
little or no data exist on the impact
of antibiotic residues on the
microflora in different ecosystems.

The amount of antibiotics con-
sumed by the antibiotic market
worldwide (100 to 200 x 106 kg) cre-
ates a formidable selection pressure.
If we consider the global number of
bacteria associated with man and
animals, which is possibly in the re-
gion of 1028,5 and the ease with which
bacteria become resistant, it is not

surprising that antibiotic resistance
is now a global public health prob-
lem. ‘Miracle drugs’ are destroying
the miracle and the worrying vision
of a ‘post-antimicrobial era’, in which
these agents will no longer be effec-
tive, may soon become a reality.

Lessons learned
In the face of this escalating prob-
lem, a few underlying principles (Box
1), may be of value in understanding
the issue and approaching a solution.6

Common antibiotic-resistant
organisms
Most concerns about antibiotic re-
sistance have in the past focused pri-
marily on hospitals without much
apparent relevance to family phy-
sicians in the developed world.
However, the problem is now in-
creasing at an alarming rate in com-
munity practice (Box 2). Conse-
quently, family physicians are fac-
ing complicated therapeutic choices
and increased risk of patient mor-
bidity and mortality.

Box 1. What we have learned

1. Development of resistance to antibiotics is inherent to their use (given sufficient
drug and sufficient time, it will emerge).

2. Antibiotic resistance evolves from low to intermediate to high level – it is progressive.

3. Organisms resistant to one antibiotic class are likely to become resistant to other
classes (multiresistant).

4. There are no counterselective measures against resistant bacteria (even complete
removal of an antibiotic from general consumption will not necessarily result in a
decline of resistant strains and the return of susceptible ones).

5. The use of antibiotics by any one person affects others (housemates of patients
treated with antibiotics for acne had large numbers of drug-resistant flora on their
skin7).
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Inappropriate prescribing
compounds the problem
As we have seen, given enough anti-
biotic and enough time, resistance to
it will appear. The penicillin-resist-
ant Streptococcus pneumoniae took
25 years and fluoroquinolone-resist-
ant Enterobacteriaceae took 10 years
to emerge clinically. Recently van-
comycin-resistant Staphylococcus
aureus has been reported.8 The emer-
gence of resistance will inevitably
happen even with the appropriate use
of antibiotics,9 but their inappropri-
ate use makes the problem much
worse.

In 1992, the US Centers for Dis-
ease Control and Prevention (CDC)
estimated that more than 40% of an-
timicrobial courses prescribed in
physicians’ offices were inappropri-
ate.10 This is the result of multiple
factors influencing antibiotic pre-
scribing.2,11 Antibiotics may be seen
as a way to meet patient expectations.
Although physicians are primarily
motivated by perceived clinical ben-
efits, they also face strong personal,
economic and legal incentives to
improve patient satisfaction and max-
imise their own efficiency. In addi-
tion, they may not fully understand
the etiology of, and treatment prin-
ciples for, common infections, or may
not be familiar with local resistance
patterns and therefore may tend to
prescribe newer, broad-spectrum
agents to reduce the risk of treatment
failure. Pharmaceutical marketing can
also substantially influence prescrib-
ing. In 2001, the 14 largest pharma-
ceutical companies spent US$9 bil-
lion on marketing all of their prod-
ucts, including antimicrobials, to pri-
mary care physicians. No marketing
is undertaken for narrow-spectrum
agents, such as penicillin, amoxy-
cillin and erythromycin, which are
no longer under patent protection.10

Appropriate prescribing
In 1995, the CDC launched a cam-
paign to promote appropriate anti-
microbial use (Box 3), emphasising
not only the need for reduction of

overall antibiotic prescribing in or-
der to combat increasing resistance,
but also the need for using targeted
(narrow-spectrum) agents at the
right dose and for the right amount
of time.10

The following infections com-
monly treated in a community prac-
tice setting represent an area in which
more restrictive administration of
antibiotics is advisable.

Respiratory tract infections (RTI)

In the US in 1992, 51% of patients
with cold, 52% with upper RTI and
66% with bronchitis received anti-
biotic treatment , amounting to a to-
tal of two million antibiotic prescrip-
tions for these infections.12

According to the clinical practice
guideline for uncomplicated acute
bronchitis, routine antimicrobial
treatment is not recommended, re-
gardless of the duration of the
cough.13 Most cases of acute bron-
chitis are viral in nature, self-limit-
ing and benign. A critical review of
the literature regarding antibiotic use
in acute bronchitis concluded that

symptomatic treatment directed at
cough control is sufficient for the
majority of patients.14 Moreover, pa-
tient satisfaction with care received
for acute bronchitis mostly depends
on physician-patient communication
and not on the prescription of an
antimicrobial.15 This clinical practice
guideline reassures clinicians that
patients will be receptive to an ex-
planation of why an antimicrobial
prescription is unnecessary.

The guidelines also suggest that
antimicrobials not be used for the
treatment of non-specific upper res-
piratory tract infections in previously
healthy adults.16 In the past, the
change of nasal discharge from se-
rous to purulent was considered a
sign of bacterial superinfection and
antibiotics were requested by patients
and prescribed by physicians. We
know now that purulent (green col-
oured) sputum and nasal secretions
do not predict either bacterial infec-
tion or benefit from antibiotics. Ac-
cording to these guidelines, antimi-
crobial treatment of adults with non-
specific upper respiratory tract in-

Box 2. Resistant organisms

Hospitals Community

Staphylococcus aureus Streptococcus pneumoniae
(MRSA,VISA,VRSA) (PI/R, MDR. FQR)

Enterococcus spp. Group A streptococcus
(VRE) (Macrolide-resistant)

Gram-negative bacilli Neisseria gonorrhoeae
(IBL, ESBL) (PenR, TRNG, FQR)

E. coli
(TrimR, FQR)

MRSA, methicillin-resistant S. aureus; VISA, vancomycin-intermediate S. aureus; VRSA,
vancomycin-resistant S. aureus; VRE, vancomycin-resistant enterococcus; IBL, inducible
beta-lactamase; ESBL, extended-spectrum beta-lactamase; PI/R, penicillin-intermediate
or resistant; MDR, multidrug-resistant; FQR, fluoroquinolone-resistant; PenR, penicillin-
resistant; TRNG, tetracycline-resistant N. gonorrhoeae; TrimR, trimethoprim-resistant

Box 3. Appropriate antibiotic use according to CDC

1. Prescribing antimicrobials only when they are likely to be beneficial to the patient

2. Selecting agents that will target the likely pathogens

3. Using these agents at the correct dose and for the proper duration
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fection neither enhances illness reso-
lution nor prevents complications.

Guidelines for appropriate anti-
biotic use for acute sinusitis in
adults17 also recommend avoiding
antibiotic treatment, especially if
symptoms are mild and moderate.
Antibiotics should be used only for
patients with severe or persistent mod-
erate symptoms and specific findings
of bacterial sinusitis (persistent pu-
rulent nasal discharge and facial pain
and tenderness in patients who are
not improving after seven days or
those with severe symptoms regard-
less of duration). Narrow-spectrum
agents (amoxycillin, amoxycillin/
clavulanate, doxycycline) are reason-
able first-line choice.

Most cases of pharyngitis are vi-
ral in nature and the only treatment
required is fever and pain relief.
However, differential diagnosis be-
tween viral and, for example, pharyn-
gitis caused by group A streptococ-
cus, for which antibiotic treatment is
always indicated, often cannot be
reliably made clinically, so microbio-
logical confirmation is advised. As a
major goal of antimicrobial therapy
for streptococcal infection is to pre-
vent sequelae, antibiotics can be
safely postponed until results of
throat swab culture are available.18

Urinary tract infections (UTI)

These infections are among the most
common problems for which women
seek medical advice. Many family
physicians tend to prescribe a costly,
broad-spectrum agent, fluoro-
quinolone (norfloxacin), for acute
uncomplicated cystitis. However, in-
creasing concerns over resistance
associated with the use of fluoro-
quinolones should discourage an
over-reliance on these agents. Cur-
rent US guidelines for treatment of
UTI in women19 recommend that
fluoroquinolones not be used univer-
sally as first-line agents for acute
uncomplicated cystitis, but consid-
ered only in areas with high levels
of resistance to other antibiotics.
Monitoring of regional resistance

trends by microbiology laboratories
and availability of these data to lo-
cal family physicians can help
optimise drug choices.

The question I am often asked
relates to prescribing antibiotics to
patients with indwelling urinary
catheters when urinalysis has re-
vealed the presence of bacteria. One
must remember that bacteria colo-
nising the surface of catheters cre-
ate biofilm that protects them from
the flushing effect of urine and this
facilitates the development of cath-
eter-associated bacteriuria (CAB). As
the incidence of CAB is 3–10% per
day,20 when catheterisation is long-
term, bacteriuria eventually occurs
in almost all patients. Prophylactic
antibiotic regimens are not effective
in these patients, as biofilm protects
embedded bacteria also from anti-
biotics, causing treatment failure and
promoting development of antimi-
crobial resistance.21

In general, the presence of bacte-
ria in urine specimens from indwell-
ing urinary catheters is not an indi-
cation for antibiotic therapy in
asymptomatic patients. Treatment

has little benefit in such patients and
may result in serious side effects. It
drives the cost of care and the emer-
gence of resistant bacteria in the pa-
tient and in the health care facility.22

Exceptions to this include patients
undergoing renal transplantation,
urologic or gynaecologic surgery, or
surgery involving a foreign body
implantation.20

For all other patients, antimicro-
bial therapy, with catheter removal/
replacement when possible, is indi-
cated only if symptoms of infection
are present.

Current status – some good and
some not so good news
Throughout the 1990s in the US,
many efforts were made to reduce
the volume of unnecessary antibiotic
prescribing. Physicians seem to have
responded and last year McCaig and
colleagues23 reported that between
1989 and 1990, and 1999 and 2000,
community-based prescribing of
antimicrobials to children decreased
by 47%. Good news indeed! But we
have bad news as well. In 2003,
Steinman and colleagues11 looked

Box 5. Plan for combating the increase in antibiotic resistance

1. Do not indulge patient demands for unneeded antibiotics

2. Educate patients (and parents) on appropriate antibiotic use

3. Identify the pathogen

4. Choose narrow-spectrum antibiotics, appropriate dose and duration of treatment

5. Use antibiotics for prophylaxis prudently

6. Use local susceptibility data

7. Consult local experts (Clinical Microbiologist, Infectious Diseases Physicians)

8. Observe infection control principles

9. Encourage patients to get vaccinated

Box 4. Antibiotics in RTI

Generally NOT INDICATED for:

• Acute uncomplicated bronchitis

• Common cold

• Most cases of non-streptococcal pharyngitis

• Non-specific upper RTI
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more closely at the second compo-
nent of appropriate antimicrobial use,
targeted antimicrobial therapy, and
noted a significant trend towards us-
ing broader-spectrum agents.

Apart from economic implica-
tions, there are public health conse-
quences of this shift from targeted
therapy. Broad-spectrum agents ap-
ply selective pressure to many groups
of bacteria, thus encouraging the
emergence of resistance outside the
organism causing infection they are
intended to treat.

For example, in Canada, the in-
crease in prevalence of S. pneu-
moniae with reduced susceptibility
to fluoroquinolones paralleled the
increase in the number of fluoro-
quinolone prescriptions.24 The preva-
lence of resistance was highest in
patients 65 years of age or older, the
age group in whom antimicrobial use
was the greatest. The majority of pa-
tients in this study received cipro-
floxacin, which is known to have in-

adequate activity against S. pneu-
moniae. This study clearly demon-
strates the association between anti-
microbial use and the development
of resistance. To minimise selective
pressure and the development of re-
sistance, if a patient requires antibi-
otic treatment, then a narrow-spec-
trum agent with potent activity
against the most likely infecting or-
ganism (targeted therapy) is pre-
ferred. We must consider broad-spec-
trum antimicrobials as precious, lim-
ited resources because for many
agents, once resistance becomes
prevalent in the community, there
may be no going back.25

Action plan (Box 5)
There is a theoretical possibility of
reducing antibiotic prescribing by
family physicians by at least 40%.5

If we are to do so, educating all pre-
scribers on appropriate antibiotic use
may not be enough. We also have to
reassure the public that withholding

antibiotic treatment would not harm
patients. To achieve this, we will have
to change public knowledge and
opinion on the use of antibiotics, and
that means creating, and sustaining,
lay media’s interest in this problem.10

Even if we were successful in
changing both prescribers’ attitude
and public opinion on antibiotic use,
the question remains of the impact
of these changes on reduction of an-
tibiotic resistance. It has to be ad-
mitted that information on antibiotic
resistance and use in the community
is modest but what there is offers
some encouragement.26 However, if
we cannot significantly lower the al-
ready high levels of resistance to
some antibiotics, we must at least try
to preserve the efficacy of antibiot-
ics to which current resistance lev-
els are low, by using them prudently
and appropriately.

Unless we are happy to live in a
world without antibiotics, inactivity
is not an option.
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